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Introduction

The agricultural sector is the largest consumer of renewable water. Improvement of water consumption
pattern in this sector could reduce the pressure on water resources. To monitor water consumption in
agriculture, it is necessary to study water productivity indicators in addition to monitoring irrigation
efficiency, which determines the performance of irrigation systems. This research was conducted to
evaluate the efficiency of two-way, closed-end furrow irrigation and the effect of irrigation
management and different levels of nitrogen fertilization on vyield, yield components and water
productivity of maize. Because of its specific characteristics (the presence of four carbons, and in
particular, its heat-soaking character), corn is closely matched to arid and semi-arid regions. Iran has a
good climate diversity, including areas susceptible to corn production. Khuzestan province, due to its
flat and fertile lands and high sunny hours, is suitable for planting most crops, especially corn. In many
Iranian farms, traditional furrow irrigation is used for row plants.

Methodology

Nitrogen management under water limitation condition is an important factor to obtain high grain
yield of Maize. The research was conducted to evaluate the effects of irrigation management and
different levels of nitrogen fertilization on yield, yield components and water productivity of maize.
This experiment was performed during 2015 in the research farm of Shahid Chamran University of
Ahvaz, Iran. The experimental design was a split plot based on randomized complete block with three
replications. Two main treatments, namely furrow irrigation with continuous flow (C) and Cutback
furrow irrigation (CB) and four sub-treatments of different levels (0, 50%, 75% and 100%) of supplied
nitrogen with three replications were carried out.

Results and Discusspn

In three stages of assessment of irrigation management, the highest water use efficiency for furrow
irrigation with continuous flow and cutback were 67.37% and 89.32%, respectively. The amount of
irrigation water used during the season for (C) and (CB) was equal to 11580 and 8404 m3.ha-1,
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respectively. Statistical analysis showed that the reduction in the use of nitrogen fertilizers significantly
reduced the maize yield and its components. In this research, the grain yield maize between 5.5 to 10.6
ton.ha® was obtained, whereas biological yield maize was between 12.2 to 34.9 ton.ha-1. Due to the
high water requirement efficiency for both irrigation practices, the effect of irrigation management in
none of the components maize yield was significant. Therefore, it can be concluded that the main
difference in the quantity of the yield and yield components of maize was caused by different levels of
nitrogen. The highest grain water productivity was 1.25 and the highest biological yield was equal to
4.15 kg ha-1 in the irrigation with cutback of 100% nitrogen requirement treatment. The results also
indicated that cutback irrigation improved irrigation efficiency and reduced water consumption about
27% compared to traditional irrigation. The comparison of mean treatments showed that a 27%
decrease in water consumption was due to irrigation application resulted in a decrease in the water
productivity by 29%. Moreover, in studying the effect of different levels of nitrogen on water
productivity for biological yield, 100% nitrogen demand treatment with 0, 50 and 75% fertilizer
requirement was significant and the water utilization rate was higher than all other three treatments.

Conclusions

The statistical analysis showed that the effect of irrigation management on none of the components
of corn yield was significant. In fact, due to the high efficiency of irrigation requirement in the two-
irrigation management, no water stress had been introduced during corn growing season. The effect of
different levels of nitrogen fertilizer on characteristics such as height, leaf area index and forage weight
of corn plant at one percent level was significant. Also, the effect of different levels of nitrogen
fertilizer on total yield and biological yield at one percent level and on grain yield and harvest index
was significant at five percent level. In both irrigation methods, the highest yield was obtained with
full use of nitrogen fertilizer. Evaluation of irrigation water productivity for grain showed that the
effect of different levels of nitrogen fertilizer on water productivity for grain was significant at the five
percent level. On the other hand, nitrogen fertilizers were fully used to produce maximum maize crop.
Therefore, to improve the water productivity of crops it is recommended that in addition to reducing
water consumption, product performance be also improved. The statistical results of the treatments
show that water productivity was significantly different for the biological yields of the treatments due
to irrigation management, nitrogen fertilizer levels and interaction of both factors. In the end, it is
suggested to use less nitrogen fertilizer to reduce the consumption of water and nitrogen from drainage
and protect the environment.
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Fig. 1- The trend of monthly changes in rainfall and evapotranspiration in Ahvaz climate (1980-2010)
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Table 1- Physical and chemical characteristics of experimental farm soil

