oy alie VI-8e o AFY 5l pam oylod i al [ SiS 3blio 55 o3 pale wlidos

9 (S byl o (g9) Oldlgw cdile @ 9> wighs SUelgs 998 o sl STy
SI9w

rb,’}’-; ‘;l.w L'A.g,b cr'a..\b.m ‘_glo crwfi&,@ ")‘9,35 S s*}r’rue'}bm b‘b){ao o ui’blu)i u-o.‘éls ”ﬁ‘

Al lanl Glgal axly Ml Sl olKuisls «bils ZMuol g cuely; 09,5 wusly) (658 (ggomaiila—)

(3L gy 9 Wigel Slaios (lojlu leel Gl (rbo aulio 5 (53,9l sl 9 Sliiod 50 (Bl (S5 pole laiod i Y
olrl (legee!

Sl lsal leal asly oMl 5T oliils «bls Z Mol 5 csl,; 09,5 Y

mmahlooji2000@yah00.com 455 Jsiume *

VYN sl g )b

DOI: 10.22034/CSRAR.2023.388117.1327 VYT NINY o pdy Fo,b

oS

2 Sopd g St 5 b adlate 90 50 5 )85 dw Lot 33 LSy sl S @e b (Solas el slaS ok )b B o el
w5955 ke Jold (28 ele 9 (ao)3 ) 5 10 ) (59, Dlalgs 055 Zale mhaws an Jold (Lol Jole 0l sl VWAY-AA el 5 Jlo
oo ol gl vy (A-LT7 (oY A5 & ol 5 i)l (535 0 Jomets ol e )95 0 oo o lps5 (S25 4 Jooxle) 52
SrS Gelon Oliee 9 e Silom o Sdes g alls o Shos s e 59 SIS (6598 5 A S (St 25 )0 92 slacaSs)
S8es 5 (ao,0 T Joleo JiSa )5 0 S5l FYFY) wils o Slas ¢ o3l Jolore (g o S (55, Slidgas 2o 0 #1034 Jslove .00
s Jsbo =+ T 5 P=elo)) ol £lis )| clio b il o Shos udls (g ity (hyd Y8 Jolao 1S 10 o SshS FVPY) Syjslms
s P=11) @ L IS Slme =+ /25 5 Povle)) Sujslom ,Shae o =+/¥B 5 Pov/e)) a5 &ils Slass =+ /¥) 5 P=-/-B)
Oy 8 Sl (10 pre g SCodie (Sieoed (=21 g P=2/+)) (g5, yare 5 (=+/Y1 g P=+/-0) D L35 IS o500 o(r=2/F¥
i 550 5lpasS g kel slacass «Soiglam g als 0 Slae i log (P24 13) Sojlsm o Shee b alls 8 Slos (Sinnon

g o0 dnogs 59y Dlalgas doyd /0 S b (gy0h (BT 50 4 5 Olie)l slocdsis

(Kot by IS s o Shas 1 So3slser 3,5Los (5 sl s iglS slaoly

4 Jerie slacass) s waiS adg (Vb eogi
(Mahlooji and Jenab, 2021) wsi so gme S
=l olels o 8les 2alS jo %0 Jele 5 50—
(Ao yd S 3502) JSe (ygabin 50 AYLw 00,5 o Cgmuino

DB 5 &2z jless S Gl 5p0leS sl
Saeke V) Sl cal)) US o Yo sgu ol ) g oo
Omrani et al., 2022) 5,15 |13 5,58 3G cos (LS

Ol cale il cacls (Si5 g 6555 (A5 592
SIS S (g ol iy Gl ) s 8 Jslona
S o5 Luels g (Omrani et al., 2022) _lie ,ole G
(=2l Jslore L 4 0ad S Jsloro )3 (0] 5 (55, y—olie
Mahlooji, ) ss—i oyl wilgs so oL jo ,olic pl 508
Sl b 4 Jeow 0,08 4 (2022; Bardehji et al., 2021
(Hu and Schmidhalter, 2001) ol  zo!33

