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Effect of crop residue management and nitrogen fertilizer on grain yield and
yield components of two barley cultivars under dryland conditions
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Table 1. Physicochemical properties of the soil of experiment site (before planting and after treatments application) 2007-2008 and 2008-2009 (Soil depth: 0-30 cm)

STos s o e s Sosl S b o JS 03
Year Ju  OC(%) pH  Sand (%) Silt(%) Clay (%) Soil texture EC (dS.m™) P (mgkg?) K (mgkg?) Total N (%)
2007-08 1vA7 -AV 0.78 7.50 7.6 67.1 25.3 Siltyloam 0.61 15.5 456 0.07
2008-09 \¥AY -AA 0.84 7.50 7.6 67.1 25.3 Siltyloam 0.54 16.4 460 0.08
2009 \y¥aA 0.12 7.50 7.6 67.1 25.3 Siltyloam 0.50 16.8 469 0.15

Bl o &Kle b 0T deslie 5 Liy Juas Job 53 LiulesT sl ! s slsn slos 5 oL ailale 5 Kbe —Y

Table 2. Monthly rainfall and mean temperature of experiment site during growing seasons compared to 30 years means

Rainfall (mm) £\ Temperature (°C) L

\FAZ-AV VFAA-VFAY VFOF-\FAZ \FAF-AY AFAY-AA \YOF-\YAZ

Month obo 2007-08 2008-09 1975-2006 2007-08  2008-09 1975-2006
230ctober OLT Jyl 0 42 24.4 11.3 11.2 9.9
November 53T 18 125 77.3 6.6 5.1 8.8
December &3 76 20.5 96.2 15 35 3.4
January Koo 29.5 315 88.2 3.7 51 35
February Al 0 9.1 68.8 8.8 9.0 6.9
March RYESYR 35 58 45.6 14.0 10.3 10.9
April Coligss)| 0 0 14.1 17.3 175 15.6
23May sls & Jsl 0 0 0.9 22.4 22.1 20.1
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Table 3. Analysis of variance for yield and yield components of two barley cultivars in residue management and nitrogen fertilizer treatment

230k A sl
o134 s 4l 5 Sles $ls 558 0 Al 53 4ils No. Fertile S5 g s Shas Sl atls
S.0.V R e d.f Grain yield 1000-grain weight ~ Grains.spike™ spikes Biological yield Harvest index
Year (A) Jl 1 9033751** 1273.416** 266.090** 14.326** 58184445 2547.420**
Error o 6 3924982 17.049 2.870 0.050 48357710 410.528
Cultivar (C) ) 1 9025287** 1725.156** 77.122** 2.341** 361965ns 4402.131**
AxC 5% Jl 1 281064™ 21.298™ 2.402* 0.073™ 7387™ 176.649™
Error Lo 6 42009 18.060 0.407 0.107 314199 69.444
Crop residue(D) A bl 2 14151717 ** 97.226** 109.575** 4.985** 97829536** 597.606**
AxD Ll x Jlo 2 4140710™ 1.200™ 3.412** 0.155™ 1996521™ 48.691**
Error Lo 12 703869 4.052 0.526 0.057 5163696 12.578
CxD L )3 0d) 2 1398777** 154 577** 24.473%* 2.260™ 5227538** 322.051**
AxCxD Ll x o3, x Jle 2 43560™ 1.902™ 0.762"™ 0.070™ 106684"™ 36.251™
Error (I 12 177745 4113 0.855 0.015 739858 14.933
Nitrogen(E) RETEEN 2 6586392** 167.209** 72.688** 2.619** 103291790** 13.73™
A<E 3597 % Jlw 2 205112"™ 2.064™ 2.264™ 0.082™ 2107995™ 16.085™
CxE 0597 % 03, 2 1757824"™ 240.900** 72.187** 1.178** 9138394** 173.149**
AxCxE 058557 oy x Jl 2 54741" 2.974™ 2.248™ 0.037™ 186497™ 32.303™
DxE O35 % Ly 4 2340716** 514.721** 26.989 2.140** 35002243** 121.529**
AxDxE 35978 % Llay x Jl 4 72894™ 6.355™ 0.840™ 0.067™ 714331™ 20.192"™
CxDxE 0557 % Ll x 43, 4 1936383** 289.748** 14.630** 0.409** 15309517** 64.920
AxCxDxE 059 24X LR X085 x Jl 4 60302 3.577™ 0.456™ 0.013"™ 312439™ 21.128™
Error o 72 194818 10.232 1.312 0.082 1773006 34.381
CV(%) S 13.14 11.95 14.87 15.02 14.18 13.14
*and ** : Significant at 5% and 1% probability levels, respectively Loy3 &Sy 5 gy Jlel s 53 s gme 3 5 4 7K 5
A
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Table 4. Effects of crop residue and nitrogen fertilizer rates on yield and yield components of two barley cultivars for two cropping years (2007-2009)

