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Abstract. This study was carried out in 2015-2016 and 2016-2017 seasons under supplemented irrigation
(IC) and rainfall conditions (RC) of Diyarbakir in Turkey, was to determine high adaptive yielding with
high quality bread wheat genotypes. The obtained data were analyzed using variance and GGE-biplot
analysis methods, and the genotypes (G) were evaluated for drought tolerance indices. The average grain
yield of two year ranged from 5820 to 6950 kg ha on rainfall conditions and 7880 to 9050 kg haunder
supplemented irrigation conditions. The GGE biplot graph showed that G3, G6 and G21 were best
genotypes for grain yield. Although G23 did not have the highest grain yield, it was determined that it
represented the most stable line. Furthermore, G12 and G16 were determined as suitable genotypes for
irrigated conditions and G21 for rainfall condition. It was determined that mean productivity (MP), stress
tolerant index (STI), geometric mean productivity (GMP) and harmonic mean (HM) parameters were
related with Yp (supplemented irrigation yield) and Ys (rainfall condition yield). Also, yield index (Y1),
drought resistance index (DRI), yield stability index (YSI) was related with Ys. In the study concluded
that the lines G6, G12, G16 and G21 could be candidates for registration.
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Introduction

Bread wheat (Triticum aestivum L.) is highly adaptable to different ecological areas
and has an important role in human nutrition (Dhanda et al., 2004; Nazar et al., 2012). It
is reported that the global wheat cultivation is approximately 222.9 million hectares and
world wheat production is around 720 million tons by Food Agriculture Organization
(FAO, 2015). In Turkey, with a planting area of 7.8 million hectares and production of
22.6 million tons, wheat ranks first in grain production according to Turkish Statistical
Institute (TSI, 2015). The rapidly growing world population has made it necessary to
increase grain yield per unit area, particularly in light of the gradually reduced
agricultural areas. Consumers’ expectations concerning the quality of wheat vary;
therefore, development of different quality wheat has become a requirement. However,
to date, wheat breeding studies have aimed to produce varieties with high grain yield;
thus, quality traits desired by the industry and consumers have not been among priority
targets. For this reason, wheat imports have increased to meet the high-quality raw
material needs of the industry and supply cheap raw materials. In order to keep these
imports to a minimum, there is a need to develop new wheat varieties with both the
desired quality characteristics and high yield (Erkul, 2006; Yazar et al., 2013).

In Turkey and around the world, wheat cultivation is generally undertaken in rainfed
conditions dominated by general drought stress, but in rarer cases, it is also rarely
supported by irrigation, which makes it crucial to identify genotypes suitable for both
rainfed and irrigated conditions. For this purpose, wheat breeders and agronomists
cultivate existing genotypes under both irrigated and rainfed conditions and use the
results of these experiments to determine the specific requirements of genotypes based
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on mathematical formulas (Farshadfar, 2012; Aktas, 2017). In studies investigating the
tolerability of drought in durum wheat, it is observed that genotypes with low values for
yield stability index (YSI), drought resistance index (DRI) and yield index (Y1)
parameters favor limited watering conditions whereas those with high values harmonic
mean (HM), geometric mean productivity (GMP) and mean productivity (MP) values
have higher grain yield potential under conditions of no water stress. (Mohammadi et
al., 2011; Nouri et al., 2011).

It has been reported that the effect of drought stress on plant growth and grain yield
in wheat is dependent on the stage, severity and duration of drought stress, and the main
reason for grain yield loss is the negative effect of drought on spike formation and leaf
area duration after flowering (Oztiirk, 1999). In wheat breeding programs, the selection
parameters for varieties suitable for irrigated conditions include grain yield, number of
grains per spike, grain weight per spike, and spike per square meter while those for
rainfed conditions are plant height, number of spikes per square meter, and spike length
(Ozturk and Korkut, 2018).

In this study, genotypes were tested in two different growing seasons under rainfed
and irrigated conditions to determine suitable candidates for cultivation in the
Southeastern Anatolia Region of Turkey by taking into account the responses of
genotypes to these different conditions and the effects on grain yield, quality, yield, and
yield components.

Materials and methods

In this study, 20 advanced lines were used as material and five registered varieties
intensely cultivated in the Southeastern Anatolia Region in Turkey were utilized as
standard (Table 1). The experiments were based on a randomized block design with
four replications (R), and were conducted in Diyarbakir province, Turkey (37°56' N;
40°15' E; 599 m altitude) under irrigated and rainfed conditions in the 2015-16 and
2016-17 growing seasons (Figure 1).

First year, trials were planted on November 11. Harvest was made on June 11 and
June 26 in rainfall and irrigation conditions respectively. Second year, trials were
planted on November 10. Harvest was made on June 20 and July O1 in rainfall and
irrigation conditions respectively. In irrigated trials, the plants were irrigated once at the
end of flowering period. It was used 100 mm water per square meter with keel irrigation
method. Sowing was performed on parcels of 6 m?, 450 seeds per square meter using a
sowing machine. Fertilization was under taken with 60 kg ha* pure nitrogen (N) and 60
kg ha* pure phosphorus (P2Os) during sowing and 80 kg ha* nitrogen (N) during the
tillering period. Harvest was by plot combine harvester. In the area where the
experiment was carried out, the soil characteristics were determined as follows: texture
= clay, pH = 7.87 (slightly alkaline), organic matter ratio = 0.86 %, salt ratio = 0.32, and
lime ratio (CaCOs) = 8.12 % kg da’. The total amount of rainfall was 417 mm and 453
mm in the first and second growing seasons of the study (Table 2). Both of these values
were lower than the long-term average amount of rain (482 mm) (Anonim, 2017).
Protein ratio (%) was determination according to (NIR) AACC 39-10 (Anonymous,
1990). Measurement of the spikes per square meter was made over 1 m length and 20
cm width on a row, then multiplied by 5 to calculate the spike number in the area of 1
square meter.
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Table 1. Pedigree and Origin of Bread Wheat Genotypes Used in The Study

