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Economic analysis of effect of water and nitrogen levels on grain yield and
yield components of maize (ZeamaysL.) cv. SC 704
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Table 1. Meteorological information of maize growth season in Kermanshah, Iran (2014 and 2015)

Temperature (°C) s e
Year J._ Month ok (Min) pla>=  (Max) jStas (Mean) L.z Evaporation (mm)
May S )| 9.2 27.2 18.4 194.1
June sls 5 13.0 33.0 24.2 283.4
July 5 17.6 38.9 29.2 328.4
2014 g, - 17.8 39.3 203 3526
Sep. BT ] 13.8 30.3 217 250.5
Oct. e 10.3 26.9 18.6 146.9
May S| 9.0 28.4 19.3 275.4
June sls 5= 14.1 36.9 26.0 359.2
July % 19.3 38.6 29.8 388.1
015w A s e 196 39.9 30.6 396.6
Sep. oA 15.9 34.6 25.8 294.5
Oct. e 11.0 29.2 20.1 199.2

leiT sl o ST ot 5 (S 5b sla S5 Y U
Table 2. Physical and chemical properties of the soil at the experimental site

G oS il atd SSIGMe s dbosb Sas G A by
Year J.. Depth (cm) Soil texture pH EC(Sm%  CEC(megl00g) OC(%) N(@) P(mgkgd) K(mgkg?)

0-30 Clay - 7.37 0.60 27.00 1.48 0.15 5.2 340
014 W g060 Cly ., 740 ; ; 112 011 - )

0-30 Clay oy 7.69 0.55 27.00 1.00 0.10 5.1 350
2015 W 5060 Cly .,  7.60 : - 090  0.09 - -
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Table 3. Mean of costs for production of maize per hectare in Kermanshah, Iran (2014 and 2015)

(ijjlja).b-bw

(Ju,

Cad

Unit price (Thousand Rials) FIRTINRR Al Total price (Thousand Rials)
Production costs Ay gbay s 2014 2015 Count- amount Unit 2014 2015
Constant costs ot ém., »
Plow 600 800 2 No 1200 1600
Disk _i.“ 450 450 2 No 900 900
Cultivator Sled S 450 450 1 No 450 450
Other operations (leveler, borderline) () o cpedans) Sllas e 300 450 1 No 300 450
Seed and seed disinfection b Sske LS 5 yd 63 80 25 kg 1575 200
Seeding 554 600 800 1 kg 600 800
Triple superphosphate fertilizer ey lid g S 10 10 200 kg 2000 2000
Potassium sulfate fertilizer ety S s 387 11 11 150 kg 1650 1650
Micronutrients Lagdse 3, 500 500 4 lit 2000 2000
Fertilizer il sS 300 300 3 No 900 900
Insecticide poison pS e i e 400 400 4 lit 1600 1600
Herbicide poison S Cale g 300 300 7 lit 2100 2100
Poison spraying e 300 450 5 No 1500 2250
Fertilizer, seed, poison transport koS 5 fe 0.50 0.50 390 kg-lit 195 195
Labor for irrigation ST sl S8 300 450 15 per-day 4500 6750
Combine pleS 2000 5000 1 ha 2000 5000
Total constant costs oot @M_, [ryses 22052.5 28845.0
Variable costs JESRPIPUEIN
Water price cle T 0.50 0.60 - m? -
Urea fertilizer oyl 58 7.00 7.00 - kg - -
Urea transport ool a8 o 5 0.50 0.50 - kg - -
Loading, transport and drain product Josuamen a5 5 fom 05,50k 0.20 0.20 - kg - -
Drying product s 035 oS 0.20 0.20 - kg - -
Purchase price of maize grain o3 dls b B Ced 9.60 8.70 kg - -
. - . = . Z. -
05975555 5 bl lasles )5 & A Sliv 1 Ske anlis -F Jsutr
Table 4. Mean comparison of plant characteristics of maize in irrigation and nitrogen fertilizer treatments
Db I s g s 43 Gas RN &> Shas IS S 035 Sl ety &3 55 (ol gma
Ear length Ear diameter Cob diameter Grain depth [ PN I s als Cwsy sy 4l I s 4ls 100 grain weight Grain yield Total dry weight Harvest index Grain protein content
(mm) (mm) (mm) (mm) Cob percent Row.ear! Grainrow*  Grain.ear* )] (kg-ha™) (kg.ha™) (%) (%)
Irrigation <ot
loow 144.7d 31.6d 19.7¢ 12.5¢ 34.5b 11.7c 19.4d 217.7d 20.9d 3039.0d 9880d 30.9¢ 10.2b
laoss 160.7¢c 35.8¢c 20.7b 15.2b 32.9b 12.8b 23.8c 293.5¢ 22.7c 5482.7¢c 15560c 34.9b 10.6a
l100% 176.9b 39.9b 21.2b 18.9a 23.6a 14.4a 34.2b 484.1b 24.1b 7944.2b 18840b 42.1a 10.3ab
l120% 200.0a 43.1a 22.8a 20.3a 20.2a 15.0 39.3a 588.1a 25.8a 8757.6a 19800a 44.4a 9.7c
LSD 8.60 157 0.83 1.64 3.94 0.64 2.95 41.54 0.69 49.34 89.96 3.25 0.32
Nitrogen 038 fs
Naos 165.5b 36.9 20.9 16.8 29.0 13.8 28.1b 382.0b 21.1c 5611.6b 14710b 36.9 9.6b
N70% 170.4ab 37.2 21.1 17.1 255 13.6 29.5ab 395.4ab 23.1b 6031.7b 15550b 37.6 9.8b
Ni100% 170.9ab 38.1 21.1 15.9 29.0 12.9 30.4ab 415.0ab 25.3a 6705.8a 16900a 38.7 10.6a
N140% 175.5a 38.3 21.3 17.0 27.7 13.7 31.2a 429.8a 25.1a 6874.5a 16910a 39.1 10.9a
LSD 8.60 1.57 0.83 1.64 3.94 0.64 2. 95 41.54 0.69 49.34 89.96 3.25 0.32
RO NN ,;LSDQ,,)-Tu.,uﬁ;mspmg,fsl)us_ﬁud&goyﬁ,;

