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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)
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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 2026-06-08 ]

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)
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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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