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Effect of different levels of nitrogen and plant density on grain yield and its
components and water use efficiency of maize (Zea mays L.) cv. SC. 704 under
different moisture conditions in Khuzestan
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Table 1. Summary of combined analysis of variance for Leaf Area Index (LAI) at silking, Relative Water Content (RWC) of ear leaf, grain yield and its components,
biological yield, harvest index and economical and biological water use efficiency

(MS) ey S
s 5 b el OT il Sy sl 4l sl 359 s Shes > Slas sarls el JT SKsdm aTS
GhT e el e e, I s I s <l «ls S by ST e ST O e
df. LAT at RWC ofear Row No. Grain No. 1000 KW Grian Biological Harvest Economical Biological
S.0. V. D i gyl silking leaf per ear per ear yield yield index water use water use
efficiency efficiency
Year (Y) Ju 1 2708.8™ 1734™ 0.32"™ 14666 ™ 202.3™  82017™ 1197446 ™ 15.9™ 201.3™ 476.7"
Irrigation (1) ool 2 76719%* 1769986** 0.21™ 334718** 4397.7%* 1693234 4949286**  104.6** 4152.8*%*  11973.3%*
Y xI ebTxdu 2 125.6™ 14028 ™ 0.0022" 783™ 29.7™ 7169 ™ 12183™ 1.8™ 10.7™ 13.2™
Rep/ Y x I WL/, S 12 577.4 70238 1.28 5726 364 17429 86546 11.1 46.5 2143
Nitrogen (N) 3585 3137.8%* 79222™ 0.3™ 563.09** 802.6™ 290884** 868169**  17.8™ 776.7%* 2317.9%*
Y xN 058, % Jlu 41.4™ 2069™ 0.003™ 278 1.9™ 605™ 1497 0.3™ 1.5™ 3.7
IxN 3535 % T 382.7* 3276™ 0.02™ 5930%* 67.1™  31784* 92430** 2.4 83.3* 241.7*
Y xIxN Sisxgbixdl 4 262" 5441 0.0014™ 781 6™ 274" 745™ 0.25™ 0.7™ 1.8™
Error (E,) aclzal 24 120.3 30470 1.2 2074 313 11030 31159 10.9 29.7 76.2
Density (D) Sy 2 7757.4%* 125707** 0.78™ 200651** 6878.7*%*%  79025%* 753910%*  163.6** 210.5%* 2013.9%*
Y xD PSrxde 2 41.3™ 177" 0.007"™ 40™ 0.5™ 1012™ 1394™ 2.1™ 2.6™ 3.4™
IxD Srxebl 4 959.3%* 12125™ 0.04™ 71 88.6™  21418** 70057** 59™ 56.6%* 182.2%%*
Y xIxD Sixebixdu 4 473" 271™ 0.001™ 54" 03™ 308™ 355™ 0.6™ 0.8™ 0.9™
NxD WSlixois 4 159.1% 5720™ 0.21™ 1672™ 159.7™  16607** 38908%** 53™ 44.5% 104.2%*
YxNxD PSx 05 mxde 4 54.7™ 2775™ 0.01™ 441 6.3 2735™ 4640™ 0.7™ 7.3 12.5™
IxNxD WSixojsmxel 8 24.1™ 7493 ™ 0.05™ 931™ 459™ 3448™ 4427™ 51™ 9.2™ 11.6™
YxIxNxD  (S1x0js aixeslbxde 8 50.8™ 5043™ 0.07™ 325™ 45™ 2152 2401™ 2.1™ 5.7 6.4
Error (E) oaal 72 46.7 8228 0.51 1135 194.5 2003 14476 4.7 5.3 28.1

ns, * and **: non- significant, significant at 0.05 and 0.01 probability levels, respectively.
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Table 2. Mean comparison for LAI at silking, RWC of ear leaf, grain yield and its components, biological yield, harvest index and economical
and biological water use efficiency

Tl el OT bl sy sl &5 sla s 5 Shes 3 Shes ale O e g0\l T8 ST
oo 5 5, e, I s N s wls,ls <l S5 Sl el e SRS OT sl p S5 TS e
s 2 e (4o (%) (e e8) (erie e ) (o) (an T eaSa (b an T S jia oSt
Treatment LAI at RWC ofear Rowsper  Grainsper 1000 KW Grian Biological Harvest water use water use biological
silking leaf ear ear (g) yield yield index economical efficiency
(%) (gm”) (gm”) (%) efficiency (kgm®) (kgm™)
Irrigation ( )
I, Oallas 5,LT 49a 90.8 a 142 a 559.6a 253.8a 1050.2 a 2016.4 a 523a 1.71 a 3.28a
I, e 5 37b 86.9b 14.1a 497.5b 24490 898.2b 1761.3 b 51.1a 1470 2.839b
I Lds i 2.6¢ 79.5¢ 14.1a 403.2 ¢ 2358 ¢ 697.2 ¢ 14133 ¢ 494 b 1.15¢ 234c¢
Nitrogen ( )
N, JSa 550 S Fe 35b 84.5a 14.1a 4054 b 240.8 a 800.1 b 1588.8b 503 a 1.31b 2.60b
N, S s C,?,l_s VA 38a 859a 142a 4978 a 2452 a 903.5a 1768.6 a 51.0a 1.48 a 290a
N; S s rjf,l._sn'- 39a 86.9a 142 a 512.1a 248.5a 942.1a 1833.6 a 514a 1.54a 3.00 a
Density  ( )
D, Erse 3 6nF 33¢ 87.3a 143 a 5452 a 2554 a 838.7b 1596.2 b 52.4a 1.37b 2.62b
D, e 3 S5 VIO 39b 85.7b 14.1a 491.6 b 246.2 a 9114a 1775.7 a 51.3b 149 a 291 a
D, G 3 658 4.1a 842 ¢ 14.0a 423.6 ¢ 2329a 895.6 a 1819.1a 49.1¢ 147 a 298a

