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Pedepar: [pencrapneni pe3ynsratu 3actocyBanns cucreM AMMI ta GGE biplot ananizis npu ajis
y3arajbHEHHsI JJAHUX EKOJOTIYHOTO BUNIPOOYBaHHS COPTIB ropoxy. HaBeneHi pesyibTard po3paxyHKiB
BUSIBUJINCh HE TOTO)KHUMH 1 CBIZ[9aTh PO BOXKJIIMBICTh KOXKHOTO 13 IIUX anropuTMiB. Tak, po3moais 3pa3kis
ropoxy 3a panramu (ASV) y cucremi AMMI mozeni po3mictus copt [ailigyk Ha mepmomy Micti, ane 3a
pesynsraramu GGE biplot ananizy Halikpamum («izeanbHUM reHoTunom») € copt Omor. I'padiune
NPE/CTABICHHS PE3YJbTaTiB i3 3a3HAUCHHSM METacepelOBHII Ta COPTaMH, IO € HAWKpalmuMH y IHX
CepeIoBHIIaX — JIOJATKOBA 1H(OpPMAITis JIJIsi KOPETyBaHHS CEJICKIIMHUX MPOrpaM i3 CTBOPEHHSI aJaliTUBHUX
COPTIB TOpOXy AJIs pi3HUX 30H BUpouryBaHHs. Oxpema nepeBara GGE biplot nmosnsirae y MOXIMBOCTI OLIIHKH
iH(OPMAaTHBHOCTI CepelloBUIlla BUNIPOOYBaHHS. B HamoMy JOCHiPKeHHI BiJPi3HSUIMCh HE TiIBKH TOYKH
BUTIpoOyBaHHsS — Ojnechka nepkaBHa jgociinHa craHiis(Oxecbka 00.), YCTHUMIBChKA JOCIiAHA CTaHIIiS
(ITontaBcbka 001.) Ta IHcTUTyT pocnuuHuMuTrBa iM. B. S. IOp’eBa (XapkiBchka 0011.), a 1 KOXEH pik
BUTIPOOYBaHHS y KOXKHil Touli nociimkenns. Takum unHoM, 3actocyBanHs cucteM AMMI ta GGE biplot
aHaJi3iB 1yl OOpOOKM pe3yNbTaTiB €KOJOTTYHOrO BHIIPOOYBaHHS TOpOXy HE BUKIIOYA€ OAMH OAHOTO, a
HaBIIAKH, HaJ[a€ OB PO3TOPHYTY 1 MOBHY iH(OPMAIIIIO PO PE3YIBTATH JTOCIIIKSHHSI.

KurouoBi ciioBa: exonoriune BunpoOysanHs, ropox, AMMI, GGE biplot, copth, ypoxaiiHicTh

Abstract: Results of AMMI and GGE biplot analysis summarizing data of environmental trials of pea
cultivars are presented. The results of these methods were not identical and indicate the importance of each
of these algorithms. Thus, the distribution of pea accessions by ranks (ASV) in the AMMI model placed cv.
‘Haiduk’ in the first position, but according to the results of the GGE biplot analysis, cv. ‘Oplot’ was the best
("ideal") genotype. Graphical visualization of results marking megaenvironments and cultivars that are the
best in these environments is additional information to adjust breeding programs and to create adaptable pea
cultivars for different growing zones. A separate advantage of GGE biplot is that it is able to assess the
informativeness of test environments. In our study, not only the trial locations (Odesa State Experimental
Station [Odeska Oblast], Ustymivka Experimental Station [Poltavska Oblast] and Yuriev Plant Production
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Institute [Kharkivska Oblast]) but also each year of trials at each location differed. Thus, AMMI and GGE
biplot analysis, which process data of environmental trials of pea, do not exclude each other, but on the

contrary, provide more detailed and complete information.
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Beryn

IIpoBeneHHS OIIHOK y PI3HUX EKOIOTIYHHIX
yMOBax 3a MareMaTnaHoro monxemuto S.A. Eberhart
ta W.A. Russell [1] He n1o3Bossie MOPYY 3 OL[IHKOO
Marepiaxy OIIHHTH caMi YMOBHU JIOCIIKEHHS.
3py4YHHM iHCTPYMEHTOM AJISl TAKHX PO3PaXyHKIB €
GGE biplot method Ta AMMI anamni3. IlepeBara
GGE biplot monsrae He TUTPKM Yy HaJaHHI
iHpopMalii mpo IOCHiAKyBaHI T€HOTHNH, aine MU
BCeOi1vHii OIiHIII cepenoBHI] BUMpoOyBaHHs [2, 3].

GGE biplot Ta AMMI anaui3 € eheKTHBHUMEU
QIrOPpUTMaMH, SKi 3aCTOCOBYIOTh JIJISl  OLIIHKH
pe3yrbraTiB BUIpoOyBaHb Ha 0ararbox KyJNbTypax —
COHSIIHUKY [4], Topoxy [5, 6], coi [7], ssumento [8]
ta iH. Tak, mpoBenene Bezugla Ta in. BunpoOyBaHHS
KOJICKIIMHUX 3pa3KiB KBacONi Y YOTUPBOX Pi3HUX
TOYKax BUPOIIyBaHHs B YKpaiHi: y CxifHil yacTuHi
Jlicocremy (XapkiBchka 00:m.), [liBneHHii 9acTuHi
Jlicocremny (ITontaBchka o0.); [Moumicci
(YepHiriBcpka 0067.); miBmeHHOMY ctery (Omechka
00I1.), MO3BONMIIO 3a JOMOMOTOK) PO3PaxXyHKIB y
cucreMi GGE biplot BuzginutH  yMOBHHH
«i1eapbHUID» TEHOTHUI 1 OMIHUTH 1HPOPMATHUBHICTH
TOYOK BUTIPOOyBaHHs [9].

