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Abstract Improved winter wheat (Triticum aes-
tivum L.) cultivars are needed for the diverse environ-
ments in Central and West Asia to improve rural
livelihoods. This study was conducted to determine the
performance of elite winter wheat breeding lines
developed by the International Winter Wheat
Improvement Program (IWWIP), to analyze their
stability across diverse environments, and to identify
superior genotypes that could be valuable for winter
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wheat improvement or varietal release. One hundred
and one advanced winter wheat breeding lines and four
check cultivars were tested over a 5-year period
(2004-2008). Grain yield and agronomic traits were
analyzed. Stability and genotypic superiority for grain
yield were determined using genotype and geno-
type x environment (GGE) biplot analysis. The
experimental genotypes showed high levels of grain
yield in each year, with mean values ranging from 3.9
t0 6.7 t ha~'. A set of 25 experimental genotypes was
identified. These were either equal or superior to the
best check based on their high mean yield and stability
across environments as assessed by the GGE biplot
analysis. The more stable high yielding genotypes
were ID800994.W/Falke, Agri/Nac//Attila, ID8009
94W/Vee//FO00K/3/Pony/Opata, AU//YT542/N10B/
3/118260/4/J1/Hys/5/Yunnat Esskiy/6/KS82W409/Spn
and F130-L-1-12/MV12. The superior genotypes also
had acceptable maturity, plant height and 1,000-kernel
weight. Among the superior lines, Agri/Nac//Attila
and Shark/F4105W2.1 have already been proposed for
release in Kyrgyzstan and Georgia, respectively. The
findings provide information on wide adaptation of the
internationally important winter wheat genotypes, and
demonstrate that the IWWIP program is enriching the
germplasm base in the region with superior winter
wheat genotypes to the benefit of national and
international winter wheat improvement programs.

Keywords Biplot - Grain yield -
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Abbreviations
CIMMYT International Maize and Wheat
Improvement Center

ICARDA International Center for Agricultural
Research in the Dry Areas

IWWIP International Winter Wheat
Improvement Program

IWWYT  International Winter Wheat Yield Trial

TKW 1,000-kernel weight

Introduction

Wheat (Triticum aestivum L.) in Central and West
Asia is cultivated across diverse environments, rang-
ing from warm lowlands to temperate highlands
(Trethowan et al. 2001, 2003; Lage et al. 2008). These
environments represent more than one mega-environ-
ment for wheat cultivation as defined by CIMMYT
(van Ginkel and Rajaram 1993). Around 16.4 million
hectares of facultative and winter type wheats are
grown in this region (CIMMYT 2005). The winter
wheat yield levels are low in many countries in Central
and West Asia (FAO 2008). One of the reasons for the
low yields is continuous cultivation of old cultivars. To
improve productivity of winter wheat, the Interna-
tional Winter Wheat Improvement Program (IWWIP),
a cooperative breeding project between the Ministry of
Agriculture and Rural Affairs of Turkey, the Interna-
tional Maize and Wheat Improvement Center
(CIMMYT) and the International Center for Agricul-
tural Research in the Dry Areas (ICARDA) was
initiated in 1991 (cf. www.iwwip.org). IWWIP dis-
tributes winter wheat observation nurseries and yield
trials comprising high yielding advanced breeding
lines to facilitate introduction and exchange of
improved germplasm across the region for irrigated
and dryland production conditions. This study
includes winter wheat trials conducted under irrigated
conditions.

Braun et al. (1998) outlined the priorities for winter
wheat breeding in Central and West Asia. High and
stable yield, wide adaptation, drought tolerance, grain
quality, resistances to stripe rust (caused by Puccinia
striiformis), leaf rust (P. triticina) and stem rust
(P. graminis tritici), cold tolerance and winter hardi-
ness are important traits needed in winter wheat
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cultivars for the region (Braun et al. 1998; Morgounov
et al. 2005). IWWIP, in collaboration with national
partners, has been working to meet the winter wheat
germplasm and cultivar needs, and successes were
outlined by Morgounov et al. (2005). It is critical to
study yield levels and stability of elite lines developed
by IWWIP across the diverse environments in order to
properly utilize them in winter wheat improvement
programs and target the best for varietal release. An
analysis of a limited number of accessions from
IWWIP tested across nine environments in Turkey in
1 year suggested that a few genotypes had high and
stable yields (Kaya et al. 2006). However, evaluation
of winter wheat genotypes across diverse sites and
several years is needed in order to identify spatially
and temporally stable genotypes that could be
recommended for release as new cultivars and/or for
use in the breeding programs.