.@Wﬁt;@u\;.\;{o}aﬂwuuM);@ch.ﬂ);@b@mc,,w;;L&gjf5\)\>>t4;|)u;a,fﬁ)>,ofmﬁ,;*
* Means followed by similar letters, in each column, are not significantly different (P < 0.05)- Using Duncan Multiple Range Test (DMRT)

Ve


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.2.5.6
http://agrobreedjournal.ir/article-1-297-fa.html

e 4 oS X 0355 5 6 oS5 x LT 0355 x kT flize Ol 31 ke aglie ¥ s
ol ST, u_ia_jjl}:; 5 Shes 5 ails 5 Shae (I 3 4l :l.,\xjcdaz(..i.iﬁ\ d> dfjcla.u
ST e (S55hs s

Table 3. Mean comparison of interaction effects of irrigation x nitrogen, irrigation x plant density, nitrogen x

plant density on LAI at silking stage, number of grain per ear, grain yield biological yield and economical and
biological water use efficiency

e R R 4l 5 Shes St Slas T O peme 00lasT LT OT O e 5050 2T,
Sbes 2 gl gl dl e Phos Cpp e 8) (ppomse ) aSe ppalsp 8 4LS) s ol p 5 LS)
Treatment LAl atsilking Grains per  Grainyield Biological yield (e T (e T CaSs a
ear ( gm'z) (gm'z) Economical water use ~ Biological water use

efficiency (Kgm'3) efficiency (Kgm'3)

[ Downloaded from agrobreedjournal .ir on 2026-02-22 ]

Irrigation * Nitrogen *
11Ny 45b 508.4 b 93240 1808.7 b 1.51b 2940
I1Ny 51a 5732 a 1077.8 a 2066.8 a 1.75a 3.36a
[1N3 53a 5972 a 1140.5 a 2173.6 a 1.85a 353a
HN; 3.5d 453.0 ¢ 800.3 ¢ 15982 ¢ 1.31c 2.62c¢
HNy 38¢ 5123 b 927.0b 1810.7b 1.51b 297b
I)N3 39c¢ 52730 967.3 b 1875.2b 1.59b 3.08b
I3N4 24¢ 389.8d 667.7d 1359.5d 1.10d 2.25d
3N, 25¢ 407.9d 705.7d 1428.4 d 1.17d 2.36d
I3N3 2.7e 411.9d 718.3d 1451.9d 1.19d 240d
Irrigation * Plant density *
1D 43¢ 616.5a 972.2b 1818.5¢ 1.58b 295¢
I;Dy 51b 566.3 a 1081.8 a 2070.3 b 1.76 a 3.36b
[;D3 S54a 4959a 1096.7 a 21603 a 1.78 a 351a
IbDg 33f 5554 a 852.6d 1619.8 d 1.40d 2.66d
HhDy 39f 502.5a 9303 ¢ 1816.2 ¢ 1.53¢ 298¢
IHD3 40d 4348 a 911.8 ¢ 1848.1 ¢ 1.50 ¢ 3.03¢
13D 24h 463.7 a 691.2 f 13504 f 1.14 £ 223 f
13D, 27¢g 4059 a 722.1¢ 1440.5 ¢ 1.19¢ 238¢
I3D3 26¢g 340.0 a 6784 f 14489 ¢ .12 f 240e
Nitrogen * plant density *
N{Dy 3.1f 502.7 a 762.5¢ 1471.1d 125 241d
N;D, 3.6d 468.0 a 860.1d 1674.4 ¢ 1.41d 2.74c
N;Dj 3.7d 380.5a 777.7 e 16209 ¢ 127 2.66 ¢
N>D; 34e 5599 a 863.5d 16379 ¢ 1.42d 2.68¢
N>D,y 39¢ 496.0 a 921.2¢ 1800.4 b 1.51¢ 295b
NyDj 41D 437.6a 925.7b ¢ 1867.6 b 1.52bc 3.06b
N3Dy 34e 5729 a 890.0d 1679.7 ¢ 1.46d 2.75¢
N3Dy 41b 510.7 a 952.7b 1852.2b 1.56 b 3.04b
N3D3 43a 452.6a 983.4 a 1968.7 a 1.61a 323 a

[ DOR: 20.1001.1.15625540.1385.8.2.5.6 ]
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* Means followed by similar letters, in each column and each group of treatments, are not significantly different (p<0.05) — Using
Duncan Multiple Range Test (DMRT)


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.2.5.6
http://agrobreedjournal.ir/article-1-297-fa.html

[ Downloaded from agrobreedjournal .ir on 2026-02-22 ]

[ DOR: 20.1001.1.15625540.1385.8.2.5.6 ]

WAO Sl o ojlei ¢oiin dler SOt 5 psle Aloea”