Y pobori Das ta in. GGE biplot Oyno
3aCTOCOBAHO TSI BU3HAUCHHS HE JIMIIE AWHAMIKA
CTIMKOCTI 1 BU3HAYCHHs CcTiiikuXx 70 ipxki (Uromyces
viciae-fabae) reHOTHIIIB TOPOXY, a i JJIsl BU3HAUEHHS
i7IeaJIbHOTO MiCllsl JUIs TecTyBaHHs. [lonepenHso y
TOYKaX PO3IMOBCIOKEHHST XBOpoOU Oyio BimiOpaHo
3 250 3pa3kiB nunie 23 nepcreKTUBHUX TeHOTHIIH,
moriMm ix  BuUnpoOOByBamM 3a  00OB’SI3KOBOL
IHOKYIIALIT BIPOJOBXK JBOX POKIB IOCHIIL y 6
toukax Iumii. OTpuMaHi pe3yabTaTd MiATBEPIHIH
HEOOXiTHICTh 0araTopiyHOrO TECTyBaHHS 3pa3KiB
came y pi3HHX Toukax. [lopsa 3 Tum Oynu BHIiIEeHI
JIOKAIIii I MPOBEACHHS CHPSIMOBAHOI CeJIEKINi 1
MIPOBEICHO A00Ip KpallyX TeHOTHIIIB, IO T03BOJISE
e(EKTHBHO BHKOPHCTOBYBAaTH TI'€HETHYHI pecypcu
[10]. Osei Ta iH. 3acrocyBanu GGE biplot aus
BU3HAYECHHs1 €(EeKTHUBHOCTI MiCLEBHX pU300ild Ha
BurHi (Vigna unguiculata L. Walp) Ta apaxici
(Arachis hypogaea L.) y pi3Hux reorpagiunux
Toukax ["anu. Byio mokasaHo, 110 BiIOBIIb 3pa3KiB
Ha IHOKYJIALIIO 3HAYHO Bapilo€ 3aJIC)KHO BiJ MICIIS
JNOCHKEHHS,  TOOTO ~ 3HAYHOIO  BHSIBHMJIACH
B3aeMolist (haKTOpiB CEpeOBUIA Ta IHOKYIIALIT, 1
o came cepepoBuiine BHocuth 71 Ta 88% Bapiarii
JUIsL KYJIBTYp BUTHH Ta apaxicy BiamosigHo [11].
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Introduction

S.A. Eberhart and W.A. Russell’s
mathematical model [1] used to assess data of
trials in different environmental conditions allows
for assessment of plant cultivars but not conditions
themselves. GGE biplot analysis and AMMI are
convenient tools for such assessments. The
advantage of GGE biplot is not only in providing
information about tested genotypes but also in
comprehensive evaluation of test environments [2,
3]

GGE biplot analysis and AMMI are
effective algorithms that are used to evaluate data
of trials of many crops: sunflower [4], pea [5, 6],
soybean [7], barley [8], etc. Thus, a trial conducted
by Bezugla et al. on bean collection accessions
grown in four different locations in Ukraine
(eastern forest-steppe [Kharkivska Oblast],
southern  forest-steppe  [Poltavska  Oblast],
woodlands [Chernihivska Oblast], and southern
steppe [Odeska Oblast]) identified an "ideal"
genotype and assessed the informativeness of the
test locations due to application of GGE biplot
analysis [9].

In a study by Das et al., GGE biplot analysis
was used not only to determine resistance of pea
genotypes to rust (Uromyces viciae-fabae) over
time and to identify rust-resistant genotypes but
also to select the ideal location for trials.
Previously, only 23 promising genotypes were
selected from 250 accessions at sites of disease
spread; then they were tested upon mandatory
inoculation for two consecutive years at 6
locations in India. The results confirmed the need
for multi-year testing of accessions at different
locations. At the same time, locations for targeted
breeding and the best genotypes were selected,
allowing for the efficient use of genetic resources
[10]. Osei et al. used GGE biplot analysis to
determine the effectiveness of local rhizobia on
cowpea (Vigna unguiculata L. Walp) and peanut
(Arachis hypogaea L.) at different geographical
locations in Ghana. It was shown that the
responses of accessions to inoculation varied
significantly from location to location, that is, the
environment-inoculation interaction was
significant, and that the environments contributed
71% and 88% to the variations in cowpea and
peanut, respectively [11].
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TakuM 4YMHOM, TIPOBENCHHS PO3PaxXyHKIB Y
cucteMi GGE biplot ta AMMI anasi3 Hagae BaxkIuBY
iH(pOpMaLliI0 PO B3a€EMOMII0 TEHOTUII-CEPEIOBUILIE,
X BIUIMB Ta JO3BOJISIE TPOBOIUTH 00’ €EKTHBHY OIIHKY
Pe3yABTaTIB €KOJIOTTYHOTO BUIIPOOYBaHHS 3 Pi3HUM
TU3aifHOM. 3BaXKalOUM Ha Te, IO HaMU Oylo
MIPOBENIEHO BHUIIPOOYBAaHHS COPTIB TOPOXY y TPHOX
JOKAMisIX 13 PI3HUM  peXKAMaMd  OmamiB - i
TEMIIEpaTypH, TO IJIKOM JOTiYHMM OyJo BOepiie B
VYkpaiHi 3acTocyBaTé el CydaCHH auTOpPUTM st
aHaJi3y OTPUMAHUX JaHUX.

Metoauka

Exomoriune BumpoOyBaHHS MPOBENEHO ISt
cemu coptiB Topoxy cenekuii [P im. B.S1. FOp’eBa —
apesuu, Omnot, Otaman, Meuenar, Kopger, ['aiinyk,
Mamnaxit. Bci coptm — 0€3THCTOYKOBOTO  THITY,
HaIiBKapJIMIKOBl, CEPENHBOCTHUII, OKpIM COpPTY
HapeBuy, Skuii HANEKHUTH 0 CEPETHHOPAHHIX.

Copta  Topoxy BupomryBann Ha OmechKiit
nepkaBHiM  mocmigHii  crammii  (OQJC, c.
Xnibomapcebke Onecbkoro paiioHy Onecbkoi 001acTi;
46°29'05"mn. 1mr., 30°35'31"cx. n4.), YcTUMIBChKHE
nocmigHii cranmii pocnuaanTBa (YICP IHCTHTYTY
pocauuanunTea iM. B. f. IOp’eBa, YcrumiBka
Kpemenuyipkoro pationy, I[lontaBchkoi o00macTi,
49°18"21"nH. 11., 33°13'56" cx. 1.) Ta Ha JOCITITHOMY
moni [acturyTy pocmurnumTea (IP HAAH) im. B. 4.
IOp’ena, 110 posrarioBane y ¢. EnitHe XapkiBCbKOro
paiiony XapkiBcekoi obOmacti (49°59'31"mH. 1.,
36°26'55"cx. 1.). 3a 3oHamu posramrysaHus — OJIC
posramioBana y [liBIeHHOCTENOBIN IMMiA30HI 30HU
Cremnty, V/ICP — y llentpanbHiii uactusi, a [P HAAH
—y Cxigniit yactuHi 308U JlicocTeny.

