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1- Amberotermic graph
2- Bioclimatic map of climate
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1- Rainfall water productivity
2- Water use efficiency
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Table 1- Meteorological data of 2018 and 2019 growing seasons in Dryland Agriculture Research Station of

Maragheh
ols \Yvay \YaA
2018 2019
Month Sk xSk Lo (Sikw Sk Sk Lo Siles
Rainfall (mm)  Mean temperature (°C) Rainfall (mm)  Mean temperature (°C)
s 0.2 11.4 9.7 13.76
October
ot 36.4 85 47 557
November
! 475 083 91.4 23
December
@2 28.7 1.4 40.8 2.3
January
oo 85.2 -0.98 86.4 1.2
February
_— 79.9 43 55.6 0.27
March
02259° 54.8 8.6 116.1 5.22
April
) 67.4 105 43.4 9.9
March
o> 231 16.7 42 18.14
June
= 0 24.62 0 22.7
July
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Table 2- Combine analysis of variance (MS) effect of year, cultivar and residue rate on agronomical
characteristics of barley

SO V. <351 Emergence Emergence Green cover Cold damage
T DF rate percentage percentage percentage
0.014 ™
Jo 1 0.001 ™ 501.4 ™ 1458.1 "
Year (Y)
; 19.36 ™
= 4 0.002 ™ 297.7M 462.52 ™
Error
5 4929.13™
_”5) 3 0.037™ 3760.3" 4003.9"
Cultivar (C)
o Jb 3 0.0001™ 9.94™ 23 0681 "
Y xC
; 6.03"
> 12 0.0001 " 54.4 " 96.45 M
Error
L o; . - - 2037
Lo 0.02 152.5 56.72
Residue rate (R)
Ll x Jlo o 13.18"
e > 0.0001™ 157.10 2.2
Y xR
. 8 0.0001 ™ 9.06 ™ 2.98™ 3or™
Error
5, x Llay R . . 12.04"
ooy X 6 0.001 49.29 45.79
CxR
Raxesde g 00001 16.21 " 133 473 n
YxCxR
. 410 ns
Sl 24 0.0001" 16.64™ 17.66™
Total error
o 11.88
SR e - 10.04 6.11 6.54
CV (%)

Woyd S g iy Jleiml zolaw (o lo e BT 5 jlo jixe WIS 042 pie (o iy ik g 5 NS
ns, * and **: non-significant difference, significant difference at the level of five and one percent probability,
respectively.
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Table 3- Mean comparison of barley cultivars traits planted in various wheat residue rate

b los N leazalS (o jow b2y Loy &)l o0 D05 e Ghedigy 2y
Treatments Emergence rate Emergence percentage Cold damage percentage Green cover percentage
)
Cultivar
Sahand 37.6ab 1.22ab 64.9a 70.7a
Abidar 40.1a 1.3% 67.3a 75.4a
Reyhan 03 36.2b 1.32a 65.6a 68.5a
Yoosef 21.6¢ 1b 58.2b 42.3b
LSD (5%) 0.0073 5.599 1.783 7.133
bl ol
Residue rate
0 ton/ha 33.1b 1.25ns 63.9ns 62.9b
1.5 ton/ha 33.5b 1.21ns 64 ns 63.8b
3 ton/ha 35a 1.25ns 64.1 ns 65.9a
LSD (5%) 0.0067 2.003 1.666 1.150
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Means in each column fallowed by similar letters are not significantly different at the %5 probability level (LSD Test).
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Table 4- Mean comparison of effect of cultivar and residue rate on barley agronomic traits

)los OMD e S8y azals ol jos S0y N O e by oy
Treatments Emergence rate Emergence percentage Cold damage percentage Green cover percentage
T1xV1 39a 1.33ns 65.2bc 73a
T1xV1 38ab 1ns 63.5a 71.8ab
T1xV1 35.8bc 1.33ns 66ab 67.2bc
T1xV2 39.7a 1.33 ns 67.3ab 74.2a
T2 xV2 38.9a 1.33 ns 68a 76.7a
T3 x V2 40a 1.33ns 66.5ab 75.5a
T1xV3 39.3a 1.33ns 66.3ab 73.7a
T2 xV3 34.4c 1.5ns 65.2bc 65.8¢
T3 xV3 34.8¢c 1.33 ns 65.2bc 66¢
T1xVA4 22d 1ns 56.8d 42.8d
T2 x VA4 21d 1ns 59.2d 41d
T3 x V4 21.9d 1ns 58.5d 43d
LSD (5%) 0.0119 4.861 2412 5.008
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Means in each column fallowed by similar letters are not significantly different at the %5 probability level (LSD Test).
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Table 5- Combine analysis of variance (MS) effect of year, cultivar and residue rate on agronomical
characteristics of barley