0355 SLs sk osdlas 055 53 055 8 nle
!l

Sss s ime LS o e a5 5 0S5 13
rf\J_?aj_*.‘fjgdjk_g):d\::\.w.&d)&{):db
Dls e b 4 I3 s s 4l 0t/ u:i;l._.a Loy
Sss (Y 5V Jsldzr) 25 i LeST 5 sl 4 o
Cyd gy Al :J,_{lwr_é.e;\)_?-ljlu_{igb&{): 4ls
33,8 ol 30y a1 ShCos Sat g S
b e 2alS SLEL b w oS5 Bl L
o bl s 0 Kea s (Andrade ef al., 1993)
LS Gy Jlad s e palS ) Ok
oS uiy Lo 2alS 5ol S Uy s s
(Tollenaar and Aguidera, 1992) 4l o

e by RS sls Ol G ol
5 o s S ails g 055 s e ralS
T o by o o 5w il 158 055 2 a8
(Y 9V dolds) 590 usby s s 5 o sdlas
Olss oo 1y usby Ldd A5 s als S5 05y rals
e 5 S Glo s Sblydin ST 035 S 4
o pls 2alS 5 s slaplbl s Slisles
(ol o oSy Laals OAd 693 domsts 45 45 5,
613 5158 059 0555 0y il 3 am ST sls o
s e oolaT s 51 il sl ol Ll esls il 301,
OLaj G ol 534S b 0T 31T 5) Jsld) 355
S5 ol pl 3 A o e 5 B 035 255 8
350 65 slor S 5 oo Lk 1 37035 0
S35 033, O e U o piey 55 p
g 05575 3 LS R ) e il sl
Sls sl 1L es 8 I s 4l sl il 3l
Slo 55 5150 5 (SHlr i 53 51 Jeol (Sl Dar
Sl 059 4o 53 g odd S5 (G b gladils
A 03355 3,08 sl Yzl 3, i 88
Laalls sliws O g 8 8 o oy o AUE a0

055 33 (6 i Ol i 03 55 00 el M (O3l5w0)

;\uaﬁ&fddtufgagﬂtfdmﬁ,;
s i Hled 4 (Y 5o €l £0Y7Y) I s 4ils
o O g a5 LY Jyd) s Bl by
ccadzes glayled 5o IML s Uls glalas s sluws
sl O s (I o 55 &l sl O ks Lol s >
Jsb o usby Ao dlesl sy Causy ;o ys ails
S J=l 355 0 Sl s Shmss J
o se sk AL Gy 5o als slaw 5UAS s
OT i a8 s 8 5 e d T3 s IMst sl
s 059, 8 a5 5 I 3 &ils Slaw alS
a3 8 IV s a0l slws Hls iae Sl bl el
iy polie Ob e (i ol 53 (Y 5) olis)
I 5 S e el (LI BCa ge 035 2
F g3 0l 55 Gu b SV IV 6l 03,5 1 3l ol 2
ole ol Laadls Sy palST s a5 s 8
(Y Jads) ol il 58l Y0y s sluas ¢ g lde
=l p S sl 8 (WAY) byl oy el
JSS (Sl 5555 53 05555 039 4 2Me ol
3 ey i 4w U b azie 53 U oSO s a0l
St ol8 i) T e Rl Gy b Sl e
S sl o r Cand s ol 5 Sl i je
ol e LE L UMy 3 413 31 Ols (558 Kouered
daze SOladlas 5o s ‘fﬁbr.«:oa..ﬁ‘ ad> 0 5> gﬂ
53 s sl il s 058 0 o e e LSG
ol ol o158 S5 Calibes (glads on 53 IO
Caliies C).Lw J=lize 1 .(Osborne e al., 2002)
Sl ma IV 5 alls sl Blodd 51055 20 5 oLt
035,55 05 SES XY 5 A G pae () Jsksr) 5
ok ol (LT Hles 55 5L 55 Lalls
s MG s s sluas 1581 Ca e (o smen
3 5aS e DN 1 055 75 5L polie B pae b A
¥ Jgi) 053,55 0l IV s 4l sl O
I 3 &l Sl 0555 e il 31 ot ST
Sl 3l 3 Yzl o g llan (5,10 dasl 5 53


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.2.5.6
http://agrobreedjournal.ir/article-1-297-fa.html

[ Downloaded from agrobreedjournal .ir on 2026-02-22 ]

[ DOR: 20.1001.1.15625540.1385.8.2.5.6 ]

T 5 (0S5 5 03 Calies o ST

s Sl HLSa s alls 03 CJ?}_L;
3B sty 3 Shas 2ol 31 (Y Jgder) S5 5 g
s S8 O bl s 4 055 O e SRl B
E o ol g e Sl 5 2 4l sl
S8 (Y dadar) 55 0T sl plss 5 miy
J}b)sagfu)uﬂ«f@mb;)wdh;u
JYU s als sluws b b ) LL::)“‘;@’V-:*%J{‘ O
AU S s F 50 ssb 4l als s Ses il 5 5
SLOYVA ( 33L0) 5,8 o 5l 15 055 125 U5 e
gﬁ,lg@”utggj_(l&ﬁojbzzsng&m
Sl Ll i 53558 5k palie e () ut)
Sl 38 o g (glakam Mo ol )y o an o s llas
Qﬁdmkilj_&):déb):udb:&
I i 558 piiy p3lie 3 b
(P U)K il 5 Shas St 5 o gois
3o RalS I (b ol ey oo
53T 3 paS Ll b 53 055 %0 (sa) odes SRl
ol obﬁgg‘a'-
‘5\_;‘,51}_:,;4_;\;%_{1&@5;\_,,&_5;4\_&
sldas (21580 .(Y Jgd) 5.0 55 gae sl 4 g Calides
3 Ses ls ime 53l omte el doly 53 4
L;LAV.f\J_?):c\_}\::J_{.\A;QL:AJ;g-JAW\;_:;e\J\:
Gl mme SNl LS 3 a5 Qv e gVO e
335, Shee 055 YL (Y Jsds) Cilds 352
OLSa 3 g e 0S5 4 S 550 ST 5
33 05 035 el g 55 I iy i 4y L 1
D55 5 IV 3 ls slaws gm wls 3 Shee K3 e 5
LY dodr) sl alS™ oS5 (Rl 530 L il 5l 5m
5o Sl oy bt s 3y iy g
Ooshe s plopl oy oS 5 mle s jas s
Cewlod s 3|38 (Irmiren and Milborn, 1980)
ORI g (ST Rl ST s sl Oy e
255 Al 5 ALS amlr 558 e e
ol S (s ss S b sl e )3 5 (3L,

