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ABSTRACT

The purpose of this study was to investigate the resistance of bread and einkorn wheat genotypes under in vitro
conditions against drought stress during germination. Twelve bread and ten einkorn wheat genotypes were used as plant
material and seven drought stress levels were applied based on a three-replicate factorial restricted randomized block
design in order to investigate their effects on germination rate (GR), germinating power (GP), coleoptile length (CL),
shoot length (SL), root length (RL), shoot root length ratio (SRLR), root fresh weight (RFW), root dry weight (RDW),
and root fresh dry weight ratio (RFDWR) during the year 2014-2015. PEG — 6000 was used to evaluate the effect of
drought stress under in vitro conditions on the wheat genotypes. The values of all traits were decreased by the increased
effect of PEG levels (p < 0.05). The results of the variance analysis showed that the genotypes had significant statistical
differences for the examined traits under drought stress (p < 0.05). According to the results of the GGE biplot analysis,
of the total variation between the genotypes and traits investigated under drought stress (75.97%), PCland PC2
represented 51.51% and 24.47%, respectively. In addition, einkorn wheat populations were located in the sector of GR,
GP, and SRL, which means that these populations had a greater performance for these traits under drought stress
conditions. Bread wheat and einkorn genotypes behaved differently for the traits under drought stress. It is considered
that the results of the field and in vivo experiments for cold and drought stress will contribute to producing reliable
suggestions.

Key words: Bread wheat (Triticum aestivum L.), drought, einkorn (Triticum monococcum ssp. monococcum),
germination stage.

INTRODUCTION used to improve genetic diversity on the ‘A’ genome of
bread and durum wheat (Aktas, 2007).
Wheat is the most widely grown species across ‘Bread wheat depends on rainfall for its
the world and feeds more than one - third of the global production and 37 % of'it is cultivated in semi - arid areas

population (Rahaie et al, 2013; Shahzad et al., 2013) Qf dgveloping count'ries (Baloch et al., 2016); therqfore,
through a production of 670.8 million tons undertaken by its yield and production fluctuate frequently due to highly

200 million farmers. It is widely used as an ingredient in restrictive non - environmental and environmental
bread, pasta, noodles, cakes, and biscuits (Eren et al., stresses  including  diseases, insects, drought, high
2015). In developing countries, wheat guarantees human temperature and cold. Drought stress, .WhICh widely
survival and increases the quality of life (Baloch et al., differs across the world, reduced the quality of wheat at
2017; Shahzad et al., 2013). varying levels depending upon the degree and duration of

The ancestor of wheat, einkorn (Triticum drought in different growth stage of the plant. Wheat
monococcum spp. monococcum), has long contributed to genotypes, which are widely adapted to lower rainfall or
the human nutrition and health (Karakas, 2016). drought yield higher (Cattivelli et al., 2008) and stabilize
However, it is only grown in limited areas of Turkey, wheat production across many countries (Rajaram, 2001).
such as the provinces of Kastamonu, Bolu, and Bilecik. It Wheat  (Triticum  ssp.) needs  different
is resistant to cold, drought, and salinity stress (Karagoz temperatures and water regimes at different growth
and Zencirci, 2005; Zencirci and Karagoz, 2005; Aslan et stages, depending on its growth type, planting season,
al., 2016a; Aslan et al., 2016b). Arzani and Ashraf (2017) ~ and production region. In wheat, water stress influences
also reported that einkorn, emmer, and spelt are potential all .the stages of devel.opment from germination to grain
sources for drought, salinity, cold, and several biotic filling through vegetative and reproductive growth. Since
stress factors and should be used as parents in wheat this species, which is of great economic importance, has
breeding programs. Furthermore, einkorn wheat can be to endure drought conditions in numerous countries

where it is cultivated, its future production largely
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depends on studies devoted to providing a better
understanding of this stress. Drought sensitivity in wheat,
among other growth stages, occurs especially in the early
growth and germination stages (Khodabandeh, 2003).
Therefore, characterization of drought tolerance of wheat
genotypes at the seedling stage is important for global
food safety. In addition, selection of wheat genotypes for
drought tolerance under actual field conditions is tedious
due to low heritability and time required. Thus, an
efficient way is to characterize genotypes under in vitro
conditions, particularly for drought stress, during the
early development stages of wheat. Good seed
germination is among the prerequisites for a successful
stand establishment and further crop development. Yield
improvement should, therefore, combine a reasonably
high yield potential and one or more specific growth
characters under stress. Otherwise, the attempt to increase
genetic yield under stress would not provide a successful
outcome (Blum, 2005).

To select genotypes for drought tolerance at the
seedling stage, polyethylene glycol (PEG 6000) is used in
the medium (Rauf et al., 2007). PEG 6000 molecules are
inert, non-ionic and basically impermeable chains and
have commonly been used to induce water stress without
causing any significant physiological damage to crops
(Wani et al., 2010). PEG can be used to change the
osmotic potential of nutrient clarification culture and can
transfer plant water shortage, in an exact way, properly to
untried proprieties (Razmjoo et al., 2015).