Wheat grain yield is highly influenced by produc-
tion environments and breeders often determine
stability of high yielding genotypes across environ-
ments before recommending a stable cultivar for
release. Previous studies showed that higher yielding
lines might not always be stable across environments
(Sharma et al. 1987, Ozgen 1991; Koemel et al.
2004), and hence would not be suitable for release as
new, improved varieties. Therefore, this study was
conducted to determine the range of variability and
stability of grain yield of elite winter wheat geno-
types developed by the IWWIP, and to identify
superior lines that could more confidently be used in
the winter wheat improvement programs in Central
and West Asia, and possibly beyond.

Materials and methods

Each year the international winter wheat yield trial
for irrigated environments IWWYT-IR) assembled
by IWWIP, comprises 25 genotypes, including 20-21
new and promising breeding lines and four or five
commercial checks. Two improved (Kinaci 97 and
Katia 1), one old (Bezostaya 1) and one local cultivar
were included as checks in each year. Sultan 95
(Agri/Nac) was used as a check in 2004, 2005 and
2006. Sultan 95, Kinaci 97 (Ymh/Tob//Mcd/3/Lira)
and Katia 1 (Chebros/Bez) are high yielding,
improved winter wheat cultivars, well adapted to
the Central and West Asian production systems.
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Bezostaya 1 is a widely adapted old cultivar. The
local check was a popular winter wheat cultivar
grown in individual countries and varied by country.
This study included wheat genotypes tested in the 7th
to 11th IWWYT-IR evaluated from 2004 to 2008. A
total of 101 experimental genotypes were tested over
these 5 years. The detailed information (i.e. pedigree,
selection history and origin) on these genotypes are
available at www.iwwip.org.

The IWWYT trials were conducted at 16, 11, 11,
10 and 16 sites in 2004, 2005, 2006, 2007 and 2008,
respectively (see Table 1). In each year, the study
was conducted during the main wheat-growing
season (October to July) using a 5 x 5 square lattice
in two replicates. The trials were managed according
to locally recommended wheat crop husbandry prac-
tices in the individual countries. Data were recorded
on days to heading, plant height, grain yield and

Table 1 Sites of winter wheat yield trials conducted in years, 2004—2008

Code Country State or city Latitude Longitude Altitude (masl)
AFGO1 Afghanistan Kabul 34°27'N 69°07'E 1,835
AFG09 Afghanistan Kunduz 36°10'N 68°85'E 400
AFG14 Afghanistan Ghazni 33°32'N 68°09'N 2,183
AFG13 Afghanistan Mazar-i-Sharif 36°38'N 66°56'E 477
AFG15 Afghanistan Heart 34°18'N 62°16'E 1,096
AFG22 Afghanistan Bamyan 34°43'N 67°49'E 2,550
ARMO1 Armenia Yerevan 40°10'N 44°17'E 850
AZRO1 Azerbaijan Terter 40°20'N 46°55'E 239
BULO1 Bulgaria Dobroudja 43°39'N 28°01'E 236
CHNO8 China Lanzhou 34°45'N 106°09'E 1,378
IRNO1 Iran Karaj 35°48'N 51°02'E 1,238
IRNO2 Iran Ardabil 33°15'N 48°17E 1,350
IRNO3 Iran Mashad, Khorasan 36°13'N 59°37'E 985
IRN12 Iran Khorasan 35°50'N 58°60'E 1,650
IRN17 Iran Miandoab 36°58'N 46°09E 1,371
KAZ01 Kazakhstan Almaty 42°00'N 77°00'E 740
KAZ02 Kazakhstan Saryagashsky 42°00'N 80°00'E 593
PAKO04 Pakistan Quetta 30°05'N 66°58'E 1,719
PAKO5 Pakistan Gilgit 34°36'N 70°76'E 1,300
PRTO1 Portugal Elvas 38°53'N 07°08'E 219
ROMO1 Romania Calarasi 44°24'N 26°31'E 67
RUSO1 Russia Krasnodar 45°01'N 38°57'E 37
SRBO1 Serbia Novi Sad 45°30'N 19°80'E 80
SYRO1 Syria Aleppo 36°01'N 36°56'E 362
TAJO1 Tajikistan Gissar 38°38'N 67°31'E 928
TURO3 Turkey Sakarya 40°47'N 30°25'E 36
TURO5 Turkey Ankara-Haymana 39°30'N 32°30'E 1,000
TURO7 Turkey Edirne 41°40'N 26°34'E 41
TURO8 Turkey Erzurum 39°57'N 41°37E 1,674
TURO09 Turkey Eskisehir 39°50'N 30°10'E 760
TUR13 Turkey Konya 37°50'N 32°40'E 1,010
TURI1S5 Turkey Samsun 41°13'N 36°29'E 43
UKROI Ukraine Odessa 46°00'N 31°00'E 42
UZB02 Uzbekistan Kibray 41°22'N 69°19'E 478
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1,000-kernel weight (TKW) following standard pro-
cedures outlined by IWWIP.

