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Figure 1- Average air temperature and precipitation in 2018-2020 in Ardabil province
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Table 1- Physical and chemical properties of the farm soil

«sﬂ RIS . L.
: UV VESCRC FUWIR WS a0y S csl
Ppma)— ppme®) %) Organic ;Md %) St ) (;T) ) OO e
n i il textur
carbon (%) and (%) (%) ay (%) oil texture
626.6 12.72 0.12 1.20 14 40 46 1.08 SC
Uialejl o oolatul 5550 paiS a8 )| Blasin =Y Jgus
Table 2- Characteristics of wheat cultivars used in the experiment
Sl 390 Bblie g audy e Ju o)
. Introduction -
Type of growth and cultivated areas year Cultivar
oS Gl lSa 50 0,5k 08¢ ¢ 5 Slae Lawgio yie (Blo Vo 0wy gl )| Sl w0yl G0y o
polie ils (g 2o )3 VYT il cails (S35 polie 5 () 4 poliie e o0 antd S 095 (o> iz ol
Al 231398 (65lom 4 Cumd pglie dag g ol K g (sloged S35 w05 S35 sl jlem 4 Cennd
@ plie doss o gileo VoV Wigw £l )| puSilio co,)lgr (s, card )i )3 0 5oL OYV A o Slae bawgie
Sy 00,5 5 sl Lo a4 polio cals jo utis o 3 VYT (611 ¢y Lavgie cils (B35 4y palie o9 Y40 olwe!
aleis p90)1598 5 loged
oS Gl S ;o 0,5 LS 0T+ 5 Slas Lawgie (e (Ul Vo v g glas)] Shes 0)lgy g0, o
G la 4 s polie ils gy o )0 VYIY (glylo il i3y g (s 4 palie ()b dgd Sz o> \Yay M
Al 051598 9 oo S5 (Slas Lo 4 ol sloged S 5955 55
CabS SIS OS5 p T kS FYYY o Slas Lavgio e los Vo F gy i) uSilos co,len (605, o
wld et o )3 VIV sl ails (i) polie 5 (9 & pylie dosd (0l 4 Sz 93 (L5 B os> - £
B . e . .. . . b
55 olent 4 b Slosed S5 4y S ol U pglie 59,5 55 (5)lont 4 ol pglie doni U pslie
aleis 051598 4 S polie e g ol
5 55 Slags Lo 4 Cond J98 L Cuaglia LS 55 0,55 LS PV e 5 Slos Lawgie o)y (503 ve S
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Table 3- Combined analysis of morphophysiological traits in wheat cultivars and lines under normal
conditions and drought stress in two years

G 39, olass slass o cis
bamsy b U e s oL
I 2 e g, A i ) ) .
SeSste 1 Number  py  wms = (RREL S sbafhe o S e
S.0.V. df) of days height ~ Number Spike fum e Grain Seed yield  Proline Catalase  polyphenol
until i length orgrain— weight oxidase
of fertile in spike .
emergence tillers n
spike
Lo . . .
v J ) 1 73.34 8212.23 16m™ 14.52 79.36"™ 0.84" 28167.21™ 12.00™  259.40" 41.50™
ear
Jlo 15155
Year/ 4 0.64 406.14 2.16 1.65 12.21 0.11 1986250.98 33.99 852.13 136.34
replication
Drought 2 003"  2596.75" 034 554927 491529 000  30287.76™ 2417 628.20 10051
stress
o x Je
[ &S 2 0.14" 477.65™ 2.62" 1.91m™ 96.91" 0.48™ 1108017.89™  33.08" 0.31" 0.05"
Yx D
las
i‘" 5( ) 0.56 18079 021 193 4542 003 247156603 5468  47.38 758
rror (a
c It'ﬂs) © 5 250.92™ 988.15" 1.36™ 15.07™ 68.24" 0.38™ 1.826000" 463" 88.42™ 14.14™
ultivar
ﬂs;x éu 5 0.60" 207.06™ 0.75™ 1.72m 17.18™ 0.89" 6126901.38* 0.26™ 0.11" 0.01™
X
x 4 d;.;s ns Sl ns ns * **
¢ S, 10 068" 37.17 0gls  goge 3095 029" 81225852 084" oo 1439
DxC
o x Jw
08y X S 10 0.34" 30.24n® 0.66" 2.32™ 7.64™ 0.28™ 1139505.17™  0.21™ 0.32™ 0.05™
YxDxC
5 clls
‘E;’J d(b) 60 0.51 20.47 0.28 2.01 15.84 0.16 2.023 0.64 32.23 5.15
rror
CV. cldd capé 9.27 5.11 14.59 3.34 9.16 8.95 15.24 13.09 14.27 11.22

*0)

"s*and ™*: non-signifcant and signifcant at 5% and 1 % probability levels, respectively.

puS Slio p Jlo ol S1-F Jgar
Table 4- The main effect of year on wheat traits

Jl el b Jgb
Year Plant height (cm) Spike length (cm)
First Jqf 105.438 9.710
Second pgs 113.117 10.580
LSD 2.22 0.79

A5l (gl s Dglas (5o LSD e 4y s (g i M a5 Sl Sl g 2 40
In each column, the means that have a greater difference than the LSD value have a significant difference.