Breeding
Genotypes Symbol Pedigree Institution or
Origin
Worrakatta/2*Pastor//Danphe #1 Cmsa07m00403s-040ztm-
! Gl 040zty-15ztm-010y-01b-0ymxill-12\M21sawyt\41 CIMMYT
Ka/Nac//Trch/3/Danphe #1 Cmsa07m00445s-040m-0nj-0nj-4y-
2 G2 0b Mxi11-12\M21sawyt\112 CIMMYT
Bav92//Irena/Kauz/3/Huites/4/2*Rolf07 Cmss06y00875t-
3 G3 099Topm-099y-099ztm-099y-099m-25wgy-0b Mxill- CIMMYT
12\Msawyt \32
Fret2/Tukuru//Fret2/3/Munia/Chto//Amsel/4/Fret2/Tukuru//Fret2
4 G4 Cmss06y00878t-099topm-099y-099ztm-099y-099m-17wgy-0b CIMMYT
Mxi11-12\Msawyt\33
Din¢ G5 Check GAP UTAEM in
Turkey
6 G6 WhlI1/Fret2//Pastor*2/3/Murga Cmss06y00937t-099topm-099y- CIMMYT
099ztm-099y-099m-10wgy-0b Mxil11-12\Msawyt\44
FrncIn*2/Tecue #1 Cmss07y00941t-099topm-099y-099m-099y-
! G7 11m-0wgy Mxil11-12\M34eswyt\67 CIMMYT
8 G8 Ceyhan99//Tuj"s"/Onelto See06032 CIMMYT
Bav92//Irena/Kauz/3/Huites/4/Doll Cmss05b00188s-099y-099m-
9 G9 099y-0992tm-18wgy-Ob CIMMYT
Pehlivan G10 Check TTAEM in
Turkey
Attila/Bav92//Pastor/3/Attila*2/Pbw65 Cmsa04m00070s-040ztb-
1 Gl1 0402ty-040ztm-040sy-132tm-04y-0b CIMMYT
Cunningham/4/Sni/Trap#1/3/Kauz*2/Trap//Kauz
12 G12 Cmsa04m00088s-040zth-040zty-0402tm-040sy-32tm-01y-0 CIMMYT
13 G13 Sokoll/Excalibur Cmsa04y0061§ts)-252tp0y-010m-OlOsy-4m—03y- CIMMYT
14 Gla WhlI1*2/Kkts//Pastor/Kukunacmss05b00525s-099y-099m-099y- CIMMYT
099ztm-3wgy-0b
Aday-12 G15 Check GAPTUTAEM n
urkey
Kachu/5/Nac/Th.Ac//3*Pvn/3/Mirlo/Buc/4/2*Pastor
16 G16 Cmss05b00584s-099y-099m-099y-099ztm-8wgy-0b CIMMYT
B.Hashi+B764ta/5/Dove/Inia/4/4777/(2)//Fkn/Gb/3/Pvn
17 G17 See060149-05-0s-0sd CIMMYT
Krichauff/2*Pastor/4/Milan/Kauz//Prinia/3/Bav92
18 G18 Cmsa06y003375-040ztp0y-040ztm-040p0y-4ztm-0y-0b CIMMYT
19 G19 Heilo//Sunco/2*Pastorcmsa06y00492s-040zty-040ztm-040sy- CIMMYT
2ztm-0y-0b
Tekin G20 Check GAP UTAEM in
Turkey
21 G21 FrncIn/Rolf07cmss06b00013s-0y-099ztm-099y-099m-2wgy-0b CIMMYT
29 G22 Becard/Kachu CmssOGbOO169%-8y-0992tm-099y-099m-28wgy- CIMMYT
Rolf07*2/5/Reh/Hare//2*Bcn/3/Croc_1/Ae.Squarrosa
23 G23 (213)//Pgo/4/Huites Cmss06b00704t-099topy-099ztm-099y- CIMMYT
099m-23wgy-0b
24 G4 Usher-16 Crow's'/Bow's'-1994/95//Asfoor-5 Icw01-00257-0ap- CIMMYT
8ap-0ap/0ts-0ap-12ap-0ap
Ceyhan-99 |  G25 Check DATAE In
Turkey
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Figure 1. Experimental Area (US Dep of State Geopraphy © 2018 Google image
landset/Copernics)

Table 2. Climate data province of 2015-2016 and 2016-2017 wheat growing season in
Diyarbakir

Month Average of Temperature (°C) Precipitation (mm)
2015-2016  2016-2017  Long-Term 2015-2016 2016-2017 Long-Term

September 27.4 24.2 24.8 0.0 5.2 4.1
October 184 18.8 17.2 84.2 13.6 34.7
November 9.8 8.2 9.2 10.4 52.0 51.8
December 39 24 4.0 31.6 135.6 714
January 11 15 18 77.2 20.6 68.0
February 7.9 15 3.5 69.2 3.8 68.8
March 9.7 9.4 85 55.6 90.2 67.3
April 15.7 12.8 13.8 29.0 98.8 68.7
May 19.9 18.8 19.3 41.4 30.6 41.3

June 26.8 26.9 26.3 18.4 2.6 7.9
Total 417.0 453.0 484.0

Drought tolerance parameters were calculated using the following formulas
(Equation=1, 2, 3, 4, 5, 6,7 and 8) developed by previous researchers:
Stress tolerant index (Fernandez, 1992):

