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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 -0.269 -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 -0.482" -0.394 -0.251 0.330 0.159 0.425°  0576™ -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™




\\c~\°)LQ1\a\/\Al?“5c|))'ﬁ9J_:)° l“ <5L°u“'“

A

Table 3. Continued

aolol .Y 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  0.586™ -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 0.997* 1
MSTW -0.154 -0.071 -0.160 0.703™ -0.184  -0.284  0.587"  0.583"
TGW -0.326 -0.126 -0.167 0.773" -0.272 -0.298  0.854"  0.859"
EYPP 0.302 0.652" 0.229 0.505™ 0.099 0509~  0.720™  (.706™
BYPP 0.581" 0.170 0.510™ -0.060 0.627™ 0.300 -0.091 -0.079
PHI -0.044 0.221 0.109 0.432" -0.065 0.133 0.724™ 0715
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 -0.268 -0.123  -0.229 -0.219
ELWR 0.580" 0.559™ 0.407" -0.002 0.304 0528~  0.335 0.305
WU 0.158 0.001 0.006 -0.529™  -0.003 0126  -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 -0.453" -0.212 0330  -0.422°  -0.474°  -0.470°
RV 0.486" -0.063 0.384 -0.231 0.531* 0.106 -0.342 -0.321
RDW -0.181 -0.423" -0.125 -0.304 0.010 -0.277  -0595™  -0.569™
RA 0.133 -0.180 -0.007 -0.290 0.147 -0.097  -0551" -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™  0.786™  -0.006 -0.023
Table 3. Continued aoldl .Y Jgus
Traits MSTW TGW EYPP BYPP PHI LAI RWC ELWR
MSTW 1
TGW 0.633" 1
EYPP 0.317 0.615™ 1
BYPP -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 0.597™ 0.715"  -0.643" 1
wWu -0.521"  -0.689"  -0.538" 0.012 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 -0.221  -0503"  .0.345 0.782"  -0.656™ 0.135 0.082 -0.338
RDW -0.358 -0.495" 0698  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  -.0.611" 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™
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Table 3. Continued aoldl .Y Jous
Traits WU GWUE BWUE  MRL RV RDW RA RD RD\\’/VV’SD
WU 1

GWUE -0.673™ 1

BWUE -0.124  -0.014 1

MRL 0174 -0.561™  0.267 1

RV 0189  -0.358 0770 0331 1

RDW 0257 -0.645™ 0.407° 0.706™ 0.677" 1

RA 0288 -0.566™ 0649 0719 0.865"  0.850™ 1

RD 0179 -0.571" 0.490- 0.553™ 0.791™ 0.912™ 0.859™ 1

RDW/SDW | 0.266 0209 0418 -0400° 0365 -0.275  0.055  -0.201 1

s 2o, ) 0 e 48 (09 o cixe eaxmoyLis cud i 4 g
PH S Jdg 5 slgizme :SPAD ails ol 5 0590 Job (GFP « Sows, U 59, :IDTM ( Slidl 00,5 U 55, :DTA (20 alis b 35, :DTH
5o axblaws olass :SNPPS gy j0 j9)L alaws slasy (FSNPP gy jo azsy slass (TN Sy olow 0 LN (SOl Jsb (PL gy gl
&ls 059 :SWPMS ¢ Lol alcws (39 IMSW gy o il slasws :SNPP (Lol a8l (455 :MSTW (Lol alics ;o 4ils sloss :SNPMS el
59 (0995 Ze)) So5elam o,Sles IBYPP iy ;o (aily) (golaidl o Sl (EYPP (ails a5 :TGW (Sl 39 :PEW ¢ Lol alcss 3o
g ady, s IRD @iy mwhw IRA (Lol aty, Jsb (MRL oy cuw) ol Gpas o5 :BWUE  wils U1 Gpas ol 5 :GWUE

Ay, 5 )9 4 SES (39 Camd (RDW/SDW

*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

O ald )9 G pao ploadly o ailo o Slos
el el alow b39 Shel aldew aloyle o3g Sewwy U gy (el ady, Job als of g
Ecotype MSW SWPMS TGW DTM MRL GWUE EYPP
g day cm gmilt g

All 0.098 cde 0.096 cde 15.093¢ 223.0¢ 33,50 0.011 ¢ 0.343°¢
Al2 0.143%¢ 0.143 ¢ 23.362° 218.8¢ 27.3 0.018bc 0.465 ™
Al3 0.132 bed 0.120 < 18.086" 232.0¢ 39.0°P 0.015b¢ 0.492 ¢
Al4 0.095 cde 0.093 cde 19.694 231.8° 34,3 bed 0.011 be 0.311°¢
Al5 0.110 cde 0.110 cde 7.487¢ 241.8° 30.4 bed 0.018bc 0.418 ¢
Al6 0.085 ¢ 0.082 d 15.8° 266.52 36.2 "¢ 0.010°¢ 0.228°¢
Al7 0.068 © 0.068 © 12.78¢ 243.1° 31.1 bed 0.015 ¢ 0.506 b©
Al8 0.123 bed 0.123 « 17.708 265.02 4932 0.020 ¢ 0.456 ¢
Al9 0.2254 0.2254 41.9072 185.0¢ 26.1¢ 0.0402 0.8012
A20 0.172° 0.172° 24.946° 228.2 ¢ 32.6 P« 0.024° 0.608 ®

Dloe 6sled ks ;0 o cme Dglds poe Sk gt )0 alie By
52 059 TTCGW  Saww, b 59, :IDTM ¢ Lol at, Job IMRL ails O G pae ol )5 :GWUE g jo (ailo) (golaidl o Slos (EYPP
skl dlos (59 IMSW 5 Lol alcs jo ails (54 :SWPMS iy

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

Sy Sy ) o (SO (e g, o

OS5 Jolp ’.‘;ub’; Regression coefficients Cumulative
Regression Joe 4y 00l 0,lg wlio lowo determined
steps Entered traits in model Constant X1 X2 X3 X4 coefficient
1 ol bl 514 1738 - ; ; 70.60™
GWUE: X1
2 Seobaldusld g 15 1756 0,023 ; - 77.87"
FSNPP: X2
3 “ar 0072 1741 0038 -0300 - 78.81"
RD: X3
4 e bl9) 5036 1896 0044  -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

.. e . s b Ko 5
v (@b 3] i gt S5 . eatha® o
i i ) Indirect effect by... &l 0,5 das
Gl i 5l Correlation with
Traits Direct effect X1 X2 X3 x4 grain yield
(GWUE:X1) &1 T G oo 91,8 0.819 -- 0.411 -0.468 -0.644 0.97"
(FSNPP:X2) 393b adicew Sl 0.204 0.102 -- -0.091 -0.117 0.652™"
(RD:X3) i y S -0.044 0.024 0.019 - -0. 021 -0.616™
(DTH:X4) oo U 59, -0.030 0.023 0.017 -0.015 -- -0.811™

Residual effect=0.145

VRS =owledly il

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