A VET DLy VY oleds cpazed ala 6l)5 QLS (55l5 59551 sole @83 I

r;xfouw{{ S s Lol 51-0 Jgas _
Table 5- The main effect drought stress on wheat traits

Drought st i ai el Al Jgb
rougnt stress o= Plant height (cm) Spike length (cm)
(i 3 09 by Joad Sl U Jol8 sl 113.75 10.705
Normal irrigation (non-drought stress)
(lagin (S25 25) (38 a8l alo 3o G (gLl
Irrigation up to boot stage (moderate drought stress) 108.732 10.12
(Al (Ko ) piS CuldS 51 gy 55
Full drought stress (dryland) 105351 9.61
LSD 2.14 0.45

5ls (gl s gl s lo LSD ,lais 4 cod (5 i M) a5 L :SKle giw 2 )8
In each column, the means that have a greater difference than the LSD value have a significant difference.

poS Slio o8, Lol 17 Jgu _
Table 6- The main effect of cultivar on wheat traits

wheat cultivars - p.is els,| Number o;"’ a\;y?:nl;iljfe)r;e‘z?;ence (day) Spikmg%rﬁcm)
3L Taktaz 12 11.04
o s Tirghan 12.61 10.37
31,1 Araz 15.83 9.76
a5 Kalateh 14.88 10.09
w1 Ehsan 18.44 9.46
oLsT Aftab 17.11 10.15
LSD 0.74 0.58

5l (6 ks e gl i yls LSD lae ay s (5 yiiion NS a5 SlanSileo (i 2 50
In each column, the means that have a greater difference than the LSD value have a significant difference.

alow jo aly slass  pasS plB)l o Sis o blite S1-Y Jous
Table 7- Interaction of, drought stress and wheat cultivars on humber of grain in spike

Drought stress — %as s Whgi;l'\twtc:ll° Iltsiilars Numm%og:;:ionoi'nmspike
stssTaktaz 48.61
o8 s Tirghan 26.78
(S5 5 5) sy b s B JolS 5Ll bl Araz 45.61
Normal irrigation (non-drought stress) 4 alateh 4550
bl Ehsan 45.00
~Lal Aftab 43.95
stssTaktaz 42.83
o8 s Tirghan 4256
(Lasio (Si5 i) (528 ddlus Al yo G (g 5Ll S Araz 42.17
Irrigation up to boot stage (moderate drought stress) 4 alateh 40.72
bl Ehsan 41.56
sl Aftab 40.95
sussTaktaz 40.06
o8 s Tirghan 39.61
(el (i i) i S 5l g 65T ST Araz 39.16
Full drought stress (dryland) 415 alateh 37.83
o> Ehsan 35.67
sl Aftab 39.72
LSD 4.57

518 (gl s glas sl LSD o 4 o (5 i M| a5 el Sle Heiw o )8
In each column, the means that have a greater difference than the LSD value have a significant difference.
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Table 8- Interaction of year, drought stress and cultivar on number of fertile tillers

Ju Sl S pusS o6, Gt 53 39,k 4y Slas
Year Drought stress wheat cultivars ~ Number of fertile tillers
;stssTaktaz 2.666
o8 s Tirghan 2.556
(i3 5 (90) by Jad slegl G JolS (55T 5,1 Araz 2.336
Normal irrigation (non-drought stress) a5 alateh 2.443
o> Ehsan 2.223
ol Aftab 2.22
stssTaktaz 2.443
o8 sTirghan 2.443
Js (Lawgio Sid i) by d8lw al> po U g yLoT 51,1 Araz 2.336
First Irrigation up to boot stage (moderate drought stress) w5 alateh 2.336
o>l Ehsan 2.223
bl Aftab 2.443
stssTaktaz 2.22
o8 wTirghan 211
(Bl (Sas (25) o Sl (g 6kl 3,1 Araz 178
Full drought stress (dryland) s alateh 1.776
ol Ehsan 1.556
—Lsl Aftab 1.89
stssTaktaz 3.11
o8 wTirghan 2.89
(S (5 p) by Juad gledil b oS (650 3, Araz 222
Normal irrigation (non-drought stress) )5 alateh 2.443
ol Ehsan 2.223
—Lsl Aftab 1.78
stssTaktaz 2.553
o5 xsTirghan 2.443
P9 (oo (St 5) (b y adlus al> 50 U (55 3,1 Araz 2.336
Second  Irrigation up to boot stage (moderate drought stress) w5 alateh 211
ol Ehsan 1.78
<3l Aftab 2.446
skssTaktaz 2.11
o8 s Tirghan 1.78
(ol St ) o S 31 g 6okl 5,1 Araz 1.776
Full drought stress (dryland) «sywKalateh 1.78
ol Ehsan 1.67
~Lsl Aftab 2
LSD 0.497

5ls (5l s glas sl LSD o 4 o (6 yin SN a5 el SKle Heiw 2 )8
In each column, the means that have a greater difference than the LSD value have a significant difference.
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Table 9- Interaction of year and cultivar on wheat traits

Jlw PRVCINER el aldw 5o &ils 439 &l & Slos

Year wheat cultivars Plant height (cm) Grain weight in spike (g) Seed yield (kg.ha?)