Means in each column followed b

similar letter(s

l6o%, Iso%, 1009 and lizo% are supplying 60, 80, 1
Naow, N700%, N1oow and Ni4oss are supplying 40, 70, 100 and 140% of total nitrogen requirement

and 1209

are not s/gnlflcantly different at 5% proba)blllty Ievel
of total water requirement

ez
using LSI?test

I NVSTR L PR PO N R g

T B S TRL SRR

ARSI RO

4 11200% 5 11009 l80% l60%
140% s N100% (N70% (Naov
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Lo 055 ol il ralS O 558" 1 s 4l
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S 2153 G b 51 oy ) 5B Sl oy a2
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Table 5. Mean comparison of grain yield, dry matter and grain protein content of maize in interaction effect of
irrigation and nitrogen fertilizer treatments

ool RITE™ als s Sles e 05 Gl 5 g (6l gme
Irrigation  Nitrogen  Grain yield (kg.ha)  Total dry weight (kg.ha')  Grain protein content (%)

leow Na2o% 2938.0h 92509 10.4bcd
N70% 3005.0h 96109 9.5efg
N100% 3169.0h 103709 10.7bc
Na1409% 3044.0h 102809 10.4bcd

180% Nao% 4537.0g 13750f 9.7ef
N70% 4984.0g 14730f 10.4bcd
N2100% 6066.5f 17140cde 10.9ab
N140% 6343.5ef 16630e 11.6a

1100% Naow 7043.8de 16930de 9.3fg
N70% 7654.5cd 18550bcd 9.9def
N2100% 8305.5bc 19720ab 10.7bc
N2140% 8773.0ab 20140ab 11.5a

11209 Naovs 7927.5cd 18900abc 8.99
N70% 8483.5bc 19290ab 9.6ef
N100% 9282.0a 20400a 10.4cd
N140% 9337.5a 20590a 10.1cde

LSD 78.42 177.41 0.68

L (613 e g5 A3 oty Jlail gelans 53 LSD 005T by i oS 20 U g (61,1 o7 5o Sile D550 2 5
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test