Testing, locating, and characterizing of genetic
resources against drought are succeeded well by
advanced parametric, non - parametric, multi - statistical
evaluation methods as well as genotype and genotype by
environment interaction (GGE) biplot analyses (Yan,
2001; Yan and Kang, 2003; Mahmoodzadeh et al., 2013;
Ali and EIl- Sadek, 2016) result in better wheat
germplasm, thus increase wheat yield. Therefore, this
study aimed to investigate the drought tolerance and
response of 12 bread wheat (Triticum aestivum L.)
cultivars and 10 hulled einkorn (7. monococcum ssp.
monococcum) wheat populations in terms of germination
rate (GR), germinating power (GP), coleoptile length
(CL), shoot length (SL), root length (RL), shoot / root
length ratio (SRLR), root fresh weight (RFW), root dry
weight (RDW), root fresh weight / root ratio (RFDWR)
under in vitro conditions using 7 PEG levels during the
season of 2014-2015.

MATERIALS AND METHODS

The plant material consisted of 12 bread wheat
cultivars; namely, Gerek - 79, Ikizce - 96, Kiragc -66,
Kenanbey, Flamura - 85, Momtchil, Bayraktar - 2000,
Tosunbey, Pandas, Pehlivan, Demir - 2000 and Giin -
91), and 10 different einkorn wheat populations
(Populations 1to 10). These cultivars were evaluated in
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terms of their GR (%), GP (%),CL (cm), SL (cm), RL
(cm), SRLR, RFW (mg), RDW (mg), and RFDWR under
drought stress. The seeds of bread wheat cultivars were
provided by different research institutes in Turkey
(CRIFC, Ankara; AARI, Eskisehir; TARI, Edirne; and
CARI, Adana) and ecinkorn wheat populations were
obtained from the Quality Feed Company in Bolu,
Turkey.

Drought stress tests: The seeds (3 X 30 rows of each
entry per treatment) were surface - sterilized in 96%
ethanol for 30 seconds and 10% sodium hypochlorite for
15 minutes and rinsed twice in distilled water (Baloch et
al., 2012). Then, 30 seeds (10 X 3) were germinated on
wet filter paper under 7 levels of drought stress. PEG
6000-induced drought levels were PEG 600: 0 (control),
4.57 ml: 0.09M, 9.14 ml: 13.71 ml: 0.17 M, 18.28 ml:
0.25M, 22.85 ml: 0.34M, 25.15 ml: 0.43M, and 27.45 ml:
0.51M. The pH of each petri dish was adjusted to 5.9 = 1
and germinated for 8 days at 23 + 1 °C in a dark growth
room. GR (%) was measured after 4 days and all other
remaining GP (%), CL (cm), SL (cm), RL (cm), SRLR,
FRW (mg), DRW (mg), and RFDWR were measured
after 8 days.

Statistical analysis: Three replicates of the experiment
were performed with a randomized complete block
design including factorial restrictions. GGE biplot
analyses were carried out using GenStat 12th edition
(Genstat, 2009) as described by Yan (2001). The means
were compared by an LSD test (p< 0.01 and p<0.05)
according to Gomez and Gomez (1984) regression and
cluster analysis was performed using SPSS statistical
software (Zobel et al., 1988).

RESULTS AND DISCUSSION

Responses of germination characters (GR, GP, CL,
SL, RL, SRLR, RFW, RDW, and RFDWR) under
drought stress: The effect of drought stress produced by
PEG on bread and einkorn wheat genotypes at the
seedling stage was investigated under in vitro drought
conditions. According to ANOVA, PEG levels
(treatments) were significant for all the traits. The
difference between the genotypes was statistically
significant for all the traits except GP, SRLR, and RFW,
and the cultivar effect was significant for GR, RL, and
RDW (Table 1). PEG that was used to induce drought
stress by adjusting concentrations resulted in a
statistically significant decrease in the traits under
investigation for all the genotypes (p < 0.05; Table 2): SL
(100 %), SRLR (100 %), RL (99.07 %), REW (98.87 %),
CL (98.69 %), RDW (97.60 %), GR (72.89 %), RFDWR
(64.13 %), and GP (55.90 %). The relationship between
the PEG levels and the examined traits was analyzed by a
regression analysis(Figures 1- 4).The results revealed that
as the PEG level increased, GP, GR, CL, and RL
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decreased. In other words, there was a negative and
statistically significant relationship between the PEG
levels and GR (R?=0.76; p< 0.01), GP (R? = 0.94; p<
0.01), CL (R? = 0.86; p< 0.01), and RL (R?= 0.94; p <
0.01).These findings are in parallel with those given in
the study by Chachar et al.(2014), who reported that the
increasing concentrations of PEG - 6000 significantly and
negatively affected several traits in wheat genotypes such
as RL, CL, and SL compared to the control application.
The results of the current study showed that
drought stress directly affected GR in both einkorn
populations and bread wheat cultivars. GR was reduced
to 24.48% in bread wheat and 15.93% in einkorn
populations with a mean of 72.95% and 86.10%,
respectively (Table 3). The lowest GR for bread wheat
cultivars was recorded in Kirag - 66 (71.90%) and the
highest was obtained from Giin - 91 (83.30%). Among
the einkorn populations, the lowest and highest GRs were
recorded in Population 9 (78.10%) and Population 3
(92.90%), respectively. Similar results were obtained for
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GP with an average of 81% in bread wheat and 91.3% in
einkorn populations. The results showed that bread wheat
cultivars were more affected by drought stress compared
to einkorn populations. Drought stress reduced GP by
19.21% in bread wheat genotypes and by 9.6% in einkorn
populations. In bread wheat genotypes, the lowest and
highest GPs were observed in Pehlivan (71.90%) and
Giin - 91 (89.00%), respectively. Among the einkorn
populations, Population- 8 had the lowest GP (85.70%)
and Population- 5 had the highest GP (95.70%). These
results indicated that with their better GR and GP values,
einkorn populations presented as potential genetic
sources in wheat breeding programs for vigorous
germination under drought stress conditions. Similarly,
Mujtaba et al. (2016) reported that PEG-6000-induced
drought stress reduced the GR of modern wheat cultivars
by 55% and suggested that wheat breeders should benefit
from the variation in primitive and wild wheat genetic
resources.

