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Abstract

Experiments were conducted in 2014 and 2015 at locations from Sakarya, Adana, Sazak, Ceyhan, Yuregir, Bur-
sa, Antalya, Samsun, and Izmir. PR31G98, PR31A34, Kalumet, P 3167, Adasal16, 72MAY99, PAN34015, P1429,
ZP873, MAS71B, MAS78T, Sagunto, SY Hydro, PL 772, LG30600, P1758, P2088, Kebeos and Kamperos hybrid
dent corn cultivars were used as plant material. Experiments were conducted in a randomized block design with
four replications. The primary objective of the study was to determine the stability of 19 hybrid dent corn cultivars
in 16 environments with the aid of GGE-Biplot analysis. According to variance analysis concerning grain yield
data, genotype x environment interaction was found to be significant. Considering the total variation in grain
yields, the environment represented 82.32% of total variation. Genotype and genotype X environment interaction
constituted 9.33% and 8.36% in total variation, respectively. GGE-biplot analysis explained 65.91 % of the total
variation. Experimental environments were distributed over four mega-environments. E8 with a close position to
average environment coordinate (AEC) and high vector length was identified as the environment with the largest
capability of representing the different environments and largest genotype separation power. Despite the high
grain yield scores of G8, G17 and G18 genotypes, G8 with a close position to AEC was identified as the most

stable genotype.

Abbreviations

G-Genotype, E-Environment, GEI-Genotype x environment interaction, GGE-Genotype + Genotype by environment interaction, AEC-Average
environment coordinate, PCA-Principal component analysis, PC-Principal component, ME-Mega-environment, VCU-Value for cultivation and use,

DUS-Distinctness, uniformity and stability

Introduction

Maize has diverse uses and high unit-area yields and
has become one of the most significant worldwide
agricultural products. According to data from 2017,
5.9 million tons of maize were produced from 639,000
ha cultivated lands of Turkey (TUIK, 2017). When the
statistics for the sowing area and production quantities
from the 2001 to 2017 period were assessed, remarka-
ble increases in yields were found. While Turkey had an
average yield of 0.40 ton ha” with 2.2 million ton pro-
duction from 550,000 ha sowing area in 2001, the value
reached 0.92 ton ha'in 2017. With a 16% increase in
sowing area, a 130% increase was achieved in yields.
The greatest increase in sowing areas was observed in
irrigated farming lands of the Southeastern and Cen-
tral Anatolia regions. Use of hybrid maize cultivars with
high yield potentials had great contributions to such in-

creased yield levels (Bayramoglu and Bozdemir, 2018).

Newly developed and/or foreign-registered hybrid
maize cultivars are taken for value for cultivation and
use (VCU) tests under main or second crop conditions
in Turkey. Silage hybrid maize, sweet corn (Zea mays
L. saccharata Sturt.), and popcorn (Zea mays L. everta
Sturt) candidate varieties are tested separately. Parents
of hybrid maize varieties are registered only through
distinctness, uniformity, and stability (DUS) tests (MAF,
2018). However, VCU and DUS tests of hybrid maize va-
rieties are conducted concurrently. VCU experiments in
maize cultivation regions are set up in a multi-location
manner. In multi-location experiments with many ge-
notypes (G), G and G x environment (E) interactions
(GEl) are the basic sources of variation and different
statistical methods are employed in such experiments
(Djurovic et al., 2014). Instead of using several parame-
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tricindicators to investigate the effects of G, E, and GEl,
the graphical method, the GGE-Biplot, is commonly
used in such cases (Khalil et al., 2011; Mortazavian et
al., 2014; Kaplan et al., 2017). Biplot analysis reveals
important information about the relationships of signi-
ficant environmental data proven by variance analysis
and allows visual assessment of the separation capabi-
lities of the Gs (Yan et al., 2010). For phenotypic per-
formance assessment of the Gs in multi-environment
experiments, GEl (in cases in which the analysis of va-
riance [ANOVA] revealed the existence of GEIl) should
also be taken into consideration.

