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Extended abstract

Introduction

Wheat is the most important crop that occupies the most area under rainfed cultivation. Drought stress
is the most important factor in wheat yield reduction. The scope of this stress is expanding day by day
in the world. Drought resistance is a quantitative trait with a complex phenotype that is affected by plant
growth stages. Breeding requirements for resistance to drought stress in wheat are two factors: high
genetic diversity among cultivated:and wild:genotypes of wheat and selection based on traits related to
this resistance. One of the important strategies to deal with moisture stress is using wild relatives of
wheat, especially the genus Aegilops, as one of the important gene sources containing genes for
resistance to environmental stresses. Based on this limitation, the use of wild wheat relatives is one of
the important goals of wheat breeding programs. This research aimed to evaluate the relationship
between grain yield and,32 different phenological and agro-physiological traits in ten ecotypes of
Aegilops tauschii which was carried out under moisture-stress conditions and for two period.

Materials and methods

This study was conducted for two consecutive periods in the research greenhouse of the Faculty of
Agriculture of Bu-Ali Sina University in Hamedan. In this study, 33 phenological, morphophysiological,
and root traits were evaluated in ten ecotypes of diploid wheat Aegilops tauschii (2n=2x=14, DD) under
drought stress conditions. These ten different ecotypes of Aegilops tauschii were collected from different
geographical regions of Iran.The mentioned ecotypes were evaluated in a randomized complete block
design with three replications. At first, the seeds of the plant samples were grown in seedling trays
containing equal proportions of perlite and cocopeat. Then, for the vernalization of the plants, after the
initial germination of the seeds, in the two-leaf stage of the seedlings, the culture trays were moved to a
cold room with a temperature of 4 degrees Celsius for about 35 days. After this stage, the vernalized
seedlings were transferred to 10 kg pots, containing a combination of agricultural soil, sand, and rotted
animal manure at a ratio of 50, 25, and 25%. After transplanting, the pots were irrigated at 100 percent
of the soil's field or pot capacity for about two weeks. Then, in order to apply drought stress treatment,
the humidity of the pots was kept at 45% of the field or pot capacity until the plants were harvested, by
weighted moisture method.
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Results and discussion

Economic yield has a positive and significant correlation (p<0.01) with the traits of grain water use
efficiency, peduncle length, plant harvest index, main spike weight, grain weight in main spike, number
of fertile spikes per plant, thousand-grain weight, plant height, excited leaf water retention, number of
grains per plant, peduncle weight and leaf surface index. This was despite the fact that most of the
phenological and root traits had a significant negative correlation with grain yield. According to the
stepwise regression results, the traits of grain water use efficiency and the number of fertile spikes per
plant with a positive coefficient and the traits of root diameter and days to heading, with a negative
coefficient, as the most important traits affecting grain yield, were entered into the regression model
respectively. The results of the path analysis indicated that the trait of grain water use efficiency had the
most direct and positive effect on increasing grain yield. Also, the trait of water use efficiency, through
the trait of day to heading, had the most negative indirect effect on grain yield.

Conclusion

According to our findings, the selection based on higher values of grain water use efficiency and the
number of fertile spikes per plant and lower values of phenological .and‘root traits may lead to
improvement of wheat grain yield under drought stress conditions.
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Table 1. Information of the studied Aegilops tauschii ecotypes
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Table 2. The studied traits in this research
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Table 3. Correlation between different traits of Aegilops tauschii ecotypes under the condition of 45% pot capacity and