Table 1. F values in analysis of variance for the GR, GP, CL, SL, RL, SRLR, FW, RDW, and RFDWR under the
drought effect of PEG- 600: (0 (Control), 0.09M, 0.17 M, 0.25M, 0.34M, 0.43M and 0.51M).

Sourcesof g GRe GP CL SL RL SRLR RFW  RDW RFDWR
variation
Blocks 2 10.67" 3.78™ 0.07" 8.64 " 3.34" 027" 9.02™ 2.97ns 0.67"
Treatments 153 27.92™ 17.87" 1.13™ 56.25™ 44.18™ 5.88™ 56.16™ 39.53" 13.31™
Genotype 21 6.18" 3.90ns  0.07™ 1.98" 591" 0.62ns 7.68ns 7.11* 1.26™
Levels 6 189.83" 113.06™ 8.83" 456.42" 339.71" 37.81™ 43421 295.62™ 100.25™
Genotype
*Levels 126  1.23™ 1.20ns  0.03ns  0.71ns 0.72* 0.48ns  0.78ns 0.74™ 0.40ns
Error 306

*and™" are respectively significant at P < 0.05 and P <0.01, ns: not significant

Table 2.Differences between for GR, GP, CL, SL, RL, SRLR, FW, RDW, and RFDWR under the drought effect
of PEG 600: (0 (Control), 0.09M, 0.17 M, 0.25M, 0.34M, 0.43M and 0.51M).

Levels GRT GP CL SL RL SRLR RFW RDW RFDWR
Control 98.50# 100.00 *® 4.08* 14.08 # 8.642® 1.89% 87.262 7.60 2-¢ 11.46%
0,09 M 98.00 100.00% 4.57 12.29° 9.012 3.962 86.41% 9.90 ® 8.712
0,17M 94.40°-¢ 97.60%°¢  4.112*° 7.37°% 7.48%¢ 0.97° 68.04%¢ 9.96? 6.83%¢
0,25M 90.902-4 95.202-4 1.952-°¢ 0.74 ¢ 4.49%-¢ 0.12° 36.87%¢ 6.73 2-¢ 5.49%4
0,34M 83.90%-¢ 87.30%-¢ 0.334 0.00% 1.85°¢ 0.00° 13.78 ¢ 2.94 8¢ 4,930
0,43M 63.20°- 75.50%-f 0.16 ¢ 0.00% 0.38¢ 0.00° 3.53¢ 0.90°¢ 4.45b
0,51M 26.70 44.10f 0.06 ¢ 0.00% 0.08°¢ 0.00° 0.99°¢ 0.24¢ 4,110
%
Decrease 72.89 55.90 98.69 100.00 99.07 100.00 98.87 97.60 64.13
Differences between the averages shown with same letters are insignificant at a level of P<0.05.

In this study, CL, an important criterion populations (Table 3). Among the bread wheat
demonstrating drought resistance of wheat, had genotypes, Bayraktar - 2000 attained the maximum CL

statistically significant variations with a mean of 2.31 cm
in bread wheat cultivars and 2.02 cm in einkorn

(2.73 cm) while other genotypes, Kenanbey (2.68 cm),
Giin - 91 (2.63 cm), Gerek - 79 (2.57 cm), Demir - 2000
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(2.53 cm), and Momtchill (2.46 cm) were included in the
same statistical group in terms of their maximum CL.
Among the einkorn populations, the longest CL was
found in Population- 1 (2.37 cm) and Population- 4 (2.24
cm) and the remaining genotypes had a lower CL. When
wheat genotypes with a longer CL are deeply sown, they
can germinate and emerge easily above the soil surface.
Therefore, the genotypes with longer CL in the present
study can be used to develop drought - resistant wheat
genotypes. Following the drought stress, CL decreased by
30.97% in bread wheat genotypes and by 29.95% in
einkorn populations. Despite the higher mean of CL in
bread wheat, the einkorn populations underwent a lower
decrease in CL due to drought. When genotypes that have
a longer CL are deeply sown, the seeds germinated under
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the soil are not much affected by the water-limited
conditions. With the roots extending deeper into the
ground, the plant not only becomes more resistant to
drought but is also healthier due to its long coleoptile to
emerge to the surface from deeper soil. Longer CL
through deep sowing increases the number and yield of
plants (Matsui et al., 2002; Rebetzke et al., 2007). It has
been reported that CL significantly varies among winter
wheat genotypes and is positively correlated with yield
components (Kaydan and Yagmur, 2005; Matsui et al.,
2002). Our study clearly confirmed that einkorn wheat
populations were more tolerant to drought, and therefore,
can be used to improve the CL of wheat cultivars in
breeding programs.