In Turkey, mostly single hybrid cultivars are used in
maize cultivation. Besides high yields, stability of the
cultivars should also be taken into consideration (Tonk
et al., 2011). Multi-environment experiments are the
essential methods used to identify the stability of the
genotypes. However, multi-environment experiments
are costly processes. Repeated GGE-biplot analysis
allows identification of unnecessary environments (Yan
and Kang, 2003). Biplot analysis reveals important in-
formation about representative capabilities of test
environments and separation powers of the Gs (Yan
and Tinker, 2006). Studies on maize and other plant
species by AMMI and GGE-biplot analysis to identify
the environment best representing experimental envi-
ronments and the genotypes with the greatest sepa-
ration power have been conducted (Dehghani et al.,
2009; Kaya et al., 2006; llker et al., 2009). Mitrovic et

al. (2012) used hybrid maize cultivars under different
climate conditions and indicated that a large difference
between AMMI and GGE-biplot analyses could not be
found, and both methods could be used successfully in
multi-E studies. Muftuoglu et al. (2019) generated the
G-trait biplot graph for visual presentation of the rela-
tionships among the investigated traits in cluster bean.
Xu et al. (2017) pointed out the significance of quality
attributes besides yield in registration experiments and
recommended biplot analysis for assessment of such
attributes.

Turkey has diverse ecologies and recent changes in
climate parameters significantly influence G stabilities
in changing environments. Maize is among the plant
species with the greatest number of registration appli-
cations by private companies. Therefore, identification
of stability in addition to yield performance are crucial
issues in cultivar selection and recommendation (llker
et al., 2009).

G and E are of great importance with respect to yield
and quality (Orhun, 2020; Kahriman et al., 2016). Due
to extreme climate conditions especially in recent ye-
ars,, determining the responses of Gs under different
environmental conditions has increased the importance
of this response. Biplot analyses have been used fre-
quently by researchers in recent years to analyze grain
yield of maize genotypes (Oyekunle et al., 2017), qua-
lity characteristics (Orhun, 2020), and perform disease
studies (Kumar et al., 2017). In Turkey, registration of

Table 1 - Information about 19 hybrid maize genotypes and 16 environmental locations

Code Genotype gOerri‘%itr;:: Date ic:‘f;:?ki:tyration FAOng:;t;rity Code Growing season Location
G1 PR31G98 USA 2002 700-750 E1 2014 Sakarya
G2 PR31A34 USA 201 650-700 E2 2015 Sakarya
G3 Kalumet Italy 201 700 E3 2014 Adana
G4 P 3167 USA 1997 750 E4 2015 Adana
G5 Adasalé Turkey 2016 650-700 E5 2014 Sazak-Adana
G6 72MAY99 Turkey 2016 650 E6 2015 Sazak-Adana
G7 PAN34015 France-Italy 2016 650 E7 2015 Ceyhan-Adana
G8 P1429 USA 2016 650 E8 2014 Yuregir-Adana
G9 ZP873 Turkey 2016 650-700 E9 2014 Bursa
G10 MAS71B France 2016 700 E10 2015 Bursa

G11 MAS78T France 2016 700-750 EN 2014 Antalya
G12 Sagunto Spain 2016 700 E12 2015 Antalya
G13 SY Hydro Italy 2016 650-700 E13 2014 Samsun
G14 PL772 Turkey 2016 650-700 E14 2015 Samsun
G15 LG30600 Italy 2016 650-700 E15 2014 lzmir

G16 P1758 Italy 2016 650-700 E16 2015 lzmir

G17 P2088 USA 2016 650-700

G18 Kebeos Italy 2016 700-750

G19 Kamperos Italy 2016 650-700
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Table 2 - Meteorological data at experimental locations*

§ Average temperature (oC) Total rainfall (mm) Average relative humidity (%)
= Months

