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Table 1- Some physical and chemical characteristics of soil in the experimental site
. } JB s BB enly
oy Ak sl & ’ E
T T T TR T LR e R VR A gl
. 1 gLl Sk N T T 0.C
Year Soil depth (cm)  EC (dSm™) N P K o
Sp (%) pH (%) 1 B (%)
(mgkg™) (mgkg’)
ras
0-30 2.53 39.8 8.3 0.08 6.3 203 0.71
2015
AR 0-30 1.58 38.2 8.5 0.09 7 207 0.75
2016

Goll ey sl oads oolil OT S w2 JS 3,85 5 oo =¥ Jour
Table 2- Total evapotranspiration (ET,) and the whole volume of water applied per irrigation
treatment

Sl sl 3y (sl oo oslisuwl O JS vaxe

Jw S5 @% g s Total water volume applied for irrigation regimes (m*/ha)
Year Total ET, (mm)

40%ET, 60%ET, 80%ET, 100%ET,
ras 973 3453 4949 6446 7942
2015
A 1013 3496 4994 6492 7990
2016

Jol Jbe 52 08 Slio 5l (Fp (Sl e 5uSle) i)l 4o =Y Jga
Table 3- Analysis of variance (mean squares) for some traits of maize in the firs year

5 S los 8,5 los Sl . GRS GRS
5 Al N I oi ; , el ; :
i @l - &l S 5elgm «1o,13 (339 &l . eoladl (SQSglen
‘5.>|)| . . N Ear . u.w|.>).g - -
S.0.V. df Grain Biological weight 1000-KW Grain HI Ol bdpan ol Bpano
yield yield number WPy WPy
A 2 4545646 2580792" 5502825.58" 12921 7697" 95.18" 0.16" 0.08™
rep
""‘f )C‘“U 2 7045481 10174702" 4968768" 7895" 1827™ 93.12" 0.24" 0.37"
a
E(a) 4 558024 393754 690436.58 1181 15512 13.09 0.02 0.02
‘5(’b ) 3 18468264™ 18569700  24334868.99 9341 99715 304.82 0.12 6.50
6ol x cdls g6 6 116965 110349™ 363212.85 598" 519" 2.53" 0.01™ 0.01™
(axb)
E(b) 18 81276 223348 105766.1 304 1283 278 0.004 0.008
C.V. (%) & g gy 49 3 47 8.8 8.8 4.6 6.3 3.1

1Y g0 et Jlexsl o jo s gre ood ga FE ¥ s e DS
ns= non significant, * and ** significant at the 5% and 1% probability levels, respectively.
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Table 4- Analysis of variance (mean squares) for some traits of maize in the second year

S ySlos S ySlos Sla . 90 GRS
T 4y . sl . .
i @l S 4ls S 5glgw I o9 413,138 (339 &ls R oladl  (Sfglgm
. o - -
S.O.V. ¢ I Grain  Biological ~ Farweight — 1000KW  Grain HI” ST G0 o Gy
yield yield number WPIey WPy
e 2 1689770 346185™  2246267.117 518™ 7729"  54.88" 0.06 0.02™
rep
culs 2o U o * * * * * *
( )C"" 2 2289997 2420239 733344.44 1452 2479™ 5148 0.07 0.07
a
E(a) 4 95435 241130 96362.82 160 3733 4.82 0.005 0.008
‘-‘(’b ) 3 20907556 23247776 16124864.62 14820 64126™  370.88 0.04 5.11
6ol x cbls Gyl 6 403322" 470711 153472.15™ 845" 192 9.44" 0.008"™ 0.01™
(axb)
E(b) 18 75571 194915 187595.69 310 826 2.81 0.004 0.007
C.V. (%) s g i 52 2.9 6.8 9.2 6.7 49 6.8 3.1

TN 570 slas il mhans o o gme b ¥F g F s ixe e DS
ns= non significant, * and ** significant at the 5% and 1% probability levels, respectively.
Jol Jlo 50 &3 e (6,5 05lail Blas (1Sl dslin -0 Jgoo
Table 5- Means comparison for measured traits of maize in the first year