The statistical analysis was conducted in each year
using Genstat Discovery Edition 3 (Genstat 2007)
software. Since experimental genotypes changed
each year, all analyses were accomplished by year.
Each year-site combination was considered a unique
and random environment, while genotypic effect was
analyzed as fixed. Genotype and genotype x envi-
ronment (GGE) biplots were conducted using GGE
biplot software (Yan et al. 2000; Yan and Kang 2002)
to determine grain yield stability and to identify
superior genotypes. The GGE biplot presents the
main genotype effect (G) and the genotype x envi-
ronment interaction (GE) of multi-environment tests.
There is an option in the GGE biplot analysis that
permits comparison among genotypes with a refer-
ence genotype. This method specifies the position of
an “ideal” genotype, which will have the highest
average value of all genotypes and be absolutely
stable; that is, it expresses no genotype by environ-
ment interaction. A set of concentric circles are
created using the ideal genotype at the concentric
center. The ideal genotype is used as a reference to
rank the other genotypes. A performance line passing
through the origin of the biplot is used to determine
mean performance of a genotype. The arrow on the
performance line represents increasing mean perfor-
mance. A stability line perpendicular to the perfor-
mance line also passes through the origin of the
biplot; the two arrows in opposite directions represent
decreased stability. A genotype farther from the
biplot origin on either side of the stability line
represents relatively lower stability. This GGE biplot
analysis has recently been widely used to determine
performance stability in multilocation trials in order
to identify superior genotypes (Sharma and Duveiller
2007; Yan et al. 2007; Roozeboom et al. 2008).

GGE biplot analysis was also used to examine
relationships among sites across years using the four
checks that were grown in different years. Each
environment in the biplot is connected to the origin
with a line, called the vector. The cosine of the angle
between the vectors of two environments approxi-
mates the correlation coefficients between them. Two
environments are positively or negatively correlated if
the angles between their vectors are <90° or >90°,
respectively. The two environments are independent if
the angle between them is near 90°. The environments
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with longer vectors are more discriminative of the
genotypes; short vectors are less discriminative.

Rank correlation coefficients among genotypes
across locations were also estimated to elucidate
genotype x environment interaction. Kinship coeffi-
cients among superior genotypes were estimated
using ‘KIN’ software (Tinker and Mather 1993) to
determine parental relationship among superior geno-
types. A lower kinship coefficient value between two
genotypes represents their genetic diversity, whereas
a higher value shows similarity. Heritability for grain
yield was estimated as the ratio of genotypic to
phenotypic variance using the analysis of variance
technique.