. Relative frequency Organic
Depth bull_( electng:a_l soil of soil particle size carbon Absorbable Absorb_able
density conductivity phosphorus potassium
cm (g cm?) (ds ) texture (percentage) (Percentage) (mg.kg) (mg.kgY)
clay sand ' '
0-30 145 4.4 Silty 544 24.6
loam
3060 153 46 Silty 573 235
loam
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Table 2- Dates and depth of irrigation water used in millimeters for different treatments of stream
irrigation management

Irrigation date

Irrigation with continuous flow

Irrigation with reduced flow

C1 C2 C3 CB1 CB2 CB3
2015/3/2 120 120 120 120 120 120
2015/3/7 120 120 120 120 120 120
2015/3/17 52 52 52 39.4 39.4 39.4
2015/3/28 52 52 52 39.4 39.4 39.4
2015/4/7 52 52 52 39.4 39.4 39.4
2015/4/18 52 52 52 39.4 39.4 39.4
2015/4/27 110 110 120 73.4 73.4 73.4
2015/5/6 120 120 120 73.4 73.4 73.4
2015/5/13 120 120 120 74 74 74
2015/5/20 120 120 120 74 74 74
2015/5/27 120 120 120 74 74 74
2015/6/3 120 120 120 74 74 74
Sum (mm) 1158 1158 1158 840.4 840.4 840.4
Sum (m® ha't) 11580 11580 11580 8404 8404 8404
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Table 3- Irrigation water volume and water reduction percentage for each treatment

Volume of irrigation water during the

Percent reduction in water use

Treatment growing period (m%/ha) during the growing period
CN4 11580 0
CN3 11580 0
CN2 11580 0
CN1 11580 0
CBN4 8404 27
CBN3 8404 27
CBN2 8404 27
CBN1 8404 07

Baze 92 (Slgil 53 4l moond DT Ul jwe —£ Jour
Table 4- The amount of water accumulated at the end of the furrows

The volume of water

accumulated at the end of the

Irrigation stage

furrows (m?®)

Eighth irrigation
10th irrigation
Twelfth Irrigation

continuous reduced flow
flow
1.01 0.29
0.4 0.35
1.26 0.39

ST 0 9l Olowily (Sl ol Cawddy p3lio-0 Jouar
Table 5- Values obtained for water use efficiency

Water use efficiency (percentage)

Irrigation stage

continuous flow

reduced flow

Eighth irrigation
10th irrigation
Twelfth Irrigation

67.37 89.30<
71.33 91.20<
67.13 89.32<




DOI: 10.22055/jise.2017.19988.1427

\t4

J}Q)}UT&J}&*Q‘ﬂ&Qb&*&)&,&L

ol oSl gejl ol bepSibe awlie g £,
Oiar 395 doyd Voo & Qlajles )3 L glis)) &5 dmd e
Dyl b dxe MBS0 (6055 Hlow Ay b Wiles S bl yo

G5l )3 ()39 55 Bpae ialS I )3 gy el als
5 Taghizadeh 4 (2012) Abbasi et al. laasl L
Abbasi et al. .cwl Kalee (2011) Seyyed Sharifi
Voo U yho oo Oj9rs 3¢5 calides pglaw I ealiwl L (2012)
o il VoY BNV oy | a5y 15 ) (6358 5L ol oy
L (2011) Seyyed Sharifi 4 Taghizadeh .55 55
WY G ) )5 S0 iyl (a8 S 20> Ver b jho Bpae
5 el ol ol cawday plB)l 133,855 jze il V¥ L
el oS w8)S plol (iagh 93 b & Cumd G5l
> Wlgie 0ad S5 Eagh 93 b S (nl ls S
B P9y 9 S ()9 99008 0ABCAES &3 05 53 S
O35 355 3910 & Cal (a3l JT )8 o) a3l by
Oib ook ol sl I S ey S e paseite | SB
(2011) Taghizadeh and Ly sadpll 3xd5 (glys 9 Loy
2355 3oyl )3 .l 0dd cud Ao 3 VY Seyyed Sharifi
o a8l SB 4y odd cuiS sl LS 0 g Jod g @
oo sl )bl 565 3g, 51 (2012) Abbasi et al. a5’ Jls >
P Ge gl awlie (V) S5 00)S solatwl SB y5e,m0
A o s |y calisee slajlass