IonpoBi mocmiM MPOBENEHI BIAMOBIAHO 0
METOIMKH TONkoBOro  jociigy [12, 13] i3
3aCTOCYBaHHSM  3araJbHONPHUHAHATOI  TEXHOJOTI]
BUpoIyBaHHS Topoxy. Hopma BuciBy — 1,2 MIH.
CXOKMX HACIHMH/TA, TIJI0MIA JIIsSHOK — 10 M2.

[MapanensHO Oynu TPOBENCHI PO3pPaxXyHKH Y
cuctemi AMMI ta GGE biplot anamizis [14].

Amnai3 3Ha4eHHs crabuibHOCcTi AMMI (ASV)
npoBesieHo 3rifHo 3 Purchase Ta in. [15], ne 3HaueHHsS
crabimbHocTi AMMI  (ASV) He € KinbKicHUM
MMOKA3HUKOM CTaOlIbHOCTI, aj€ BOHO KUIBKICHO
BU3HAYAE Ta PO3MOAUISE TEHOTUIM 32 PAHTOM Ha
OCHOBI IXHBOI CTAOLIBHOCTI BpokaiHOCTI. [eHOTHIN
3 HIDKYUMH 3HaYeHHSAMH ASV BBOKAOTHCS OUIBII
CTaOUTLHUMM, TOMI SIK Ti, IO MAalOTh BMII 3HAYECHHS
ASYV, BBaxaroThCs MeHI cTabimbHuMH [16]. ASV
BUKOPHCTOBYETbCS JJIsI TOPIBHSHHS CTaOUIBHOCTI
TEHOTHUIIIB, NMPUYOMY HIDKYI 3HAUCHHS BKa3ylOTh Ha
OUTBIITY CTAaOUIBHICTh y PI3HUX CepeloBUIAX. BiH
po3paxoByeThcsi Ha oOcHOBI Mmomeni AMMI, sxa

Thus, GGE biplot analysis and AMMI
provide important information about genotype-
environment interactions and their influence
and allow for an objective assessment of data of
environmental trials with different designs.
Given that we conducted trials of pea cultivars
at three locations with various precipitation and
temperatures, it was quite logical for the first
time in Ukraine to apply these modern
algorithms to analyze our data.

Methods

Environmental trials were conducted on
seven pea cultivars bred at the Yuriev Plant
Production Institute: ‘Tsarevych’, ‘Oplot’,
‘Ataman’, ‘Metsenat’, ‘Korvet’, ‘Haiduk’, and
‘Malakhit’. All cultivars are leafless, semi-
dwarf, and medium-ripening, except for cv.
‘Tsarevych’, which is medium-early.

The pea cultivars were grown at Odessa
State Experimental Station (OSES, Khlibodarske
Village, Odeskyi District, Odeska Oblast;
46°29'05"N, 30°35'31"E), Ustymivka
Experimental Station of Plant Production
(UESPP of the Yuriev Plant Production Institute,
Ustymivka, Kremenchukskyi District, Poltavska
Oblast, 49°1821"N, 33°13'56"E) and in the
experimental fields of the Yuriev Plant
Production Institute (YPPI NAAS) (Elitne
village, Kharkivskyi District, Kharkivska Oblast,
49°59'31"N, 36°26'55"E). As to location zones,
OSES is located in the south-steppe subzone of
the steppe zone; UESPP — in the central part; and
YPPI NAAS — in the eastern forest-steppe.

The field experiments were carried out in
accordance with the field experimentation
methodology [12, 13]. Pea was grown by
traditional technology of pea cultivation. The
seeding rate was 1.2 million germinable
seeds/ha. The plot area was 10 m2.

In parallel, calculations were performed by
AMMI and GGE biplot analysis [14].

The AMMI stability value (ASV) was
analyzed, as Purchase et al. described [15],
where the ASV is not a quantitative indicator of
stability, but it quantitatively determines and
distributes genotypes by rank based on their
yield stability. Genotypes with lower ASVs are
considered more stable, while those with higher
ASVs are considered less stable [16]. ASV is
used to compare genotypes’ stability, with lower
values indicating greater stability across
environments. It is calculated in an AMMI
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noeqaye ANOVA st KOpWUTYBaHHS OCHOBHHX
edekTiB Ta aHani3 ronoBHUX KomrnoHeHTiB (PCA) amst
OILIHKA MYJIBTUIUTIKATUBHUX  ©(EKTiB  B3a€EMOIil
reHoturry 3 cepefoBumeM. ASV  gomomarae
3pO3yMITH Ta Bi3yali3yBaTH CKJIagHy B3a€EMOIIIO
TeHOTUILY 3 CepeIOBHIIEM, JI03BOJISTIOUH
inenTH(dikyBaTl CTaOUIBHI TEHOTHNHM B PI3HUX
CepEeIOBHUIIAX Ta OMIHUTH CTA0UTLHICTh BPOKAMHOCTI
CUTCBKOTOCHIONAPCEKUX ~ KyIbTYp. ASV  MoxHa
oLiHUTH 3a hopmyroro [15].

SSIPCAL 2 )
ASV = [7 (IPCA1 Seore)| + (IPCA2 Score)
SSIPCA2

ne ASV — BificTanb BijJ HYJIS Ha JBOBUMIpHIH
niarpami  poscitoBanns Oamie  [PCAl  (anami3
TOJIOBHUX KOMITOHEHT B3a€MOZii Bich 1) BITHOCHO
6axiB [PCA2. Ockinbku 6ann IPCA1 poOuTh OibImii
BHECOK y cymy kBajapatiB G X E, #oro motpiOHO
3BaXUTH Ha TIPOIOPINHHY PI3HHI0 MK OamaMu
IPCA1 ta IPCA2, mo6 KOMIEHCYBaTH BiIXHOCHHI
BHecok IPCA1 ta IPCA2 y 3aranbHy CyMy KBa/IpaTiB
G x E. Ilorim mis oO4ucieHHs BiACTaHI Bif HYJS
BUKOPHCTOBY€eThCs Teopema [licaropa [17].