Results

The wheat genotypes showed large variations for
days to heading, plant height, grain yield and TKW in
each of the 5 years (Table 2). Mean grain yields were
significantly different over the years with actual
values of 5.69, 5.10, 5.26, 4.29 and 6.13 t ha~! in
2004, 2005, 2006, 2007 and 2008, respectively.
Relative differences among the common checks
changed in the 5 years (individual data not pre-
sented). All checks showed the highest and the lowest
grain yields in 2008 and 2007, respectively. The older
check Bezostaya 1 showed significantly lower grain
yield than the improved check Kinaci 97 in all
5 years. Bezostaya 1 also had the lowest grain yield
among all genotypes in all years except 2007.
Heritability estimates for grain yield were 0.60,
0.72, 0.63, 0.51 and 0.78 in 2004, 2005, 2006, 2007
and 2008, respectively. The mean rank correlation
coefficients among sites were 0.03, 0.22, 0.20, 0.13
and —0.03 in 2004, 2005, 2006, 2007 and 2008,
respectively (Table 3). None of the sites showed a
strong correlation with average grain yield across all
locations in any of the 5 years.

GGE biplots for individual years represent a great
deal of diversity among genotypes and among
environments (Figs. 1-5). The values for principal
components 1 (PCl) and 2 (PC2) were low to
intermediate (35.6-52.6%); however, the relationship
between the average tester axis abscissa and the
genotypic means were high with actual values of
0.77, 0.98, 0.98, 0.75 and 0.97 in 2004, 2005, 2006,
2007 and 2008, respectively. This shows that despite
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1,000-
kernel

Days to
heading
from Jan 1 weight (g)

Plant
height
(cm)

Grain yield

(tha™h

Origin

Selection history

CID

Table 2 continued
Entry  Pedigree
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41

131
131

131

81
80
89
88

6.381*3, NS 1
6.511*3, NS 1
6.658%3, NS 1

TCI
TCI
TCI
TCI

-0SE-0YC-2E-OE-2 K -0YK

11-12  F130-L-1-12/MV12(Attila-12) TCI961246
11-13  F130-L-1-12/MV12(Attila-12) TCI961246

11-18  Vorana//Milan/Sha7/3/MV 17
11-23  Agri/Bjy//Vee/3/Akula/4/

39
44

-0SE-0YC-2E-0E-3 K -0YK

-0SE-0YC-OYE-4YE-OYE-1YE-OYE

TCI972025
TCI972515

43

130

6.589*3, NS 1

-0SE-0YC-0YE-26YE-OYE-1YE-OYE

F10S-1
1124 Agri/Bjy//Vee/3/Akula/4/

39

131

6.414*3, NS 1 89

TCI

-0SE-0YC-OYE-3YE-OYE-1YE-OYE

TCI972515

F10S-1

* Followed by a number, represents the number of checks with significantly lower grain yield than the experimental line at P = 0.05

? The numbers before and after ‘-’ represent INWYT and entry number within a particular IWWYT

® NS followed a number, represents the number of checks with grain yield non-significantly different from the experimental line at P = 0.05

Table 3 Pairs among the 25 superior winter wheat genotypes
with kinship coefficient greater than zero

Genotype pair Kinship coefficient

7-17/8-15 0.250
7-17/8-25 0.250
7-17/11-08 0.125
7-18/9-09 0.063
8-15/8-25 0.500
9-08/10-10 0.031
9-08/10-24 0.031
9-08/11-23 0.016
10-10/10-24 0.125
10-10/11-23 0.063
10-18/10-19 0.500
10-24/11-23 0.063
10-24/11-24 0.063
11-12/11-13 0.500
11-12/11-18 0.250
11-13/11-18 0.250
11-23/11-24 0.500

Lower values represent greater genetic diversity between the
two lines being compared

low to intermediate values for PC1 and PC2, the
biplots are valid.