2 053 S5 (S5 ST o sy 4 il &5
52 855 €5 0515 I 555 lagme sl 4l
L oasls 5l 05 oo 4S5y sk (3L 2alS” 4l
Ay 53 40 3l o eSS S YoorE Sl
65 039 ;S (Y ) Jslior) daT s 4 pula
5 Slasles 8 o o 51 8 basle )3 bl yua s S
Kﬁchdrtjgﬁtf;\dsu&,\?;”pumf
VU Lo S5 50 s 0252 Yl 5 (238 5 g
L;urﬂ,;,n_;\;,\pojjwwﬁL{%y
3 plel o o plonil (sla i S A3 8 5 e
RS (e Gl el L (YY) )
2l Sdillae a5 g oS5 SRl530 1 s w58 055
Gl 0, % @bl Calibus & shaws foline 2l 31
sl aw Jolize 515 0S5 x 05 20 0S| S
s ime ails 158 055 s oS5 % 055 28 x T

O Jse) s

LLA}\«J\:%_QA;J.{L;)QTJL:&ACP;\
s lie 53 by dd GRS 53 550 i e (5T
Y0 5 5d Ol e an a5l 3, Shas e g lbas (54T L
Bas L2alS ol oY 5) dsldsr) b 2alS sy
D2 0 5 Iy adls sl fal S s s
o S 3 ol 3 Shes (Y Jsda) 34 4ils
5 0Ly 5SS 0T JalS sk dla J8 juaTnds 5o
Q—i‘).‘(’“’\—{r"}’)b45")’&3)%3‘*:*"\:“5@’-‘?
3013035y S gme ots ad oy 5L bl T
&b )l sk, A5 (Tollenaar and Daynard, 1978)
JUasl 5 ol .,Ujjjzd)kb'-ijudfﬁcb.»diﬁ\f
031> ialS yes,9 ,m slswad e olds —ole
s 5, S aLS 5 Shas ST 55 5 s
.(Nissanka et al., 1997) > 34 .
> sla e 4l 5, Ses 1 55 055 2 les ]
Sl Sl 055 25 5 LS Rl 53l 5 (Y Jsds)
VY 9 A 35l e o i a s il 5 Shes


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.2.5.6
http://agrobreedjournal.ir/article-1-297-fa.html

[ Downloaded from agrobreedjournal .ir on 2026-02-22 ]

[ DOR: 20.1001.1.15625540.1385.8.2.5.6 ]

WAO Sl o ojlei ¢oiin dler SOt 5 psle Aloea”

e e o a Julse ple Blad 1 5y Jb
Sl s amesS 53 W CEIL 3 g g (03 9dome 09 A
ORI s 53 055 55 Al S 0SS 15
OHLSCen 5 dlze gy Sl 5 L gl ol
OLSen 5 S 55 5 (Blumenthal er al., 2003)
03 s e uij\)_?d(Monneveux et al., 2005)
D355 ens e S G jolis b Vb claeST 5

Syls Callas (Uil o (559 ,0

R (S5 5 05,5 O pae DT 35S
() i) 350 513 e 6555 515 5 Slas

S5 g > Shas by 5 D IR
slaasl mls ol (Y Jpds) Codl 2l s
OLHLSen 5 il 5 (VFAY) 0L 5 (5 g
5, Shes ooalS s (Osborne et al., 2002)
Jd3 s by by 2 3155 (S5
Ll s 5o 0lalE s eSas iale S ud gl
gl SV sl 5 e a8 oo sllae LT
S (K5 pre bl g 45 50 5
3l A5 5 (BLys s | e ar pa Balitel L
Y Jgae) s 8 oSCast

Ver a YY jlgéfa_ﬂojb_::;clg_wﬂd
5 g > Shes S 3 alls 035 55 p S kS
s> AalS o e e 03 0,8 VY e s b )
3o G e e (05555 i sl 55 (Y Jgd)
2 548l a5 a5 8 e to 55 (s g
}ﬁm{.ulg.@)}éhjdb)}ﬁéliché\y@::ﬁ
Eel 8 ) e plgs 5 051l Al e 4 035 5
5055 Seslaal STHLS ( BU s 545 Ol e JialS
3, Shee T 3l an 5 s ol ol S s
Y Jod) SL 2als oS35 o) o

SlapST1,5 55 S5 3, Shes Kok S5l
g 0SS R 0 s sl e Cadies 4
Y 5V dalas) Sl gl il (S5 sw s Shes