y e oinbie 15 (£) Jpio 3 4501 poboly 3
o 20l (3 b )l ) Jlosl e ] &S ysboilan
» alens Ol (il ol Slilse 4 5 (939)9 Of pre el
ol o0 rdoy > (slacs]
b oobl 6 colss @iglad (glp &S (oo Jolge le ,
el G dgeme )8 (9 e 930 8 4 )kl g
e gy oyl (sl ye ds 3 oadplsl gl b)) o
ol oyl Hlesily amd o i O 0,087 Lol (gly oaddnlos
ol sl 9 2o )3 Ve dgds 3 dasg (25 b (lasugr ()bl (slp
Oesily cpl g oo 48 Lol Cawdds Mo yd Ae D9 j3 dwlS o L
Jsbo el 32 o9Me b s ()l sas cslio (o 421, Y
s () 9 adllan 390 46530 S 352 S 5 o obisS
4 phows p Jle Sl 5o 5l g 4 o
sl i (8) Jy3s 33k 35 o) sl Yl S o]

A e i |y slessly eads

=93 0393 Vbl 33 D)3 obF Olwogas (g
Tk 9 okl B9 S o skl & (o) 0090 bl
9 C85 go (5o pdiges 3990 (slaless | ()39 368 Cilke
LI 2)90 Bgr 5 (39 9 Sy haw Sl Wiy )l el e
(V) 5 (%) Jsh o ol 3l ol glis o8 8,5 1,3 (o )lel oo

ol 045 451)|

=93 Jd Sl 0 Fg Dlaskin b ylg 4 28 @ -1 Jover
Table 6- Results of analysis of variance of plant characteristics at the end of growing season

average of squares

Source changes 2?223%55 f plant height leaf area fresh plant
(cm) index weight (g)
Block 2 931.58 0.5721 11945
Irrigation method 1 37.50™ 0.0338"™ 1821"
Block x Irrigation 2 12175 0.001 8652
method
Nitrogen 3 4638.83™ 6.3501™" 285784™
Irrigation method x 3 117,501 1.6569" 32457"
nitrogen
Total error 12 1036.67 1.4108 31118
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Table 7- Comparison of mean plant characteristics at the end of vegetative period

Treatments plant height (cm) leaf area index fresh plant weight (g)
continuous flow 150.833¢ 3.1778 507.6442
reduced flow 148.333% 3.1022 490.22°
0 131.333¢2 2.378 353.4882
50% 144.167° 2.967° 449.782°
75% 153.333° 3.522¢ 545.600°
100% 169.500° 3.690° 646.872¢
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Table 8- Results of analysis of variance of yield and plant yield components after physiological
examination of the plant

Degrees average of squares
Source changes of total yield grain yield biologically .
freedom  (kg.had) (kghal)  yield (kghat)  narvestindex
Block 2 17778000 5115990 35548941 48.80
Irrigation method 1 284490 116901 766123 8.23"
Block x Irrigation method 2 54682967 17026399 67874514 410.76
Nitrogen 3 695494484™  73247971" 1152331904 588.33"
Irrigation method x nitrogen 3 62917263™ 4197058"™ 90216615 101.12m
Total error 12 102455702 5397743 201773629 582.92
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Table 9- Comparison of the mean yield and yield components of the plant after physiological
maturation of the plant

Treatments total yield grain yield biologically harvest
(kg.ha't) (kg.hal)  vield (kg.hal) index

continuous flow 124622 76452 201072 39°
reduced flow 12680? 77852 20465° 40°
0 83212 55382 138592 418
50% 89692 65542 15523 422
75% 112972 8873 20160° 452
100% 21696° 9906° 31602° 412
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Table 10- Results of analysis of variance of water productivity for grain yield and biological yield of

Source changes Degrees of average of squares
freedom grain water productivity biological water
(kg.mq) productivity (kg.m%)
Block 2 0.03 0.229
Irrigation method 1 0.423" 2.92"
Block x Irrigation method 2 0.153 0.561
Nitrogen 3 0.803" 13.243™

Irrigation method x nitrogen 3 0.094" 2.334"
Total error 12 0.594 2.095
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Table 11- Comparison of the mean yield and yield components of the plant after physiological
maturation of the plant

Treatments grain water productivity ~ biological water productivity
(kg.m3) (kg.m3)
continuous flow 0.662 1.7362
reduced flow 0.926° 2.434°
0 0.5682 1.3962
50% 0.67% 1.573%®
75% 0.905 2.073°
100% 1.029¢ 3.298°
T 14 1.269
é?j 12 1016
_g' - o759 0.793 0.789
8 0g 0.659 0.581
% 06 0.478
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Fig. 9- Comparison of the grain water productivity in different treatments
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