Ol s 2o &ol3l ax 0 alw sloss 4l e o5 @3k ax
S.0.V. DF No. of spike Thousand grain weight Productivity degree
o N
J 1 0.014 ™ 207.40 ™ 18.19
Year (Y)
> 4 0.056 ™ 136.21 ™ 348"
Error
2 3 0.53" 1250.8™ 133.4"
Cultivar (C)
5%l
w5 d 3 0.014 ™ 0.069 " 590"
Y xC
> 12 0.148 ™ 24.83 ™ 6.51 "
Error
Ll Ol 2 0.014 ™ 23.26" 2021
Residue rate (R)
L x e
e J 2 0.097 M 0.271m 0.30"™
Y xR
- 8 0.222™ 1.690 ™ 0.31M™
Error
3 X L’L&’ * Kk
w2 6 0.088 ™ 13.44 44.57
CxR
Ll x o9, x |l
e oy 6 0.097 M 0.141 ™ 10.27 ™
Y xCxR
s
S 24 0.259 ™ 5.48 ™ 6.96 ™
Total error
Sl o - 11.19 6.01 5.01
CV (%)

Beoy0 S g iy Jleizl zolaw ol gae BB g jlo s M| 042 pie (o iy i g 5 NS
ns, * and **: non-significant difference, significant difference at the level of five and one percent probability,
respectively.
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Table 5- Combine analysis of variance (MS) effect of year, cultivar and residue rate on agronomical
characteristics of barley

Ol ao 6olyl a0 Cubls y sl 0395 o) 0 ,Slas als o ,Slas
S.0.V. DF Harvest index Biomass yield Grain yield
(W - x
J 1 10.14 " 28202553 4573800
Year (Y)
> 4 258" 2423829 "™ 49765.3 ™
Error
,”5’ 3 3.64 "™ 66568556™ 12706198™
Cultivar (C)
5 x Lo
wxJ 3 5.85" 61180.8 " 24539.5 1
Y xC
= 12 5.61" 53996.1 " 36725.1"
Error
el Ol 2 25.94" 84431.3 ™ 179497.2™
Residue rate (R)
b Jl 2 0.19 ™ 3129.1 ™ 6861.5
Y xR
= 8 6.32" 53228.9 " 19574.9 ™
Error
5, x Lla o - o
o) X 28 6 45.35 1296299 266458.6
CxR
bl o) Jlo 6 10.04 30671.7 ™ 23276.2 18
YxCxR
ol 24 6.38 90286.4 "™ 35548.8 ™
Total error
Nl ] 5.78 481 6.93
CV (%)
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ns, * and **: non-significant difference, significant difference at the level of five and one percent probability,
respectively.
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o 00958l s wils i 59 S o 5 Y L alS bl ol 2ol b (Taha, 1999; Mohseni, 2008
V97 slagax)

Slojpe e 4 5 3,5 )18 AL Ll olie 23 Cou wlgige @ls a5 45 was e L @l
Bl a3z anl 50 laeadlly S Collad I ol (39555 (i (G olyen 4y Ll 5l polie (a5
5 (Abdolrahmani and Valizadeh, 2018) oslyds 5 Sl Jlowe «(Abdolrahmani, 2019) _Jle> Jlae
9% ke o als e e malS s S )15 ) elie b s (Sohrabi et al., 2014) ) SKaa o ol g
a3l ol slaphdl b oo, s oty slaehil in 5 B Wlsiee o5 alS bl 5 L
a5 Wddire S 500 B,k 5l .(Abdolrahmani, 2019; Behnia, 1992; Noor Mohamadi et al., 2005)
L oabaly 50 (Sosglonmd o pdviilhanl S 1, o 5 008 oo J13 o515 Sl 3b cou oyuia ails a3
Giovanni et al., ) ,Ken 3 Jls.5 5 (Behnia, 1992) Ly, .asils co cunl p3Y Jio adgs (gl a5 olos]
b cos als e oy euas Ayl o 5 cunl Sy S Cod e aly 5 a8 wadiee 3o (2004
355 o 3 e sl e