Table 3. Means and LSD mean separation of traits of wheat genotypes under drought stress induced by PEG-

6000.
GR GP CL SL RL SRLR  REW RDW  RFDWR

Gerek— 79 70387 80.5059 2.57°0  574%  579® (068  47.12%0  579¢h  7.41e¢
ikizce— 96 76.704m  83.304m  239%8 5564 526 0.69%r  48.97%t  6.99¢ 605"
Kirag — 66 62.90°Y 7620  2.01F"  3.58% 377 068t  4024% 5570k g 9gef
Kenanbey 786051 86.70%  2.68%  576® 565 073k 5846°  7.73°  6.520k
Flamura® 85 729055 82.90°°  1.80"  4.08 526"  0.64"  50.00*F 625+ 697
Momtchil 752000 82.90°P 246  494+m 555 (076 55020 636%°  7.60°
Bayraktar-2000  78.10°1  83.30%" 2.73@ 547 597@ 076"  5587% 7.60%® 636"
Tosunbey 73.807  80.00er  1.817r  3.60** 550  0.69%r  51.46% 587be 752
Pandas 73305 79.005s  1.86™1  530h 564 0.83™ 46141 57658 6424
Pehlivan 66200 71.909Y 223+ 474 434k 0911 37.44% 4587 661!
Demir— 2000 70.00M 7570 2.53% 6342 463 1.049 44320 576¢T 6524
Giin- 91 83.30°h  89.00%f  2.63*¢ 479" 533 950k 51554 gged 7 e
Mean 72.95 81,00 231 4,99 520 0.78 48,9 6,24 6,83
Population— 1  88.60*¢  93.30%¢ 2371 546~  3.8b» 109> 38650m 521¢ 6 05ht
Population—2  88.10%  91.90*T 2.04°™ 5154 369  1.14*  32.62% 4198 6.65¢h
Population—3  92.90°  94.30%¢ 2,094k 5120k 396t"  [12bh 34130 466  6.09"
Population —4  90.00*¢  94.80® 2241 5251 39l 762 3768  513¢m  605hy
Population—5  92.90% 9570°  2.15¢k 5021 4.19%m  ].]4b¢  386]%c 488+  595hu
Population— 6  86.70%f 92.40%¢ 2.07¢ 5397  424¢1 123 39624 4860  7.18*¢
Population—7  76.20%"  88.10*7 166  3.95% 320k 17 27.22% 376" 6.10MP
Population — 8  82.40*1  85.70*! 1725 418 346 1.24% 2944 40700 5850
Population— 9  78.10°%  88.10%7  1.89¢% 4410 367 124 3468  44ler 6230
Population — 10 84.80°¢  88.60*"  1.99% 4557 3545 135 33.80h%  0.64Y  6.40%m
Mean 86.10 913 2.02 4.85 3.77 1.25 34.65 42 6.26
Decrease % 24.48 19.21 30.97 37.84 36.85 32.63 35.95 39.73 19.34
Wheat
l?e"reas.e % 15.93 9.65 29.95 1.28 24.52 31.81 31.29 87.71 18.52

opulations
Decrease % 32.29 24.87 39.19 43.53 46.39 63.63 53.44 51.36 23.02
Overall

Differences between the averages shown with same letters are insignificant at a level of P<0.05.

Concerning SL, the mean value was found to be
4.99 cm for bread wheat genotypes, ranging from 3.58
cm (Kirag — 66) to 6.34 cm (Demir— 2000). In einkorn
populations, the mean SL was 4.85 cm with the lowest
3.95 cm being obtained from Population- 7 and the
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highest from Population- 1 (5.46 cm). The longest SL
was recorded in Demir - 200, Pehlivan, Kenanbey, Gerek
- 79, ikizce - 96, Bayraktar - 2000, and Tosunbey as well
as einkorn populations of 1, 2, and 5. Furthermore,
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according to the results, these genotypes did not
statistically differ from each other (Table 3).

RL is an important trait affecting wheat’s
resistance to drought during the seedling and advanced
stages (Mahmoodabad et al., 2001). In this study, the
mean RL was found to be 5.22 cm and 3.77 cm in bread
wheat cultivars and einkorn populations respectively.
This shows that drought stress had more effect on the RL
of bread wheat cultivars than einkorn populations
decreasing RL by 36.85% in the former and by 24.52% in
the latter genotypes. Some researchers reported that after
the drought application, the shortening of roots was only
limited in drought-tolerant genotypes. (Miller et al,
2006; Rauf et al., 2007). In the present study, the longest
RL was observed in Bayraktar - 2000, Gerek — 79, and
Kenanbey bread wheat cultivars and einkorn Population-
5 and 6 (Table 3). Most of these bread wheat cultivars
have been released recently but Gerek — 79 is a very old
bread wheat cultivar released in 1979 but it is still the
most preferred and cultivated in the Central Anatolia of
Turkey where precipitation is very low. Longer RL
allows the plant to reach deeper into the ground and thus
provides higher yields even wunder water-limited
conditions (Miller et al., 2006). Cultivars with a longer
root structure formed deeper in the soil exhibit higher
tolerance to drought during the seedling stage (Matsui et
al., 2002). Therefore, RL and SL are drought tolerance
traits that can be used in the screening of wheat
genotypes (Noorka and Khaliq, 2007).

Among einkorn genotypes, the highest SRLR
was obtained from Population- 4 (1.76 mg) followed by
Population- 10 (1.35 mg) and Population-8 (1.24 mg).
Demir - 2000 and Giin - 91 were bread wheat genotypes
presenting with the highest SRLR (1.04 mg and 0.95 mg,
respectively). For SRLR, the einkorn populations
performed much better than the bread wheat cultivars
with the mean value being 1.25 mg for the former and
0.78 mg for the latter. Furthermore, the decrease in SRLR
due to drought stress was recorded as 32.63% for bread
wheat genotypes and 31.81% for einkorn populations
(Table 3).