Jotize 5155, 8 omte lls s, Shes STa> 1Sy
cbjad\asﬂwﬂrf\jxdjgjdl:&ucp
Jj_ila&a};_ﬁ.(\ J)J-?-)v\_&)\:@a.aszdgi
S5 YU S mpa e 53 0 8 VBV Olse 4wl
51 aS T Caws 4 (I1D3) o ghhas (6,LT H3 655
ST ol 5 55 Jaw e oS5 s o 80ke b (5LeT
ol s (i) sl sl (D)) o hlae
Les Vb a5 Slae ST 5 6l a5 457 01> 0L G
(LS a8 53 5 dBl e Ll 5 e oogllae ol L5 s
S s e L VL 6 gl ST1 5 Sl etz
SO il adls o 5 1y o lasl e Cnl S
T YL (S5 (Liang et al., 1992) ol LS 5
P ST P PR PSR S N R P LS
55 5 ealy S smi o 5 Y5, Sles
Olis sislesT 55 -5 (Rossman and Cook, 1966)
S by Cosgdmms Ll 5 s 4 S Asls
e 3 4S5 OO L /0 (ST 5 55 s Sles
oAt (T Ll s 35 b aS Jlo s LT s
Jeol o ie 53 455 7 B O (ST 5 51l 5 Slas
D%
= (S X 05 g e Cadiiee gl Jolize )
):H)\:@Mujzég_icb):ub:}_gw
o 530S AAYTF Ol i s 5> Shas o 2
53 Al 0555 0 S AS VY 5,0 Sl 4 by e
352 (N3D3) HLSe 5380 v ve g (ST, 5 5 LS
ol SIS sk s Ll 2 s (F 5 Jslir)
Corse 535 e 055 i 3 e 5 4y 0S| Rl B
3 4 ol slagST 5 55 s S ails s Shee 2130
35 fS 413 5 Shas o doly 53 I sl el
53 0l8 2 S b st s 4 055 55 SR
S5le 055 %5 €392 J e (game o B 059 2 Sl eslinal
Lbss S ool oy 3l s dile (Bl eslizal O
H;Qchub\jjsd\ssﬂ&cﬁﬁrf\jﬂ\}\

3% ol 28l A1 el oy 53 IB slda )5


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.2.5.6
http://agrobreedjournal.ir/article-1-297-fa.html

[ Downloaded from agrobreedjournal .ir on 2026-02-22 ]

[ DOR: 20.1001.1.15625540.1385.8.2.5.6 ]

T 5 (0S5 5 03 Calies o ST

A 1S s opllae (LT 4 Gate Ao 3 OY /Y
Dles Sl el b (gls g Doyl bt
ol 53 Y 3) Jslin) Cbl iy by e i
S e Oljn s 1y a0l 5> e (5b) 25 (G
A 534S ol zals ¢S sl 5 Shes 4 S
(Setter, 1990) o .C8L uiALf Cils el o7
Sgdome sl se adax 51 OT 5508 a8 Coils bl
53Ls 2alS L ogdle a5 dsl o olS gad g i) suiS
Wl et 3 S e 5> IVl o g0 (5 55 S
S g Cdls e ls talS A s g adls 4
Cd d SBls p et Ld 0 ST 5 o e D5l
392 Ao )3 E8G 3 9o 059 5 Calies - shaw )3 0T
= Y 5) Joldr) 350 5l gme (LT Llod 51 a8
23 St 058,55 5 LS S 513 Olas edeT s 4
ails 5 S 5555l 3 2 g2 (5 55 3 g0 5 5 5 g2
Y Y-V U PV PRGOS PR PRCL G- Y WP
bie sl S0 e 1 st plis SIS
el o.,\_isj? @yl Sl 5 jesle 5 05 s Calies
oS5 e o S1LOVAY byl (onld)
() Jgd) s yls gme SBls  Gestla L, S a
Sl s o s el i oS5 R
rf\J_?cQ._éli ﬂ&@!;gagﬁﬁglym.\iﬁ
9o y30Y/8 L,;i’vl_:a\_g(Dl))Ltga:);'\““ oy
£4/) Sl Ly (D3) JLSa p3 80 ves a5 oS s
2L Ol (ST 5 ey S A
laplul o ST 1Y Jgdar) dzisls 1y Coisls
Cml)y (6 i 52 3l s S8l 5> S () 5 (SM )
s oSS Sl Lessls sy s (ALS 0450
Wi 55 s By ol OLaLE Ole By 230
) SN g5 SO e S S5 a5 255 08
JS i ) S5 g 58 SLal e Sl 5
i y3 55 iy 15U s g DY peme 5,8 s
Aeskash) a5 K5 58 S0 g S
= el S s oy Lol s g adldS

3T g sl o p5 Ol 6l )y 4 S
el i VU e S5 55 on S 87568 Gl
Ol olsr 5 0T Ll 5 55 ey oo b4 Js
o 205 ¢S 15 e 53 s S8 g G B
Wbl 13 o pllan (ST 5 03 9don 3 (G nl 3
9 S5 5 Shee o o515 )T e
aamslin () Jpe) 35 Sl e 3 iy el
4S5l 0l 6 oS5 x (5T blize 1 gl Sl
Colle LT Ll 5o a5 5 oS5 0 piy sl
3le A g Bl 5 glade=Se W6 5, 51 (1D3)
23353585 Lasled ;K05 L ansliae s oSast
5, Shes i (bl iy by bl by e S s
35 4o LB (S5 B0 S s (K5 s
La S5 adS” 55 6805 5 3 Stas JialS” (¥ )
5, Shes bl 3 b pby Las i Ll s s
Sl s o iy sla jise oSis 055 5 4wl
e i g odlae (LT Ll 8 5 5 S0k,
ShalS e Al 5 a5 g sl Rl L b
Szt 55le 3, Shae 5 Ol 45 9 ST Kt O 9
T U BERPET R ]
33 5 ki Ol L g &S5 &St 0y Ldd gals
La oS5 Ol 53 €505 d 5 5 Shes Oln D515 e
Sy ely s pl b o Jads) s Kl e
sl Lyl o L YL as p slaeST| 5 an
gy oS 313 0Lis a5 Kle des i Ll ke Ll 55 o
S 53 S oS5 53 oS sle s Slas ok
T 53 I GLS L, 0555 51,08 7 slaw
O35 Aol i (S5 RIIL 055 5 O e 5L
S35 3 Shas O 4 55 5 s Ol o 5 &S5