(STI) = (Yp*Ys)/ Yp? (Eq.1)
Tolerance (Hossain et al., 1990):
(TOL) = Yp-Ys (Eq.2)
Geometric Mean Productivity (Fernandez, 1992):
(GMP) = (Yp*Y5s) (Eq.3)
Mean Productivity (Rosielle and Hambline, 1981):
(MP) = (Yp+Ys)/2 (Eq.4)
s ok  ISSN 1559 1623 (i 8 SSN 1755 0057 (Onfie)

DOI: http://dx.doi.org/10.15666/aeer/1701_14311450
© 2019, ALOKI Kft., Budapest, Hungary



Karaman: Evaluation of bread wheat genotypes in irrigated and rainfed conditions using biplot analysis

Harmonic Mean (Chakherchaman et al., 2009):
(HM) = 2*(Yp*Ys)/(Yp+Ys) (Eq.5)

Yield Stability Index (Bouslama and Schapaugh, 1984):

(YSI) =Ys/Yp (Eq.6)
Yield Index (Gavuzzi et al., 1997):

(YD) =Ys/Ys (Eq.7)
Drought Resistance Index (Lan, 1998):

(DRI) = Ys x(Ys/Yp)/ Ys (Eq.8)

Statistical analysis of data

An analysis of variance (ANOVA) was performed using JMP 5.0 software and
genotype by environment interaction (GGE) biplot analysis using GenStat statistical
package program 12th Edition (GenStat, 2009). The differences between the averages
were examined by a least significant difference (LSD) test (p <0.01 and p <0.05)
(Gomez and Gomez, 1984).

Results and discussion

The ANOVA analysis revealed statistically significant differences in the mean grain
yield and other quality traits between rainfed (Ys) and irrigated (Yp) conditions (p
<0.01 and p <0.05) (Table 3).

Grain yield (GY) (kg hal)

According to the results of ANOVA, year, genotype and genotype*year were found
to have a statistically significant effect (p <0.01) on grain yield in both rainfed and
irrigated conditions. The mean grain yield over the two growing seasons was 8520 kg
ha* and 6080 kg ha for irrigated and rainfed trails, respectively. The highest grain yield
was obtained from G12 (9050 kg ha') and G16 (9010 kg ha) in irrigated trials and
G21 (6950 kg hal) in rainfed conditions. It has previously been reported that the main
factor affecting yield in wheat is the genetic structure of the plant (Gebeyehou et al.,
1982). Therefore, genotypes should be evaluated in different environments; i.e., in
multiple locations or over different years to determine the grain yield potential. Not
only hereditary but also abiotic and biotic stress factors have a role in the variation of
genotype responses in different climates and soil structures. High or low levels of
precipitation and higher or lower temperatures further increase the effect of GGE
(Blum, 1998; Chamurliyski et al., 2015; Kili¢ et al., 2018). However, grain yield in
wheat is more affected by the distribution of rainfall throughout the growing season,
rather than the total amount of precipitation (Cetin et al., 1999).
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Table 3. Results of variance analysis

Rainfall Conditions

Squares Mean

Resources DF GY HW TGW PR ZS SPSM SL FSPS GPS
Y 1 163947 653.6™ 1693.46™ 15.71" 14413.4™ 6042.9™ 0.1ns 2.0ns 189.2"
RLY ] 6 69803.6™ 2.9ns 0.67"s 0.07"s 245" 112.08"¢ 1.4 5.6"¢ 12.9"
G 24 233534™ 358.7" 643.05" 34.13"¢ 946.54™ 7227.7 69.2™ 86.9™ 2809.1"¢
Y*G 24 237439 67.2"n¢ 132.96"* 9.72ns 946.54™ 7529.8™ 17.8"s 39.3"s 2816.1"
CV(%) 6.9 1.9 6.8 7.8 8.6 7.9 7.2 6.2 13.9
Irrigation Conditions
Squares Mean
Resources DF GY HW TGW PR ZS SPSM SL FSPS GPS
Y 1 63937.7™ 145.2™ 764.8™ 0.02m 331.2™ 3433.9™ 3.9m 20.4m 12.8™
RIY ] 6 8141.8™ 0.34" 0.4™ 0.02" 11.7 15.8™ 1.4 4.5m 87.6"™
G 24 176936™ 139.4™ 564.4™ 18.9" 1530.9™ 6958.6" 34.6™ 63.1" 1896.3™
Y*G 24 316624 6.7"¢ 99.1™ 15.6" 297.8™ 5772.0™ 27.9" 25.5"¢ 1671.5™
CV (%) 4.2 0.5 3.5 4.6 5.8 11.3 7.6 5.4 15.3"s

GY: Grain yield, HW: Hectoliter weight, TGW: Thousand grain weight, PR: Protein ratio, ZS: Zeleny sedimentation, SPSM: Number of spikes per square meter, SL.:
Spike length, FSPS: Number of fertile spikelets per spike, GPS: Number of grains per spike, DF: Degree of freedom, R: Replication, Y: Year, G: Genotype **:

Statistically significant at 0.01, *: Statistically significant at 0.05, ns: not significant
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Hectoliter weight (HW) (kg hl?)

ANOVA revealed statistically significant differences between growing seasons and
genotypes in terms of mean HW under rainfed and irrigated conditions (p <0.01).
Considering the mean values obtained from the two growing seasons, Tekin variety had
the highest HW (84.8-81.7 kg hl!) under both experimental conditions. This trait is
influenced by several factors, such as environment, physical properties of grain (e.g.,
homogeneity and endosperm cavity), and endosperm structure. Studies conducted in
this area have reported that HW varies according to hereditary factors (Geng et al.,
1993) and different climatic conditions (Ath et al., 1993).