Among the bread wheat cultivars, the highest
RFW value (Table 3) was observed in Kenanbey (58.46
mg), followed by Bayraktar - 2000 (55.87 mg), Momtchil
(55.02 mg), and Giin - 91 (51.55 mg). The RFW
performance of einkorn populations was lower than that
of bread wheat cultivars with a mean value of 34.65 mg
and 48.9 mg, respectively. However, the decrease in
RFW following drought stress was lower for einkorn
populations (31.29%) than in bread wheat cultivars
(35.95%). These results show that bread wheat genotypes
were more affected by drought despite their higher
productive capacity. This is consistent with the results
reported by Karakag (2016), who investigated the effect
of salt and drought on germination traits of bread wheat
and einkorn genotypes under in vitro conditions. In the
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current study, similar results were obtained for RDW
with the highest value being observed in Kenanbey (7.73
mg), followed by Bayraktar - 2000 (7.60 mg), ikizce - 96
(6.99 mg) and Giin - 91 (6.61 mg) bread wheat cultivars.
The mean RDW was 6.24 mg in bread wheat genotypes
and 4.2 mg in einkorn populations. This indicated that
bread wheat had a better RDW performance compared to
einkorn populations.

Concerning the mean RFDWR following PEG-
6000-induced drought, all the genotypes had reduced
values compared to the baseline. The decrease in
RFDWR was 19.24 % and 18.52 % in bread wheat and
einkorn genotypes, respectively. In addition, the mean
RFDWR was 6.83 mg in the former and 6.26 mg in the
latter. The highest values were found in Momtchil (7.60
mg), followed by Tosunbey (7.52 mg), Gerek - 79 (7.41
mg), Population 9 (7.18 mg), and Giin - 91 (7.02 mg).

Evaluation of the Results Using Genotype, Traits and
GGE BiplotAnalysis under Drought: The GGE biplot
method is commonly used by plant breeders to visualize
and practically present the relationships between a
genotype and its certain traits as well as the relationship
between the traits (Adjabi et al, 2014). In the current
study, a GGE biplot analysis was performed to present a
visual demonstration of the results obtained. These results
indicated that the total variation between the genotypes
and the investigated traits was 75.97 %, of which 51.51
% was represented by PC1 and 24.47 % by PC2 (Figures
5 and 6). Figure-5 shows that the bread wheat cultivars
are located on the right and einkorn populations are
located on the left of the central line. This indicates that
these two different groups of genotypes have different
behaviors for investigated traits.

120
100 ¢ y=-124,34x+111,17
& R?=0,7579
80 P <0.01
9
= 60 ¢
]
40
20 ¢
0 T
0 0,2 0,4 0,6
PEG level (M)

Figure 1. Regression graph showing relationship
between PEG level and germination rate
(GR).
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Figure 2. Regression graph showing relationship
between PEG level and germination power

(GP)
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y =-10,343x + 4,8248
= 49 4 R? = 0,8626
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0 0,2 0,4 0,6
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Figure 3. Regression graph showing relationship
between PEG level and coleoptile length (CL)

Figure 4. Regression graph showing relationship
between PEG level and root length (RL)

In a GGE biplot, genotypes located at the
corners of the polygon in a sector of an investigated trait
is considered to have the highest or lowest performance
for that trait (Abate et al., 2015). In this respect, a GGE
biplot indicates “which is best for what”. In the current
study, the polygon view of the GGE biplot (Figure 5)
shows that Population- 4 (P4) and Population- 5 (P5)
genotypes are located at the left corner of the polygon
indicating that they had the highest performance for the
GR, GP and SRLR traits. Similarly, Kenanbey (G4),
Bayraktar- 2000 (G7), Gerek- 79 (G1), and Momtchill
(G6) are seen in the sector of the SL, CL, RDW, RL,
RFW, RDW, and RFDWR traits, which demonstrates
their better performance for these traits. However, in
Figure 5, Populations- 7 to 10 (P7 to P10) and G3 Kirag-
66 (G3) and Tosunbey (G8) genotypes are located at the
corners outside the two sectors further from the origin,
indicating that they had weak or undesirable traits.

Bl ¥R T

03 0z a1 k=] =R [=E=) os L=

POl -SL51%

Srcatter plot (Total - 75 97303

<o)

o

LA T

Pl - 51519

Figure 5.GGE biplot of the relationships
betweengenotype and traits under drought
stress

Figure 6. GGE biplot of the relationships between traits
under drought stress

+ : Examined traits, x: Genotypes (1 - Gerek-79; 2 - Tkizce-96; 3 - Kirag-66; 4 - Kenanbey; 5 — Flamura - 85; 6 -
Momtchill; 7 — Bayraktar - 2000; 8 - Tosunbey; 9 — Pandas; 10 - Pehlivan; 11 — Demir — 2000; 12 — Giin - 91; P1 —

1979
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Population - 1; P2 - Population - 2; P3 - Population - 3; P4 -: Population - 4; P5 - Population - 5; P6 - Population - 6; P7 -
Population - 7; P8 - Population 8; P9 - Population - 9; P10 - Population-10