A o) Sab il 5l

o ;\Jﬁ ,.49-\_&]_’6)‘) ’-.M JJl ’Sw_’-:' S ,,wa:""
et by S S Ly csliE

Ol jas ds Sl asli oy i 8L ralS Cils


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.2.5.6
http://agrobreedjournal.ir/article-1-297-fa.html

[ Downloaded from agrobreedjournal .ir on 2026-02-22 ]

[ DOR: 20.1001.1.15625540.1385.8.2.5.6 ]

WAO Sl o ojlei ¢oiin dler SOt 5 psle Aloea”

(S50 0m 5 @olash) OT G jas 0T, oD
Llod 31 Layles ol Ol Soslis 06358 slasles Ola
Calien = shaw 0o |5 03 50 &S o5l 5 4l 3 Slos
sl Ol (S, BLad 51055 55 5,8
S\ 5 (B DT Oljn 5 LA 5 5 (6515 5o
O e Sl 3105 0SS L (635 7 s ples
il el o pllan 5L T Lyl 5 55 059,28
ST b eslinul 655 5m 5 g3lasdl T, ls ine
YV 3l oS sk s S asled o b anglis 5o
ST Hles 53 JLSa s alls 05,5 (ij—l—{
O o 5 ie Sl g TS Bl 51 (IN3) o sllas
9 pan il 30 (W Jgd) Cils (6 5, basles sle
A4 G 3 sthe LT Ll 55 055 2
Sl (ALE I e 0Ad dis o S,
G2 5 p s geT denaal Oilny Jilom 4 o e 5 21
Lol Cony ml s £ &S o 5 OT Olils
S s e 5 s sl 5 il 3, Shes 2l
s OT 5l eslizal
S5 se 5 kel L THLS (i ol 5o
Sl san Gl g 0S5 RIHIL OT O s
oS e oo o IS 55b 4 (Y 5 Jsus) L
A i i b pae O Ol oSl BB 51531 05
oslizal ST S a5 ¢S solag ails 5 Shas 2ol
Sl G sl 3 als deal g a5l 1, T
Sz osle 5 4ils 3 Shes (L1531 5 b 5l 65 (S5
o2V dsdr) s OT O an o THT (21531 o s
oy S5 5sm 5 ooladl GTHS LI oo
ST TS eslizal b cslS (S5 2l 53l e ST
5 b Al 55 40 g e S ey 55 e
Ol S dls LUyl 5 ied dauly o OT 28 Slabs
5 5 655 3 oS5 x bl e o ol
ST S osbizal T 1 Ko (spm 51 o515 x 0355
S Sl Slaglin gy () Jgd) 550 515 sme
YR rf\ﬁd;lgou_;vflj_:x bl Jlaze

S8 s 8 Ll Slpldl I 53l 5156 o 5o
53 e 3y 50 slajled ple STOYYY O,

— Slosa 3 ST O oTLS
350aS b ablie )3 Ul L sl 55 ol8 650 5
TS Bl 51 (5lT Calisen = glaw Ol ool T
Sl an SNt OT 5 e 6505 50 5 (5Ll
S Pl Ol Jeol s SRl L ecals 5 ey
Olics Jls ime 28157 5550 Sla o TLI sb)y 25
S5 s 5 olasl oTHE o a8 4G5k sl
oS S YL 5110 o Sla b 55 4 ST O e
Cbls e by s AT les 4 caSe e
s@sbasl GTHLS 2als” L35 (Y 5 Jslds)
B T T R PR NP P
sl it ol 53 (S5 sm 2 Sles 5 il 5 Slas
o Lo O gl ()T Loyl 3 55 (Y Ji)
lie o b LS b s oo Gt 55 T
ORI g Cand g (ol g s ged g A @
A3 S el sl les s oS oslae g 4ils 5 Shes
3 Ses Ol s dlasly 3525 4 4 5 b (Y o)
S5 em s golasl STHLS L eSis asla 5 4l
Gy STz o 5 035 LSy 5 ST O s
Cel Candy opl sl adST 55 iy 3595 Jsb 5o
LS 5 Slus s Ol eslizal T8 2ol 31
ialS a8 U sed Hlgbl (Nissanka et al., 1997)
Sl msby s Ll i 53 OT O peae T
il o oS ks b nglie 3 gty el
s Sl 0T 50y as by sl opl s s oyl
313 Comd gy 25 31558y fbgse
Llod 51055 0 Cadibes & sl Ol OV
50 s gme ST o jeme &G 5 5w 5 golasl LT,
Gl 2 THLS 3 g w50 055,55 5,8 Rl 30
33 e s ol Jale (Y 5 Jslir) 0035, S e


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.2.5.6
http://agrobreedjournal.ir/article-1-297-fa.html

[ Downloaded from agrobreedjournal .ir on 2026-02-22 ]

[ DOR: 20.1001.1.15625540.1385.8.2.5.6 ]

T 5 (0S5 5 03 Calies o ST

ST a8 515 Olas sdeT Cows @ B soes

ol 03, Shos (VU hov 5 it Oliebl p 05de
Ly 05s 35S e 2500 sleeslg pla 51 ST
S5 g s olle Ll s 555 il e (S
=B RIPBIL 055 58 o rae 131 sk ke
s U @ oS5l 5 o pen 5 Shee o
e Jen S0 Cpojo e 55 55 V/0) Jos e
o ks s S Ll s s 6l > Sles
3B 039 25 oo (Il 5 Cldar Srals s
558 O e SIS WL 53 OT il 35S
2 053755 O e il 531 e 3T 5 3l ralS
Gl o 0335 5l s ey 435 Sles
15, Shee Lgs 53k o slaeST1 5 6 S 55
255 O pan 2O 2ol o pe S ol 21530
Ay g e s D) 2 )3 ey e B 4.3 8
WS 3 OT dds 3508 b olE aglgn 5 25 ST
HuﬁvlejL’)j)J—?éL}fé—“uuu
Laasyja 2alS o pd B ds s Jpaos u ]y
dal g JLs | e Shestinal (G THLS™ 21530