230k dli sl
4l 5> Slas &l Hm )y o s als No. fertile 55 g0 5 Shas Cls el
Treatments 3T gleles Grain yield (kg.ha™)  1000-grain weight (g) ~ Grains.spike™ spikes Biological yield (kg.ha™)  Harvest index (%)
Crop residue (kg.ha™®) L.
0 347b 22.5b 4.1c 1.0b 1103b 31.4ab
750 850a 21.1b 5.6b 1.5a 2581a 32.9ab
1500 966a 24.3a 7.5a 1.8a 2934a 32.8ab
N (kg.ha™) S
0 518c 20.2b 4.1c 1.0b 1419c 36.5a
40 684b 21.2b 5.6b 1.5a 2162b 31.6ab
80 941a 26.5a 7.1a 1.6a 3095a 30.4ab
Barley cultivars e
Afzal il 854a 25.5a 7.1a 1.5a 2214a 38.5a
Reyhan Olows 558b 22.6b 4.9b 1.3b 2198a 25.3b
Year Ju
2007-08 565b 20.1b 4.9b 1.2b 2190a 25.7b
2008-09 854a 25.1a 6.7a 1.5a 2210a 38.6a
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Means in each column followed by similar letter(s) are not significantly different, using Duncan's multiple Range Test

Ley


https://dor.isc.ac/dor/20.1001.1.15625540.1390.13.3.1.9
https://agrobreedjournal.ir/article-1-113-en.html

[ Downloaded from agrobreedjournal .ir on 2026-01-31 ]

[ DOR: 20.1001.1.15625540.1390.13.3.1.9 ]

WA 5ol O ojled s ol OLaT 215 psle A"

PP W PP G gy Rt W
035 S e il 3l Ly p S aSls S
3 dol i s Sl 3 o 5 S
sl oLis (Feiziasl and Valizadeh., 2004) osf;-J
Ghle 53 s Ll 5 53 055,55 05l 5 e
sls alST I (‘"‘?‘J"J‘J’“’” Obws S (G o por
b 0335 OT O juze Olej s bgs o OT sdas s oS
Loy il el 055 pBin s O3 man o e
A5 5 s 055 Al w55 5ol s,

VO i C}JL.U; 059 s e Ol s
33 a4 sl OLas HLSG 53 Ll p 8k V0
s 5l 855 0598 RIAI L Obmy 5 a8l 63,
VO e 53 O5g,n ke Ok 3L
e o YL a8 sls oL HLSa 55 Ll o LS
At Oy g Olow )y o8, 53 (p? YY) ails e 05
S0 Jgror) T s g S8 )3 059 25 (’Jf}l‘f
il o Ll 5 055 55 conlize O3 e OT oo s
dqu;”,; Jlw 3 ails 5 055 JaslesT opl 5o
aS LT 5100 Jsds) 50 SYU ol Jlw a0 S
g an 8 Oypo A e Ol O3y Ll
A Wl o L1, 5 e 5 1 Ol
rjgdu,;u\;,\jwﬂu:.,_\p\ﬁ&lﬁjlé
ol e Ly ag e 53 ¢y 2 3550 035 93 72 53
Slaole 5o Gole SLOLL Sk 4 by e e ialesT
duﬁc,\_;fogfém,&w&uﬁww
el o e ol 53 &ils 158 035 Ll 1 Eely

333, 8ee sl 53 Shee uilsls @2 s
333 055 33 G ool ok S Y U 3 g 3
> Sles 5 51 035 8 X Ll X 08 2iSes 5 L
335 (Sl ime (S Cls e L 5 asls