Ranking hiplot (Totl- T597% ) e Conmparisonbiplot (Total - TS.97 %,
03 , .l"-"‘: p1 L3 T 2 -
_ x 37
0z g 1?3_ % .:J?L =
H 12 -
01| 4SE SSEM Y = i
= 0 ity -+ :
= ™ an o _1 /
o P10 y=lu} E =2
o 0 s FOWR o : o
02 - \ 02
o Pl Sl & = -t
3 : <t LU 310
i GE
04 -0+
33 433
-0 (5] T
-0 R -0l -on 0l [ [} [E3
PC1-51.51% PCl - 51.51%0
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Figure 6., presents the inter relationships information for the selection of superior chickpea

between the examined traits. The angle between the
vectors of the traits represents the correlation between
them (Kendal and Sayar, 2016). Angles in a GGE biplot
are used to determine the level of relationships between
the traits under investigation. According to GGE biplot
methodology, if the angle between the vectors
representing two traits is 90° or lower, there is a strong
relationship or correlation between these traits (Yan and
Kang, 2003). In this study (Figure 6), this angle was
lower than 90° between SL, CL, RDW, RFW, RL, and
RFDWR for most bread wheat cultivars, indicating a
strong relationship between these traits. In addition, a
strong relationship was observed between GR, GP, and
SRLR that were better represented by einkorn
populations. Having a higher tolerance to drought stress
at early developmental stages including germination is
important for healthy germination and vigorous wheat
production particularly under rainfall conditions.
Therefore, determination of wheat genotypes, landrace,
and wild relatives with a high GR and GP under drought
conditions is vital for successful outcomes in breeding
programs. Sayar et al. (2008) and Alian et al. (2000)
reported similar results following their in vitro evaluation
of wheat and tomato genotypes against drought and
salinity. Sayar and Han (2015) reported that the GGE
biplot was useful to visualize interaction between traits
and genotypes, and provided clustering genotypes or
traits based on the mean values. The different clusters
visualized in GGE biplots provide an understanding of
the relation or correlation between genotypes or traits,
also genotype by traits (Yan, 2001). Maqgbool et al.
(2015) reported that the GGE biplot offered useful
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genotypes under variable water conditions and Basha et
al. (2015) reported similar results to our study
demonstrating a positive correlation between the RL, SL
and CL at different PEG levels during the seedling stage
of tomato. Dorffling et al. (1997) reported that wild and
primitive wheat genotypes under in vitro conditions had
increased frost tolerance and higher proline levels.
Similarly, a higher variation was determined between
modern and wild species of potato in terms of their
seedling traits under in vitro conditions (Arvin and
Donnely, 2008).

The mean examined traits of genotypes were
evaluated using average environment axes (AEA) as
shown in Figures 7 and 8. The genotypes with both high
mean and stability regarding all traits is considered as an
ideal genotype. A line drawn through the biplot origin is
called the average environment axis and serves as absisca
of AEA. Genotypes are separated by the AEA ordinate
(axis) and genotypes having a shorter absolute length of
projection in either direction of the AEA ordinate
(genotypes located closer to AEA abscissa) indicate that
these genotypes have a higher mean and are stable for the
examined traits (Yan and Kang, 2003). According to the
ranking and comparison of genotypes based on their traits
(Figures 7 and 8), Giin-91 (G12) was an ideal genotype.
Bread wheat genotypes, Kenanbey (G4), Bayraktar-2000
(G7), Demir-2000 (G11) and ikizce-96 (G2), and einkorn
Populations 1, 3, 5 and 6, had a similar performance with
Giin-91. Furthermore, these genotypes can also be
considered ideal since their values for all the examined
traits were above the mean values. Other researchers
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reported similar results for wheat, triticale, and potato
(Aktas, 2016; Lule et al., 2014; Hassanpanah, 2011).
According to the results of the cluster analysis,
both populations were distributed into two groups (Figure
9). The bread wheat cultivars were clustered under one
group (Group 1) and einkorn populations under another
group (Group 2). Group 1 was further divided into four
sub-groups as follows: Gerek - 79 and Momtchil cultivars
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in the first sub-group; Kenanbey, Bayraktar — 2000, and
Giin - 91 in the second sub-group; ikizce - 96, Pandas,
and Demir - 2000 in the third sub—group, and Pehlivan,
Flamura — 85, and Tosunbey in the last sub-group. Each
sub-group had a similar performance or behavior for the
investigated traits. Group 2 was divided into two sub-
groups; the first containing Populations 1 to 6 and the
second consisting of Populations 7 to 10.
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Figure 9. Results of the cluster analysis examlned traits based

Conclusion: This study showed that significant
differences were present among the genotypes for the
traits under investigation. However, the results of this
study clearly show that the values of all traits in both
bread wheat and einkorn genotypes decreased following
PEG - induced drought compared to the baseline. The
einkorn populations performed very well under stress
conditions and had better GR and GP; therefore, we
recommend that these genotypes can be used as genitors
for the development of genotypes with better GR and GP
under drought stress conditions for healthy germination
and strong vigorous growth. The bread wheat cultivars,
particularly Demir— 2000, Giin - 91, Gerek— 79, and
Kenanbey, produced better results for CL, RL, RFW, and
RDW; thus, they are considered to be good candidates for
drought resistance studies conducted under field or in
vivo conditions. Although these bread wheat genotypes
produced higher bio-materials for some of the traits at all
PEG levels, the proportion of decrease among the einkorn
wheat populations due to PEG was lower for almost all
the examined traits compared to bread wheat genotypes.
These results indicate that einkorn wheat has better
drought tolerance traits at the seedling stage. We believe
that further combined field and in vivo experiments based
on the results of this study will greatly contribute to the
literature.

1981

on drought stress
REFERENCES

Abate, F., F. Mekbib, and Y. Dessalegn (2015). GGE
Biplot analysis of multi-environment yield trials
of durum wheat (Triticum turgidum Desft.)
genotypes in North Western Ethiopia. American
J. Experimental Agriculture 8(2): 120-129.