Amnamiz iHnmekcy cenekuii renortuny (GSI)
po3paxoByBaBcs 3a Takor (popmyoro [18]:

GSI=RASV +RY,

ne RASV — e panr crabimbrocTi AMMI, a RY
— paHr CepelHbOi BPOXKAWHOCTI TEHOTHIIB. Y
IporpaMax CeNleKIlii pOCIIMH BUKOPHCTOBYIOTHCS JIBa
TUNH iHAEKCIB cTabinpHOCTI. [lepmmii iHnexc — GSI,
ne Hu3bKe 3HaueHHs1 GSI Bka3ye Ha Oa)kaHi TeHOTHITH
3 BHCOKHM CEpEIHIM 3Ha4YeHHSM TEeHOTUIYy Ta
crabinpHicTIO. Jpyruii iHgexkc — ASV, ne MeHmmit
6a1 ASV Bkazye Ha cTaOUIBHIIINI TEHOTHT y Pi3HUX
cepenopumax [12]. ban IPCA — me me oawH
mapamerp, sIKHi BUKOPUCTOBYETHCSI JIJIsl BU3HAYCHHS
QIANITUBHOCTI TEHOTHUITy JO MEBHUX CEPEIOBHII.
Binpmmii 6an IPCA (HeratBHUI a0 MO3UTUBHUI)
BKazye Ha Oimelnl  crerudivyHy  aJanTHBHICTh
TeHOTUNy 10 meBHuX cepenopumy [20]; Tomi sK
menmmii 6an [PCA (6nu3pkuii 10 HyJs) BKazye Ha
HU3bKY CHenM(iuHICTh Ta cTaOUIBHIIINA TeHOTUT Y
PI3HMX cepeIOBUILAX.

Jnist 3py4HOCTI MM HAJlaJId KOXXHOMY POKY 1
Touli BuUnpoOyBaHHA BigmoBiaui 1mmdpu. Tak,
BunpoOysanusa y IP HAAH y 2018 poui — X18, y
2020 porri — X20. TakuM ke YAHOM JJIS IHIIHX TOYOK
BunpoOyBanust: s YAC y 2018 poui — Ustl8 iy
2020 pomi — Ust 20., mna OAJC — O18 i 020
BiJITIOBITHO JIO POKiB BUIPOOYBaHHSI.
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model, which combines ANOVA to adjust for
major effects and principal component analysis
(PCA) to estimate multiplicative effects of
genotype-by-environment interactions. ASV
helps to understand and visualize complex
genotype-environment interactions, enabling the
identification of stable genotypes across
environments and evaluation of crop yield
stability. ASV is calculated by the following
formula [15].

SSIPCA1 2 )
ASV = [7 (IPCA1 Score)| + (IPCA2 Score)
SSIPCA2

where ASV — distance from zero on a two-
dimensional scatter plot of IPCA1l scores
(principal component analysis of interactions,
axis 1) relative to IPCA2 scores. Since the
IPCA1 score contributes more to the sum of
squares G X E, it needs to be weighted by the
proportional difference between the IPCA1 and
IPCA2 scores to compensate for the relative
contributions of IPCA1 and IPCA?2 to the total
sum of squares G % E. The Pythagorean Theorem
is then used to calculate the distance from zero
[17].

The Genotype Selection Index (GSI) was
calculated using the following formula [18]:

GSI=RASV +RY,

where RASV — AMMI stability rank and
RY — mean yield rank. Two types of stability
indices are used in plant breeding. The first index
is the GSI, where low GSI values indicate
desirable genotypes with high mean performance
and stability. The second index is the ASV, where
lower ASVs mean more stable genotypes across
environments [12]. The IPCA score is another
parameter used to determine the adaptability of a
genotype to specific environments. A higher
IPCA score (negative or positive) indicates a
more specific adaptability of a genotype to
specific environments [20]; whereas a lower
IPCA score (close to zero) indicates a low
specificity and a higher stability of a genotype
across environments.

For convenience, we assigned each year
and trial site a corresponding code. For example,
the trial at YPPI NAAS in 2018 was coded as
Kh18, in 2020 — as Kh20. Similarly, for other test
sites: UESPP in 2018 and 2020 — Ust18 and Ust
20, respectively; OSES — O18 and 020.
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Pe3ynbTaTn T2 00roBOpeHHs

Ha Teputopii posramyBanns  Opjecbkoi
JIep’KaBHOI JOCHIMHOT CTaHWil BIPOIOBXK IEPiOAy
Beretamii ropoxy 2018 Ta 2020 pp. omamm Oymu
KOPOTKOYaCHUM 1 BKpail Hee(DEeKTHBHUMH, TOMY
POCIIMHM TOPOXY 13 MOYaTKy BETETaliiHOIo Mepiomy
BiT9yBaJIM 3HAYHUH JEPIIAT BOJIOTH.

Ha rtepuropii posramryBanns YJIC BIpomoBx
POKIB JOCHi)KEHb YMOBH JAJisl POCTY 1 PO3BUTKY
pPOCIMH TOpOXy Oynu CHPUSITIIMBUMH — JOCTaTHS
KUTBKICTH BOJIOTH 1 TIOMIpHI TeMItepaTypH MOBITPSA 13
HETpUBAIUMK  TlepiomaMyd 3 IiJBHUILICHUMH
TeMIepaTypaMH JIO3BOJIWIIM POCIMHAM peaizyBaTh
CBill TeHeTWYHHMH TOTeHIian 1 chopmyBaru
YPOKaifHICTh Ha 33/I0BUTFHOMY PiBHI, IIIO IAJI0 3MOTY
00’ €EKTHBHO OILIIHUTHU JIOCIIIHI 3pa3Ku.

ligporepMiunuii  peXKUM  BereTaliifHOTO
nepiogy topoxy 2018 Tta 2020 pp. B ymoBax
XapkiBcbkoi obnmacti He OyB Hi ONTHMaJIBHUM, Hi
cnpuATIuBUM. PociuHM 3a3HaBaiNy 3HAYHOTO CTPECY
4yepe3 BUCOKY JCHHY TemIeparypy HoBiTps. Taxox
HETaTWBHUMA BIUIMB Majia i BiCYTHICTb JOCTaTHBOI
KUIBKOCTI OIIaiB.

B Hamomy pocmimpkeHHI, 3a pe3yibTaTaMH
po3paxyHkiB y cucteMi AMMI mogeni 3a paarom RY
Halikpamumu Oy coptu [adiayk (GS5) ta Ormior
(G2) (Tabm. 1).

3a iHmekcoM cTabimpHOCTI AMMI (ASV)
Haiikpammu Oynmu coptu Llapesud (G1) Ta [aiigyk
(G5) i3 mokazuukoM ASV 1Ta 2 BiAMOBITHO.