during two growth periods

Traits DTH DTA DTM GFP SPAD PH PEL LN
DTH 1

DTA 0.989™ 1

DTM 0.842™ 0.885™ 1

GFP -0.492" -0.435" 0.033 1

SPAD -0.303 -0320 -0.246 0.222 1

PH -0.802™ -0.800™ -0.724™ 0.306 0.219 1

PEL -0.770™ =0.739™ -0.727" 0.177 0.251 0.645™ 1

LN -0.263 -0!326 -0.392 -0.059 -0.332 0.116 -0.044 1
TN -01269 -0.352 -0.427" =0.069 -0.378 0.142 -0.021 0.992™
FSNPP -0.570™ -0.612™ -0.619™ 0.121 -0.146 0.366 -0.277 0.576™
SNPS -0:366 -0.346 -0.297 0.169 -0.183 0.062 -0.030 0.772™
PEW {0:4821 -0.394 -0.251 0.330 0.159 0.425°  0.576™ -0.148
SNPMS -0.210 -0.218 -0.173 0.135 -0.309 -0.021  -0.085 0.792™
SNPP -0.461 -0.504" -0.508" 0.107 -0.194 0.157 0.055 0.719™
MSW -0.690% -0.635™ -0.550™ 0.277 0.218 0.639™  0.791" 0.006
SWPMS -0.676™ -0.615" -0.528™ 0.277 0.204 0.611™  0.785" -0.010
MSTW -0.532™ -0.478" -0.369 0.299 0.313 0.658™  0.610™ -0.195
TGW -0.557™ -0.501™ -0.452" 0.187 0.535™ 0.496°  0.788™ -0.367
EYPP -0.810" -0.799™ -0.812™ 0.123 0.197 0.609™  0.786™ -0.276
BYPP 0.118 0.163 0.246 0.123 -0.677" -0.226  -0.177 0.562"
PHI -0.657™ -0.657™ -0.713™ 0.026 0.512™ 0.522"  0.696™ -0.067
LA -0.425 -0.490" -0.591™ -0.086 -0.310 0.280 0.366 0.666™
RWC 0.200 0.270 0.404" 0.213 0.062 -0.278  -0.049 -0.514
ELWR -0.564™ -0.651™ -0.826™ -0.196 0.053 0.521™ 0.386 0.568™
WU 0.561™ 0.481" 0.365 -0.323 -0.170 -0.415"  -0.838™ 0.229
GWUE -0.785" -0.761™ -0.767" 0.140 0.265 0.558™  0.868™ 0.145
BWUE 0.008 0.063 0.170 0.189 -0.611™ -0.166  -0.049 0.549™
MRL 0.706™ 0.744™ 0.806™ -0.032 -0.373 -0.608™  -0.425" -0.355
RV 0.402" 0.411 0.364 -0.175 -0.485°  -0.523"  -0.354 0.478°
RDW 0.774™ 0.810™ 0.787™ -0.207 -0.328 -0.792"  -0.592™ -0.169
RA 0.661™ 0.684™ 0.651™ -0.204 -0.599"  -0.678" -0.507™ 0.141
RD 0.674™ 0.723™ 0.724™ -0.153 -0.297 -0.706™ -0.509™ -0.094
RDW/SDW -0.325 -0.398 -0.486" -0.085 -0.279 0.140 0.001 0.966™