T30 doys VY 5 Vee A b 5 5 4 1120% 5 1100% clsov dleose

leo%, 180%, l1009% and li20% are supplying 60, 80, 100 and 120% of total water requirement
05570 5L A3 VP 5 Ve Vs e b 5 5 4 N1ow 5 N10o% (N70% (Naoos
Nao%, N709%, N1oo% and Ni4os are supplying 40, 70, 100 and 140% of total nitrogen requirement
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Table 6. Mean of cost and income for production of maize per hectare in Kermanshah, Iran (2014)
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lesT glasles i ol g5 (DU 150) pian slaay o (DU o 52) daT)s 5 4 50
Treatments Variables Variable costs (Thousand Rials) Cost and return (Thousand Rials)
STt DY EY-2 Sl > Sles Jgams i 5 o (5,550

eobT 0595 Irrigation water Urea Grain yield g T 355 oyslasS JE 5 e Loading, transport and Jgams OIS 2 IS s oAEL T s oAl LT
Irrigation Nitrogen (m3.ha't) (kg.ha't) (kg.ha't) Water price Urea Urea transport unloading of product Drying Total costs  Gross return Net return

leov Naov 6705.4 140 3100.9 3352.7 980 70 620.2 620.2 27695.6 26977.8 -717.8

N7o% 6705.4 245 2942.0 3352.7 1715 1225 588.4 588.4 28419.5 25595.4 -2824.1

N100% 6705.4 350 3420.0 3352.7 2450 175 684 684 29398.2 29754.0 355.8

N140% 6705.4 490 3251.0 3352.7 3430 245 650.2 650.2 30380.6 28283.7 -2096.9

Iso% Naooo 8107.2 140 5161.0 4053.6 980 70 1032.2 1032.2 292205 44900.7 15680.2

N70% 8107.2 245 5442.0 4053.6 1715 122.5 1088.4 1088.4 30120.4 47345.4 17225.0

N100% 8107.2 350 6970.0 4053.6 2450 175 1394 1394 31519.1 60639.0 29119.9

N1400 8107.2 490 7003.0 4053.6 3430 245 1400.6 1400.6 32582.3 60926.1 28343.8

l100% Naov 9509.0 140 7593.7 4754.5 980 70 1518.7 1518.7 30894.5 66065.19 35170.7

N70% 9509.0 245 8109.0 4754.5 1715 122.5 1621.8 1621.8 31888.1 70548.3 38660.2

N100% 9509.0 350 8545.0 4754.5 2450 175 1709 1709 32850.0 743415 414915

N140% 9509.0 490 9011.0 4754.5 3430 245 1802.2 1802.2 34086.4 78395.7 44309.3

l120% Naov 10910.8 140 8120.0 5455.4 980 70 1624 1624 31805.9 70644.0 38838.1

N7o% 10910.8 245 8700.0 5455.4 1715 1225 1740 1740 32825.4 75690.0 42864.6

N100% 10910.8 350 9533.0 5455.4 2450 175 1906.6 1906.6 33946.1 82937.1 48991.0

N140% 10910.8 490 9802.0 5455.4 3430 245 1960.4 1960.4 35103.7 85277.4 50173.7

Sl Mean 31421.0 58020.1 25716.6
Ts0%, 09, T1000% @and T1o00, are supplying 60, 80, 100 and 120% of total water requirement T3 Aoy VY Ve A S b 5w T1oow s T100% clBoos <l
Nao%, N70s6, N1oow and Nuage are supplying 40, 70, 100 and 140% of total nitrogen requirement 35875 56 oy Ve gV Ve Fe b S gﬁmo%, l\fmo% «N709% (Nagoe