Many experimental genotypes were higher in grain
yield than one or more of the checks in each year
(Table 2). GGE biplot analysis revealed that many
high yielding experimental genotypes were also
stable across environments in each year. Twenty-five
such superior experimental genotypes, which were
closer to the point of the ideal genotype in the biplots,
are listed in Table 2. The experimental genotypes
7-09, 7-13, 7-17, 7-18 and 7-22 were closer to the
point of the ideal genotypes for grain yield in 2004
(Fig. 1); genotypes 7-13, 7-17 and 7-18 were closer
to the point of the ideal genotypes than all checks.
Bezostaya 1 ranked last for grain yield among all
genotypes by being farthest from the point of the
ideal genotype. The experimental genotypes 8-07, 8-
12, 8-15, 8-24 and 8-25 were superior for grain yield
in 2005 by being closest to the point of the ideal
genotype (Fig. 2). These five, as well as a few other,
genotypes were also superior to all checks. Bezostaya
1 ranked 22nd among 25 genotypes for grain yield.
Genotypes 9-06, 9-08, 9-10, 9-14 and 9-22 were
superior experimental genotypes for grain yield in
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Fig. 1 GGE biplot for PC1=21.4%, PC2=14.2%, Sum= K 6%.-~
grain yields of 24 winter Transform =0, Scaling = 1, Centering =2, SVP =1
wheat genotyPes evaluat'ed 16 - 1 Y
across 16 environments in ™
2004. The names in italics R N
are locations, with the St?pmty line TUROS
initi 12 ’ A e
initial fhr.ee letters aFbo1 .. .
abbreviating the country . L
(see Tables 1 and 2 for full Bezostaya-1 ./
names of locations and _ ' IRNO2
> 08 gPCTCE LT,
genotypes, respectively) - T7-23 .
; TURD9_
~ 04 ! Katia-1 ¢ 740 7oA AFG14
S ‘ .- : 0 1z \
a : 4 7.07 Point of ideal genotype
{7-24 7.08 Sultar:1-9~ IRN017 13' s |
00 : ' —— =
: o7t : :
705! 32 Kinaci-97 ‘Performance line
B RN o _TUR03
04— s TKAZUE
748, 415 RNO3
| " 7:16 .-
TUR13 .
08— \ e
B R IRN12
“PRT01
-12 \f TTURIS ..
| | L — | [ | T |
-12 08 -04 00 04 08 12 16 20
PC1

2006 by being near to the point of the ideal genotype
(Fig. 3); 9-06 and 9-08 were superior over all the
checks. Bezostaya 1 was placed farthest from the
point of the ideal genotype. Genotypes 10-05, 10-10,
10-18, and 10-19 were the most superior genotypes
for grain yield in 2007 (Fig. 4). They were closer to
the point of the ideal genotype than all checks. Once
again, Bezostaya 1 ranked last among all genotypes
for grain yield superiority. Genotypes 11-12, 11-13
and 11-23 were the most superior for grain yield in
2008 by being closer to the point of the ideal
genotype than all checks (Fig. 5). Bezostaya 1 ranked
24th and was superior for grain yield only to 11-19.
The 25 superior genotypes identified were genet-
ically diverse as shown by dissimilar pedigrees
(Table 2). There were only three sets (9-14/9-22,
11-12/11-13 and 11-23/11-24) of sister lines among
the 25 superior genotypes. Kinship coefficient anal-
ysis showed that only 17 of the 300 pairs of
genotypes had kinship coefficients >0.001, and eight
pairs of genotypes showed kinship coefficients >0.25
(Table 3). The mean kinship coefficient was 0.014.

The 64 test environments assessed on the basis of
grain yield of the common checks showed wide
diversity among sites (Fig. 6). The environments,
even within a country, often grouped differently as
shown by the multiple sites in Turkey in each year
(Figs. 1-6). All environments were discriminative
for genotypes as shown by the position of the site-
year combinations away from the biplot origin.
However, environments greatly differed in their
discriminative ability as shown by their different
vector lengths. Frequently, a given site showed
diversity in different years as represented by their
position at different points and different vector
lengths in the biplot. Two such examples are
indicated by a black arrow (]) and a circle (O) on
the biplot (Fig. 6). The site in Turkey T5 in 2004
(T5-4) with shorter vector length was less discrim-
inative of genotypes than the same site in 2006
(T5-6). Besides, there was a negative association
between T5-4 and T5-6. Another such example is
shown for the site (T7) which differed in 5 years
both in vector length and association.
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Fig. 2 GGE biplot for
grain yields of 24 winter
wheat genotypes evaluated
across 11 environments in
2005. The names in italics
are locations, with the
initial three letters
abbreviating the country

16

PC1=35.7%.PC2=1
Transform =0, Scalin

1.2

0.8

1.8%, Sum= 475%
g=1, Centering =2,

vp=1 T T
AF§15"