..;‘

S

References

L5 s 4 (11D3) sl (LT Ll 55 0 e e
Pl o G oS o3l g s 3, e o 2E
SlaeS1 5 Obe Lol 2 opl 5o Az 2 0 5 sl
O3 s (s3Lazsl T8 Llsd ) B e &4 4,5V/0
o) 0 (Y Jader) SIS 5 g g (6l gme Sosles ST
O e &5 55 (93Ul T Jedll o So Gt
O pn e i b & 0S5 ek 4 e )3 T
(055,58 Oy 7S 52lRe 53 35 Doslise €055
5 ails s, Slhae 2y 205 Hs o b e i (515
23 Cils ) OT O s Q{T)\f AN Sis osle
¢S5 et 05955 S sl s S L ST
(¥ Jgde) sl Ol (6 5 Cdo ol B )

O paan sl S148 ol OT 51 (ST sl p plos
oslitul ST, cOT el 1530 b sl 3L 05 2
ol S i 53 b e IR eslg ol
A ams 55 53l ol I JlS bl 5 e
A Aol e sl 53 65 (ST 0 Slas S
Ldil oS 558 O e liie (B oS Jb- ) Al
oslizal o TH (T el 2130 5 650 o515 2130
b e Stals OT )

35, Shee liart 3, Shoe 1 i gy Ay ado o s (S S s adp oS5 3G
V-1 Sleds p 5 oyleds 4()3.,\1?-.&)1‘ <= r_,ls:c\lq:.e.él:ﬁ\; b s Tl eslizal S_T)‘S
sladls 535, Ses tglial 50, Mes (s Ol CBE (ST 55 SBLT S
NN dmio 55 o8 01l DB ol 5 sl 6,8 e g SYie 40

Qa.l’;&ué\_ko)jb )Jri.,\_,wjV?Mb.cwc&)‘ﬁpuubvbj)juTg&Jj‘NUaa

0033 4abOLL sl slras ST dal s 55 53 olE eSS 5 0550 5 &5 88 0 Sl st 4 4 5 Ly
(o2 YA Slgal Sl 5 psle doly ool OBLS (6505 58 6 55>

Ay Jorlpe 5 055 Calisee jyolie 5 OT 25 350

(8500lS Syl s ysleS

.\AV-MQW.UM,L«;WL@%,u?.ol,itb_c\);(,u@.@,sgﬂw@k\pﬂw‘ﬂ,


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.2.5.6
http://agrobreedjournal.ir/article-1-297-fa.html

[ Downloaded from agrobreedjournal .ir on 2026-02-22 ]

[ DOR: 20.1001.1.15625540.1385.8.2.5.6 ]

WAO Sl o ojlei ¢oiin dler SOt 5 psle Aloea”

D53 3o syl 5 3 Shos (S5 5 Gla S s 528 3lie 5 65 0815 5T
Sl ol (655 5LaS” oSty ciely 5 Al anlid )87 abOLL L eyl Olinl $SKCa 48 aidata > (slails

e 40
o2 YOV L e Ol Slylesl .l Ol olS 5 ST 5 OT alasl .
Q)S)bii.&_é-abbﬁbu"sz_<j‘ajadﬁbjﬁjﬁéb;@l:$uﬁau.a;‘w)ﬁ.
2 WA 0l ol (el ) byl i )8 aebOLL L el s 5 aibate 3 SCT04 o35 sl
(S S g 5 ke a5 21,5 0BS5S
o2 TPV e &l slgx S yLes
sl O e g d o&isls Ol yLasil . J gl e oM sl
e FF

NEYY Sloins Y0 oyled . Shsle 5 e 4,8 0T O e TS oo

Andrade, F. H., S. A. Uhart and M. L. Frugone. 1993. Intercepted radiation at flowering and kernel number in
maize: Shade versus plant density effects. Crop Sci. 33: 482-485.

Blumenthal, M., J. Lyon and W. Stroup. 2003. Optimal plant population and nitrogen for dryland corn in
Western Nebraska. Agron. J. 95: 878-883.

Cosculleola, F. and J. M. Fact. 1992. Determination of the maize (Zea mays L.) yield function in respect to
water using a line source sprinkler. Field Crops Abst. 93: 5611.

Denmead, O. T. and R. H. Shaw. 1960. The effects of soil moisture stress at different stages of growth on the
development and yield of corn. Agron. J. 52: 272 - 274.

Duncan, W. G. 1975. Maize in the crop physiology. Cambridge Univ. press. London. New York. Melbourne.

Girardin, P., M. Tollenaar, A. Deltour and J. Muldoon. 1987. Temporary N starvation in maize (Zea mays
L.): effects on development, dry matter accumulation and grain yield. Agronomie (Paris). 7: 289 — 296.

Hanway, J. J. 1992. How a corn plant develops. lowa coop. Ext. Ser. Spec. Rep. 48.

Iremiren, G. O. and G. M. Milborn. 1980. Effects of plant density on ear barrenness in maize. Exptl. Agric.
16: 321-326.