(WWAF ) olisle S 53 oy3 ,kSn oSG 5 T s 5 4t 3o S0k -V g
Table 7. Mean of cost and income for production of maize per hectare in Kermanshah, Iran (2015)

sl gyl e Jelse (D, 5l52) eiae glawy 5o (s l5) aTys 5458
Treatments Variables Variable costs (Thousand Rials) Cost and return (Thousand Rials)
ol T DY EY.S ls > Slas Jgams i 5 o 05,55k
kT RN Irrigation water Urea Grain yield g T Y FY g 390555 Ja Loading, transport and J s OS2 JS @ oAl T s oAl T s
Irrigation Nitrogen (m®.hat) (kg.ha?) (kg.ha?) Water price Urea Urea transport unloading of product Drying Total costs Gross return Net return
leov Naoos 6028.4 160 2767.0 3617.0 1120 80 553.4 553.4 34768.8 26563.2 -8205.6
N7o% 6028.4 280 3068.0 3617.0 1960 140 613.6 613.6 35789.2 29452.8 -6336.4
N100% 6028.4 400 2918.0 3617.0 2800 200 583.6 583.6 36629.2 28012.8 -8616.4
N140% 6028.4 560 2837.0 3617.0 3920 280 567.4 567.4 37796.8 27235.2 -10561.6
Iso% Naow 7371.2 160 3913.0 4422.7 1120 80 782.6 782.6 36032.9 37564.8 1531.9
N7o% 7371.2 280 4526.0 44227 1960 140 905.2 905.2 37178.1 43449.6 6271.5
N100% 7371.2 400 5163.0 4422.7 2800 200 1032.6 1032.6 38332.9 49564.8 11231.9
N140% 7371.2 560 5684.0 4422.7 3920 280 1136.8 1136.8 39741.3 54566.4 14825.1
l100% Naow 8946.0 160 6494.0 5367.6 1120 80 1298.8 1298.8 38010.2 62342.4 24332.2
Nro% 8946.0 280 7200.0 5367.6 1960 140 1440.0 1440.0 39192.6 69120.0 29927.4
N100% 8946.0 400 8066.0 5367.6 2800 200 1613.2 1613.2 40439.0 77433.6 36994.6
N140% 8946.0 560 8535.0 5367.6 3920 280 1707.0 1707.0 41826.6 81936.0 40109.4
l120% Naoos 10335.2 160 7735.0 6201.1 1120 80 1547.0 1547.0 39340.1 74256.0 34915.9
N7o% 10335.2 280 8267.0 6201.1 1960 140 1653.4 1653.4 40452.9 79363.2 38910.3
N100% 10335.2 400 9031.0 6201.1 2800 200 1806.2 1806.2 41658.5 86697.6 45039.1
N140% 10335.2 560 8873.0 6201.1 3920 280 1774.6 1774.6 42795.3 85180.8 42385.5
Sl Mean 38749.0 57046.2 18297.2
T60%: T8ovs, l1000% and 1o are supplylnlg 60, 80, 100 and 120% of total water requirement ST Ao s VWY Ve e A Fe b 5 4 1200 5 T100% cT809s leov
Naov, N70%, N1ogz and Nisoe, are supplying 40, 70, 100 and 140% of total nltrogen requrement RETE-ME MWL DPARIR AN & u:.a‘\? ;V,:?_,?'A{ 140% 9 N’lOO% «N7006 {Nag
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Fig. 1. Regression between irrigation water and net return for production of maize (per hectare) in Kermanshah,
Iran (2014 and 2015)
Nao%, N7o%, N1oos% and Naos are supplying 40, 70, 100 and 140% of total nitrogen requirement
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Fig. 2. Gross return: total cost for production of maize (per hectare) in Kermanshah, Iran (2014 and 2015)
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Table 8. Mean comparison of economic efficiency of water and nitrogen in irrigation and nitrogen fertilizer treatments

T T (oolasl ()50 4
Economic efficiency of irrigation water

05578 kel 6550 54
Economic efficiency of nitrogen

Treatments  _xbT glajles (Rials.m3) (Rials.kg %)

Irrigation LT 2014 yvay 2015 w4y 2014 yvay 2015 \va¥
leow -194.3c -1398.4c -2230c -13146¢
lso% 2786.7b 1148.4b 37180b 9950b
l100% 4196.9a 3671.0a 71060a 48653a
l120% 4144.2a 3900.5a 79890a 62730a
LSD 72.01 85.08 1324.4 1498.5