Table 3. Continued

aolsl ¥ Jgus

Traits TN FSNPP  SNPS PEW  SNPMS  SNPP MSW  SWPMS
TN 1
FSNPP 0.566™ 1
SNPS 0.794™ 0.311 1
PEW -0.107 -0.067 0.018 1
SNPMS 0.817" 0.219 0.958"  -0.058 1
SNPP 0.707* 0912 058"  -0.185 0.507" 1
MSW 0.062 0.047 0.188 0.819™ 0.097 -0.068 1
SWPMS 0.049 0.021 0.188 0.827" 0.101 -0.084 “50.997" 1
MSTW -0.154 -0.071 -0.160  0.703™ -0.184  -0.284 0587  0.583"
TGW -0.326 -0.126 -0.167  0.773" -0.272 0298 4.0.854"  0.859"
EYPP 0.302 0.652™ 0.229 0.505" 0.099 0509" .. 07205  0.706™
BYPP 0.581" 0.170 0510  -0.060 0.627%  0.300 20.091  -0.079
PHI -0.044 0.221 0.109 0.432" -0.065 0.133 = 0724  0.715"
LA 0.708™ 0.499° 0.439" -0.097 0.482"(  0.497 0.199 0.178
RWC -0.495" -0.193 -0.261 -0.058 0268  -0.123  -0.229  -0.219
ELWR 0.580" 0.559™ 0.407* -0.002 0.304:.. 0528  0.335 0.305
wWu 0.158 0.001 0.006  -0.529"  -0.003 0.126  -0.716"  -0.724"
GWUE 0.186 0.502™ 0.184 0.575" 0.064 0.361  0.786™  0.776™
BWUE 0.575™ 0.197 0.522™ 0.142 0.640"  0.313 0.006 0.021
MRL -0.380 -0.384  -0453" " -0.212 0330 -0.422°  -0.474°  -0.470°
RV 0.486" -0.063 0.384 -0.231 0.531"  0.106 0342 -0.321
RDW -0.181 -0.423°  -0.125 -0.304 0.010 -0.277  -0.595"  -0.569™
RA 0.133 <0.180 -0.007 20.290 0.147 -0.097  -0.551" -0.532"
RD -0.097 -0.443°  -0.050 -0.195 0.110 -0.291  -0.480"  -0.441°
RDW/SDW 0.950" 0.679™.  0.682°  -0.160 0.674™ 0786  -0.006  -0.023
Table 3. Continued alol .Y Jgus
Traits MSTW TGW EYPP BYPP PHI LAI RwWC ELWR
MSTW 1
TewW 0.633% 1
EYPP 0.317 0.615™ 1
BYRP -0.095 -0.419° -0.093 1
PHI 0.266 0.766"  0.783"  -0.533" 1
LA 0.033 -0.067 0.393" 0.192 0.193 1
RWC -0.092 -0.015 -0.223 0.069 -0.199 -0.391 1
ELWR 0.005 0.156 0.584™ -0.212 0597  0.715"  -0.643" 1
WU -0.521"  -0.689"  .0538" 0012  -0502"  -0.127 -0.188 0.02
GWUE 0.380 0.736"  0.970" -0.130 0.826™ 0.347 -0.188 0.501"
BWUE -0.002 -0.309 0.007 0.985"  -0.454’ 0.227 0.093 -0.210
MRL -0.294 0399  -0.605" 0.335 -0.661™  -0.399 0.457° -0.694™
RV 0221 -0503"  .0345  0.782"  -0.656™  0.135 0.082 -0.338
RDW -0.358 -0495"  .0.698™ 0.458" -0.761"  -0.440° 0.333 -0.740™
RA -0.288  -0.609”  .0559™  0.698"  0.834™  -0.139 0.302  -0.599"
RD -0.195 -0.380 0611 0504  -0.740"  -0.402° 0.338 -0.783"
RDW/SDW | -0.217 -0.333 0.363 0.424° 0.014 0.711™  -0.543"  0.643"




Table 3. Continued alolY Jgoo

Traits wu GWUE  BWUE MRL RV RDW RA RD RDVV\\// SD
wu 1

GWUE -0.673" 1

BWUE -0.124 -0.014 1

MRL 0.174 -0.561" 0.267 1

RV 0.189 -0.358 0.770" 0.331 1

RDW 0.257 -0.645™ 0.407 0.706™ 0.677" 1

RA 0.288 -0.566™  0.649"  0.719" 0.865"  0.850™ 1

RD 0.179 -0.571" 0.490° 0.553" 0.791" 0.912 0.859™ 1

RDW/SDW | 0.266 0.209 0.418 -0.400 0.365 -0.275 0.055 -0.201 1
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5o axbaws olass (SNPPS w5y jo j9)L alaws slass (FSNPP a5gy jo azyy olass (TN Sy slow LN @SSlay Jsb (PL gy gl
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*and ™ indicate significance at the 5% and 1% levels, respectively.
DTH: Days to heading, DTA: Days to anthesis, DTM: Days to maturity, GFP: Grain filling period, SPAD: Chlorophyll content,
PH: Plant height, PL: Peduncle length, LN: Leaves number, TN: Tillers number per plant, FSNPP: Fertile spikes number per
plant, SNPPS: Spikelet number per spike, SNPMS: Seed number per the'main spike, MSTW: Main stem weight, SNPP: Seed
number per plant, MSW: Main spike weight, SWPMS: Seed weight.per the main spike, PEW: Peduncle weight, TGW:1000-
grain weight, EYPP: Economical (grain) yield per plant, BYPP:.Biological yield per plant, PHI: Plant harvest index, LA: Leaf
area, RWC: Relative water content, ELWR: Excied leaf water retention, WU: Water use, GWUE: Grain water use efficency,

BWUE: Biological water use efficency, MRLMain root lenght;, RA:Root area, RD: Root diameter and RDW/SDW: Root to
shoot dry weight ratio.
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Table 4. Mean compression of economic yield per plant and some yield-related traits in 10 Aegilops tauschii ecotypes
under the condition‘of 45%.pot capacity and during two growth periods

SIS 1y 3 loni! S dils o

e el iy 0T G e Uhe elady e 0 T .
Ecotype MSW gho! o TGW DTM MRL - *#
SWPMS GWUE EYPP
g day cm gml?t g