§ 2014 2015 Long term 2014 2015 Long term 2014 2015 Long term

March 13.2 11.3 12.0 106.4 108.4 81.7 60.8 73.0 65.2

April 16.9 14.4 16.1 132.2 31.4 47.7 61.0 54.8 61.8

May 20.8 21.6 20.8 15.3 28.8 28.3 57.3 52.6 58.7

E June 25.0 238 256 48.5 52.3 12.3 53.3 58.0 52.8

X July 27.8 28.2 282 1.0 0.0 4.2 50.4 449 50.2

August 284 28.7 28.0 3.8 354 5.9 53.3 50.1 52.3

September 23.9 253 24.0 10.6 7.1 20.0 57.4 59.6 56.8

October 18.9 19.4 191 91.1 83.5 48.4 65.4 67.9 634

March 10.2 8.8 8.2 40.8 76.0 64.4 70.6 741 73.6

April 12.0 10.7 1.2 24.4 95.7 54.5 76.7 69.1 78.1

May 17.0 16.1 154 48.1 30.4 53.5 75.0 74.3 79.1

§ June 21.3 21.1 20.3 62.3 80.3 49.8 68.0 70.3 75.1

JE'; July 24.6 237 234 55.0 432 36.4 66.1 66.5 723

August 25.7 25.6 24.0 19.9 16.0 44.5 65.0 63.8 71.8

September 21.5 23.2 20.5 74.5 28.9 47.9 67.9 70.4 731

October 17.2 17.5 16.5 66.6 72.3 84.1 71.8 72.2 74.2

March 14.7 14.3 12.8 230.5 146.9 97.0 61.7 62.9 60.9

April 171 16.0 16.3 31.3 222 524 70.8 58.2 63.6

May 20.2 213 20.5 88.1 18.8 322 72.0 67.1 67.3

—%‘ June 25.4 23.9 253 6.2 17.2 9.3 58.4 66.2 61.5

E July 27.7 28.3 28.4 0.0 0.0 2.4 68.9 61.3 60.1

August 29.2 29.2 28.3 1.6 0.0 2.7 66.3 61.9 59.9

September 257 264 251 79.4 73.6 14.4 61.3 67.8 57.6

October 217 22.6 20.4 95.7 130.8 719 56.8 58.9 54.6

March 10.7 9.1 8.7 64.2 87.4 70.3 69.7 79.5 70.1

April 14.5 11.5 131 124.6 128.5 65.5 71.2 70.7 68.5

May 18.3 19.3 17.7 108.9 50.7 471 72.2 66.3 66.5

g June 22.3 214 223 118.3 53.7 40.5 71.0 752 615

@ July 25.5 25.5 24.7 5.1 0.0 18.5 64.9 61.2 59.1

August 25.8 26.4 247 51.0 6.8 14.2 68.0 62.1 60.8

September 20.7 23.6 20.6 140.9 108.5 44.4 76.7 73.7 66.0

October 16.4 16.4 15.6 77.3 108.1 79.5 80.3 84.2 73.6

March 15.6 14.6 13.7 47.7 1351 64.4 63.2 64.9 65.1

April 19.0 16.9 17.8 221 21.5 51.0 65.5 61.2 66.4

May 22.0 22.5 21.9 34.9 65.7 47.6 67.7 64.8 66.7

% June 25.6 250 258 89.8 4.8 237 68.0 69.6 67.5

-<° July 28.4 28.4 28.5 3.5 0.4 12.5 70.6 69.8 70.6

August 29.3 30.0 29.0 0.2 10.9 124 70.9 634 70.1

September 26.3 28.4 26.5 95.4 130.0 22.6 64.6 64.8 64.7

October 21.3 234 22.0 54.9 32.1 46.7 64.9 63.7 60.5

March 11.4 9.3 8.9 934 46.7 74.3 72.2 78.3 722

April 14.8 121 131 25.0 17.7 59.5 72.3 69.1 71.3

May 18.9 19.0 17.5 111.2 63.8 56.7 72.5 73.1 72.0

%‘ June 22.2 211 21.7 120.5 283.5 74.7 74.7 80.5 70.3

st: July 24.8 24.2 238 66.0 39.2 52.0 75.9 75.2 72.2

August 253 254 238 70.7 34.3 44.4 77.3 75.4 73.6

September 20.9 23.5 20.1 169.3 103.0 49.7 80.2 79.2 744

October 16.9 16.6 15.8 69.4 165.2 89.4 81.7 87.3 78.1

*Meteorological data recorded at city center
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Table 3 - Analysis of variance for grain yields of 19 hybrid maize cultivars in 16 environments

Source of variation  Degrees of freedom Sum of squares Mean square F SS" (%)

Replication 48 142.84 2.98 ** 1.58

Environment 15 10750.55 716.70 ** 380.52 82.32
Genotype 18 1217.94 67.66 ** 35.92 9.33

EGe‘?Otype * 270 1091.25 4.04* 215 8.36
nvironment

Error 864 1627.31 1.88
Corrected total 1215 14829.88

CV (%) =9.19

'Proportional distribution (Total sum of squares of E, G and GEI)
**Significant at p<0.01

maize genotypes and grain yield criterion is of primary
importance. Quality and other characteristics are the
next set of important criteria.

This study was conducted to determine the stability of
19 dent corn cultivars with the aid of GGE-Biplot me-
thod based on grain yield results from samples from
the 2014 and 2015 growing seasons obtained from
some locations of Turkey in which maize cultivation is
commonly practiced.

Material and methods
Experimental locations

Experiments were conducted in Sakarya, Adana, Sazak,
Ceyhan, Yuregir, Bursa, Antalya, Samsun, and lzmir in
2014 and 2015, Yuregir in 2014, and Ceyhan in 2015.
Experimental locations are presented in Figure 1.