Liang, B. C., M. R. Millard and A. F. Mackenzie. 1992. Effects of hybrid, population densities, fertilization
and irrigation on grain corn (Zea mays L.) in Quebec. Can. J. of plant Sci. 72: 1163 - 1170.

Monneveux, P., P. H. Zaidi and C. Sanchez. 2005. Population density and low nitrogen affects yield -
associated traits in tropical maize. Crop Sci. 45: 535-545.

Nesmith, D. S. and J. T. Ritchie. 1992. Short and long-term responses of corn to a pre- anthesis soil water
deficit. Agron. J. 84:107-113.

Nissanka, S. P., M. A. Dixon and M. Tollenaar. 1997. Canopy gas exchange response to moisture stress in old
and new maize hybrid. Crop Sci. 37: 172 - 181.

Norwood, C. A. 2000. Water use and yield of limited irrigated and dry land corn. Soil Sci. Soc. Am. J. 64: 365 -
370.

Osborne, S. L., J. S. Scheppers, D. D. Francis and M. R. Schlemmer. 2002. Use of spectral radiance to in -

season biomass and grain yield in nitrogen and water - stressed corn. Crop Sci. 42: 165 -171.

V1A


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.2.5.6
http://agrobreedjournal.ir/article-1-297-fa.html

[ Downloaded from agrobreedjournal .ir on 2026-02-22 ]

[ DOR: 20.1001.1.15625540.1385.8.2.5.6 ]

@3 0S5 5 055 7 e o 3V

Rossman, E. C. and R. L. Cook. 1966. Soil parathion and date, rate and pattern of planting. P. 53-101. In: W.
H. Pierre et al. (Ed). Advanced in Corn Production: Principles and Practices. lowa State Univ. Press, Ames,
IA.

Setter, T. L. 1990. Transport/harvest index: Photosynthetic partitioning in stressed plants. P. 17-36. Stress
responses in plant: Adaptation and accumulation mechanism. Wiley-Liss, Inc. New York. 14853.

Tollenaar, M. and A. Aguidera. 1992. Radiation use efficiency of an old and a new maize hybrid. Agron. J. 84:
536-541.

Tollenaar, M. and T. B. Daynard. 1978. Effect of defoliation on kernel development in maize. Can. J. Plant.
Sci. 58: 207-212.

Westgate, M. E. 1994. Water status and development of the maize endosperm and embryo during drought. Crop
Sci. 34: 76-83.

Zinselmeier, C., M. J. Lauer and J. S. Boyer. 1995. Reversing drought-induced losses in grain yield: sucrose

maintains embryo growth in maize. Crop Sci. 35: 1390-1400.


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.2.5.6
http://agrobreedjournal.ir/article-1-297-fa.html

[ Downloaded from agrobreedjournal .ir on 2026-02-22 ]

[ DOR: 20.1001.1.15625540.1385.8.2.5.6 ]

WAO Sl o ojlei ¢oiin dler SOt 5 psle Aloea”

Effect of different levels of nitrogen and plant density on grain yield, its
components and water use efficiency in maize (Zea mays L.) cv. SC. 704 under
different moisture conditions in Khuzestan

Sh. Lackl, A. Naderiz, S. A. Siadat3, A. Ayenehband4 and Gh. Noormohammadi’

ABSTRACT

In order to study the effect of different levels of nitrogen and plant density under different moisture
conditions on grain yield and yield components, biological yield and economic and biological water use
efficiency of a maize hybrid (Zea mays L.) cv. SC. 704 a research was conducted in 2004 and 2006 cropping

seasons, in experimental field in Agriculture and Natural Resources Sciences University of Khuzestan, Ahvaz,
Iran. Irrigation treatments were implemented separately in three experiment in cluding. Optimum irrigation (1),
Moderate stress (I,) and Severe stress (I3) (irrigation treatments were applied based on depletion of 30%, 40%
and 50% of field capacity, respectively). Until 4 to 5 leaf stage (seedling establishment stage) irrigations carried
out after depletion of 30% field capacity in all treatments and after this stage irrigation treatments were applied.

A split plot arrangement in Randomized Complete Block Design with three replication was used for each

experiment. In each experiment three nitrogen levels (N;=140, N,=180 and N3=220 Kg N ha!) were applied in

main plots and three plant densities (D;=6, D,=7.5 and D;=9 plants m_z) were assigned to sub-plots. Results of

combined analysis of variance indicated that the effect of moisture stress, nitrogen and plant densities on grain
and biological yield was significant. The maximum grain yield (1050.2 gm2) was harvested from optimum

irrigation (I,). Severe moisture stress decreased the grain yield by 35% in comparison with optimum irrigation.

This reduction was mainly due to reduction of grain number per ear and 1000 kernel weight. Grain yield
increased with increasing nitrogen application. The yield difference between nitrogen levels was mainly due to
positive effect of nitrogen on grain number per ear. The response of grain yield to increase in plant densities was
positive. All yield components except number of rows per ear were sensitive to plant densities. Harvest index
decreased as severity of moisture stress and plant densities increased, but there was no significant difference
between different levels of nitrogen. Decreasing irrigation intervals increased economic and biological water use
efficiency. The highest means of economic (1.71 kgm™) and biological (3.28 kgm™) water use efficiency,
belonged to optimum irrigation. Increasing nitrogen application increased economic and biological water use
efficiency. The response of these efficiencies to plant densities was also positive. Results of this study, suggest
that; in order to increase input use efficiency and decrease the costs, nitrogen consumption rate, plant densities
and available water in soil should be proportionated. Under moisture stress conditions, reduction in input levels,

not only decreases the costs, but also increases the efficiency of resources used.

Key words: Maize, Moisture stress, Nitrogen, Plant density, Water use efficiency.
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