All 0.098 cde 0.096 cde 15.093¢ 223.0¢ 33.5bcd 0.011 be 0.343°¢
Al2 0.143bc 0.143 ke 23.362° 218.8¢ 27.3¢c 0.0180 0.465 be
Al3 0.132 bed 0.120 cd 18.086"° 232.0°¢ 39.0° 0.0150 0.492 be
Al4 0.095 cde 0.093 cde 19.694bc 231.8° 34.3 bed 0.011 bc 0.311°¢
Al5 0.110 cde 0.110 cde 7.487¢ 241.8° 30.4 bed 0.018¢c 0.418 b¢
Al6 0.085 0.082 de 15.8° 266.52 36.2 be 0.010°¢ 0.228°¢
Al7 0.068 ¢ 0.068 ¢ 12.78¢ 243.1° 31.1 bed 0.015 e 0.506 b©
Al8 0.123 bed 0.123 < 17.708b¢ 265.02 49,38 0.020 e 0.456 b©
A19 0.225¢8 0.225¢ 41.9072 185.0¢ 26.1¢ 0.040% 0.801%
A20 0.172° 0.172° 24.946° 228.2°¢ 32.6 bod 0.024° 0.608 @

dlios (5)les olaw 50 jlodme Dol pas SUlo g yo 50 i B>
32 055 TGW ( Sarw, b 55, :DTM Lol asy, Jsb (MRL ails U1 G yae )15 :GWUE wigy jo (ails) solazdl o Sloe :EYPP
kol Al 59 IMSW 5 Lol alcs jo ails 55 :SWPMS (ails

Similar letters in each column indicate no significant difference in treatment levels.

EYPP: Economical yield per plant, GWUE: Grain water use efficiency, MRL: Main root length, DTM: Days to maturity,
TGW:1000-grain weight, SWPMS: Seed weight per the main spike, MSW: Main spike weight
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Table 4. Stepwise regression results of Aegilops tauschii ecotypes under the condition of 45% pot capacity and during

two growth periods

SS9 )5y il b ST (o b

O Sy Jol 0 5["’5" Regression coefficients Cumulative
Regression Joo 4 0us 8l Wl fao determined
steps Entered traits in model Constant X1 X2 X3 X4 coefficient
1 ol Srae o o141 1738 ] ] - 70.60™
GWUE: X1
2 S opbaldedlad g 015 1756 0.023 - - 77.87"
FSNPP: X2
3 “irB 0072 1741 0038 -0.300 4 - 78.81*
RD: X3
4 ool Ui 0036 1896 0.044 0475 <0.200 79.66"
DTH: X4

GWUE: Grain water use efficiency, FSNPP: Fertile spikes number per plant, RD: Root diameter, DTH: Day to heading
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Table 6.The results of path analysis Aegilops tauschii ecotypes under the condition'of 45% pot capacity and during two

growth periods

. . b Son 5
@ b 3] i s 531 ? O e
’ ) . Indirect effect by... 4l 0 ,Sdos
Olas  puilivme Correlation with
Traits Direct effect XL X2 X3 x4 grain yield
(GWUE:X1)  ails o G pao 2,5 0.819 0.411. ~ +0.468  -0.644 0.97™
(FSNPP:X2) 395b alcaw ol 0.204 0.102 -0.091  -0.117 0.652™
(RD:X3) sy yad -0.044 0.024 0.019 - -0. 021 -0.616™
(DTH:X4) soaliww U 39) -0.030 0.023 0.017 -0.015 - -0.811™

Residual effect=0.145

VRS moulegdly il

GWUE: Grain water use efficiency, FSNPP: Fertile spikes number per plant, RD: Root diameter, DTH: Day to heading

Wipd o AR SRS 4 ) 293 (2lea
Glpels b IS sbancnls aalys oYL o Sles
90 o] Buas olawly (il g el asls il
Sl (S22 ST RIS 50 g) Ko Caddee sl jlre
A5 Lalpalhe golzar Gl SO Gl Wl oe oS

g oslaiwl Sis

AR
G s8] Bz (pl aliee Lyl )l )0 g Budidd (pl @l b
Slio | Pt polie (il b (556 sl AL9
039 scshel a3 ails (559 (ol alew (59 il & Shoe
G955 o oslas plsied (ol Brae Glenly g ails lie
polie il b ALE oSl a5 e b olulis
g Pk U 59, Cho o So5edeid Slao Sl 65 s