Thousand grain weight (TGW) (g)

According to the two-year average values, the highest TGW values were obtained
from the Pehlivan (42.9 g) and Aday-12 (42.7 g) standards in irrigated trials and from
the G3 (34.2 g) under rainfed conditions. Flour industrialists attach special importance
to TGW since there is a significant positive correlation between this trait and flour yield
(Yazar et al., 2013). Despite the consensus on the significant correlation between TGW
and quality and grain yield, there are contradictory results concerning the direction of
this correlation, with some researchers suggesting that it is positive (Bohac and Cermin,
1969; Knott and Talukdar, 1971) while others reporting a negative correlation (Thorne,
1966). In the current study, TGW was found to have a positive correlation with HW and
negative correlation with protein ratio (PR) and zeleny sedimentation (ZS).

Protein ratio (PR) (%)

The mean PR was calculated as 13.1% and 14.5% for irrigated and rainfed
conditions, respectively. This indicates that PR is affected by not only environmental
conditions but also hereditary factors. While the highest PR belonged to G13 in
irrigated conditions, for rainfed trials, no significant difference was observed between
the protein ratios of genotypes. In Turkey, it has been reported that protein content of
wheat varies ranging between 6 and 22% depending on type, variety, environmental
factors, and cultivation conditions (Dogan and Kendal, 2013). These ranges are in
agreement with the results obtained in the current study concerning PR. Similarly, in
another study conducted in Konya, Turkey, PR in bread wheat was found to vary
between 12.62 and 14.16% in rainfed conditions, and 11.53 and 13.85% in irrigated
conditions (Sahin et al., 2008; Aydogan and Soylu, 2017).

Zeleny sedimentation (ZS) (ml)

Year, genotype, and year x genotype interactions had a statistically significant effect
on ZS under rainfed and irrigated conditions (p <0.01). Sedimentation is of great
importance in determining protein quality in wheat (Peterson et al., 1992). In this study,
the highest ZS value was obtained from G6 and G17 genotypes in irrigated conditions
and from G6 in rainfed conditions. Ozturk and Aydin (2004) reported the sedimentation
values in different environments as 32.2 ml for irrigated, 35.7 for rainfed, 34.0 ml for
early water stress, 35.0 ml for late water stress and 37.5 ml for continuous water stress
conditions. Compared to their study, we found similar values in irrigated conditions but
higher values in rainfed conditions. This is considered to be due to environmental
conditions and differences in plant material.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(1):1431-1450.
http://www.aloki.hu ® ISSN 1589 1623 (Print) ® ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1701_14311450
© 2019, ALOKI Kft., Budapest, Hungary



Karaman: Evaluation of bread wheat genotypes in irrigated and rainfed conditions using biplot analysis

Spikes per square meter (SPSM) (Number)

There were statistically significant differences between years and genotypes in terms
of SPSM in both rainfed and irrigated conditions (p< 0.01 or p< 0.05). The highest
number of SPSM was observed in genotype G21 in irrigated trials and G9 in rainfed
conditions. Researchers have previously reported that the number of SPSM varies
according to sowing norms, variety, sowing time, available water, and climate and soil
conditions (Kili¢ et al., 2010; Kizilgeci et al., 2016). Although heredity also has a
significant role in determining SPSM, this parameter is also influenced by resistance of
genotypes to adverse environmental conditions, such as temperature, drought stress, and
frost. Studies conducted in various environments suggested that to achieve favorable
results concerning grain yield, genotypes having high potential of a greater number of
SPSM should be selected (Oztiirk and Akten, 1999; Sénmez et al., 1999; Erekul and
Ko6hn, 2006; Karaman, 2017).

Spike length (SL) (cm)

Genotypes G6 and G9 ranked first in terms of SL under irrigated and rainfed
conditions, respectively. Aydogan and Soylu (2017) reported the average SL from their
rainfed experiments as 9.75 cm. Similarly, our average measurement of SL was 10.4 cm
for rainfed trials; however, we observed that SL was shorter in irrigated conditions (9.9
cm). This may be attributed to genotypes producing more tillers under irrigation.

Fertile spikelet per spike (FSPS) (Number)

FSPS statistically significantly differed between genotypes under irrigated and
rainfed conditions (p < 0.01). The highest number of FSPS was seen in the Pehlivan
variety in irrigated trials whereas for rainfed conditions, many genotypes were included
in the same group despite the differences in FSPS. In one of the two previous studies on
bread wheat, it was shown that the number of FSPS ranged from 16 to 21 (Geng, 1974),
while the other reported no statistically significant difference in this parameter with the
values varying between 18.5 and 21.1 (Karaman, 2013).

Grains per spike (GPS) (Number)

According under rainfed conditions, the number of GPS was statistically
significantly affected by year (p < 0.05) and year*genotype interaction (p < 0.01), and
the highest value was identified in genotype G9. It has been reported that in wheat, a
sufficient amount of nutrients is accumulated in grain after fertilization and greater grain
yield is obtained from varieties with a higher number of GPS (Yildirim et al., 2005). In
another study conducted with 14 bread wheat varieties under rainfed conditions in
Konya, it was found that the number of GPS ranged from 31.2 to 44.9 and the average
of all trials was 37.9 (Aydogan and Soylu, 2017). In the current study, the average
number of GPS was higher (53.5) in rainfed conditions, which may be due to the
differences in genotypes and agronomic applications.

Evaluation of yield and other investigated traits using GGE-biplot analysis

It has been reported that GGE biplot analysis is very important because it presents
the genotype environmental interaction visually (Kendal, 2015; Sayar, 2017). Figures 2
to 5 present the results of GGE-biplot analysis of grain yield (Tables 4 and 5) and other
traits of 25 bread wheat genotypes evaluated in the 2015-16 and 2016-17 growing
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seasons under irrigated (IC1, 1C2) and rainfed (RC1 and RC2) conditions. The analysis
of grain vyield revealed that the total variation was 73.38%, of which 44.99% was
explained by principal component 1 (PC1) and 28.39% by PC2 (Figure 2 and Figure 3).
According to the results of GGE-biplot analysis, the highest grain yield belonged to G3,
G6 and G21 in RC1; G3, G7, G11, G21and G23 in IC1; G1 and Ding¢ in RC2; and G1,
G2, G12 and G16 in IC2. Furthermore, genotypes located closer to the center of the axis
had values similar to the experimental mean (Figure 2).