il 0 Shoc 55 (ALE Ll olimn 5 052 s sinn anlllas )90 Slao ady p oublayy a3 | 2 @ o,
2 P Gl Gliee x 08, blie il Ll wols 13 )"JL’ Cou s g ygo ]y (a0l a0 g Sl sl
bl 5 ¥ x janl 08) (g)led oS5 (B Jgaz) ubldS o tre 51 Gyl (55500 a3 LE 5l it 4 Slao den
Sy o Sas il o Shas cails o )55 cazmals Galiew do)s 5 Sy Dlao Gl (i b S )0 puS
V57 ladgaz) iy (55 bjlos andl Cund (5)1 (5)50,42 (a9 (20,L 4255 003

Sugb) 0533 g Lo asd Sl 1 cesbie Lulpd ool el cdear (LS Ll (5 Y Gl 8IS (L
dlge odgi g S 5 ol wlie 5l 50 eolatwl imaen 4 (All-Issa and Samarah, 2007; Koller, 2003)
All-Issa and Samarah, 2007; Hasheminia, ) eog cow ) o Slas ails o,Slee 0Jgi slp (S35 (6 pmgid
0k 69 oxe il aimren g Cuilop atlh og 4,z «(2009; Noor Mohamadi et al., 2005
(Behnia, 1992; Noor Mohamadi et al., 2005) o 2o,l 4,0 dst @ e Soles jo0 a5 00 5
oo (Safari et al., 2013) | e 4 5,20 5 (Abdolrahmani and Valizadeh, 2018 ) osl;Js 5 Sle> Jloe
Sless (Brre g DLl Sgeu Sl 5l (803l a0 g Ceeal it Glalze 53,8 5155 st gl
Abdolrahmani, 2019; Abdolrahmani ) wlosls ;1,3 auST o501y el 18,95 5 (6 yidin Sudos &8 5l aS 5
(Y 37 slo Jsa>) @nd Valizadeh, 2018; Behnia, 1992
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Table 6- Mean comparison of barley cultivars traits planted in various wheat residue rate

bl alw slass als e o5 @)k ax e cnls y el &l o Slas 03¢5 Sy § 0 ,Slas
Treatments No. of spike  Thousand grain weight Productivity degree  Harvestindex  Grainyield  Biomass yield
o)
Cultivar
Sahand 73.5ab 0.216b 54.3a 43.6ns 3267b 7507b
Abidar 77.6a 0.230a 55.2a 44.1 3417a 7783a
Reyhan 03 70.3b 0.200c 51.8b 43.1 2634c 6123c
Yoosef 45.5¢ 0.128d 49.2c 44.1 1596d 3576d
LSD (5%) 0.2794 3.619 1.853 1.721 139.2 168.8
bl oliee

Residue rate

0 ton/ha 64.2c 0.185b 51.6b 42.70 2679b 6264ns
1.5 ton/ha 66.7b 0.196a 52.5ab 43.6ab 2664b 6181

3ton/ha 69.3a 0.200a 53.8a 44.7a 2821a 6297
LSD (5%) 0.3138 0.8654 1671 1.674 93.14 153.6

3,5 K085 b gyl e B v ys m Jleis ! mhaw ;3 LSD fyge3T ulusl yy coiisly po S yidin By (glls ygiw ,o 40 a5 o il
Means in each column fallowed by similar letters are not significantly different at the %5 probability level (LSD Test).
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Table 7- Mean comparison of effect of cultivar and residue rate on barley agronomic traits