.wl:
3 e Ll O e SU 4 b e el
Lasless o (613 sime OO a8 5> LS &5 4 5

oS SESNO O pme oy OIS 5 il 3

Ley

(F Jods) 555 #/V e3>l 5o 5 ¥4 sl I
203 i 53 Ols sl 1Bl ge Jalse 5SS
coielasT ol dlo o S pss dls 53 2 035 50
ol J1 000 Golg el 2oL g by e
33 415 3l il Eel &S Asb s g olS (gd,
slo s plie bl .l ol Jlo opl ) ali
(Halvorson et al., ) Cwl ol i a5yl -0 olji.u);i
S o 53 03555 Cadies jy3lie U3 20 2004
ORI L ) 93 i 5o aS ol OLL LG Ao
OGS 53 0 8 S A s i 51055 55 O e
T Sk (b 5 i 3 4l sl
L o 8 S V00 V0 b 53 O3 25 Ciakeis
15 2l o YL 0B 53 8 55 o8 sl olis HSa s
L sle 5o Ll p S5 S VO mla e 53 i
25 9 )L=8a 55 O pf}—laf‘c' S
At O e L LS 55 Ll p 85 LS V0 e
55 35 T s 0 5188 55 055 5 pf}ls
13 e Ol Al a3 &1 3T 3550 )3 g
@J_A,;u;;\u‘}_.g;\v_;u,@fmw
Ly aslaT 5o (F Jsdar) 5 5mad LI 5 (6 iin
L ;- (Seiling et al., 2005) Ol,LSen 5 ¢k
Sola e Sl 3l s s Shes (055 2 5557 ol 3
SRICEINC R SN CRVPINE CFPSCIN T QNS A
8 s .3 4 453 58 05y aalS g aliw s alls
aSls sliws il Wl g e 059 50 355 ol Hldie
Fbeo LS lams 5o 5 Ll Oy 1) badlas s
ST (68 o 3 Shes
S YER) als S5m0 Ol e o SV
S LT s 4518 )3 Ll p 8 ASVO s O s
L commman il bajled o b (g)ls sae (oD
e A A - P P S PR P YC - 1
13 512 059 ¢85 2 53 05955 2 e e
(F Jyde) b 2ol 33

o3le A 5 Bl o ge 055 2 055 oS T


https://dor.isc.ac/dor/20.1001.1.15625540.1390.13.3.1.9
https://agrobreedjournal.ir/article-1-113-en.html

[ Downloaded from agrobreedjournal .ir on 2026-01-31 ]

[ DOR: 20.1001.1.15625540.1390.13.3.1.9 ]

" J;)@L:féb'@\:'{jﬂ"h;lh

3, Shee 34 el s 1S s 931, 0LE LS
(Latiri-Souki et al., 1998) 33 & ¢S5 5 5

sl u.a;-L: &S sls olas ol ui.il.o)'T @L:S
a0l 8 5 A L 5 055 58 S o
ol Ll 5 055,55 polis I8l L &S (o) 4k
Coils e ls Ol o a8 3L il ils
A e LS T s 4 055,53 oo o
Cils gyl ime sl S 53 055 5 (,J?,L;
o315 5 ol (b s Sl 55 (0 Jsur)
5 e S 315 0L (Feiziasl and Valizadeh., 2004)
Smmnd o GBLe 53 s Lyl 8 55 055 20 0 )lge
o= J_:b ol u;ALf Iy Cbls y jesli cdl:,.u;;
dwd:\:c_.éj}u}fﬁ\d\j@\)&j@y
Sl OOe gy by GNIHSIL 059 0 oslee
.;p@a\ggwd{sﬁwﬂtpl

St ULy odias Ol Coils y Lasla il 53l
s 03y9 0 ol ae i joliamtl g JLasl 55 olE
350 a5l Sy ol plgn slaplul
i osls s (2 THLST ol e onlin
1> St 05le S 13 55 oo o gmes 215 OBLE
L (oS5535 b Ll 55 alE oSt osle S
aS LT 51 g ol ey gladaie CIleb g sluss
u)&;amﬁawu,:,\ﬁg:ﬁudumal
SEaT 055,55 3 9aS S 53 2l ol cizes oS
S SalS ol (ol dolie 36 L olS s,
aﬁiw@l_:?&&seaudfqdb&iéo:b
.(Uhart and Andrade, 1995)