In the biplot graph demonstrating the stability capabilities of genotypes (Figure 3),
The G3 line located at the far right of the line dividing the graph has the highest grain
yield, and the G6, G7, G21 and G23 lines appear to be more prominent than the
remaining genotypes concerning grain yield. Although G23 did not have the highest
grain yield, it was determined that it represented the most stable line. Furthermore,
based on the results IC1 can be considered as the environment that provided the best
conditions for genotypes to demonstrate their potential.

If the angle of the vector was less than 90°, there was a positive correlation between
the features, if the angle is more than 90° there is no correlation between features (Yan
and Thinker, 2006; Dogan et al., 2016; Oral, 2018). As revealed by the biplot graph
showing the correlations between genotype traits under rainfed conditions (Figure 4),
GY was positively correlated with SL, FSPS, TGW and HW; and SPSM with ZS, GPS
and PR; whereas PR had a negative correlation with TGW and HW. Furthermore, G6
and G21 were more prominent for GY; G8 and Tekin for HW; G3 and Pehlivan for
TGW; G6 and G23 for ZS; G9, G11 and G21 for SPSM; G6 and G9 for SL; G6, G8,
G11, G14 and Pehlivan for FSPS; and G9 and G11 for GPS.

Scatter plot (Total - 73.36%) Ranking biplot {Total - 73.38%)

C2 - 28.38%
PC2- 28.38%

P

PC1-4499% PC1 - 44 99%

Figure 2. GGE-biplot of grain yield Figure 3. Stability of genotypes in terms of
grain yield

For all parameters, the lines closer to the center of the axis showed similar values to
the experimental average. According to the biplot graph showing the relationship
between the genotype traits under irrigated conditions (Figure 5), there was a significant
positive relationship between TGW and SL and FSPS; GY and GPS; SPSM, ZS and
PR, and a significant negative correlation between HW, SPSM, PR and ZS. Under these
conditions, the most promising genotypes were found to be G3, G12 and G16 for GY;
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G18 and Tekin for HW; G8, Pehlivan and Aday-12 for TGW; G13 and G21 for PR; G1,
G6, G17 and G23 for ZS; G21 and G24 for SPSM; G4, G6 and G18 for SL; and G6,
Pehlivan, Aday-12 and G24 for FSPS; G9 and G23 had values similar to the average.

Scatter plot (Total - 55.32%)
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Table 4. The mean grain yield values obtained from the 2015-16 and 2016-17 growing seasons

2015-16 (kg ha?) 2016-17 (kg ha?) Average of two seasons (kg hat)
IC1 RC1 % Lost 1C2 RC2 %L ost IC RC % Lost
Gl 7810 f-h 6720 c-e 14 9160 ab 6820 a 26 8480 d-1 6770 a-c 20
G2 7230 1j 6870 b-d 5 9160 ab 5740 h-1 37 8190 h-j 6300 d-h 23
G3 9600 a 7700 a 20 8230 gh 5170 m 37 8910 ab 6440 c-g 28
G4 8830 bc 6610 c-f 25 8890 a-e 5620 j-m 37 8860 a-c 6110 g-1 31
Ding 8540 b-e 6390 c-g 25 8560 c-g 6730 ab 21 8550 c-g 6560 a-f 23
G6 8580 b-e 7810 a 9 8410 e-h 6050 d-j 28 8500 d-1 6930 ab 18
G7 8940 b 6650 c-f 26 8250 gh 5550 j-m 33 8590 b-f 6100 g-1 29
G8 7780 gh 6820 b-d 12 7980 h 6130 c-1 23 7880 j 6480 c-g 18
G9 7920 fh 5960  f-h 25 8500 d-g 5830 g-l 31 8210  gj 5890 hi 28
Pehlivan 6830 j 5690 h 17 9040 a-c 5980 e-k 34 7930 j 5830 1 27
G1l1 8930 b 6200 d-h 31 8350 f-h 6240 b-h 25 8640 b-f 6220 e-1 28
G12 8790 b-d 6950 bc 21 9310 a 6370 a-f 32 9050 a 6660 a-d 26
G13 7590 h1 6270 c-h 17 8780 b-f 5400 Im 39 8180 i 5830 1 29
Gl14 8510 b-e 6840 b-d 20 8800 b-f 6380 a-f 27 8650 b-f 6610 a-e 24
Aday-12 8280 d-g 6500 c-g 22 8800 b-f 5720 -1 35 8540 c-h 6110 g-1 28
Gl6 8650 b-d 6360 c-h 26 9380 a 6540 a-d 30 9010 a 6450 c-g 28
G17 8820 bc 6780 b-d 23 8790 b-f 5500 k-m 37 8800 a-d 6140 -1 30
G18 8450 b-e 6250 c-h 26 8370 f-h 5460 k-m 35 8410 e-1 5860 1 30
G19 8530 b-e 6070 e-h 29 8430 e-h 5580 j-m 34 8480 d-1 5820 1 31
Tekin 7900 f-h 6170 d-h 22 8700 b-g 6300 b-g 28 8300 -1 6230 d-1 25
G21 8930 b 7430 ab 17 8610 c-g 6470 a-e 25 8770 a-d 6950 a 21
G22 7740 hi 6440 c-g 17 8940 a-d 6580 a-c 26 8340 -1 6510 b-g 22
G23 8940 b 6940 bc 22 8570 c-g 5930 f-k 31 8750 a-e 6430 c-g 26
G24 8320 c-f 5850 gh 30 8690 b-g 5830 g-1 33 8500 d-1 5840 1 31
Ceyhan-99 8070 e-h 6560 c-f 19 8740 b-f 6560 a-d 25 8410 e-1 6560 a-f 22
Average 8340 a 6590 b 21 8700 a 6020 b 31 8520 a 6080 b 26
Lsd(0.05) 51.9** 69.8** 49.3** 51.5%* 12.7** 37.3**