Plant materials

Experiments were conducted with 19 hybrid maize cul-
tivars in a randomized block design with four replica-
tions. Since many Gs and Es were used, codes were
used for G and E in tables and figures. The hybrid mai-
ze cultivars used in present experiments were coded as
the FAO 650-750 maturity group and are suitable for
main crop cultivation. The present cultivars originated
mainly from Turkey, United States, ltaly, France, and
Spain. The codes and information about the cultivars

A

Samsun

A Sak
A Sakarya

TURKEY

& A%‘E&:‘yhan
Yyredir

Fig. 1 - Experimental locations highlighted on Turkey map

and experimental environments are given in Table 1.

Agronomical trials

Cultivars were sown in four rows of each plot. Inner two
rows were harvested, and yields were converted into
t ha. Unit area grain yield was calculated based on
15% grain moisture as indicated by MAF (2018). Plant
rows were 5 m long, row spacing was 70 cm, and in-row
plant spacing was 18 cm. Sowing was performed at the
end of winter freeze when the soil temperatures rea-
ched 10-12 °C (between the end of March and middle
of May). Based on soil analyses results, 200-250 kg ha™
N, 80-120 kg ha™ P,O., and K,O fertilization was per-
formed. All of the P,05 and K,O fertilizers and a some
of the N fertilizer were applied at sowing, and the re-
maining N fertilizer was applied in further stages as a
dressing. If two seeds placed in seedbed germinated,
singling out was performed at the first hoeing. If two
of the seeds did not germinate, two plants were then
left in the nearest seedbed to maintain plant density.
The first hoeing was performed when the plants rea-
ched 15-20 cm in height and had four leaves, the se-
cond hoeing was performed when the plants reached
40-50 cm in height and had 6-8 leaves. Irrigation was
performed based on climate and soil conditions of the
locations.

Meteorological data

Monthly average temperatures, monthly total precipi-
tations, and monthly average relative humidity values
of the experimental locations are provided in Table
2 (TSMS, 2016). Monthly average temperatures and
relative humidity of the experimental locations were
generally close to long-term averages. In the Samsun
location, total precipitation was lower than the long-
term averages of the first year and slightly over the
long-term averages of the second year. In the other
locations, total precipitations were greater than the
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Table 4 - Mean yields of 19 hybrid maize cultivars in experimental environments (i ]1:")

Eorviro mmemits

GCemotypes

El EZ E3 E4 ES E6 E7 ES E9 E10 Ell E1Z E13 El4 E15 El6 Mean
¢l 16.65 1575 1943 1724 1491 1633 1654 17.02 1306 1635 1270 1081 1201 1133 10.04 2118 1543 de
L &= 4 1622 1341 1847 1713 14 67 1623 1752 1550 1743 1696 1336 1006 1671 1197 935 2208 1507ef
-3 16.13 1444 1916 1806 1435 1633 1639 1722 1897 1657 1541 700 98> 1185 1330 2172 1539 de
4 1312 14.70 1657 1653 1264 1710 1427 1358 15.68 1547 1246 2385 1024 1068 1036 1919 1384h
G5 12.60 15351 1577 1636 1192 1622 14938 1552 1514 14 63 1148 245 10.67 1158 912 1736 1356h
6 1330 14.00 1607 1538 1234 1432 1625 1411 1551 1561 1148 £29 938 1043 10.97 1934 1361h
=7 1427 1493 17 66 1742 1430 1591 1629 1405 1811 1595 1026 51 10.5% 1097 1235 2034 M43g
-3 1790 1659 2050 1952 1680 16.74 1695 1941 2020 1708 1309 1212 1193 1302 1110 2091 1649a
=9 1531 1329 1599 16.74 1236 1552 1511 1354 1778 1438 1033 955 930 1035 1042 1297 1368h
10 1533 1294 1812 1787 1312 1504 1545 1582 1550 1531 1340 979 368 1082 11 .68 1929 1445g
11 1829 1357 1940 1936 1491 18.62 1634 1821 1702 1434 1332 1195 15.61 1257 11.75 2006 1583 cd
c12 1424 1206 1740 1630 1351 1484 1534 1224 16.39 1609 1257 1026 916 982 1058 1936 13.78h
13 16.67 1534 1920 16.13 1540 1675 1710 1598 1640 1675 133 1085 1034 1166 10.86 2325 1540 de
c14 1526 1206 1706 1784 1415 1618 1591 1574 16.07 1617 1054 6.62 943 999 266 2008 1385h
15 1784 1560 1873 1920 1339 1872 1671 1745 1780 1730 1151 999 1192 11283 10.64 2048 1569cd
16 1504 1612 1724 1592 1511 1321 1567 1649 1724 16.61 1051 9.61 13.06 1291 £39 2008 1460 fp
c17 1761 16.94 211 1727 1488 1772 1704 1932 1815 1821 1451 1054 1292 1285 1131 2240 1636ab
13 1707 17712 1830 1775 13 66 1945 165% 1751 1997 1834 1314 1019 1284 1343 10.87 2138 1633ab
c19 1748 1658 1739 1737 1617 1949 1662 1758 1905 1740 1303 982 1237 1158 1235 2077 159%6bc
Meam 1523F 1433G 18068 1737C 1435H 1673D 1619EF 1612EF 1742C 1632E 12361 95L 109K 11537 107K X46A 1493