3a cymoro panriB GSI Hadikpamumm, K 1y
MoTIepeIHIX po3paxyHkax, OyB copt l'aiimyk. Coptu
Hapesua i OmjioT NOCUTH HUKYI PAHTH, TIPH [[LOMY
CIif| 3ayBakuTH, 110 copT LlapeBud, Ha BiMiHY Bif
copriB Omor ta ["aiinyk, € cepeHbOpaHHIM COPTOM.

VY HamoMmy JIO0CHIDKEHHI, 3aJISKHO BiJI TOYOK
BUTIpOOyBaHHs, 0a3oBi kommoHeHTH IPCA 1 (Bich
MepIoro roxoBHoro komrmoneHTa) ta IPCA 2 (Bich
JPYToro TOJIOBHOTO KOMIIOHEHTa) Pa3oM JAl0Th Bif
88,93 1o 89,54% 3aranbHOT MiHIMBOCTI pe3yJIBTATIB.

I'padiuna Bizyaunizauis pesynbraris GGE biplot
Ha puc. 1 mpencrasneHa y BUIVISIOI OararokKyTHHKA,
0 TOAUICHWA BEKTOpaMM Ha  CEKTOpH, 1
KOHIIGHTPHYHUX  ab00  OBWIBHHX  Qiryp  sKi
PO3MONUISIOTE 1 TEHOTWNH, 1 CeperoBHINA TIO
NPUHIMITY «XTO jae mepemir» (which-won-where).
TakuM 4YHHOM, TIpOrpama MPOBOAWTH Bi3yasi3allifo
YMOB BHUNPOOYBaHHS 1 OTPUMaHHX y LMX YMOBax
JaHUX PO yPOXKaWHICTh. | SIKIO TEHOTHIT MOKa3aB
BUCOKHI  pIBEHb ypOXKaWHOCTI Yy  OUIBIIOCTI
cepemoBWil, TO 1, BiANOBiAHO, Big  Oyme
«mepemoxkuem». Tak, Ha puc. 1 qys cepenoBuina X18
Ta X20 (Meracepenouire) Hakpamwm O0yB G 5 —
copt laiinyk.

Results and Discussion

On the OSES territory, rains were short
and extremely ineffective during the pea growing
periods in 2018 and 2020; so pea plants
experienced a significant water deficit from the
beginning of their vegetation.

In the years of research on the UESPP
territory, the conditions for the growth and
development of pea plants were favourable:
sufficient wetting and moderate air temperatures
with short periods of elevated temperatures
allowed the plants to fulfil their genetic
potentials and give satisfactory yields; hence, we
could objectively evaluate the tested accessions.

In the Kharkivska  Oblast, the
hydrothermal regimen during the pea growing
periods in 2018 and 2020 was neither optimal nor
favorable. Plants were considerably stressed by
high daytime air temperatures. Insufficient
precipitation also had a negative impact.

In our study, according to the calculations
in the AMMI model, the best cultivars by RY
were ‘Haiduk’ (G5) and ‘Oplot’ (G2) (Table 1).

According to the ASV, the best cultivars
were ‘Tsarevych’ (G1) and ‘Haiduk’ (GS5) with
RASV of 1 and 2, respectively.

According to the sum of GSI ranks, cv.
‘Haiduk’ turned out to be the best one, as in
previous calculations. Cultivars ‘Tsarevych’ and
‘Oplot’ took lower ranks; here, it should be noted
that cv. ‘Tsarevych’, unlike cvs. ‘Oplot’ and
‘Haiduk’, is medium-early.

In our study, depending on the test
locations, the First Interaction Principal
Component (IPCA 1; the axis of principal
component 1) and the Second Interaction
Principal Component (IPCA 2; the axis of
principal component 2) together account for
88.93% to 89.54% of the total variability of the
results.

The graphical visualization of the GGE
biplot results in Fig. 1 is presented as a polygon,
which is divided by vectors into sectors, and
concentric or oval shapes, which distribute both
genotypes and environments according to the
“which-won-where”  principle. Thus, the
program visualizes the test conditions and yields
harvested in these conditions. If a genotype
yielded a lot in most environments, it will be the
“winner”. So, in Fig. 1, cv. ‘Haiduk’ (G5) was the
best genotype for the environments Kh18 and
Kh20 (megaenvironment).
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Tadauus 1. Po3nozain 3paskiB ropoxy 1o panrax y cucremi AMMI moneni, (touku BunpoOysanns [P HAAH-
OAAC-YIC), 2018, 2020 pp.
Table 1. Distribution of the pea accessions by ranks in the AMMI model, (test sites: YPPI NAAS—OSES-UESPP),

2018, 2020.
Cepemnas T'onoBHi kommioHenTn | [Hmekc crabumproCcTi AMMI | THIDekc
3pazok / Accession YpoXkaifHiCTh IO B3aemorii / Principal (ASV)/ AMMI Stability | cenekuii
nocnigy / Mean yield components Value (ASV) TEHOTHUITY
Panr Bics 1 Bics 2 Panr G(ecrilil) /e
Kon / Hazga / ira / t/ha (RY)/ | (IPCA1)/ | (IPCA2)/| Toka3uuk/ | (RASV)/ Selecggn
Code Name i Rank Axis 1 Axis 2 Value Rank Index
(RY) (IPCA1) (IPCA2) (RASV) (GSI)
G |Omor/ 2,21 2 -0,36400 | 0,45045 0,807 5 7
Oplot
Gy |Hapesma / 2,08 4 0,08646 | -0,19922 0,252 | 5
Tsarevych
Gy |Oravan/ 1,93 5 -0,13614 | -0,45202 0,515 3 8
Otaman
Ga | Meuenar/ 2,11 3 -0,59772 | -0,11116 1,109 7 10
Mesenat
gs |Lanwx/ 2,23 | 0,07936 | 024918 0,287 2 3
Haiduk
Majaxit /
G6 Malakhit 1,88 7 0,54601 0,05753 1,008 6 13
G7 |Kopser/ 1,92 6 0,38602 | 0,00524 0,712 4 10
Korvet
Scatter plot (Total - 88.93%)
2
N
@
m
o~
1
N
Q
o
PC1 -65.61%
x Genotype scores
+ Envirpnment scores
—— Convax hull
——— Sectors of convex hull
—— Mega-Environments
Puc. 1. GGEbiplot: «xto ne nepemir» (which-won-where), IP HAAH-OJIC-YIC
Fig. 1. The “which-won-where” view of the GGE biplot, YPPI NAAS-OSES-UESPP
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Cepemosumia O18 Ta Ust 20 chopmysamm
OKpeMe MeracepenoBuile 0e3 siBHOTO Jiaepa. TooTo
TaKUi MIAXiA BUAUISE HAWKpPANIWMA TEHOTHIM IS
KOJKHOTO MeracepeaoBuina. IloironaasHui BUTIIA
neomiarpamu GGE, mo posminse cepemoBuia st
peKOMeH/Iallii BiIMOBIAHUX TEHOTHINB JIJIS Pi3HUX
MEra-CepeOBHI, Yy3TOKYETbCA 3  KiUJTbKOMaA
TOCTiKEeHHIME 1315 Topoxy (Pisum sativum L.) [21,
22, 23, 24] Ta iHIWIUX NPEICTaBHUKIB POIUHH
0o0oBux Cajanus cajan (L.) Millspaugh [25],
Lathyrus sativus [26] Ta Vicia faba L. [27].
leHoTuny, BHABICHI B TAaKUX AOCHIHKEHHSX, €
MEPCHeKTUBHUMH JJIsl BKIIOUEHHS Yy CKIJIAAHI
CTparerii CeNeKIlii, CIpsMOBaHI Ha OITHMI3AIlI0
CTabUTFHOCTI B3a€MOJIl TEHOTHITY 3 CEPEJOBHIIEM
Ta TIOKpPalICHHS CTaOUTBHOCTI BpPOXKAaWHOCTI B
PI3HUX YMOBaX HaBKOJIMIIHBOTO ceperoBuina [28].