Letters in the same column from top to bottom are statistically different at the level of p < 0.01 or p < 0.05. IC1: Irrigated conditions in the first season, IC2: Irrigated
conditions in the second season, RC1: Rainfed conditions in the first season, RC2: Rainfed conditions in the second season, IC: Irrigated conditions, RC: Rainfed
conditions, **: Statistically significant at 0.01, *: Statistically significant at 0.05
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Table 5. The results of the combined analysis of both growing seasons for the investigated parameters and the groups formed

IC RC IC RC IC RC

GY GY HW HW TGW TGW
Gl 8480 d-1 6770 a-c 82.7 jk 79.8 a-g 374 e-h 31.3 b-g
G2 8190 h-j 6300 d-h 83.2 g-j 78.6 e-j 35.9 h-k 28.6 g-j
G3 8910 ab 6440 c-g 83.7 e-g 80.8 a-d 39.9 bc 34.2 a
G4 8860 a-c 6110 g-1 83.3 -1 79.4 b-h 35.8 h-l 30.2 d-g
Ding 8550 c-g 6560 a-f 83.8 d-f 79.7 a-g 34.0 | 27.0 1-k
G6 8500 d-1 6930 ab 84.4 a-d 81.1 a-c 39.8 bc 31.2 c-g
G7 8590 b-f 6100 g-1 81.9 | 74.7 | 36.8 f-1 26.2 jk
G8 7880 j 6480 c-g 84.5 a-c 81.4 ab 40.7 b 33.2 a-c
G9 8210 g-j 5890 hi 83.4 e-1 78.3 g-k 37.1 e-h 28.8 f-j
Pehlivan 7930 j 5830 1 82.8 jk 79.0 c-1 42.9 a 34.1 ab
Gl1 8640 b-f 6220 e-1 83.6 e-h 78.6 e-j 345 il 26.4 1-k
G12 9050 a 6660 a-d 82.7 jk 78.4 f-k 36.3 f-j 29.0 f-j
G13 8180 j 5830 1 81.3 mn 76.6 il 37.8 d-g 30.2 d-g
Gl4 8650 b-f 6610 a-e 83.1 h-k 78.9 d-1 36.7 f-1 28.9 f-j
Aday-12 8540 c-h 6110 g-1 81.5 I-n 76.4 kl 42.7 a 32.0 a-e
G16 9010 a 6450 c-g 83.9 c-e 80.7 a-e 39.9 bc 32.9 a-d
G17 8800 a-d 6140 f-1 83.4 f-1 775 h-k 36.1 g-j 26.3 1-k
G18 8410 e-1 5860 1 84.6 ab 80.5 a-f 39.5 b-d 31.6 a-f
G19 8480 d-1 5820 1 84.3 b-d 80.2 a-g 34.2 kl 27.3 h-j
Tekin 8300 f-1 6230 d-1 84.8 a 81.7 a 37.2 e-h 30.1 d-h
G21 8770 a-d 6950 a 81.0 n 77.1 1-k 36.3 f-j 29.1 -1
G22 8340 -1 6510 b-g 82.9 1-k 80.7 a-e 38.1 c-f 32.1 a-e
G23 8750 a-e 6430 c-g 81.7 Im 77.6 h-k 38.8 b-e 30.5 c-g
G24 8500 d-1 5840 1 80.2 0 74.7 | 35.0 1-1 24.4 k
Ceyhan-99 8410 e-1 6560 a-f 82.6 k 79.6 a-h 36.0 g-k 29.2 e-j
Average 8520 6310 83.0 79 37.6 29.8
Lsd(0.05) 35.5** 43.0** 0.6** 2.1%* 1.9** 2.9%*
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IC RC IC RC IC RC

PR PR ZS ZS SPSM SPSM
Gl 13.2 b-e 14.0 38.0 ab 42.3 b-f 104.3 c-e 91.3 j
G2 12.6 d-g 14.7 315 g-1 435 a-e 113.8 b-e 111.0 b-f
G3 12.8 c-g 13.3 32.8 e-h 39.0 e-g 103.8 c-e 99.0 0
G4 125 e-g 14.2 305 hi 40.0 d-g 104.8 c-e 935 jj
Din¢ 12.8 c-g 14.2 29.8 j 38.0 fg 103.8 c-e 101.3 e-j
G6 13.2 b-f 14.4 39.3 a 475 a 1115 b-e 112.5 a-e
G7 131 b-f 15.2 35.8 b-d 46.0 a-c 110.8 b-e 105.8 c-h
G8 12.8 c-g 13.7 34.8 d-f 42.3 b-f 1015 de 105.3 c-1
G9 12.9 b-g 14.8 32.8 e-h 45.0 a-d 112.0 b-e 124.3 a
Pehlivan 134 a-d 154 323 f-1 40.0 d-g 97.0 e 1133 a-d
Gl1 12.4 fg 144 32.3 f-1 42.8 a-f 112.8 b-e 119.3 ab
G12 13.1 b-f 15.2 30.3 h-j 445 a-d 102.3 c-e 109.8 b-g
G13 14.2 a 15.7 36.5 b-d 40.3 d-g 119.8 a-c 1015 d-j
Gl4 121 g 13.8 245 | 36.5 s 107.0 c-e 102.3 d-j
Aday-12 12.9 c-g 14.0 29.8 1j 40.3 d-g 103.3 c-e 103.3 d-1
G16 131 b-f 14.2 30.0 1j 42.3 b-f 113.0 b-e 108.5 b-h
G17 13.6 a-c 15.1 39.8 a 455 a-c 116.0 b-d 97.0 h-j
G18 13.2 b-f 14.1 31.8 g-1 36.8 g 107.8 c-e 91.0 j
G19 133 a-e 14.7 35.3 c-e 45.0 a-d 116.5 b-d 105.8 c-h
Tekin 134 a-e 14.7 34.5 d-f 445 a-d 108.0 c-e 99.5 f-j
G21 13.8 ab 14.2 34.0 d-g 415 c-g 131.8 a 120.3 ab
G22 135 a-c 14.8 27.8 jk 38.8 e-g 119.8 bc 108.5 b-h
G23 13.2 b-f 14.8 38.0 ab 46.8 ab 98.3 e 109.3 b-g
G24 13.0 b-g 15.4 26.3 ki 39.3 e-g 127.8 ab 115.3 a-c
Ceyhan-99 13.0 b-f 14.0 37.8 a-c 45.3 a-d 112.8 b-e 1114 a-g
Average 131 14.5 33.0 42.1 110.4 106.4
Lsd(0.05) 0.9* O.D. 2.7%* 5.2%* 17.6* 11.9%*
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IC RC IC RC IC RC