L east Sagnificant Dilference. (LSD) of envannments - 0 476 or dpin 0.05)
Least Saprificant Diffesence. (1513 of genatypes - 0.437 (for dpha 0.05)
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Fig. 2 - Positions of 16 experimental environments on biplot
graph and vector images to biplot origin

long-term averages in both years of the experiments.
For precipitation and temperature, distribution within
a month or extreme values should also be taken into
consideration. In some cases, total rainfall seen over a
couple months may occur several hours, and such in-
tense or heavy rainfalls may present serious problems
to agricultural practices. A similar case may also be ex-
perienced with respect to temperatures. Minimum and
maximum temperatures out of the range of long-term
averages and low relative humidity may generate pro-
blems during the pollination period. In recent years, ex-
treme meteorological events have been seen in coastal
zones with common maize cultivation.

Sector 7

=
n

PC2 (10.36%)

Sector 3

Mega-environment-3

Jega-envizpmment-4

-1.5| Sector4 Sector3

-1.0 0.5 0.0 05 1.0 15 20
PC1 (55.55%)

Fig. 3 - Positions of 16 experimental environments on biplot
graph and vector images to biplot origin

Statistical analyses

Variance analysis was conducted for grain yield data.
Gs and Es were grouped with the based on the least
significant difference (LSD) method. GEIl interaction
was analyzed with the aid of the GGE-biplot method
by GenStat (Genstat, 2009) statistical analysis softwa-
re, and results were visually presented in graphs. The
GGE-biplot based on the principal component analysis
(PCA) model (G- and E-focused scaling) provided an
effective means for visualizing grain yield performance
and stability of the tested cultivars.

Results and discussion
Grain yield variance analysis

Results of variance analysis applied to grain yields of
16 environments are provided in Table 3. E, G, and GElI
were found to be significant at the 0.01 level. Of total
variation (E + G + GEl), 82.32% consisted of E, 9.33%
of G, and 8.36% of GEIl. Gauch and Zobel (1997) re-
ported that about 80% of total variation consisted of
E. Ahmadi et al. (2012) and Dehghani et al. (2009) also
reported similar findings. Mean yields of the experi-
mental locations and genotypes and difference grou-
pings are given in Table 4. E averages varied between
9.59 and 20.46 t ha”. Environments were placed into
13 different groups. Genotypes were placed into eight
different yield groups. The largest performance (16.49
t ha™') was achieved with G8, and the lowest grain yield
(13.56 t ha™') was obtained from G5. The other G had
grain yields between these two genotypes.

GGE-biplot analysis

With the GGE-biplot analysis of grain yields from 19
hybrid maize cultivars in 16 environments, 65.91% of
total variation was explained (Figure 2). Of this explai-
ned variation, 55.55% and 10.36% were distributed on
the PC1 and PC2 axes, respectively. Positive PC1 values
from 16 experimental environments indicated the exi-
stence of non-crossover GEI. On the other hand, envi-
ronments had negative and positive values on the PC2
axis. As can be seen in Figure 2, all environments had
vectors with about a 90° angle range. The largest an-
gle was observed between E2 and E15. Smaller angles
between the environments indicate similar performan-
ce of the genotypes (Yan, 2014). Lengths of E vectors
indicate G separation power of the E (Yan and Tinker,
2006). E12 had the shortest vector length (Figure 2).
Such a case indicates that E12 had the lowest G se-
paration power. In Figure 2, Gs were not presented so
as to make the Es prominent and used them in asses-
sments. In Figure 3, genotypes and environments were
analyzed together to explain which-won-where model
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Fig. 4 - Vector images of 19 hybrid maize cultivars on GGE-biplot
graph with respect to average environment coordinate (AEC)