3 ySlos . Slasy L o9 o 519 o
4 MR 039 . wsle Ll
u)é olo @l .))11»& ‘&’3915"" Ear FUTE ails JS bl <$° L;‘)S“""
o Grain yield Biological 22 Total e ol G
Maize traits (kg.ha) iegld weight  1000-K'W o Harvest © =7 SOy
YIed - (kgha') (2 & index (%) ~ WPley ~ WPIgy
(kg.ha™) number (kgm>)  (kgm™)
Lo 41509 143544 5177 165.55¢ 3049 28.76¢ 1.20° 4.16*
Ty
el Iso 5038° 14885° 5774° 180.33¢ 350° 33.76° 1.02° 3.01°
Pht
Irrigation I, 6446° 16643°  7873°  203.78°  421° 38.53 1.00° 2.58°
levels
Lioo 7364° 17398* 8613%  239.44° 546° 42.16° 0.92¢ 2.19¢
gL t  PD 6613° 16724° 7599  211.50° 417 39.02° 1.19° 3.15°
e pp, 5484° 15853° 6547°  212.67° 406° 34.20° 0.98° 2.99°
Planting
dates  PD; 5151° 14883° 6431° 167.67° 393° 34.19° 0.92° 2.80°

35l 00 b glel o sire BT glas Jloim] mhaws [0 alie By glls slappSilee (ygiw o 40
Means within the same column followed by the same letters are not significantly different (p < 0.05).

L100, Iso, Lgo and I are irrigation treatments. PD= Planting date, KW= Kernel weight, WPIgy/WPIgy= Water
productivity of economical/biological yields.
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Table 6- Means comparison for measured traits of maize in the second year

S S dos Slas Lo So9 o RS

ails o Slos . I o539 039 . > Ll
@)% wlas Grain J“)ij Ear 430,138 d Coils ¥ ] ‘;f"’"?’”
Maize traits yield1 B101_0%(11ca1 weight  1000.Kw  rotal Harvest & Srae @l Sypao
(kg.ha™) (k}g%a’l) (kgha') (2 oy index (%) (E;Péf-?) (\l’(\’;llg}g)
Lo 3589¢ 13564¢ 4849¢ 151.40¢ 3374 26.34 1.03° 3.88°
" Iso 4597° 14690° 5808° 171.40° 391° 31.25° 0.92° 2.94°
byl zobw
Irrigation levels [ 5860° 15851° 6936 197.40° 460" 37.00° 0.90 2.44°
Ligo 7099° 17318° 7927 245.30° 531° 40.96° 0.88° 2.16¢
sl b PD,  5770° 15628" 6617 203.58° 446° 36.28" 1.01° 2.91°
bl PD, 5168 15601° 6399 188.50°  425° 32.70 0.91° 2.89°
Planting
dates PD;  4921° 14837° 6124° 182.16° 418° 32.69° 0.87° 2.76°

35,105 0 b glel o ime WS sllas Jlais mlaw 45 alie B> 6l slo o Kileo g 2 50
Means within the same column followed by the same letters are not significantly different (p < 0.05).
Ti00, Igo, Io and Iy are irrigation treatments. Planting date, KW= Kernel weight, WPIgy/WPIzy= Water productivity
of economical/biological yields.
PD1 OPD2 mPD3
10000

8000
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Ced d R
6000 + e cop |E
4000 | &2 pE
= i N
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4090 ETC 60%ETC 802.ETC 100%ETC

(s 2 0,5 gl ads o 5lee
Grain yield (kg/ha)

obeal (ol loms

Irrigation treatments

pgd Jlw ,o ails o,Slae p cilS 2ol 5 5kl Jolie il 31 =Y sl
Figure 2- The interactions of planting date and irrigation level on grain yield in the second year

«eeefy-ee 1395 WPETc ---k--- 1396 WPETc —8— 1395 WPl —8— 1396 WPI

s 070 - - 1.40
b 0.60 - - 1.20 E«
B .
33 0.50 - - 100 f
3 040 - os0 2
=xJz::oso- L osoE B
B @ 0.20 - F0.40 2
5 £ 0.10 L 0.20 (%
3 & &
= = 0.00 . . . 0.00 3
g 346 495 642 791 ®
« G ko) kel 2T olae

52 0bS 5k 9,50 I L (WIP) 65kl OF (390500 5 (WPETE) oS 3,5 5 o5 (ool 2 0T (6 p905 bl =Y S
VYA2 9 \YA0 el Jlo 9o
Figure 3- Relationship between water productivity over the actual evapotranspiration (WPgr.)
and water productivity of irrigation (WPI) with water applied during maize growth period in
2015 and 2016 years
axle )bl ST (650 0 diew gz g ol 5y 5 s sl Ol (5900 ez 4l gl
The dotted lines are WPg, and the solid lines are WPI.