Solomon and) eas &5, » 8 Ollas o
a5 ,lbl (Labuschagne, 2004; Dencic et al., 2000
» el b W 50 o)l A sl Cdo S
S 08 ol Ol oalple el o Slee a8l
(g paiS 3 3 Sles p She g pe Slae glulil
(e el ()5 paiS 0 DLl sl aollae Sl
el (Sas s Ll ol Gpae S5 gl
adllas o (Rahimi, 2019) sgi 0 o Slae il
Moosavi et al.,) paiS isuasl slacsY 3, 2 6,50
G 50 Soielgm o, Shee g clils p asls wlas (2016
wls 3 ,Shoe 1y rditans 555 (2 5 s (st ot L)
O s (LS eogiiuny S Grizren isls (LA
s (pl g wls 3 Sles (e st Sl 00
Soond lgoby A & placais) 45 wed e la



woly iz cpl o ead adllls glacuigST o asls
Slgn wls Gudizs ol 5l sawlcwwsa s ol ecnl by
olawy g ol Brae ledily Cias g0 JYL polie 5l solazul
9 @aliw b g, Cdo 58 polie g &gy 50 59)b alin
Slp wobe g ool Cod a4y Sl lyieds ity
solsa Sl slbasly Glp asls slacwsssT oluls

Sl slprig 1) (Sas s byl ol cod pass

Aghaee-Sarbarze, M., Amini, A., 2013.
Evaluation of agronomic characteristics of
synthetic wheat genotypes. Seed and Plant
Journal,  1(29), 25-44. [In  Persian].
https://doi.org/10.22092/spij.2017.111141

Ali, I.H., 2012. Heritability, variability, genetic
correlation, and path analysis for quantitative
traits in durum and bread wheat under dry
farming conditions. Mesopotamia Journal of
Agriculture, 40, 27-39.
https://doi.org/10.33899/magrj.2012.59640

Alizadeh, A., 2006. Soil, water-plant relationship.
Astane of Ghodse of Razavi Publication. 472p.

Ashraf, M., 2010. Inducing drought tolerancexin
plants:  Recent advances. Biotechnology
Advances. 28; 169-183.
https://doi.org/10.1016/j.biotechadw.2009.11:005

Blum, A., Chen, X., 2011. Plant:Breeding for
Water-Limited Environments. New York,
Springer  Press. ¢ https://doi.org/10/1007978-1-
4419-7491-4

Budak, H:, Akpinar, B.A., Unver, T., Turktas, M.,
2013. Proteome changes in wild and modern
wheat leaves. upong drought stress by two-
dimensional. electrophoresis and nano LC-ESI-
MS/MS.. Plant-Molecular and Biology, 83, 89-
103."https:i//dei.org/10.1007/s11103-013-0024-5

Dencic, S:, Kastori, R., Kobiljski, B., Duggan, B.,
2000. Evaluation of grains yield and its
components in wheat cultivars and landraces
under near-optimal and drought conditions.
Euphytica, 113, 43-52.
https://doi.org/10.1023/A:1003997700865

Fazelinasab, B., Sobhanizadeh, A., Ramshinini,
A.H. 2015. Study of wheat status in Iran from
years 1995-2010”. International Conference on
Economics Management and  Agricultural
Sciences. Bandar Anzali, Iran. [In Persian].

Fleury, D., Jefferies, S., Kuchel, H., Langridge, P.,
2010. Genetic and genomic tools to improve
drought tolerance in wheat. Journal of

Co iy (nFoallacl lyiea (ol ady; Job o
IS L wad olobid ragh ool yo (Sis s llys
ol e 3l plg wli Koo (ush) uled o les]
Slas o jlo,S solaul ST solia slaaslip 1o Coxex
9 abw slasi 5 Ol Brae )5 Cdo 90 0ad )
5 Ssled Slao 5 pediese Cute SIS e o
S flos St ) i (i Pl B late,

&l

Experimental Botany. 61(12), 3211-3222.

https://doi.org/10.1093/jxb/erq252

Harb, S., Khodarahmiand, My Sorkhi, B., 2012.
Evaluation of genetic.diversity for morphological
and phenological traits in Iranian landrace wheat.
Proceeding of 12thilranian Genetics Congress.
Tehran, Iran. [In Persian].

Hooshmandi, B4 Rashidi, V., 2016. Evaluation of
the effects of some morphophysiological traits on
seed yield of winter wheat genotypes. Journal of
Crop.Ecophysiology. 10, 15-26. [In Persian].