;Lss Taktaz 109.184 211 8535.1

o8 Tirghan 108.259 2.08 6976.9

Js! 51T Araz 106.407 1.89 6884.1

First 45 Kalateh 101.37 2.04 6732.7

ol Ehsan 101.814 1.62 5991.0

oLl Aftab 101.554 1.90 6387.6

;L Taktaz 116.149 2.16 8547.0

o8 s Tirghan 117.002 2.03 83914

oy 51T Araz 115.408 2.01 6928.2

Second s Kalateh 112.703 1.83 6876.5

ol Ehsan 110.962 177 6026.2

oLl Aftab 110.52 1.86 6663.4

LSD 4.12 0.32 1038

Al (6 ls e gl iyl LSD lae ay s (5 yiion M a5 SlanSilee (i 2 50
In each column, the means that have a greater difference than the LSD value have a significant difference

paiS Slio g ald)l jo Sas as blite ol 5l Ve Jgos
Table 10- Interactions of drought stress and cultivars on wheat traits

T . Yl oSt Jgi8 by
S i P:vi e'éal:) P";jﬁﬁ o Catalase (absorption Polyphenol oxidase
Drought stress cultivars (g o) changes in mg of protein (absorption changes in mg of
per minute) protein per minute)
;Lss Taktaz 3.825 18.347 82.213
Joad sl G ol G)Lﬁi Qlf,gTirghan 4.485 22.063 71.032
(LK 5 ) ) 51,1 Araz 4765 20.624 71.224
Normal irrigation «ys Kalateh  4.506 19.363 71.427
(non-drought stress) ol Ehsan 3.806 17.495 71.682
sl Aftab 4.891 22.522 71.813
juss Taktaz — 6.596 30.883 71.866
o) Blo al> o U ylel 5 sTirghan  6.445 30.844 81.915
(J‘uw S S5) LT Araz 5.767 30.718 81.97
Irrslgaagéoglmuo% g?at:got «)s Kalateh  5.050 30.399 82.176
drought stress) olslBhsan —5.584 27.233 82.162
sl Aftab  6.075 30.804 82.206
juss Taktaz 11264 35.096 92.687
S i 3l g gyl OTirghan 10,604 34.641 92.335
(JelS S5 ) LT Araz 6.723 33.545 92.339
Full drought stress <Y Kalateh  6.243 33.377 92.471
(dryland) ol Ehsan 6.235 32.346 92.503
sl Aftab  7.237 33.657 92.664
LSD 0.92 3.71 4.26

5yl (gl e iglas iyl LSD jladie dy s (5 5ty WS a5 Sl Sl (i ,2 50
In each column, the means that have a greater difference than the LSD value have a significant difference.
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Figure 2- Grouping of wheat cultivars based on traits measured by Ward method under
different drought stress conditions
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Abstract

The aim of this study was to evaluate and select bread wheat cultivars by
assessing the vyield, yield components and some physiological traits under
drought stress conditions. Six cultivars were evaluated as sub-plots in 2018 to
2020 cropping seasons using a split plot design based on RCBD with three
replicates. The Main plot covered the three irrigation regimes including normal
irrigation (non-drought stress), terminal drought stress (irrigation up to boot-
stage as moderate drought stress) and full drought stress (dryland). The results
revealed that a significant reduction of the plant height (3.37 and 6.88%), fertile
tillers number (19.39 and 22.72%), seeds number per spike (7.76 and 15.76%),
seed weight per spike (6.38 and 7.86) and grain yield (7.66 and 15.29%) were
recorded under the moderate drought stress and full drought stress, respectively
as compared to non-stress conditions. Also moderate drought stress and full
drought significantly increased the proline content (26.45 and 45.71%,
respectively) and polyphenol oxidase (13.09 and 20.81%, respectively). Tektaz,
Tirgan and Aftab cultivars had the highest water use efficiency and the water use
efficiency increased under drought stress conditions. In general, the results
showed that the wheat cultivars ‘Taktaz’ showed the highest yield potential
followed by the Tirgan in both non-stress and moderate drought stress conditions
and in moderate drought stress and full drought stress, Tektaz and Aftab cultivars
were superior in terms of investigated traits and with regard to the higher
tolerance of the cultivars to drought stress, the use of these cultivars in areas with
limited humidity deserves long-term research with more details.

Key words: Anti oxidant enzyme, Polyphenol oxidase, Proline enzyme, Water use
efficiency..
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