OtalojT o 53 (gl e a3z ulal s 0, Slhos jo diialy e (gl piiie (5,138,506 e =V Jgu
Table 7- Effectiveness values of independent variables on grain yield based on path analysis

for both years
c,.la.w ;ga &5“ P . . . L. = . }ﬂ
- . | | !
i s . o 1 Gb 3l rlians 5o S g5 SR pd ouile 30
5] S5 es . Indirect effect by Correlation .
Irrigation Effective factors Direct effect I 3 3 Total coefficient Residual
levels on grain yield effect
Ear weight S o3 127 . 0355 0237 0.68 0.83
K3 5glgas 0 Shas 0.42 1.054 - 2 41
100 Biological yield 0428 05 0398  0.23 0. 0.179
il psli 0577 0521  -0295 - -035 0.68
Harvest index
Ear weight 5% o3 0.999 - 20213 0068 0.72 0.67
S3elgn o Sdos 20317 0.669 - 0233 011 0.13
leo Biological yield ’ ' ' ' ’ 0.21
el sl 20.518 0129 -0.143 y 0.53 0.72
Harvest index
S2glgn o Kos -0.695 - 0.145 0618 007 025
_ Biological yield
leo ol Spas goLaisl 90 0.582 0174 - 029  0.69 0.66 0.147
o WPy
ol Srae Sigden 69 0 0.937 20459 018 ; 0.66 0.07
WPay
Ear weight M (y39 0.734 - -0.07  0.124  0.79 0.32
S 5elgm o Shas 0.216 0.235 . 01 0.1 2021
lao Biological yield : ' ' ' ' 0.157
cdlop psld 0593 -0.155  0.036 - 71 0.79

Harvest index

JLI.J 90 4O g_))o Slao Lg‘)“ é.ol Lgllbwéao 6[.!80.4[;)‘5 9 0)45 )JGLRA -A J""’.
Table 8- Eigen values and variances of principle components of sorne traits in both years

adlgo 019 ylade o il ylg wuoys o il sl duoyd
Component Eigenvector Relative variance (%) Cumulative variance (%)
(PC1) Jsl aile 9.5 59 59
(PC2) pgo addio 1.7 11 70

ui'.iLn)‘i Il 90 sl ol loaddie 4 4320 5l Jsl adlie g0 10 0als (5,5 05lusl slo pisio 035 polie -1 Jous
Table 9- Eigenvector of measured variables in the first two principal components for both

years
(Variables) e (Components) Lk aigo
(PCI) Jo! add30 (PC2) pgs add3o
(Grain yield) ails s Slos 0.31 0.17
(Ear weight) JM 39 0.30 0.13
(Biological yield) <5 j¢)gu & ySilos 0.29 0.16
(Total number of grain) ails Js sluxs 0.28 -0.14
Kernel weight-1000) ails ;152 ¢34 0.26 0.14
(Harvest index) cuiols y (a5l 0.30 0.16
(WPEy) o U pae sobasBl (590 0 -0.04 0.69
(WPgy) o & pan S5 58)gm (5390 542 -0.26 0.36

WPrygy= Water productivity of economical/biological yields
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Abstract

Arid and semiarid climate in many parts of Iran dictates the employment of
agronomic practices. With this approach, a statistical experiment was set up in split-plot
based on randomized complete block design with three replicates during 2015 and 2016
cropping seasons. The experiment took place in College of Agriculture and Natural
Resources, University of Tehran. Experimental treatments scheduled on three planting
dates: (21* April, 11™ May and 31™ May) and four irrigation regimes: I;00: 100%ET,,
Igo: 80%ET,, lso: 60%ET, and l49: 40%ET,., based on plant water need. The highest
value of water productivity of economical yield (1.19 kg.m™) and the greatest value of
water productivity of biological yield (1.03 kg.m™) obtained in early-planting date in
both years, respectively. Path analysis showed that ear weight with direct effect (1.27)
and water productivity of biological yield (0.973), positively contributed to the final
yield determination under irrigation regimes I;o0 and Igo, respectively. According to
principal component analysis (PCA), the variables such as grain yield, ear weight,
biological yield, total number of grain, kernel weight and harvest index as agronomic
traits in PC1 and water productivity of economical yield and biological yield as
physiological traits in PC2 were accounted for 70% of the final yield variations in total.
Due to interactions of planting date and irrigation level on the grain yield (p < 0.01),
early planting of grain maize and deficit irrigation management as early season
strategies will have great potential to achieve optimal yield and higher water
productivity by mitigating early abiotic factors.

Key words: Agronomic traits, Ear weight, Harvest index, Path analysis, Water
productivity.

1- Ph.D. Graduated in Agronomy, Agrometeorology and Synoptic Office of Karaj, Meteorological Organization, Tehran, Iran.
2- Professor, Department of Agronomy, Karaj Branch, Islamic Azad University, Karaj, Iran.

3- Associate Professor, Department of Agronomy, Karaj Branch, Islamic Azad University, Karaj, Iran.

*Corresponding Author : Far zadpaknejad@yahoo.com