(see Tables 1 and 2 for full - ARMO2
names of locations and ,8”13
genotypes, respectively) 04 8:()7'
' ‘5.43UR08
808459~ ©
N ! S TURE .
& 00+ Bezastayat ;! p " Point of ideal
; > ﬁm&& genotype
818 . i TAJOT
-04 8-16 8-14 ‘Performance line
: 8-20I'i '~,.‘Kinaci97 PRIRO7.
08 ' " Katiat 8510 8:95----
. KAZ01
-1.2
-16 .
T T T T T T T T
-1.2 -08 -04 00 04 0.8 12 16
PC1

Discussion

Mean grain yields of the wheat genotypes differed
significantly over 5 years, demonstrating year-to-year
variations in climatic conditions. Considering the
diversity among test locations, wide year-to-year
variations were expected. This was in agreement with
previous findings using spring wheat (Trethowan
et al. 2001, 2003; Lillemo et al. 2004, 2005). Such
year to year disparity is also supported by the
variation in average national wheat yields in the
different countries, where the trials were conducted
(FAO 2008). The low values for rank correlation
coefficients among experimental sites in each year
indicated that relative rankings of the genotypes for
grain yield were not consistent across diverse envi-
ronments. Therefore, the use of these diverse loca-
tions for testing IWWYT is justified in order to
develop winter wheat genotypes with wide adapta-
tion. Previous studies on spring wheat also found
strong genotype X environment interactions within
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and between countries across the region (Singh et al.
2007). Despite changes in relative rankings of
genotypes across locations, the intermediate-to-high
estimates for heritability for grain yield show that the
genotypic component constituted a greater portion
than the environmental to total phenotypic variance.
Therefore, selection for higher grain yield would be
possible among the experimental lines tested in these
IWWYT sets.

The test environments were highly diverse, and
repeatedly the same site grouped differently in
different years indicating site x year interactions.
There was no clear-cut grouping of environments
based on grain yield of the checks. This suggests that
the irrigated testing sites currently being used by
IWWIP, and included in this study, are rational and
very useful options that should continue in the future.
This is also supported by the fact that all year-site
combinations were discriminative of the genotypes,
and frequently at different levels. This result differs
from the findings of Lage et al. (2008) who identified
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Fig. 3 GGE biplot for
grain yields of 24 winter
wheat genotypes evaluated
across 11 environments in
2006. The names in italics
are locations, with the
initial three letters
abbreviating the country
(see Tables 1 and 2 for full
names of locations and
genotypes, respectively)

Fig. 4 GGE biplot for
grain yields of 24 winter
wheat genotypes evaluated
across 10 environments in
2007. The names in italics
are locations, with the
initial three letters
abbreviating the country
(see Tables 1 and 2 for full
names of the locations and
genotypes, respectively)

key sites in Iran, Turkey and Mexico as predictor
sites for regional yield testing in Central and West
Asia. Our results showed weak rank correlation
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coefficients among environments, dismissing any
particular location as a reliable predictor site for the
irrigated IWWYT. The differences in findings were
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Fig. 5 GGE biplot for

grain yields of 24 winter 18
wheat genotypes evaluated

across 16 environments in

2008. The names in italics 124
are locations, with the
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attributed to the different sets of nurseries used in the
two studies as well as the parameters used to classify
environments. Lage et al. (2008) used climatic data
and grain yield in their analysis compared to only
grain yield used in this study. Our study represents
testing of more homogeneous sets (winter wheat
genotypes developed for irrigated environments) of
materials compared to the mixed sets (spring wheat
nurseries for different management conditions) used
by Lage et al. (2008).

This study identified many superior genotypes
with arrays of variability for grain yield stability and
agronomic traits. Even among the superior genotypes,
a few could be considered more valuable based on the
GGE biplot analysis, because they were closer than
others to the point of the ideal genotype. These
include 8-25 in 2005 (Fig. 2), 9-08, 9-22, 9-15 and 9-
06 in 2006 (Fig. 3), 10-05, 10-18, and 10-19 in 2007
(Fig. 4) and 11-23 and 11-12 in 2008 (Fig. 5). These
genotypes were positioned within or at the innermost
circle of the biplot, which qualified them as out-
standing among the superior genotypes.