03 059 s Cadizee ol o il el
035 foS Ll s ad b sl 1o Llsy i b
Ol e u:*il—‘)'T o=l o bl g ls e gl
Jlw o o 2lajT pgs Jl s Zils s la
YOIV Jsl e s Cils 5 e la Ol 5 5 SYGJ
b as (F Jsdm) 550 p s YA/S £ Jdlw yo

AL Ol il 3 e ol 5 S8 e

ged

o 52 ol e Ll o Hles 5 SSs 3L
Mt s 3 bl p 8 SN 5V s
30555 Ol e Sial 8l L i sdalicn (6515 ime
S5 g 5 Shos LS 36 S 4 LS A 4 Jio
Ol SilasT ol 5o (F Jgsr) Sl 2l 3l
Jlw 4 S G2 l3T g5 Jlv 55 K55 5 3 Sas
by bl 5 (F Jsda) 50 YL
(Halvorson et al., 2004) ol,LSea 5O 5w Jla
5 Gy $Sist esla Oljn a8 ds 8 ot it
035555 p S AS AP O e b s oS s 5> Shes
L ¢S5 g 5 Shas . Cil Sl 551 LS )
Jolse 5lestinul j5 LS SlUl ale SUly edias
eSis o3l W 5 (gl e Blge 5 55 Aile Jaes
ATy
313 OLE Ll jao mlaw 55 059 525 Hlee Ol ok
> SN O jn 035 2 O e i) 531 L 45
SVO sk 53 8 3 el eSS s
3 es Ol o YL HESs 53 LR p S8 V00
S O pnan o S S VO ala 53 650
e 53 5 LS 55 05 (’J?:—l:f‘c' O e
oS S A O pame I Ll 3 e p S 5kS V0
& T 0| PR U - VS PRUE P
o ALE LG O pae Sy g 43 45 s o DL
O S el ds) Joad Job 5o Ll 4 s s
ASL 4 by sy (B e 059 55 Ol e 5 Ll 3 )
OLHLSer 5 sy T Lo g —2olo3T 5300 Jsds)
SalS 4SS us & et ke (Araus et al, 2003)
LS 035 5 e SIS g 5 Shes
e Sl sl Jls ot g g oy cal 5 S5
OLan 5 358 01y S oo 65 sl ol 5 Shas
059 7 oy Su3 5 alasly (Van Keulen et al., 1998)
ﬂl_wc_w..u.s)ﬂc,.u.\e&swu@g,@j,
35aS Jarl 5 53 45 das e 0L oa O Sy,
ESist o3la A 5 Sl 5 e 035 55 02538 sk


https://dor.isc.ac/dor/20.1001.1.15625540.1390.13.3.1.9
https://agrobreedjournal.ir/article-1-113-en.html

[ Downloaded from agrobreedjournal .ir on 2026-01-31 ]

[ DOR: 20.1001.1.15625540.1390.13.3.1.9 ]

WA 5ol O ojled s ol OLaT 215 psle A"

0 S S A a i 5035 25 O e SHIHIL

b sl s Sl el 5l sty 5 Shes LS s
15 5 5oy Lasles oy ()3 o—me M5
L i el 55 035 55 Calibes p3las (F Jgar)
Csly el ol 53 055,20 O3 e 4S5l OLES
3l a5 Sl 53 ool ol s 5 Shas il 53!
1> S5 Ll S ok VB+ e 53 035 0 s
05 S 0 ol ails 5 Slas Oljn 0 YL &
LT ol s T s 4 5L 3 055 25
I P PP PPN WAR FERVICHS:
Ol o3, 235 G s (’J—?J—\:ﬂ%“)
r,_?,,\;\an )L‘..::)'\()L.:issﬁpfjl:fhb\/)
a H LS 55 059 (‘Jf}—l;f/\' 5oLSa s LG
VO 3 S L gl ime gl ST el s
B S 53 05555 ¢ 8 S Fr 5 Ll S LS
Jlw s ails 5 Shes Ol Lilo3T cpl 5300 Jgts)
L (Fdsdr) 55 5V Jsl Jlo 0 o (23T 05
33,8 oo aseia (Y Jgdr) (bl gn ST o)
—e J—lse S AYAV-A ely5 dle js 4 S
N
oomen 3 o JLa ¥ LT L aclin 55 ¢ omn) p
SLaobls b & by e o5 leST dsl o &
Cel S o3 g olS (sl b ol e 55 (65l
Lol od Jlw nl 3 03 ot s Shee 2l
Jsl Jw Ha (Y d)-a\—?-)u_wl;.i«\}h)l_»Tsx_fL?-}:
a e 48 0Ly S5k s b s e T
O b 55 dus 8 w50 0B G 53055, Y0 5
Sl s Jal Jle s ole psys 3 03 Lok c”ﬁ@
Cslicddy Joad SLL Jl e 55 5 )lg 5o Lo
30k At 3luns 2alS 5 olE (6 gad e 1581
s 5, Shes 5 ¢S5 om 3, Nhae 2alS Culg o
e3> Jlw an Cod 1 La3T Jl Jlws 5o (M sz
253570 b by Jo Jol Jl 5o il o3 s 8