EVRTY)
5 St >y 0 lpl i8S ol Jl aoye 4
Jl b 0y, o0 Wil (FAO, 2018) s,ls |3 S_asaes
azlye ol 0908 b Lis el)) slaye) pg 50 990 Y+ VO
Sead i bl b g0 5500 Sles ((ANNAN, 2001) wis
Shoe Gl A5 e Ll b 4 e 0o )3 A0 B0
lsil oy 51 (Ziveak et al., 2013; Daryanto et al., 2016)
P O e J—ad Ll (S—is 15 i
cel Glpl 3 ol gblie sile glaslmae oy
aS 54l odle o Shee ol sl (Bannayan et al., 2010)
Sl St 255 5 o 9550 ot bl
e o (Francia et al., 2013) 5,.5 o ,I,8 J_ab
5 028, alies Juold 0 ((Si5 5y sl o 5 el

adilgty modS 5l Jd a5 el 5 ol (m0dS



OlyKen g 2Lyl (RBIS

\Al

J‘”‘L’ O yge 5 B8 plol (g, Slidgu calises slagylree

Jo25 592 Y 50 (5, Sl 5l A5 Ll 5 58 Gle

D905 dwogs |y ol gl g oolaiwl iy bl b

W g, 9 dlge

ailaie 50 50 WWAV-AA el Lo elepsll o Limgiy ol
il o 1) sl 555 55,55 Sl o] O
Vo g4z o ¥V ol (oo g (Syd aido B0 g az ;0 0)
Jyere 3kl b (L0 el 51 120 VOFD iyl 5 o aids
(e 0 5] sl S i 5 St 5 Jla
2 &lg) cbog) (5,940 (SR g Mol Slido oSl (Y
Uy a3 BY il Jobo b ool (5 s sk 50
9 b AiBo e g az 0 ¥V oldlaz o)e 5 (S, addo
o5 Jleeh) 55 (s lal ST L (Lo o 51 e V0= + lis)|
omiezy et Vo (oSl cglam lls o Ol L (55
ol 2 il (sl adlaie j2 )0 o b el (e
B 5 (o0 0 5 Sl ,S m39) O Sl b
ol Jele i ool 55 s b ol JolS lanS3h b
duo,0 b (59, Sy (59, lilg clalé a4 bt
Ogn (Sl L B oS, b a oy g a0, VA ol
0) o 10 AL 55, Slifymr o2 Jybna 2l ol
S9) s p)5 Ve Joleo o LS 50 (59, Sy 0 SelS
Vo) ooy ) chale b gy, g (ib Jole o (LS 5o
—axe m)S VA Jolee by g LS ) (55, Sl 0,5 kS
g ¥ 50 9 59, ¥ alolb b (Siamy al> e )0 (LS )0 s,
OlsS i Jeld ey e Jobod (22 Jole it B
o) Ole)l 9 (5555 4 Jooie) po (St 4y Joto)
o (kS 4 ole) ALT Y g (L 4 oo

S ol wliolesl oy aske Wias, lawg o ils
Wbl 5gS S ddlaie ,o.0b plxl dalaie g0 2 0 oLAoU
dilaie )0 g (@ye o VIV &5 p0 2Bl mhaw) (99,6 2uiS
o FIA 2 IS o) (5,5 St wting, 5
o Aol b sl L 7 s & e i ool (e
Erere > als Foo (Bran 10 (65155 e Bl Yo,
i JLS Sl LS 550 slaile Loj e o