OxpiM ypaxyBaHHS B3a€MOJii TEHOTHII-
cepenosuie e onHiero nepesaroro GGE biplot €
Ha/IaHHS XapaKTEePUCTUKU CEPENOBHII JOCIiIKEHb
a6o BunpoOyBaHb. Tak, Mapkepu cepenoBuma X20
ta 020 (puc. 2) € MOBrOBEKTOPHUMH, ajie KyT
HaxXWIy JI0 Bici aOCIIUC TOCUTh BEJTUKHUH, 10 BKAa3ye€
Ha Te, MO y TakhX yMOBax Kpalle MPOBOIUTH
nobopu Ha crabinbHicTh. Mullualem Ta iH. [17]
TaKoXX 3a3HAyaroTh, IO CEPElOBHINA 3 IOBLINMHU
BEKTOpaMHU MaloTh CHJIBHIITY 37aTHICTh
TuEepeHIlioBaTH  TeHOTHIIH  TMOPIBHAHO 3
CEepeIOBHILAMH 3 KOPOTIIMMH BEKTOpPaMH, Takoi 3K
nyMmku 1 Yan i cmiBaBt. [29, 30]. Cepenoruiie 3
MaJIiM KyTOM JI0 CepeaHboi oci cepenonuiia (AEA)
BBKAETHCS OLTBIT perpe3eHTaTHBHUM MOPIBHSHO 3
IHIIIMMH TECTOBUMHU cepenoBuiiamu [31].

Tak, 2018 pik B ymoBax I[P HAAH 6yB mosomi
CIPUATIMBAM, IO BiOOpa3Wioch Ha 3araibHii
nponykruBHocTi, a 2018 pik B ymoBax OIJIC
BUSIBUBCS BKpall TOCYIUTUBUM 1 CIEKOTHHM.
Cepenosuine X 18 Mae HEBEUKY JOBXKHUHY BEKTODY,
TOOTO HOro Kpail HaOMIKeHWH 1O IMoYarky Bici
KOOPJMHAT, IO XapaKTEepPHU3y€e HOTO SIK cepe/IOBUIIIE
i3 HU3BKOIO 1H(POPMATUBHICTIO IS ArQepeHIarii
3paskiB, TOOTO BiJryK 3pa3KiB TOPOXy Ha YMOBH
[BOTO POKY, CKOpIIlIe 33 BCE, € OMHOCIPSIMOBAHUM.
HaiikpamuM po3MOMIIFHAM  CEPEIOBHINEM TSI
Haworo gocmimkeHHs OyB Usl8, #ioro Bektop mae
HEBEIMKUH KYT, IOCTATHIO JIOBKUHY Ta JOCTATHHO
HaOmwkeHicte 10 AEC — cepennboi koopauHAT
cepenouma (puc. 3). ToOTO, pOKU HOCIIIKEHb 32
TiAPOTEPMIYHUM PEXHUMOM Y TOUKaX BUMPOOYBaHHS
Oymu  JiCHO pI3HOMAHITHAMH [UJISI OTPUMAaHHS
00’ €EKTUBHOT OLIIHKH, SIK MOTEHITIaTy
MPOLYKTUBHOCTI, TaK 1 aJanTUBHUX BIACTHBOCTEH
3pa3KiB TOPOXY.

The environments O18 and Ust20 formed
a separate megaenvironment without a clear
leader. That is, this approach highlights the best
genotypes for each megaenvironment. The
polygonal view of the GGE biplot, which
separates environments to recommend
appropriate genotypes for different
megaenvironments, is consistent with several
studies on pea (Pisum sativum L.) [21, 22, 23,
24] and other legumes (Cajanus cajan (L.)
Millspaugh [25], Lathyrus sativus [26] and Vicia
faba L. [27]). Genotypes identified in such
studies are promising for inclusion in complex
breeding strategies aimed at optimizing the
stability of genotype-environment interactions
and improving yield stability under different
environmental conditions [28].

In addition to taking into account
genotype-environment  interactions, another
advantage of GGE biplot analysis is the
characterization of research locations or test
environments. Thus, the markers of the
environments Kh20 and 020 (Fig. 2) are long-
vector, but their angles of inclination to the
abscissa axis are quite large, indicating that it is
better to select for stability in such conditions.
Mullualem et al. [17] also noted that
environments with longer vectors showed a
stronger ability to differentiate genotypes
compared to environments with shorter vectors,
and Yan et al. [29, 30] shared the same opinion.
Environments with smaller angles to the average
environment axis (AEA) are considered more
representative  compared to other test
environments [31].