A., H. Bouzerzour, and A. Benmahammed

(2014). Stability analysis of durum wheat

(Triticum  durum  Desf.) grain yield. J.

Agronomy, 13-(3): 131.

Aktas, H., (2007). The morphological and molecular
characterization of wild diploid wheat (7.
monococcum ssp. boeoticum) originated from
Turkey. Msc. Thesis. Cukurova University, pp.
67

Aktas, H., (2016). Tracing highly adapted stable yielding
bread wheat (Triticum aestivum L.) genotypes
for greatly variable South-Eastern Turkey.
Applied Ecology and Environmental Research
14(4): 159-176

Ali, M.B., and A.N. El-Sadek (2016). Evaluation of
drought tolerance indices for wheat (7riticum
aestivum L.) under irrigated and rain-fed
conditions. Com. Bio. Crop Sci. 11: 77-89

Alian, A., A. Altman, and B. Heuer (2000). Genotypic
difference in salinity and water stress tolerance
of fresh market tomato cultivars. Plant Science
152: 59-65.

Adjabi,



Aslan et al.,

Arvin M.J., and D.J. Donnely (2008). Screening potato

cultivars and wild species to abiotic stresses

using an electrolyte leakage bioassay. J. Agric.

Sci. Technology 10: 33-42

A., and B. Ashraf (2017). Cultivated ancient

wheats (Triticum spp.): A potential source of

health-beneficial food products. Compreh.

Reviews in Food Sci. & Food Safety 16 (1):1-12

Aslan, D., N. Zencirci., M. Et6z., B. Ordu, and S. Bataw
(2016a). Bread wheat responds salt stress better
than einkorn wheat does during germination.
Turkish J. Agric. For. 40(5), 783-794

Aslan, D.,B. Ordu., and N. Zencirci (2016b). Einkorn
wheat (Triticum monococcum ssp. monococcum)
tolerates cold stress better than bread wheat
(Triticum aestivum L.) during germination. J.
Field Crops CRI 25(2), 182-192

Baloch, M. J., J. Dunwell, A. A. Khakwani, M. Dennet,
W.A. Jatoi, and S. A. Channa (2012).
Assessment of wheat cultivars for drought
tolerance via osmotic stress imposed at early
seedling growth stages. J. Agric. Res. 50: 299-
310

Baloch, F. S., A. Alsaleh, E. E. Andeden, R. Hatipoglu,
M. Nachit, and H. Ozkan (2016). High levels of
segregation distortion in the molecular linkage
map of bread wheat representing the West Asia
and North Africa region. Turk J Agric Forestry
40 (3): 352-364.

Baloch, F.S.,A. Alsaleh, M.Q. Shahid, V. Cift¢i, L.E.S.
de Miera, M. Aasim, M.A. Nadeem, H.Aktas, H.
Ozkan, and R. Hatipoglu (2017). A Whole
genome DArT seq and SNP analysis for genetic
diversity assessment in durum wheat from
Central Fertile Crescent. PLoS One, 12(1): 1-18.

Basha, P.O., G. Sudarsanam, M.M.S. Reddy, and S.
Sankar (2015) Effect of PEG induced water
stress on germination and seedling development
of tomato germplasm. International J. Recent
Scientific Research 6 (5): 4044-4049

Blum, A., (2005). Drought resistance, water-use
efficiency and yield potential are they
compatible, dissonant or mutually exclusive?
Australian J. Agric. Research 56: 1159-1168

Cattivelli, L., F. Rizza, F.W. Badeck, E. Mazzucotelli,
AM. Mastrangelo, E. Francia, C. Mare, A.
Tondelli, and A.M. Stanca (2008). Drought
tolerance improvement in crop plants: an
integrated view from breeding to genomics.
Field Crops Research 105: 1-14

Chachar, M., N. Chachar, S. Chachar, Q. Chachar, S
Mujtaba, and A. Yousafzai (2014). In-vitro
screening technique for drought tolerance of
wheat (Triticum aestivum L.) genotypes at early
seedling stage. J. Agricultural Technology 10(6):
1439 1450

Arzani,

1982

The J. Anim. Plant Sci. 27(6):2017

Dorffling, K., H. Dorffling, and G. Lesselich (1997).
Heritable improvement of frost tolerance in
winter wheat by in vitro-selection of hydroxyl
proline-resistant proline over producing mutants.
Euphytica 93: 1.

Eren, H., M.Y. Pekmezci, S. Okay, M. Turktas, B. Inal,
E. Ilhan, M. Atak, M. Erayman, T. Unver, and
C.T. Unver (2015). Hexaploid wheat (Triticum
aestivum L.) root miRNome analysis in response
to salt stress. Annalls of Applied Bio. 167: 2-30.

Genstat (2009). VSN International, Hemel Hempstead,

UK. Web page: GenStat.co.uk

K., and A.A. Gomez (1984).Statistical
procedures for agricultural research, 2" Edition.

John Wiley and Sons. New York. Pp 680.

Hassanpanah, D., (2011) Analysis of GXE interaction
using the additive main effects and
multiplicative interaction (AMMI) in Potato
cultivars. Afr. J. Biotechnology 10: 154-158.

Karagéz, A., and N. Zencirci (2005).Variation in wheat
(Triticum spp.) landraces from different altitudes
of three regions of Turkey. Genetic Resources
and Crop Evolution 52:775-785

Karakas, F.P (2016). Effects of drought and salinity stress

on early seedling growth and antioxidant activity

in hulled einkorn (7riticum monococcum ssp.

monococcum) and bread (Triticum aestivum L.)

wheats. Tarla Bitkileri Merkez Arastirma

Enstitiisii Dergisi 25: 107-116.