SL SL FSPS FSPS GPS GPS
Gl 9.1 e-g 9.5 g-1 17.8 d-f 17.7 cd 55.5 55.3 bc
G2 8.7 g 9.9 e-1 19.0 b-d 195 ab 49.5 56.9 a-c
G3 10.0 a-e 11.6 a-c 18.0 c-f 18.9 a-c 54.4 56.8 a-c
G4 10.8 ab 105 d-g 18.7 b-e 20.0 a 49.3 51.4 c
Din¢ 9.1 e-g 9.3 hi 18.9 b-d 19.0 a-c 55.9 48.3 cd
G6 10.9 a 11.7 ab 20.0 ab 20.1 a 52.1 55.2 bc
G7 9.6 c-g 10.6 c-f 18.1 c-f 17.9 b-d 56.2 53.6 c
G8 10.3 a-c 10.7 b-e 19.4 a-c 20.5 a 477 49.7 cd
G9 104 a-c 11.9 a 18.6 b-f 19.7 a 53.3 66.3
Pehlivan 10.0 a-e 104 d-h 20.6 a 20.6 a 39.0 40.1 d
Gl1 9.2 d-g 9.3 hi 195 a-c 20.3 a 55.7 65.3 ab
G12 9.7 b-g 10.6 c-g 17.3 ef 19.4 ab 47.1 55.1 bc
G13 10.0 a-e 10.8 a-e 19.0 b-d 19.8 a 474 50.1 cd
Gl4 10.3 a-c 104 d-g 18.7 b-e 20.6 a 46.7 51.1 c
Aday-12 104 a-c 9.5 g-1 19.9 ab 195 ab 55.2 51.9 c
G16 104 a-c 11.2 a-d 18.7 b-e 19.7 a 53.0 56.0 a-c
G17 10.3 a-c 9.8 e-1 19.2 a-d 19.7 a 60.2 58.5 a-c
G18 10.7 ab 111 a-d 18.9 b-d 18.9 a-c 53.7 50.7 c
G19 8.9 fg 8.9 1 17.2 f 16.9 d 53.5 50.4 c-d
Tekin 10.2 a-d 111 a-d 18.8 b-d 19.1 a-c 50.1 55.1 bc
G21 9.6 c-g 9.6 f-1 18.2 c-f 17.6 cd 52.9 51.0 c
G22 10.0 a-e 11.3 a-d 19.1 a-d 19.1 a-c 53.5 49.8 cd
G23 9.9 a-f 114 a-d 18.9 b-d 20.0 a 56.3 58.7 a-c
G24 10.3 a-c 10.0 e-h 20.0 ab 19.5 ab 55.4 54.2 c
Ceyhan-99 9.4 c-g 9.4 -1 18.9 b-d 19.2 a-c 48.4 47.2 c-d
Average 9.9 10.4 18.8 19.3 521 535
Lsd(0.05) 1.1%* 1.1%* 1.3%* 1.7%* 0D 10.6*
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Evaluation of genotypes in terms of drought tolerance

Table 6 presents the drought tolerance parameters of the genotypes based on the
average values over the two growing seasons.

Table 6. Two year averages of drought tolerance parameters

Yp Ys TOL STI GMP MP HM YSI Yl DRI

Gl 8480 6770 1710 0.79 757.9 763 753 0.80 1.07 0.86
G2 8190 6300 1890 0.71 718.6 725 712 0.77 1.00 0.77
G3 8910 6440 2480 0.79 757.5 768 748 0.72 1.02 0.74
G4 8860 6110 2750 0.75 735.9 749 723 0.69 0.97 0.67
Ding 8550 6560 1990 0.77 748.8 755 742 0.77 1.04 0.80
G6 8500 6930 1570 0.81 767.2 771 763 0.82 1.10 0.90
G7 8590 6100 2490 0.72 723.9 735 713 0.71 0.97 0.69
G8 7880 6480 1400 0.70 714.3 718 711 0.82 1.03 0.84
G9 8210 5890 2320 0.67 695.7 705 686 0.72 0.93 0.67

Pehlivan 7930 5830 2100 0.64 680.2 688 672 0.73 0.92 0.68
G11 8640 6220 2420 0.74 732.9 743 723 0.72 0.99 0.71
G12 9050 6660 2390 0.83 776.3 785 767 0.74 1.06 0.78
G13 8180 5830 2350 0.66 690.8 701 681 0.71 0.92 0.66
Gl14 8650 6610 2040 0.79 756.4 763 750 0.76 1.05 0.80