Thus, 2018 at YPPI NAAS was quite
favorable, which was reflected in the overall
productivity, and 2018 at OSES turned out to be
extremely dry and hot. The environment Kh18
has a short vector and its edge is close to the
origin of coordinates, which characterizes it as an
environment with low informativeness for the
differentiation of accessions, that is, the
responses of pea accessions to the conditions of
this year are most likely unidirectional. The best
differentiating environment in our study was
Ustl8, as its vector has a small angle, is
sufficiently long and close to the average
environment coordinate (AEC) (Fig. 3). Indeed,
the study years were characterized by diverse
hydrothermal regimes at the test sites, enabling
us to objectively assess both the performance
potentials and adaptability of the pea accessions.
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Scatter plot (Total - 88.93%)

PC2 - 23.32%

PC1 -65.61%

Genotype scores

—— Vectors

—+ Environment scores

Puc. 2. GGE biplot: indopmarusHicts cepenopuni Bunpodysanus, [P HAAH-OAJC-VAC
Fig. 2. GGE biplot: informativeness of the test environments, YPPI NAAS-OSES-UESPP

Takum 9YMHOM, YMOBH TOYOK BUIIPOOYBaHHS Y
HAIIIOMY JIOCJTiJKeHHI 1 yMOBH POKIB BHITPOOYBaHHS
BIIPOZIOBXK BereTallii ropoxy 3HauyHO BiJPi3HSIIUCE.
lle no3Boisie HE TIABKM OLIHUTH BXKE CTBOPEHI
COpTH, a W MO0AYUTH NEPCIEKTHBY iCHYIOUHX
CEJIEKI[IHHUX MPOTpaM 1 MPOBECTH iX KOPUTyBaHHS.

PamxyBanus F€HOTUIIIB BIJTHOCHO
«ineanpHOrO», MO Yy cucremi GGEbiplot spnse
cO0OI0 TIEHTP CHUCTEMH IEHTPUYHUX Kill (puc. 3),
MoKa3ye, IO Ha BiJIMiHY Bij po3paxyHkiB AMMI, ne
Halikpamum  OyB  copr laiijayk, HalOimbII
HAOIMKEHUM JI0 «ij1eaIbHOro» Ha puc. 3 € Tinbku G
1 — copr Omior. B Toil ke 9ac, TeHOTHIH, IO
MOTPAITIIM 32 BEPTUKAIBHY BiCh, HE TOKa3aid Hi
3HAYHOTO MOTEHI[ialy MPOIYKTUBHOCTI, Hi BHCOKOL
CTaOUILHOCTI Y HAIIOMY JOCIIDKSHHI.
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Thus, the conditions at the test locations in
our study and the conditions of the test years
during thepea growing periods differed
significantly. This allowed us not only to
evaluate the existing cultivars but also to see the
prospects of current breeding programs and
make their adjustments.

Ranking of genotypes relative to the
“ideal” one, which is in the center of the centric
circles in the GGEbiplot (Fig. 3), shows that
unlike AMMI calculations, where cv. ‘Haiduk’
was the best genotype, only G1 (cv. ‘Oplot’) was
positioned closest to the “ideal” genotype in Fig.
3. At the same time, the genotypes that fell
behind the vertical axis showed neither
significant performance potential nor high
stability in our study.
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Genotype scores
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o AEC

Puc. 3. GGE biplot: crabineHicTh 1 ypoxkaiiHicTh 3pa3KiB BiJTHOCHO «ifeansHoro» renorumny, IP HAAH-OJAC-YC
Fig. 3. GGE biplot: yield amount and stability of the accessions relative to the “ideal” genotype, YPPI NAAS-OSES-

UESPP

Ha puc. 4 mpencraBneHi mpoeKIiii reHOTUIIB
3alIe)KHO BiJ CEPEIHBOTO 3HAYEHHS YPOXKAMHOCTI 1
BUSIBJICHOI CTa01IbHOCTI.

Hampsim ctpinku mokasye ii monatHuil KiHelb
i, BIAMOBIAHO, pO3MOALISAE  TEHOTHUNH 34
MPOAYKTUBHICTIO — ONWKYE 1O CTPUIKH OLIbII
MPOAYKTUBHUM, a HaWBiIIAJICHIMUN — HalMeHI
MPONYKTUBHUIA FeHOTUII. BepTukanbHa Bick okasye
CTaOUIBHICTH 1 3pa3KH, SKi MalTh BHCOKY
Bapia0eNbHICTh MOKA3HUKA YPOXKAHHOCTi, MaroThb
JIOBI'l BEKTOPH.

l'enorun G1 (Omutor) Halikpamui 1 3a piBHEM
ypoXaiHocTi, 1 3a piBHEM cTaOUIBHOCTI Y
BunpoOyBanni [P HAAH-OAJC-YAC (puc. 4), a
reroturn G4 (Meuenar) ta G5 (laiinyk), xoua i
Mand BHUCOKMH piBeHb  ypoKallHOCTI,  aje
BiJPI3HSAIMCH HECTAOUILHUM 11 IPOSIBOM.

Fig. 4 presents projections of genotypes
depending on the mean yield and stability.

The direction of the arrow shows its
positive end and, accordingly, distributes
genotypes by performance: more productive
genotypes are closer to the arrow, while is the
least productive genotype is the furthest from
the arrow. The vertical axis shows stability and
acessions with highly variable yields have long
vectors.

Genotype G1 (cv. ‘Oplot’) was the best in
terms of both yield and stability in the trials at
YPPI NAAS, OSES and UESPP (Fig. 4);
genotypes G4 (cv. ‘Metsenat’) and G5 (cv.
‘Haiduk’), although they produced high but
unstable yields.
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PC2 - 27.08%

Ranking biplot (Total - 89.54%)

PC1 - 62.46%

AEC

- Genotype scores
+ Environment scores
o

Puc. 4. GGEbiplot: cepenns ypoxaitHicts Ta ctabinpaicts, [P HAAH-OAJC-VIC
Fig. 4. GGEbiplot: mean yield and stability, YPPI NAAS-OSES-UESPP

Ha puc. 5 npencrasnennii rpagix GGEbiplot:
«imeanmpHe cepemoBuiIe». Taka K  cHucTeMa
KOHIEHTPUYHHX KU 13 HEHTPOM Y BUIVISIII CTPLIKH
pO3MOMiNsge  cepeoBUIIa  BUMPOOYBaHHS  3a
BIJIHOILICHHSIM JI0 «i/1€ajbHOro», SIK 1 Ha puc. 5, ne
MPEJICTABICHO PO3IOILIT COPTIB 1 JIiHI# TOPOXy 11010
«1J1€aJIbHOT0 TEHOTHUITY».