4 60,989 Scle b S pi 9 LSy ) SOl

Fathi, 2012; Ghafari and Razmjoo, ) ;s>
3,8 48 wissed 5,155 (Mahlogji et al., 2018; 2013
35 52 g a5 slacies; ails 3 Sles Al o 9,
Flexas et ) claijg, calas SralS cdeay o5 Lyl & o
o zSTy sl CO2 ay s s Cudgama 5 (@l., 2008
ol g b oo 2l Fisid (e (g S
P le sl (sl i S0l SO (gladsy) Coglie
Mashouf et ) 4> 4 (Haghbahari and Sedsharifi, 2013)
Brae e sl b 4 s (g9, B ane .ol (@, 2004
sz |, (Mahlooji et al., 2014) 3> L350 Zolon 59,
2 Camez i 3590 5 aali pslaie d il (o
9 $isb=aS Jolaste sla g, 5o 6,550 (ol L
9 0 3 e gy o0l wl 4 by je slas Bl il
i Sl O DO e )3l a0 ades )
cdss (Brme 5 ol JLS 50 0,5 Jl 3 4z o )50 (Sl
ol sl ae e S e siluaingy b o Shee iy L
O Wl oo CohsS Sga iz g g 21y 50 5 See
RIS (o5 4 delse (n St 5 (So Bk als (6 5%
$559LsS slaosl o (6 250 Jpazmo SudS 5SS
a5 58 (Lt bl ails rized CslossS alex ||
9039 i Jlews (2ld yolie (liee Jhai 5148 ()l nl sl
Ll Jds 4 ee olie polie sl Suil jlade fes Ol
o I olge Vb a0 (Sl aloz I (S cnlial
el jolie (o2l Jolone (o) 5l ooliinsl 039 (ol Sl
Haghbahari and ) cul jls 45 5 slojay coal
(Sedsharifi, 2013
505 (9 5 (S Ll o Lo & 52 Copon
ol slys oo eolw glié ,olie Jlie o ol op
Sl pls 4dis 5 hlad (o501 g 55—
ol cwlie 40355 pae (Mahlooji and Ramezani, 2021)
rolie 3505 g0 (6))sldS DY guazme algi 1alS (red
Jds 4 (Mahlooji et al., 2014) 00 5 o oyl g pls ,o
e oS A 5 S aes 5 Si5 Gblie 35153 2 ouiS
5 S—23 slaias 5l (3L SIS el 5o 9, i,

Sloslail b g calitre (slocadssy jo Budos cpl o)l (5,50



\Al G99 (St byl i g9y Cldlguw CAALE &) 9> S oi) ST Gelg) jgd po (S STy

Costa et al., ) o5 iz o8 s SaS Lpzp Sy
i Hlend Jlesl azan g0 5 o (5,10 paigel .adog (2020
au,8 ol alis il 5 5T S
Slosliial b pls 4 plS (g 55 g Wmosls Jlod g a5
LSD (9051 baasss boyeSilis dunylio s SASI.L (cla 58l 5
5992 IS s S ygo 43 plwl ooy B Jlazs| gl o
a—lio g 0 plodl (20 0y (hlis) (1S o2 » 5]
s Lsmeans yse;l lawgs o sre bilite &l i1 slouSilo
Ot Syl yg03T 008 )5 plaml o080 0 Jleisl mla

Sges dwl 1) b wilyly Ko

oot alil olS  msailos 3l L o LS ,o ) VIO ol
5 ¥ oipa @bl O (Sl clas )5 5 (St i
olzr T LS ) 55 ol (als 92 e 2 e g V0
Y o) Jgloz oo 5 sl ol Sos) )0 09250 2805 4
gladibis g)lel O 5 S Gl 5 (S5 cloShs
GrSosladil 0y50 Bla o aps o l—ii |, Slalllas
ey 3 dli olaas i Jobo 1ol So55l5 52858 50
«Sahedau g als o Slae s 5o 59 b jo adlo sloss
Wellburn, ) jiegisg mSl jloolazul LD @ Judg IS l5e
oL U 2egili OF+ zge Job o odgn ol (1994
&9, mae cbale g (Movludi et al., 2014) yiogisg il

(nilen T+ 6 yio Gas) Ghala3l 612! Gllio 53 S s2loanissS 3od Slpogeas - Jyaz

Table 1- Physicochemical soil characteristics at experimental site (depth 0-30 cm)

JB 595 JB iy BB s oS L
. . . . - QI
adlio oo Qo d S s 4l S| ECe
Location Available Zn  Available K Available P 0.C . pH (dS/m)
(mg/kg) (mg/kg) (mg/kg) (%) T.N (%)
ol s o Sas
0.75 340 15 0.47 0.05 6.8 2.25
Drought at Kaboutarabad
Sebdg) )0 S
. 0.72 400 275 0.14 0.07 7.2 8.6
Salinity at Rodasht
Glide gy s jo ‘S)Lﬁ.fi &y oolasiwl 890 gT o Oluogas -Y Jous
Table 2- Chemical characteristics of water used for irrigation in differrnt stresses
& 900 ) & goxo . ol S
. . e i edS . Olgw  wls
adlo b yels W ygui! HCO* ECe
. Na* Mg Ca SO Cr pH
Location S.Cations S.Anion
(meq 1) (dS/m)
5O Shs
oLl
el 55.3 30.7 24.6 55.6 15.9 36.2 35 0 7.7 0.4
Drought at
Kaboutarabad
BERIT
[
- 91.8 47.8 44 92.6 26.9 60 57 0 8.1 9.7
Salinity at
Rodasht
4325 gl ol ol ¥ Jgoz 10 5998 0 Slao il )l wvg@b‘a
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Table 3- Analysis of variance for some traits of four barley genotypes under different locations and zinc concentrations