Itam;"M.O. Mega, R., Tadano, S., Abdelrahman,
M., Matsunaga, S., Yamasaki, Y., Akashi, K.,
Tsujimoto, H., 2020. Metabolic and physiological
responses to progressive drought stress in bread
wheat.  Scientifics. Reports. 10, 17189.
https://doi.org/10.1038/s41598-020-74303-6

Janmohammadi, M., Movahedi, Z., Sabaghnia, N.,
2014. Multivariate statistical analysis of some
traits of bread wheat for breeding under rainfed
conditions. Journal of Agricultural Sciences. 59,
1-14. https://doi.org/10.2298/JAS1401001

Khan, A.J., Azam, F., Ali, A., 2010. Relationship of
morphological traits and grain vyield in
recombinant inbred wheat lines grown under
drought conditions. Pakistan Journal of Botany,
42, 259-267.

Khodadadi, Z., Omidi, M., Etminan, A., Ebrahimi,
A., Pour-Aboughadareh, A. 2023. Molecular and
physiological variability in bread wheat and its
wild relative (Aegilops tauschii Coss.) species
under water-deficit stress conditions.
Biotechnology. 12, 3.
https://doi.org/10.3390/biotech12010003

Ki-Hyun, K., Abuhena, M.K., Kwang-Hyun, S.,
Jong-Soon, C., Hwa-Young, H., Sun-Hee, W.,
2010. Large-scale proteome investigation in wild
relatives (A, B, and genomes) of wheat. Acta
Biochimica et Biophysica Sinica. 10, 1-8.
https://doi.org/10.1093/abbs/gmg079

Masoomi-Aladizgeh, F., Aalami, A., Esfahani, M.,
Aghaei, M.J., Mozaffari, K., 2015. Identification


https://spj.areeo.ac.ir/?_action=article&au=171011&_au=M.+Aghaee+Sarbarze&lang=en
https://spj.areeo.ac.ir/?_action=article&au=169970&_au=A.+Amini&lang=en
https://spj.areeo.ac.ir/issue_11399_11400.html?lang=en
https://doi.org/10.22092/spij.2017.111141
https://doi.org/10.33899/magrj.2012.59640
https://doi.org/10.1016/j.biotechadv.2009.11.005
https://doi.org/10/1007978-1-4419-7491-4
https://doi.org/10/1007978-1-4419-7491-4
https://doi.org/10/1007978-1-4419-7491-4
https://doi.org/10.1007/s11103-013-0024-5
http://dx.doi.org/10.1023/A:1003997700865
https://doi.org/10.1093/jxb/erq152
https://doi.org/10.1038/s41598-020-74303-6
https://doi.org/10.2298/JAS1401001J
https://doi.org/10.3390/biotech12010003
https://doi.org/10.1093/abbs/gmq079

of CBF14 and NAC2 genes in Aegilops tauschii
associated with resistance to freezing stress.
Applied Biochemistry and Biotechnology, 176,
1059-1070. https://doi.org/10.1007/s12010-015-
1629-8

Mc-Intyre, C.L., Mathews, K.L., Rattey, A.,
Chapman, S.C., Drenth, J., Ghaderi, M.,
Reynolds, M., Shorter, R., 2010. Molecular
detection of genomic regions associated with
grain yield and yield-related components in an
elite bread wheat cross evaluated under irrigated
and rainfed conditions. Theoretical and Applied
Genetics, 120, 527-541.
https://doi.org/10.1007/s00122-009-1173-4

Maguis, Kh., Albouchi, A.M., Abassi, A., Khadhri,
M., Ykoubi-Tej, A., Mahjoub, N., Ben Brahim,
Z., Ouerghi, A., 2013. Responses of leaf growth
and gas exchanges to salt stress during a
reproductive stage in wild wheat relative Aegilops
geniculata Roth and wheat (Triticum durum).
Acta Physiologiae Plantarum. 35, 1453-1461.
https://doi.org/10.1007/s11738-012-1185-6

Mohammadi, A., Majidi, A., Bihamta, M.R,,
Heydari, Sh., 2007. Evaluation of drought stress
on agronomic-morphologic trials in some wheat
varieties. Journal of Agriculture and Horticulture
Research (Pajouhesh and Sazandegi), 73, 184-
192. [In Persian].
https://doi.org/10.3390/agronomy11061252

Moll, R.H., Kamparth, E.J.,, 1977. Effect. of
population density on agronomic traits.associated
with genetic increases in yield of Zea mays L.
Agronomy Journal, 69, 81-84.
https://doi.org/10.2134/agronj1977.0002196200
6900010021x

Mollasadeghi, V., 2010./ Effect of potassium
humate on yield'and yield components of wheat
genotypes .under end* seasonal drought stress
condition. Thesis of M.Sc in plant breeding.
Islamic “Azad. University, Ardabil Branch. [In
Persian].