Many experimental genotypes out yielded the
checks and were also stable suggesting their potential
as candidate cultivars. Replacement of older winter
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PC1

wheat cultivars with new, improved genotypes has
been a slow process in most countries in Central and
West Asia. For example, Bezostaya 1, released in the
1960s, is still being grown over a wide area in Central
Asia. Since Bezostaya 1 was the among the lowest
yielders in all years, the high yielding stable wheat
genotypes included in the IWWYT offer a number of
viable options for replacing the older cultivars.
Moreover, superior experimental genotypes could
also be used as parents for crossing with local
cultivars for improving grain yield and stability. This
is particularly encouraging, considering that the
superior experimental genotypes differed in pedigree;
and therefore probably genotype, providing further
opportunities for genetic gain through recombination
of superior alleles. Previous studies suggested that
since the winter wheat environments in Central and
West Asia vary greatly (Braun et al. 1998; Trethowan
et al. 2001, 2003; Lillemo et al. 2004, 2005), diversity
in widely adapted wheat cultivars is needed for
developing high yielding stable genotypes for the
region (Ozgen 1991; Morgounov et al. 2005). Besides
being higher yielding and more stable than the
checks, the experimental genotypes were selected
for resistance to rusts and other diseases prevalent in
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Fig. 6 Relationship among environments based on grain yield
data for four checks (Bezostaya-1, Katia-1, Kinaci-97 and
Sultan-95) evaluated across 64 sites over 5 years. The year-site
combinations are represented by a symbol and site number in a
country followed by year (4 = 2004, 5 = 2005, 6 = 2006,
7 = 2007 and 8 = 2008). Two examples of the same site

target countries in the region, as well as for improved
quality traits (information available on www.iwwip.
org). Hence, the use of the superior genotypes iden-
tified in this study should provide additional benefits
under disease epidemic conditions. There are a
number of parents in the pedigrees of the superior
genotypes that possess combinations of high yield
and resistance to leaf rust and stripe rust (Singh et al.
2000). Such genotypes are especially valuable con-
sidering that leaf rust and stripe rust are the most
important disease constraints in many of the target
countries (Braun et al. 1998).

The wheat genotypes tested in the 7-11th IWWYT
for irrigated conditions showed a wide range of
variability for grain yield and other agronomic
characters, with opportunities for selection of high
yield and acceptable agronomic characters. The
genotypes with significantly higher grain yields than
the checks provide options for identifying improved

T
180

PC1

differing in relative performance in 2 years are shown by
arrows (T5) and circles (T7). (A = Afghanistan, AR = Arme-
nia, B = Bulgaria, C = China, I = Iran, K = Kazakhstan,
P = Pakistan, PR = Portugal, R = Russia, S = Syria,
SRB = Serbia, T = Turkey, TA = Tajikistan, U = Ukraine
and UZ = Uzbekistan)

cultivars for the region. Since winter wheat hybrid-
ization programs are not well developed in several
collaborating countries, the elite lines introduced
through IWWIP are playing an important role for
developing new cultivars. This is reflected through the
release of several wheat varieties in the past 15 years
(Morgounov et al. 2005). Recently, one of the 25
superior lines identified in this study (8-25, Table 2)
was submitted for release as ‘Hans’ in Kyrgyzstan.
Another superior line (7-09, Table 2) has been
submitted for release as ‘Lomtagora-1’ in Georgia
and as ‘Hanli’ in Turkey. These findings on cultivar
identification demonstrate that national winter wheat
programs are indeed selecting the outstanding lines
from the IWWYT and that improved winter wheat
genotypes are expanding the genetic base of winter
wheat germplasm. These new cultivars along with
many others identified in the past 10 years (Morgou-
nov et al. 2005) may positively influence replacement

@ Springer


http://www.iwwip.org
http://www.iwwip.org

Euphytica

of older winter wheat cultivars and lead to an increase
in wheat productivity.

There is only limited previous documentation on
the performance stability of winter wheat genotypes
in Central and West Asia (Kaya et al. 20006).
Moreover, such information is lacking for the 101
elite lines that have been tested in the past 5 years.
Even though this study has focused on yield trials
conducted within and around the Central and West
Asia region, these genotypes have been shared with
winter wheat collaborators around the world. This
study presents a comprehensive analysis of yield and
stability of such a globally important large set of
winter wheat genotypes for irrigated environments,
and the information presented could benefit national
and international winter wheat improvement pro-
grams in efficient dissemination and use of valuable
germplasm.
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