a> 40 5 W,y aloow S dlicw dluaei S il Slus HESN A IO S
S ol 2 Wy el abiw Jsb ) abylpois Sdes
L ] Plant Spike &0 Al Thousand L. SO iel g
Source of variation . . . Grain yield
df height length  No. spike/square No. grain/spike grain weight Biological yield
. 1 601.5 0.38 806.7 217.0 6.12" 1481981.8™ 4987908.5"
Location
Uas
4 79.8 0.11 41901.9 434 0.17 6779.2 18363.7
Error
&3y wdale o *
. . 2 19.3 0.11 17324.8 11.0 1.04 87690.5 233162.8
Zinc concentration
aglaie % S9y clals " R
. . 2 18.2 0.09 12761.5 31.9 0.12 69460.5 142537.1
Zinc * Location
U
8 218.6 0.17 32403.9 13.6 0.69 5100.6 27283.3
Error
)
’ 3 427.2" 0.96™ 161370.3™ 95.5" 32.53™ 114246.3™ 2728.3"
Genotype
adlate # iyl - o o >
. 3 55.3 0.18 41042.1 203.6 4.68 414246.3 424095.2
Genotype*Loction
S5y Dl tais - -
. 6 56.7 0.27 9858.5 49.7 0.34 17641.8 75127.0
Genotype*Zinc
S9) Sldgu sadlaiettoig) - wox
6 8.4 0.19 7404.9 17.3 0.35 16817.8 101267.0

Genotype*Location*Zinc
Error U 36 37.7 0.17 19984.4 24.3 0.29 3815.6 18363.6
RV S STl [P P SR KPP REE XN A U P Vi

*

*, ** are significantly different at 5 and 1 percent, respectively.

69y Cllgw bt gacdils o Gbln )5 92 cuigi ez Cluogas 3l (S p il ylg 4325 -F Jauz ol

Table 3- Analysis of variance for some traits of four barley genotypes under different locations and zinc sulphate concentrations

e 2l o5l a0 by S (500 b Jdg,lS ol 50 ez ol 695 Ol
Source of variation df Chl-a amount Chl-b amount Proline amount Zinc amount
. 1 4.2 1.99 13359.3 47797.2
Location
Uas
4 0.88 0.61 9090.0 11294.6
Error
S9y ke
2 0.20 0.01 60993.7 1818.9

Zinc concentration
i # gy, il

. . 2 0.27 0.20 8026.4 1438.9
Zinc * Location
Uas

8 0.15 0.29 42564.7 1692.9

Error

S5 " *
3 031 0.41 32559.4 599.7
Genotype
dilate # oy - .
. 3 0.09 0.53 76944.0 1187.6
Genotype*Loction
3y Dy i
. 6 0.11 0.16 39600.8 565.3
Genotype*Zinc
S5, Slilgw wadlatotoies - -
6 0.69 0.47 14489.9 038.8
Genotype*Location*Zinc

Uas
36 0.081 0.12 23309.1 472.3

Error

*

Aoy S g g Jleizl a0l e saipolid i 5 4 F

*, ** are significantly different at 5 and 1 percent, respectively.
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Table 4- Mean comparison of different traits of experimental characteristics

s ag gl aliaw Job o pio 35 Al ol ALiias 5 ils lasd &l 15 (459
Plant height Spike length . . . Thousand grain
Treatment No. Spike/square No. grain/spike .
(cm) (cm) weight (gr)
il 57.3 3.8 821.2 50.9 39.9°
. Drought
Location
SoHgw
. 51.6 3.7 827.9 47.4 39.3°
Salinity
Slilpw cdale 0 54.9 38 850.3 49.4 39.4
89 05 53.4 3.7 826.5 48.4 39.8
Zinc
concentration 1.0 54.9 38 796.7 49.7 39.6
(0wo,0)
SUL
° 55.4 3.86° 833.3" 46.0° 415°
Goharan
e 60.4° 3.78° 745.9° 49.8° 39.3°
Genotype Mehr
Ol
53.1° 3.96% 764.0° 51.5% 38.9°
Armaghan
oY ALY 48.7°¢ 3.43° 9548 49.42 38.7¢