of GGE-biplot. The vectors furthest from the origin of
the biplot were connected, and a seven-sided polygon
was obtained. The graph was then divided into seven
sectors by orthogonal lines stretching to polygon sides
from the origin of the biplot. Es were placed into four
sectors and grouped within four mega-environments
(ME). E2 was placed into ME™, E10, E13, and E14 were
placed into ME-2, E4, E6, and E15 were placed into
ME-4, and the rest were placed into ME-3. G8 was the
vertex variety of ME-3 in which majority of the varie-
ties were found. Vertex genotypes of the sectors were
the genotypes with the greatest vector length from the
origin and these genotypes had a greater response to
changing conditions (Yan, 2014). Boshev et al. (2014) in-

PC1=55.85% PC2=1036% pum=6501%

Tdeal.

\ . \ 3 ".@\'ern‘ék .. genotypes i
-4 N S, ehwironmenf ... oo
-4 2 0 2 4 6
PC1

Fig. 5 - Position of the genotypes on ideal genotype-focused
GGE-biplot graph

dicated that the GGE-biplot method is an efficient tool
for recommending maize hybrids for certain growing
regions based on hybrid characteristics and growing
conditions.

Average Environment Coordinate PCA analysis

In Figure 4, the average environment coordinate (AEC)
was generated based on E point and biplot origin. As-
sessments were made about G stability based on ortho-
gonal vectors of the genotypes to AEC. The genotypes
over the AEC ordinate or with high PC1 values were or-
dered as G8>G17>G18>G19>G11> G15>G13>G1 =
G3>G2. G8 had the largest grain yield average and was
positioned close to the AEC apsis, in other words, it
had a short vector length and thus was identified as hi-
ghly stable. Considering the cultivars with positive PC1
scores and values over the average score, it was obser-
ved that G3 and G11 had the longest vector lengths to
AEC. Such a case indicates low G stability or instability.
Considering the cultivars with negative PC1 scores and
values below the average score, it was observed that
G16 and G10 were the furthest G to the AEC apsis.
The actual data of G16 with the longest vector (Table 4)
revealed that while the genotype had the lowest per-
formance in E6, it had the second largest grain yield
in E13.

Ideal Genotype and environment-focused sca-
ling PCA analysis

On the G-focused biplot graph, G8 was placed into
ideal genotype zone (Figure 5). While G8 was placed
into the smallest circle, G4-6 and G9 were placed into
the largest circle. Enlarging circles indicate movement

08 PC1=55.5594]PC2=10.36%, Sum=65.91%
0.6
[ ?
04 fblf’{j ; 4
0.2|°
5 : /i
] R 11205 apg, .
o S SO B
o ® '-Ef_r‘_l_l!_l'a‘lcpmjmlmn,l‘
0.2 L wBr )
N R
. *ELT
0.4
. g™
SRR TR
" EIS
0.8

02 00 02 04 06 08 10 12
PC1

Fig. 6 - Position of environments on ideal environment-focused
GGE-biplot graph
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away from the ideal genotype and thus show the low-
performance Gs. Following G8, G17 and G18 were the
closest ones to ideal G zone, but they were not positio-
ned to the AEC apsis as closely as G19 and G15 were.
The E-focused biplot graph is presented in Figure 6.
E8 was the closest E to an ideal environment zone. E8
had a high vector length to the biplot origin and was
close to the AEC apsis. E15 with the lowest PC1 value
(the shortest vector length) was the furthest E from the
ideal E circle; thus, it can be indicated that the E had
the least G separation power.

Conclusions

Performance and stability of genotypes in multi-en-
vironment trials is important in variety registration
systems. Therefore, multi-environment experiments
should be conducted, and experimental findings
should be accurately and efficiently assessed. In this
study, grain yields of 19 hybrid dent corn genotypes
were investigated at 16 Es. All the experimental Es had
positive PC1 values and thus exhibited non-crossover
GEIl. Experimental environments formed four mega-
Es. The majority of experimental Es were placed into
ME-3. G8 exhibited the largest performance, and with
a close position to AEC, it was identified as the most
stable cultivar. Position further from AEC of some Gs
with high grain yield performance indicated that these
Gs were not stable in their response to different Es.
In this study including many Gs and experimental Es,
GGE-biplot analysis revealed significant visual infor-
mation about the performance and stability of Gs in
different Es
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