m(apdbmwdl@;u\:jub)w.uﬂ):

£eo

o s Cod (g 2 3050 5 () 93 2 53 Sls
23 Sole Ladhl L 4o b e e taLa3T Jl
EelaS Al o s oL sy b Jol o
ol o s Jl pl 53 Sodls et Ls Ol Sl
e S il s AT ol
@l_*.} bty i js asls slu s L (gyls e
—=5 5 (Bvans, 1997) ;s csla il 3T
Ao y3 4l sldss &S sls Ol = (Toushieh, 2004)
NSRRI R S

e YL Sl s gyl f31 03
>, es Olsoe 033 YL OT s 559 Oy 055 4
Wobg)rjjjstéljjs.wldélr%):4.3\;
Coamd g 4l olant) &l 450355, 3l g0 5l (5 S
oS 2lsn Slacand Lo woayy g0 3l 6 e
Wl ok

=5 (Richards et al., 2002) ol,Les 5 53,
oA LE by 3 5aS Ll b s & s S B
3 o oS sl 3y 50 OT o 3l ol il
5l Syl 51 5 e T S g
aly g e Jaw g OT Ol 5o 585 o sl
LeT Sl Eelbaslbb 0ds s oy53 Jsb o
0352 5 s SGT 25 (o il et s S
S Ws S 418 (Angus and Herwaarden, 2001)
3 ey 03lial oy gio 4 035 6 53 i 2 AS
Al o S Uy 5 1 ey o o 45 S T

Ll 5l eslawl a5 sls Lid ol il T mb
Golssme Ol 5 13§ wils 3 Shes ol 1 sl
Ao e b Ll p S S0 V03,8 o
J—ls s O 3wy BT (Fsdar) Cils 555 Ll
Ol e 45 WUsls OLis (Anderson and Russel, 1964)
Jsb s Eel ,LSa 55 o5 93 51 i Ll
0 es 2als 9345 0 5,7 B F Oljee 4 Aiy o)
L5 lamealS el o 5) fyg) Adyps3 b
EPS R Jjgl.mﬁ Sl Eel (addlow


https://dor.isc.ac/dor/20.1001.1.15625540.1390.13.3.1.9
https://agrobreedjournal.ir/article-1-113-en.html

[ Downloaded from agrobreedjournal.ir on 2026-01-31 ]

[ DOR: 20.1001.1.15625540.1390.13.3.1.9]

S s AE Gl e 1T

P IRE 3 Sas @l 53 Shas 5 055,255 5 AE Ll cbayles blize j1-0 Jgul>
Table 5. Interaction effect of crop residue and nitrogen fertilizer rates on yield and yield components of two barley cultivars