Moosavi, S.S., Kianersi, F., Abdollahi, M.R. 2013.
Application of multivariate statistical methods in
the detection of effective traits on bread wheat
(Triticum aestivum L.) yields under moisture
stress conditions. Cereal Researches. 3, 119-130.
[In Persian].
https://dorl.net/dor/20.1001.1.22520163.1392.3.
2.3.2

Moosavi, S.S., Kianersi, F., Abdollahi, M.R.,
Afioni, D., 2016. Evaluation of grain yield of
bread wheat promising lines and identification of
agro-morphological traits associated with yield
under terminal moisture stress conditions. Journal
of Crop Production and Processing, 18, 91-103.

[In Persian].
https://doi.org/10.18869/acadpub.jcpp.5.18.91

Moosavi, S.S., Abdi, F., Abdollahi, M.R.,,
Thmasebi Enferadi.,, S. Maleki, M., 2020.
Phenological, morpho-physiological, and
proteomic responses of Triticum boeoticum to
drought  stress. Plant  Physiology and
Biochemistry. 156, 95-104.
https://doi.org/10.22059/jdesert.2022.90835

Nazari, M., Moosavi, S.S., Maleki, M., 2018
Morpho-physiological and proteomic responses
of Aegilops tauschii to.imposed moisture stress.
Plant Physiology and Biochemistry,
https://doi.org/10.1016/j.plaphy.2018.09.031

Pour-Aboughadareh, A, Mahmoudi M,
Moghaddam M, Ahmadi J,” Mehrabi A.A.,
Alavikia S.S.<2017. Agro-morphological and
molecular «variability< in  Triticum boeoticum
accessions from Zagros Mountains, Iran. Acta
Physiologiae / Plantarum, 64,  545-556.
https://doi.org/20.1007/s11738-017-2403-z

Pour-Aboughadareh, A., Kianersi, F., Poczai, P.;
Moradkhani, H., 2021. The potential of wild
relatives of wheat: ldeal genetic resources for
future breeding programs. Agronomy, 11, 1656.
hitps://doi.org/10.3390/agronomy11081656

Ratajczak, D., and Gorny, A.G., 2012. Water and
nitrogen dependent alterations in the inheritance
mode of transpiration efficiency in winter wheat
at the leaf and whole-plant level. Journal of
Applied Genetics, 53, 377-388.
https://doi.org/10.1007/s13353-012-0107-z

Rahimi, Z., Hosseinpanahi, F., Siosemardeh, A.
2019. Evaluation of yield, radiation and water use
efficiency of drought resistant and susceptible
wheat cultivars under different irrigation levels.
Journal of Cereal Research, 21, 15-28. [In
Persian].

Safarian, A and Abdolshahi, R.2013. Study the
inheritance of water use efficiency in bread wheat
under drought stress condition. Agricultural plant
production journal. The seventh volume, first
issue, spring 3.181-199.
https://doi.org/ 20.1001.1.2008739.1393.7.1.10.3

Saba, J., Tavana, Sh., Qorbanian, Z., Shadan, E.,
Shekari, F., Jabbari, F., 2018. Canonical
correlation analysis to determine the best traits for
indirect improvement of wheat grain yields under
terminal drought stress. Journal of Agricultural
Science and Technology, 20, 1037-1048.
https://dorl.net/dor/20.1001.1.16807073.2018.20
.5.10.0