Nitrogen RIS
Naos 2274.0b 1236.2b 73141a 37788a
N70% 2424.4ab 1727.5ab 45036b 28246ab
N100% 3124.6a 2146.9a 38415bc 24337ab
N140% 3110.4a 2211.0a 28335¢ 17826b
LSD 72.01 85.08 1324.4 1498.5
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test
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Table 9. Mean comparison of economic efficiency (Rials.kg™) nitrogen in interaction effect of irrigation and
nitrogen fertilizer treatments (2014 and 2015)

2014 yrar lso% l80% 1100% 11209
Naoo -2126.8e 51520.7cd 115559.9a 127610.9a
N70% -5302.3e 32340.8d 72586.5hc 80480.5b
N100% 467.6e 38271.9d 54531.7bc 64388.2bc
N140% -1968.5e 26608.5de 41596.5d 47101.8cd
LSD 2677.72
2015 yvay 160% Is0% 1100% l120%
Naoos -23591.1i 4404.2ghi 69955.1b 100383.2a
N70% -10409.8hi 10303.2fgh 49166.4bcd 63924.1bc
N100% -9908.9hi 12916.7efgh  42543.8bcde 51795.0bcd
N140% -8675.6hi 12177.8fgh 32947.0defg 34816.7cdef
LSD 2854.28
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Economic analysis of effect of water and nitrogen levels on grain yield and yield
components of maize (ZeamaysL.) cv. SC 704

Ghobadi, R, M. Ghobadi?, S. Jalali Honarmand?, F. Mondani*, B. Farhadi®

ABSTRACT
Ghobadi, R., M. Ghobadi, S. Jalali Honarmand, F. Mondani, B. Farhadi. 2017. Economic analysis of effect of water and
nitrogen levels on grain yield and yield components of maize (Zea mays L.) cv. SC 704. Iranian Journal of Crop Sciences.

19(3): 220-238. (In Persian).

To study effects of irrigation water and nitrogen fertilizer levels on grain yield and its components of maize
(cv. SC704) and to evaluate economic efficiency of experimental treatments a filed experiment was carried out
as split plot arrangement in randomized complete block design in 2014 and 2015 growing seasons at
experimental field of Agriculture and Natural Resources Campus, Razi University, Kermanshah, Iran. Four
irrigation water levels (60, 80, 100 and 120% of maize water requirement) were assigned to main plots, and four
nitrogen fertilizer levels (40, 70, 100 and 140% of recommended levels based on soil test) were randomized in
sub-plots. Results showed that regardless of nitrogen fertilizer levels, application of 120% of the maize water
requirement, 8760 kg.ha™* grain was produced and with reducing water requirements to 20, 40 and 60%, grain
yield decreased by 10, 37 and 65%, respectively. Irrigation water and nitrogen supply simultaneously increased
the total dry weight, grain yield and grain protein. At lower levels of irrigation water, there was no significant
difference in grain yield between nitrogen fertilizer levels. However, application of 100 and 120% of the maize
water requirement, nitrogen fertilizer up to recommended levels increased grain yield by its affect on ear size
and yield components. Therefore, by application of 120% of maize water requirement and 100 and 140% of
nitrogen requirement, 9340 and 9280 kg.ha' maize grain yield was achieved. Grain yield in these nitrogen levels
and 100% of maize water requirement were 8770 and 8300 kg.ha. The highest gross and net return per hectare
(82.94 and 48.99 million Rials in 2014 and 86.70 and 45.04 million Rials in 2015, respectively) were obtained
by application of 120% of maize water requirement and 100% of nitrogen requirement. Optimum level of water
economic efficiency (4200 and 3670 Rials.m® in 2014 and 2015) and nitrogen (71060 and 48650 Rials.kg™ in
2014 and 2015) were obtained by application of 100% of maize water requirement. The results also showed that
with increasing nitrogen fertilizer application, economic efficiency of nitrogen decreased and nitrogen
application up to 70% of recommended level improved economic efficiency of maize. Although the highest
grain yield and net income were obtained by application of 120% of maize water requirement and 100% of
nitrogen requirement, but appropriate combination of irrigation water and nitrogen levels is recommended
considering the importance, price changes, economic productivity and environmental constraints of each inputs.
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