Toukm Ustl8 Ta Ust20 Ha pumc. 5 mus
po3paxyHKy misi yMoB BumnpoOyeanus [P HAAH-
o4JaC-vIC BUSIBHITHCH «imeanbHIM
cepenoBuieM» nopiBHsHO 3 Toukamu O18, 020,
X18 Ta X20, siki po3TallIoBaHi JaJIeKO BiJl IICHTPY.
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The GGEbiplot in Fig. 5 shows the
“ideal environment”. The concentric circles
with an arrow in the center distribute the test
environments in relation to the “ideal” one, like
in Fig. 3, where the pea cultivars and lines are
distributed in relation to the “ideal genotype”.

The environments Ust18 and Ust20 in
Fig. 5 turned out to be an “ideal environment”
compared to the environments O18, 020,
Kh18, and Kh20, which are located far from the
center.
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Comparison biplot {Total - 89.54%)

PC2 - 27.08%

PC1 -62.46%

o AEC

Genotype scores
—+ Envirpnment scores

Puc. 5. GGE biplot: «ineansue cepenosuiie», [P HAAH-OIJC-Y/C
Fig. 5. GGE biplot: “ideal environment”, YPPI NAAS-OSES-UESPP

SIKI0 TOJMBUTHCH HA PIBEHb YPOXKaWHOCTI
3pa3KiB TOpOXY, 110 MpeACTaBlIeHnH Ha rpadikax (puc.
1, 2) Ta y Tabxn. 1, To MOXKHA 3pOOUTH BUCHOBOK, II0
«ileabHE CEepelOBUIE», TO HE CEpeloBHIIe i3
HaANOLIBIIIIM PiBHEM YPOXKaHOCTI, a, CKOPIIII 32 BCe,
TEe  CcepeloBHMING, J€  3pa3kd  IIOKa3yloTh
OJTHOCTIPSIMOBaHY PEakilif0 Ha YMOBH BHPOIYBAaHHS
i3 pi3HMIEI0 Yy piBHI NposiBy — IOKAa3HHUKA
«ypOKAMHICTB» MK €000, IO 3yMOBJIEHA
TEHETUYHUM HAIoOBHEHHsM copty. Lle HaouHo
nemoHctpye puc. 6 — GGEDbiplot: iHpopmaTHBHICTH
CepeloBHIIIA.

Ha UX PO3MIO I 3a
1H(QOPMATHBHICTIO TIPEICTABICHUN TAKUM K€ YHHOM,

PHUCYHKaX

K 1 Ha puc.4 (piBeHb cepeiHbOl YypoXKaWHOCTI i
CTabLIBHOCTI JUIS 3pa3KiB).

Considering the pea yields in the graphs
(Fig. 1,2) and Table 1, we can conclude that the
“ideal environment” is not the environment
with the highest yield, but rather the
environment respond
unidirectionally to growing conditions, with

where  cultivars
inter-cultivar differences in yield determined
by genetic features of cultivars. This is clearly
illustrated by Fig. 6.

In these figures, the distribution of the
environments by informativeness is vusualized
in the same way as in Fig. 4 (mean yield and
stability for the accessions).
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Puc. 6. GGEbiplot: inpopmarusHicts cepenosuma, [P HAAH-OAAC-Y]IC
Fig. 6. GGEbiplot: informativeness of the environments, YPPI NAAS-OSES-UESPP

Tak, cepemoBume X188 Oyno  Oijbmn
iHpopmaruBHUM, HX X20 Ta O20 — 10BrUii BEKTOP
1o Bici AEC mnokasye pi3HOCHPSMOBAHICTb y IIHX
Toukax (pokax) peaxuii 3paskiB, IO MPOXOIUIH
BunpoOyBanas. Ha puc. 6 Touka Ustl§
po3ranioBana 6e3nocepentHbo Ha oci AEC, a Touka
Ust20 po3sraimroBaHa Ha BiJCTaHI 1 Ma€ HEIOBrUH
BekTOp. HalitoBIIMK BEKTOpP HA LIbOMY PUCYHKY Y
touli X20, Ha BigMiHy Bij Touku X18, y skoi
BEKTOP 30BCIM KOpOTKHid. ToOTO y po3paxyHKy JIst
IP HAAH-OAJAC-YAC Haiitbinbin iHGOpMaTUBHI
touku Ust18 Tta X18.
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The environment Kh18 was found to be
more informative than Kh20 and O20: a long
vector to the AEC shows the multidirectionality of
the accessions‘ responses at these sites (years). In
Fig. 6, the environment Ust18 is located right on
the AEC, and the environment Ust20 is located at
a distance and has a short vector. The environment
Kh20 has the longest vector in this figure, unlike
the environment Kh18 with a very short vector.
That is, Ust18 and Kh18 are the most informative
environments in the YPPI NAAS-OSES-UESPP
trials.
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BucHoBkn

3 ooy Ha OTpHMaHi pe3ysbTaTH, MOXHA
IIMTH BHCHOBKY, IO CTBOpeHI B [HcTHTYTI
POCIIMHHHUIITBA COPTH TOPOXY J00pe peai3ytoTh CBiit
MOTEeHIial B  MIMPOKOMY  Jiala3oHi  30H
BUPOILIYBaHHS, IO CBIAYMTH NpPO e(EeKTHBHICTH
CEIIEKIIHOTO MPOIIeCy.

TakuM 4YMHOM, €KOJOTiYHE BHIIPOOYBaHHA i
Joci € 1ieBuM 1 iHQOPMAaTHBHUM JOCITiIKESHHIM. A
NPOBEACHUH aHalli3 OTPUMAaHHX pe3yJbTaTiB B
cuctemi amroputMmiB AMMI ta GGE biplot ananizis
Ha/la€ BUYEpIHY iH(POPMALII0 MPO BCi E€IEeMEHTH
€KOJIOTIYHOTO BUIPOOYBaHHS, SK cepemoBwmia (ix
iHOPMATUBHICTH 1 BIAMIHHICTB), TaK i TEHOTHITH
(piBeHB YpOKaWHOCTI 1 HOTO CTaOLIBHICTB), @ TAKOXK

Conclusions

Having analyzed the results, we can
conclude that the pea cultivars bred at the YPPI
NAAS fulfil their potentials well in a wide range
of growing zones, indicating the effectiveness of
breeding algorithms.

Thus, environmental trials are still an
effective and informative approach and analysis
of data by AMMI and GGE biplot methods
provides comprehensive information about all
elements of an environmental trial, both
environments  (their informativeness, 1i.e.
differentiating capacity, and differences) and
genotypes (yield amount and stability), and
genotype-environment interactions.

1X B3a€EMOJIIIO.
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