D. and M. Yagmur (2005).Variations in
seedling characters of some wheat and barley
genotypes during germination. Pakistan J. Biol.
Science 8: 1207-1211.

Kendal, E., and S. Sayar (2016). The Stability Of Some
Spring Triticale Genotypes Using Biplot
Analysis. The J. Animal and Plant Sciences,
26(3): 754-765

Khodabandeh, N. (2003). Cereals. Seventh Edition,
Tehran University Press, pp: 78-111.

Lule, D., K. Tesfaye, and G. Mengistu (2014). Genotype
by environment interaction and grain yield
stability analysis for advanced Triticale (X.
Tritico secale Wittmack) genotypes in Western
Oromia. Ethiopia. Ethiop. J. Science 37: 63-68.

Magbool, M. A., M. Aslam, H. Ali, T.A. Shah, and B.M.
Atta (2015). GGE biplot analysis based on
selection of superior Chickpea (Cicer arieticum
L.) inbred lines wunder variable water
environments. Pakistan J. Bot. 47(5): 1901-1908

Mahmoodabad, R.Z., S.J. Somarin, M. Khayatnezhad,
and R. Gholamin (2001).Effect of cold stress on
germination and growth of wheat cultivars.
Advances in Environmental Biology 5: 94-97.

Mahmoodzadeh, H., F.K. Masoudi, and H. Besharat
(2013).Impact of salt stress on seed germination

Gomez,

Kaydan,



Aslan et al.,

indices of five wheat cultivars. Ann. Bio.
Research 4: 93-96

Matsui, T., S. Inanaga, T. Shimotashiro, and Y. Sugimoto
(2002). Morphological characters related to
varietal differences in tolerance to deep sowing
in wheat. Plant Prod. Science 5: 169-174.

Miller, AK., G. Galiba, and J. Dubcovsky (2006).
Dubcovsky A cluster of 11 CBF transcription
factors is located at the frost tolerance locus Fr-
Am-2 in Triticum monococcum. Mol Gen
Genomics 275: 193-203

Mujtaba, S.M., S. Faisal, M.A. Khan, S. Mumtaz, and B.
Khanzada (2016). Physiological studies on six
wheat (Triticum aestivum L.) genotypes for
drought stress tolerance at seedling stage. Agri
Res & Tech: Open Access J. 1(2): 555-559.

Noorka, I. R., and I. Khaliq (2007).An efficient technique
for screening wheat (Triticum aestivum L.)
germplasm for drought tolerance. Pakistan J.
Bot. 39(5): 1539-1546.

Rahaie, M., G.P. Xue, and P.M. Schenk (2013). The role
of transcription factors in wheat under different
abiotic stresses. Development 2: 59.

Rajaram, S., (2001).Prospects and promise of wheat
breeding in the 21st century. Euphytica 119: 3-
15.

Razmjoo, M., R. Mohammadi, and L. Shooshtari (2015).
In vitro evaluation of durum wheat genotypes
for drought tolerance. J. New Biological Reports
4(1):33-40

Rauf, M., M. Munir, M.U. Hassan, M. Ahmad, and M.
Afzal (2007).Performance of wheat genotypes
under osmotic stress at germination and early
seedling growth stage. African J Biotech. 6(8):
971-975.

Rebetzke G.J., R.A. Richards, N.A. Fettell, M.A. Long,
G. Condon R.I. Forrester, and T.L. Botwright
(2007). Genotypic increases in coleoptile length
improves stand establishment, vigour and grain

1983

The J. Anim. Plant Sci. 27(6):2017

yield of deep-sown wheat. Field Crops Research

100: 10-23.
Sayar, R., H. Khemira, A. Kameli, and M. Mosbahi
(2008). Physiological tests as predictive

appreciation for drought tolerance in durum
wheat  (Triticum  durum  Desf)). Agron.
Research 6 (1): 79-80.

Sayar, M.S. and Y. Han (2015). Determination of seed
yield and yield components of grass pea
(Lathyrus sativus L.) lines and evaluations using
GGE biplot analysis method. Tarim Bilimleri
Dergisi J. Agric. Science 21(1): 78-92.

Shahzad, A., M. Igbal, M. Asif, A.H. Hirani, and A.
Goyal (2013). Growing wheat on saline lands:
Can a dream come true? Australian J. of Crop
Science 7: 515-524.

Wani, S. H,, P. A. Sofi., S. S. Gosal, and N. B. Singh
(2010). In vitro screening of rice (Oryza sativa
L) callus for drought tolerance.
Communications in Biometry and Crop Sci.
5(2): 108-115

Yan, W (2001). GGE biplot-A windows application for
graphical analysis of multi-environment trial
data and other types of two-way data. Agron. J.
93(5): 1111-1118.

Yan, W., and M.S. Kang (2003). GGE biplot analysis: A

graphical tool for breeders, geneticists and

agronomists. CRC press, Boca Raton, FL

N., and A. Karagéz (2005). Effect of
developmental stages length on yield and some
quality traits of Turkish durum wheat (7riticum
turgidum L. convar. Durum Desf.)) Mackey
landraces: Influence of developmental stages
length on yield and quality of durum wheat.

Gen. Res and Crop Evoluation 52 (6): 765-774.

Zobel, R'W., M.G. Wright, and H.G. Gauch (1988).
Statistical analysis of a yield trial. Agri. J. 80:
388-393.

Zencirci,