Aol o LSD (5031 Lululp auo 30 0 Jlais | zmhas 45 (g 5kel @glih 055 oaims )l S e By o JBlos (gm0 40

At least one common letter in each column indicated no statistical difference at the 5% level of probability based on the LSD test.

bl Jolge cilizn ilio (pufiles s lio —F Jgu dols!

Table 4- Mean comparison of different traits of experimental characteristics

S ySlos
e als o ySlos S3glem aJudg S oyl o b bdo,ls ol ymo o9 ol
i Grain yield Biological Chl-a amount Chl-b amount Proline amount
Treatment
(kg/ha) yield (kg/ha) (mg/gr) (mg/gr) (mg/kg)
il 5575.3% 11071.4% 15 14 2682.0
. Drought
Location
Sog=
. 2706.0° 5807.3° 1.0 11 2954.4
Salinity
Slilgs bl 0 3556.4° 7512.4° 1.14 1.21 2242.2
9 0.5 4763.5% 947477 1.29 1.26 3178.7
Zinc
concentratio
n 1.0 4102.1° 8330.9° 1.30 1.24 3033.8
)
oless
3698.9¢ 7600.6° 1.10¢ 1.09° 3183.7
Goharan
Pl
WP 4440.1° 8992.8° 1.16b° 1.13° 2698.0
’ Mehr
Genotype i,
5108.8? 10316.6% 1.36% 1.30%® 31225
Armaghan
oY ALY 3314.8° 6847.3° 1.35% 1.420 2268.7

Aol o LSD (5051 (olulp ao 30 0 Jlaio! gmlas 10 (5 ,lel cglis 095 odims )L S e By o JBlos (gm0 40
At least one common letter in each column indicated no statistical difference at the 5% level of probability based on the LSD test.
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Figure 1- Interaction effects for stress * genotype on number of grain per spike
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Figure 2- Interaction effects for stress * genotype on thousand grain of weight
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Table 5- Mean comparison of triple interaction (location* concentration of zinc sulphate* barley genotypes) on grain yield, biological
yield, Chl-a and Chl-b amount
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o |
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At least one common letter in each column and location indicated no statistical difference at the 5% level of probability based on the Lsmeans test
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Figure 3- Mean comparison of interaction effects for stress and genotypes of barley on proline amount
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Figure 4- Mean comparison of simple effects for stress on zinc content of flag leaf
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Figure 5- Relationship between grain yield and biological yield of barley genotypes at drought and salinity stresses
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Table 6- Coefficient correlations between grain yield and different traits of barley genotypes

Slas
. 1 2 3 4
Traits

5

6 7 8 9 10 11

ailo o ,Slos
Grain yield

aig elas,l
) 0.33" 1
Plant height

Al J5b

0.31" 0.24" 1

Spike length
alcow olaws
&0y 50

No.

Spike/square

30 Qs ol

AL’.L..»

-0.13 0.09 -0.27" 1

0.35" 0.09 0.17 0.05

No.
grain/spike
&l 558 39
Thousand
grain weight
8 y5das
Sglem
Biological
yield
Ol
Ay A5
Chl-a
amount
Ol
b Judg ks
Chl-b
amount
O¥95 Olime
Proline
amount
S35 ol
Zinc amount

0.06 0.13 0.12 -0.05

0.96™ 0.28" -0.16

0.44™ 0.13 0.15

0.29 0.26" 0.05 0.36™

-0.08 0.16 0.10 -0.11

0.39" 0.30™ 0.08 0.09

-0.30

0.30™

0.23

-0.01

0.26

0.08 1

0.03 0.40™ 1

-0.07 0.24" 0.80" 1

0.12 -0.12 0.02 0.01 1

0.07 0.37" 0.50™ 0.46™ 0.06 1

*

™ and *, significant at 0.01 and 0.05 probability levels, respectively
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Abstract