4l 5 Sles als lm a3 Al 53 a@ls 59,k akiw sl S5 g s Shas Sl jatls
Grain yield (kg.ha) 1000-grain weight (g) Grains.spike™ No. fertile spikes Biological yield (kg.ha™) Harvest index (%)
Afzal Reyhan Afzal Reyhan Afzal Reyhan Afzal Reyhan Afzal Reyhan Afzal Reyhan
Crop residue (kg ha) L€ su
O)s 7%
N (kg.ha?)
0 154ef 105f 20.2¢ 17.1f 4.35ef 3.69fg 0.5ef 0.5f 553gh 343h 27.8def  30.6hbc
0 40 471cde 119f 23.2de 18.3ef  5.19f 4.16f 0.9d 1.0e 1601efg 571gh 24.6def 17.1f
80 558cd 715bc 24.7de 19.8ef  7.48d 7.86cd 1.5bcd 1.3cd 1862ef 3042cd 25.7def  23.4e
0 817bc 347def 22.4de 19.8ef  8.54abcd 4.64ef 1.5bcd 1.5bcd 2383cde 1646fg 31.3bcd 19.8f
750 40 1314a 827bc 30.9ab 21.3de 9.8la 9.48abc  1.8abcd  1.8abcd 2969cde 3217bcd 36.8abc  22.9¢
80 1034b 671cd 31.4ab 23.1de  8.53bcd 7.69d 1.4d 1.3d 2923cde 1921def 31.8bcd 21.5e
0 761bc 339def 23.1de 21.4de  5.85e 2.20g 0.4f 1.4cd 1255fgh 1591efg 32.5bcd  19.5e
1500 40 999b 993b 30.8abc 25.9de  8.5labcd 3.33fg 1.8ab 1.6abcd 2065def 3067cd 37.1ab  20.1e
80 1459a 1057b 32.4a 33.0a 10.03a 9.67ab 2.0a 1.8abcd 4066ab 4461a 35.8ab  23.6de

.JJ)\JJ&)I:@Ms)LATo,LEJ_\.‘:):@Jk}\d@aﬁﬂl:@@l:4;3Qyﬂu.ﬂl.»\j.‘M&ngjfél)l>4§5u;n§:poyﬁ):
Means in each column followed by similar letter(s) are not significantly different, using Duncan's multiple Range Test
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Table 6. Correlation coefficients between grain yield and yield components of two barley cultivars

-ﬁbajgl.@& )b alew slaws

Grainyield  No. fertile spike

Grains.spike™

oy als 4l 1. 05

2035 S5 5 2 S
1000-grain weight Biological yield

Jasbabiw sl 0511
No. fertile spike
aliw s als
Grains. spike™

0.5827 0.033

Gl oy 0.213 -0.242
1000-grain weight
54 gm s 0.868 0.709 ™
Biological yield
il esls 0.608 7 -0.617

Harvest index

-0.121
0.479" 0.969 ™~
0.483~ 0.178 0.175

*and **: Significant at 5% and 1% probability levels, respectively
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Effect of crop residue management and nitrogen fertilizer on grain yield and
yield components of two barley cultivars under dryland conditions
Sadeghi, H.! and A. R. Kazemeini®

ABSTRACT

Sadeghi, H. and A. R. Kazemeini. 2011. Effect of crop residue management and nitrogen fertilizer on grain yield and yield
components of two barley cultivars under dryland conditions. Iranian Journal of Crop Sciences. 13 (3): 436-451.

(In Persian).

To evaluate the effect of crop residue management and nitrogen (N) fertilizer rates on grain yield and its
components in barley under dryland conditions, a field experiment was carried out at the college of agriculture,
Shiraz University, Bajgah, Shiraz, Iran in 2007-2009 cropping cycles. The experiment was conducted as strip
split plot arrangements in randomized complet block design with four replications. Horizontal plots were three
crop residue rates (0, 750 and 1500 kg.ha™), vertical plots consisted of two barley cultivars (Afzal and Reyhan),
and sub-plots were three nitrogen rates (0, 40, and 80 kg N.ha™). Number of spike.plant™, grains.spike™, and
1000-grain weight of both barley cultivars significantly increased with increased N and crop residue rates in
both cropping cycles. The lowest grain yield was obtained from 1500 kg.ha™ residue incorporation without N
application indicating the soil N imbalance. The optimum crop growth and the highest grain yield (1459 and
1057 kg.ha in cvs. Afzal and Reyhan, respectively) were obtained from the highest crop residue and N rates.
Positive relationships were observed between grain yield and number of spikes.m?, grains.spike™, grains.plant™,

biological yield and harvest index.

Key words: Barley, Grain yield, Nitrogen and Crop residue management.

Received: Aprill, 2010  Accepted: November, 2010.
1- Assistant Prof., Shiraz University, Shiraz, Iran. (Corresponding author) (Email: sadeghih@shirazu.ac.ir)
2- Assistant Prof., Shiraz University, Shiraz, Iran

£0)


https://dor.isc.ac/dor/20.1001.1.15625540.1390.13.3.1.9
https://agrobreedjournal.ir/article-1-113-en.html
http://www.tcpdf.org