Saeidi, H., Rahiminejad, M.R., Vallian, S., Heslop
Harison, J.S., 2005. Biodiversity of diploid D-
genome Aegilops tauschii Coss. In Iran measured


https://doi.org/10.1007/s12010-015-1629-8
https://doi.org/10.1007/s12010-015-1629-8
https://doi.org/10.1007/s00122-009-1173-4
https://doi.org/10.1007/s11738-012-1185-6
https://doi.org/10.3390/agronomy11061252
https://doi.org/10.2134/agronj1977.00021962006900010021x
https://doi.org/10.2134/agronj1977.00021962006900010021x
https://dorl.net/dor/20.1001.1.22520163.1392.3.2.3.2
https://dorl.net/dor/20.1001.1.22520163.1392.3.2.3.2
https://doi.org/10.18869/acadpub.jcpp.5.18.91
https://doi.org/10.1016/j.plaphy.2018.09.031
https://doi.org/10.1007/s11738-017-2403-z
https://doi.org/10.3390/agronomy11081656
https://doi.org/10.1007/s13353-012-0107-z
https://dorl.net/dor/20.1001.1.2008739.1393.7.1.10.3
https://dorl.net/dor/20.1001.1.16807073.2018.20.5.10.0
https://dorl.net/dor/20.1001.1.16807073.2018.20.5.10.0

using microsatellites. Genetic Resources and
Crop. https://doi.org/10.1007/s10722-005-7110-
8

Sayyah, S.S., Ghobadi, M., Mansoorifar, S.,
Zebarjadi, R., 2010. Studying terminal drought
stress effect on grains yield, yield components,
and some morpho-physiological traits in irrigated
wheat genotypes. M.Sc. Thesis, Kermanshah
Razi University, Kermanshah, Iran. [In Persian].
https://doi.org/10.52763/PJSIR.BIOL.SCI1.59.3.2
016.117.125

Sing, N., 2017. Genetic diversity of wheat wild
relative,  Aegilops tauschii, for  wheat
improvement. Interdepartmental Genetics
College of Agriculture, Poland. College of
Agriculture. 136p.
https://doi.org/10.1017/S1479262123000424

Sohail, Q., Inoue, T., Tanaka, H., Eltayeb, A.E.,
Matsuoka, Y., Tsujimouka, H., 2011
Applicability of Aegilops tauschii drought
tolerance traits to breeding of hexaploid wheat.
Breeding Science, 61:347-357.
https://doi.org/10.1270/jsbbs.61.347

Solomon, K.F., Labuschagne, M.T., 2004.
Inheritance of  evapotranspiration and
transpiration efficiencies in diallel F hybrids of
durum wheat (Triticum turgidum L. var. durum).

Euphytica, 136,69-79.
https://doi.org/10.1023/B:EUPH.0000019522.80
626.48

Varga, B., Vida, G., Varga-Laszlo, E., Bencze, S.,
Veisz, O. 2015. Effect of simulating drought in
various phenophases on the water use efficiency
of winter wheat. Journal of Agronomy and Crop
Science, 201, 1-9.
https://doi.org/10.1111/jac.12087

Vafabakhsh, J., Nassiri Mahallati, M., Koocheki,
A., Azizi, M., 2009. Effects of water deficit on
water use efficiency and yield of Canola cultivars
(Brassica napus L.). Iranian Journal of Field
Crops Research, 7, 280-292. [In Persian].
https://doi.org/10.22067/jag.v2i3.7662

Weigand, «€., 2011+ Wheat import projections
towards 2050 US Wheat Associates, US Wheat
Associates, USA.

Zakizadeh. M., Esmaeilzadeh, M., Kahrizi., D.,
2010. Study .on genetic variation and the
relationship ‘between plant characteristics and
grain yield in long spike bread wheat (Triticum
aestivum L.) genotypes using multivariate
analysis. Iranian Journal of Crop Sciences, 12 ,
18-30. [In Persian].
hitps:/{dorl.net/dor/20.1001.1.15625540.1389.12
129


https://doi.org/10.1007/s10722-005-7110-8
https://doi.org/10.1007/s10722-005-7110-8
http://dx.doi.org/10.52763/PJSIR.BIOL.SCI.59.3.2016.117.125
http://dx.doi.org/10.52763/PJSIR.BIOL.SCI.59.3.2016.117.125
https://doi.org/10.1017/S1479262123000424
https://doi.org/10.1270/jsbbs.61.347
https://doi.org/10.1270/jsbbs.61.347
https://doi.org/10.1023/B:EUPH.0000019522.80626.48
https://doi.org/10.1023/B:EUPH.0000019522.80626.48
https://doi.org/10.1111/jac.12087
https://doi.org/10.22067/jag.v2i3.7662
https://dorl.net/dor/20.1001.1.15625540.1389.12.1.2.9
https://dorl.net/dor/20.1001.1.15625540.1389.12.1.2.9