Lo alow slass als e oy3e 23,k ax Cubls y el &l o, Slos 035 Cmny § 0 ,Shos
Treatments  No. of spike Thousand grain weight Productivity degree Harvest index  Grain yield Biomass yield
Tl1xV1 73.7bc 0.220b 6.56bc 39.9f 2968c 7426hc
TlxV1 79 0.226ab 7.42a 43.3cde 3361b 7767ab
TlxV1 67.8d 0.204c 7.65a 47.5a 3471ab 7327c
T1xV2 75.8ab 0.227ab 7.33ab 45.4abc 3338b 7395¢
T2 x V2 76.8ab 0.231ab 7.31ab 41 .8ef 3312b 7911a
T3 x V2 80a 0.232a 7.94a 44 9a-d 3602a 8043a
T1xV3 73.5bc 0.222ab 5.93cd 42 3def 2908c 6869d
T2 x V3 69.8cd 0.206¢c 5.83cd 42 .5¢c-f 2412d 5689¢
T3 x V3 67.7d 0.173d 5.71d 44.5b-e 2583d 5811e
T1xV4 42.8e 0.131e 3.35e 43.1cde 1504e 3496¢
T2 x VA4 48.2e 0.124e 3.50e 47.1ab 1573e 33599
T3 x V4 44 5e 0.130e 3.61e 42.1def 1628e 3873f
LSD (5%) 0.6064 2.790 3.143 3.010 224.7 358.0
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Means in each column fallowed by similar letters are not significantly different at the %5 probability level (LSD Test).
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D)5 o0 ST g feS sladils w4 e a5 39 oo Wi baalls G (g Slge Bl sl )
Abdolrahmani and ) colyts 5 Sle>Jlae ((Abdolrahmani, 2019) Sl Jloe sloaisl L mblo ol
&5l callae (Kacemi et al., 2012) o, Ken 5 wlS 4 (Valizadeh, 2018

03l 055 Brae b S )0 vgzge (olie olie IS as e 1ol ogr Jloy3 5 08 4 Al IS o
039 o> 2led @515 e ) Jole (n etee Sy o0 I Glar Jalsl U oaoty (Jgexe (cdugy o jolaieds
Al 5 oalin glaazals wojs bl s lbazalS myw (ol e il o Slee ol o 5 4l e
Behnia, 1992; Emam et al., 2010; Noor Mohamadi et ) ail by e (205 a0 jo S5 jew yidig
9 Abgd ol 0aiiS ynd 45) bbamy b e g S e 5l LiSu sy e e Lol rag o .@l., 2005
35 5 bazalS il sy ik 5l GESe 53 03 1) (LS bl colie e 3,lS g (ol 05
e dls e ()59 5 aligs olaad (Rl 5 S (e ar g Canl 0ad el ceslie slos g Cugb) 4y (g yis
S » 55 (All-Issa and Samarah, 2007) |)lls § e JT (Y 37 sloJgaz) conl sos ails o Slos yiul38l &
Slemfle wilbss aSt ws gz oSlee bl 5 Lo 5 sk, 0pSd sy » LS L
paS — ol wols o alS bl o5 VO le ialdS 8L aS o5 5,055 (Abdolrahmani, 2019)
33t Sales 53 3 93, e plo oL ol Sgngy o o 4zl S IS El 5 e 2 S b s o
Wee Blas ilds 8L as ws,S s,l55 5 (Mitchell et al., 2012) o, Sen § i 00,5 ails o,Sles
5 Sl 5 Glalud Gl )90 Gloj 50 Sl ;0 o) Jolee b jjails (alS L I Se 50 0 S6lS
Loazals il 5 0,55 sl ol 0,058 Sules 58 3 Cughy w3l 55k w3l iabop S5 e
D 50

ol ey (8l b Wlgs g0 Cugly sol )8 g axalS il sg a5 cunl osls las (sousie Olalllas
Abdolrahmani ) 05,5 ails o ,Shae Sgupe o g 0 s aild olowd g algs (55,b Sgupy daaigs g loaxsy
,o (and Valizadeh, 2018; Fischer and Maurer, 2002; Giunta et al., 1993; Ishag and Taha, 1999
bl camlie e b 515 Bkl Cash) (eald 5 4l mlie aeb Dype 40 duye S 4
St il Bk 5l bl ceslie Gliee 00,8 15 sl cemsas 150 Cal 5l 55t 9 Shae Ll s 57 0 (LS
Sert g Nod oo JSAS (S a5 bolS (g9)ks, Sl BB 5 (otag) 2B, 0,9 0 &S 60, Ses I3l
as ols ,155 5.5 (Radmehr, 2007) ,s.0!, .(Abdolrahmani, 2019; Kacemi et al., 2012) 558 o o ,Sloe
Rl ey 18 5395 5 S p e (el didn 9 09h plowl 5 e O Rl g gl 0y &S (G900 50
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Table 8- Combine analysis of variance (MS) effect of year, cultivar and residue rate on agronomical
characteristics of barley