Aday-12 8540 6110 2430 0.72 722.3 732 712 0.72 0.97 0.69
G16 9010 6450 2560 0.80 762.6 773 752 0.72 1.02 0.73
G17 8800 6140 2660 0.75 735.4 747 724 0.70 0.97 0.68
G18 8410 5860 2550 0.68 701.8 713 690 0.70 0.93 0.65
G19 8480 5820 2660 0.68 702.8 715 691 0.69 0.92 0.63
Tekin 8300 6230 2070 0.71 719.3 727 712 0.75 0.99 0.74
G21 8770 6950 1820 0.84 780.5 786 775 0.79 1.10 0.87
G22 8340 6510 1830 0.75 737.0 743 731 0.78 1.03 0.81
G23 8750 6430 2320 0.78 750.6 759 742 0.74 1.02 0.75
G24 8500 5840 2660 0.68 704.7 717 692 0.69 0.93 0.64

Ceyhan-99 | 8410 6560 1850 0.76 742.7 748 737 0.78 1.04 0.81

Average 8520 6310 2210 0.74 732.7 741 724 0.74 1.0 0.74

Yp: Grain yield in irrigated conditions, Ys: Grain yield in rainfed conditions, TOL: Tolerance, STI:

Stress tolerance index, GMP: Geometric mean productivity (GMP), MP: Mean productivity, HM:
Harmonic mean, YSI: Yield stability index, YI: Yield index, DRI: Drought resistance index.

Table 6 shows the results of drought tolerant parameters obtained by grain yield
formulas under irrigated and rainfed conditions with the highest grain yield being
obtained from G12 (9050 kg ha) and G21 (6950 kg ha™l), respectively. The tolerance
index (TOL) indicates the yield differences between the best and worst conditions for
genotypes. The lowest TOL was found in G8 and the highest in G4. G8 with the lowest
TOL had higher grain yield than the experimental average for rainfed conditions but did
not have better grain yield potential in irrigated conditions compared to other genotypes.
Therefore, it can be stated that the performance of some genotypes does not greatly vary
in favorable or poor environmental conditions. G4 can be considered as the genotype
with the most favorable response to irrigation.

In addition, G17, G19 and G24 with high TOL values were identified as genotypes
that had a positive response to irrigation, which significantly increased their yield
potential. Although their TOL value was high, G3, G12 and G16 had high grain yields
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both rainfed and irrigated conditions. This shows that these genotypes well adapted to
both environments. Many researchers have reported that high values of STI, GMP, MP,
HM and Y1 are indicative of the increased drought tolerance of genotypes (Fernandez,
1992; Ramirez and Kelly, 1998; Akgura et al., 2011; Aktas, 2017).

In the current study, the highest values for these parameters were obtained from G6,
G12, G16 and G21, suggesting that these genotypes had good grain yields under both
irrigated and rainfed conditions. The remaining two drought parameters investigated in
the study were YSI and DRI, which, at low levels, have been shown to indicate drought
tolerance (Lan, 1998; Bouslama and Schapaugh, 1984). In the current study, the lowest
YSI values belonged to G4 (0.69), G17 (0.70), G18 (0.70), G19 (0.69) and G24 (0.69)
and the lowest DRI values were observed in G18 (0.65), G19 (0.63) and G24 (0.64).
Anwar et al. (2011) and Aktas (2017) reported that YI is associated with average yield
in conditions presenting with water stress and can therefore be used in drought
resistance studies. G6 and G21 were more prominent in terms of Y.

According to the biplot graph demonstrating the status of genotypes in terms of
drought parameters and the relationship between these parameters (Figure 6); there was
a significant positive relationship between; MP, STI, GMP and HM; Y1 and grain yield
in irrigated conditions; DRI and Y1 and grain yield in rainfed conditions; and DRI and
YSI. The best performing genotypes were found to be G12 and G16 for grain yield in
irrigated conditions; G12 and G21 for MP, STI, GMP and HM; G21 for Y1 and grain
yield in rainfed conditions; G6 for DRI and YSI; and G4, G19 and G24 for TOL.
Furthermore, the MP, STI, GMP and HM parameters were found to be associated with
grain yield in irrigated and rainfed conditions. Whereas YI, DRI and YSI were
correlated with grain yield in rainfed conditions.

Scatter plot (Total - 99.95%)

Toup | {y

PC2 - 26.84%

PC1-73.14%

Figure 6. GGE-biplot of the correlation between genotypes and drought tolerance parameters
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Conclusion

The results of ANOVA and GGE-biplot analyses of the experiments conducted in
two growing seasons under different environmental conditions revealed that the
prominent genotypes were G1, Ding, G6, G12, G14, G21 and Ceyhan-99 for the rainfed
conditions and G3, G4, G12, G16, G17, G21 and G23 genotypes for the irrigated
conditions. G12 and G21 lines produced favorable results under both rainfed and
irrigated conditions, which suggests that these lines better adapt to different climatic
conditions than other genotypes. In addition, particularly in rainfed conditions, the G3
line performed better in both yield components (FSPS and SL) and technological
quality parameters (TGW and HW). This line (G3) can be used as a parent in breeding
studies. Concerning drought parameters, there was a significant positive relationship
between MP, STI, GMP and HM, and a significant negative correlation between TOL
and YSI. It was also determined that MP, STI, GMP and HM parameters can be used in
the selection of genotypes suitable for irrigated and rainfed conditions and Y1, DRI and
YSI can assist in choosing the best genotypes for rainfed conditions presenting with
water stress.

Based on the results of the study, we conclude that G6, G12, G16 and G21 are
promising candidate lines for registration.
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