Introduction: 90% of Iran's land area is in arid and semi-arid areas. It is expected that by 2025, about
two-thirds of the world's agricultural lands will face a water deficit. The yield also decreases by 50 to
90% under drought stress conditions compared to non-stressed conditions. Among the different types
of stress, drought stress at the end of the season is the most important stress in Mediterranean areas
such as many areas of Iran. Therefore, the yield of small grains cultivated in these areas is affected
by drought stress at the terminal of the season. Salinity and drought stress increases the concentration
of dissolved solutes in the root environment, increases the osmotic potential of the soil, decreases the
absorption of nutrients and decreases the mobility of zinc and iron elements in the soil solution.
Elements in the plant can be compensated and tolerance to saline conditions can be increased.
Researchers reported that the application of zinc increased the grain yield of wheat and barley
cultivars. Researchers reported that the application of zinc increased the grain yield of wheat and
barley cultivars. In stress conditions due to reduction of stomatal conductance and limited access to
CO, for carboxylation reactions, the rate of photosynthesis decreases and increasing stomatal
resistance is a suitable defense strategy for the survival of wheat and barley. Due to the cultivation of
barley in these moderate areas and the role of the micronutrient element zinc in reducing the effects
of drought and salinity stress, this research was carried out in different varieties of barley using
different amounts of zinc sulfate.

Materials and Methods: This research was carried out in November of the agricultural year 2017-
2018 in two areas: 1) Kobutrabad Agricultural Research Station (drought stress by removing water
after spike emergence); 2) Rudasht Station (rrigation with salt water 10 dS/m). Planting was carried
out by machine planter in November in both regions. In the dry area of Kabutrabad, the plots
containing 6 rows of 6 meters with the distance between the rows of 20 cm (the planting area of each
plot is 7.2 square meters) with a density of 400 grains per square meter were done. Data analysis and
step-by-step regression were performed using SAS9.1 software and mean comparison was performed
by LSD test at 5% probability level. If the interaction effect is significant, cutting (slicing) and
comparison of means was done by Lsmeans test at 5% probability level.

Results and Discussion: The results showed that barley cultivars under drought stress had higher
thousand-grain weight, grain yield and biological yield and lower proline content than under salt
stress. Drought stress at the end of the season compared to salinity stress during the growing season
had higher thousand-grain weight, grain yield and biological yield and lower proline content. Foliar
application of 0.5% zinc sulfate had higher grain yield (4763 kg/ha about 34%) and biological yield
(4763 kg/ha about 26%) than without foliar application and is recommended. It should be noted that
there was no difference in the amount of proline between cultivars in drought stress, but in salt stress,
tolerant and semi-tolerant cultivars had more proline content than the stress-sensitive line. In drought
stress, Armaghan (semi drought tolerant) and Goharan (drought tolerant) cultivars had more
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chlorophyll a in the application of zinc sulfate. It seems that the mechanism of increasing the tolerance
and performance of Armaghan and Goharan cultivars under drought stress conditions is the increase
in the amount of chlorophyll a due to the application of zinc sulfate. For this purpose, foliar spraying
of suitable cultivars (Armaghan and Goharan) is recommended in drought stress conditions.Grain
yield had positive correlation with traits of plant height (p = 0.01, r = 0.33), spike length (p = 0.05, r
= 0.31), number of grain per spike (p = 0.01, r = 0.35), biological yield (p = 0.01, r = 0.96), amount
of chlorophyll a (p = 0.01, r = 0.44), amount of chlorophyll b (p = 0.05, r = 0.29) and zinc element (p
=0.01, r =0.39), which is the highest correlation between grain yield and biological yield (r? = 0.99).
In terms of grain and biological yield, Armaghan and Goharan cultivars are recommended under
drought stress and Armaghan and Mehr cultivars are recommended under salt stress with a
concentration of 0.5% zinc sulfate. In salinity stress, the minimum and maximum grain yield and
biological yield were obtained respectively in foliar spraying of 0.1 and 0.5% zinc sulfate in all
genotypes.

Conclusion: It seems that foliar application of 0.5% zinc sulfate is sufficient for all barley cultivars
under salinity stress, and foliar application with a higher concentration of zinc sulfate is not
recommended due to the decrease in grain and biological yield in this stress.
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