OlyeiS g @il ez Ok Soge e ALY Gy )|
S.0.V. DF Rainfall productivity index Plant height
L " "
J 1 74.78 1476.1
Year (Y)
e 4 0.241 13.47 1
Error
o 3 60.88™ 287.9"
Cultivar (C)
5 x Jl -
w5 d 3 0.252 257.9
Y xC
o> 12 0.179 " 19.01 ™
Error
bl Ol 2 1.147 s 0.10 "
Residue rate (R)
bl J 2 0.641 ™ 8.34 1
Y xR
= 8 0.268 ™ 376"
Error
o 6 0599 ™ 813"
CxR
Lla x o8, x |l .
2l oy 6 0.253 11.73
Y x C xR
S st 24 0.496 ™ 4.36"™
Total error
Syl ol i 11.72 3.26
CV (%)
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ns, * and **: non-significant difference, significant difference at the level of five and one percent probability,
respectively.
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9 09 Sglite (paiS (ALS GLlh Alidee polie )3 92 a8l &gy gli)) Sl gy (A Jg92) 092 JloSre L
Vsladgaz) ols olaisl sgsa | ilises lajless 1o g elis )| o o paiS SLlE 5 ¥ lie 5o 5000 08,
b loje oadalil (39 5 39008 5 0ads 0ails S 50 (SLlE (39,55 o3 S e pf @ Olgiee | @S Gl O -
Sly sy o o, & u>ee 9 (ROOZDeN and Aliabadifarahani, 2009)el5 wi, L ,o o5 slolss
Abdolrahmani, 2019; ) el culs bgs e aig glas,l 5 o, Sl Jobo ial38l amls 10 5 S 55 4 Sbiaws
.(Abdolrahmani and Valizadeh, 2018; Behnia, 1992

P LS bl Gl slolie o oul 4ilS g2 plB)| el )5 alidee Slao (1 Kls anglas -9 Jgox
Table 9- Mean comparison of barley cultivars traits planted in various wheat residue rate

b Lo Gy glis)| Al ogere aFLE
Treatments Plant height Rainfall productivity index
~)
Cultivar
Sahand 6.4a 7.21b
Abidar 5.6a 7.52a
Reyhan 03 15.1b 5.82c
Yoosef 41c 3.49d
LSD (5%) 3.166 0.3073
bl Gliee
Residue rate
0 ton/ha 17.8b 5.79ns
1.5 ton/ha 17.4b 6.02 ns
3 ton/ha 16a 6.23 ns
LSD (5%) 1.291 0.5526

3l K085 b (gl e B vy my Jleis ! mhaws ;5 LSD fyge3T ulusl yy coiisls so S yidin By (slls ygiw jo 40 a5 o il
Means in each column fallowed by similar letters are not significantly different at the %5 probability level (LSD
Test).
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Table 10- Mean comparison of effect of cultivar and residue rate on barley agronomic traits

o e A glas)| Ol 890 50 AL
Treatments Plant height Rainfall productivity index
T1xV1 4f 50.3de
TixV1 5.5ef 54.4bc
TixV1 7.3e 53.2bc
T1xV2 6.3ef 56.2ab
T2xV2 5.7ef 53.1cd
T3 xV2 7.3e 58.5a
T1xV3 13d 52.1cd
T2xV3 15.7¢c 50.6de
T3 xV3 16.7c 52.9¢d
T1xV4 40.7ab 48.1e
T2xV4 42.7a 51.9¢cd
T3x V4 36.7b 47 .6e
LSD (5%) 2.487 0.8392

35 K085 b (s lo gime M as o gt Jlesl o 50 LSD (903 ol p ol oo S s By (slls (ygim y2 10 a5 oo nSilee
Means in each column fallowed by similar letters are not significantly different at the %5 probability level (LSD
Test).
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