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Introduction

The excessive use of chemical fertilizers is a leading cause of environmental pollution in the agriculture
sector. Therefore, optimizing fertilizer application is a crucial approach to boost production while minimizing
environmental harm. On the other hand, application of chemical fertilizers along with manure can be considered
as the proper management system that led to reduce the amount of chemical fertilizers and adverse effects on
environment and also improve nutrition for plants. Response-surface methodology is a powerful tool to optimize
production resources which decreases cost and time of the experiments by reducing number of them. Therefore,
the aim of the study was optimization of chemical fertilizers of nitrogen and phosphorus along with manure
application in fodder maize production.

Materials and Methods

The field experiment was carried out according to box-benkhen design in Savojbelagh, where located in the
west of Alborz province, over two years 2017 and 2018. The fifteen treatments were selected based on low and
high levels of nitrogen (0 and 300 kg.ha™), phosphorus (0 and 150 kg.ha™), and manure (0 and 40 ton.ha™).
Three replications were considered in central points under box-benkhen design. The experiment was performed
in two replications. Fodder yield, dry matter, nitrogen losses, and nitrogen use efficiency were the measured
traits in the study. Stepwise regression model by fitting a full quadratic function were used to predict response
variables. Treatments were optimized based on three scenarios: economic, environmental, and eco-
environmental. Fodder yield, nitrogen losses, and nitrogen use efficiency were the primary factors used to
determine the treatments in each respective scenario. In final, the optimum levels of treatments as independent
variables were suggested to obtain target amounts of traits as dependent variables in each scenario. All analysis
was performed using Minitab ver.16.

Results and Discussion
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The results of regression analysis showed that the model had adequate accuracy to predict the studied
properties (as dependent variables) based on experimental treatments (as independent variables). The calculated
values of NRMSE illustrated that the model predicted data of dry matter, fodder yield, nitrogen losses, and
nitrogen use efficiency with difference as 5.4, 2.3, 6.1, and 17.4 percent from measured data, respectively.
Fodder yield was raised by increasing nitrogen fertilizer under all levels of phosphorus and manure. Increase
slope of fodder yield by increasing nitrogen fertilizer amount under high levels of phosphor and manure was
more than in low levels. The highest nitrogen loss was gained by application of 300 kg N.ha™ along with no
application of manure under nitrogen fertilizer x manure interaction. As findings, increasing the amount of
nitrogen fertrlrzer caused to mcrease nitrogen losses and decrease in nitrogen use efficiency. Applrcatlon of
242.42 kg N.ha™ and 95.45 kg P ha along with 33.13 t manure. ha was suggested under economic scenario that
led to produce 105 t fodder.ha™ wrth nitrogen losses of 150 kg.ha™. In environmental scenario, no application of
nrtrogen and using 146.9 kg P.ha™ with 21.82 t manure. ha™* was proposed to gain 80.94 t fodder and 51.2 kg. ha’

! as nitrogen losses and 103.03 kg fodder.kg™ N as nitrogen use efficiency. Under eco-environmental scenario
that had priority in comparison with two other scenarros due to considering economlcal and environmental issues
simultaneously; applying 78.79 kg N.ha™, 150 kg P.haand 8.48 t manure ha™ was suggested as optimum levels
of treatments that led to obtain 90 87t fodder ha*, 64.75 kg N losses.ha™ and the highest value of nitrogen use
efficiency as 116.4 kg fodder.ha™ N.

Conclusion

Considering the results, applying 78.79 kg N.ha™, 150 kg P.haand 8.48 t manure.ha™ in eco-environmental
scenario was suggested as optimum levels of treatments.
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Table 1- Coefficients and treatments in box-behnken design

2017 1.95 0.92 3.49 460.43 296.3

Coefficients <yl Value ,lado
Runs O Hud ol 558 095 Hud ol 555
(Nitrogen) (Phosphor) (Manure) (Nitrogen) (Phosphor) (Farmyard manure)
(x1) (x2) (%3) (kg.ha™) (kg.ha™) (tha™)
1 -1 -1 -1 0 0 0
2 +1 -1 -1 300 0 0
3 -1 +1 -1 0 150 0
4 +1 +1 -1 300 150 0
5 -1 -1 +1 0 0 40
6 +1 -1 +1 300 0 40
7 -1 +1 +1 0 150 40
8 +1 +1 +1 300 150 40
9 -1 0 0 75 20
10 +1 0 300 75 20
11 0 -1 150 0 20
12 0 +1 150 150 20
13 0 0 -1 150 150 0
14 0 0 +1 150 75 40
15 0 0 0 150 75 20
5 CutS g1y kel 390 42 )0 ST (2 loanlsSa jad Sluoguas —F Jgan
Table 2- Physicochemical characteristics of soil for maize sowing
Jw cdly 039 jiwd ey EC Soske
Year Texture N(Z) P(pm) K(ppm) (ds.m™) PH oMm(%)
2016 Loamy-sandy  0.11 9.61 349 0.6 7.83 1.1
2017 Loamy-sandy  0.103 10.88 214 0.91 780 0.96
O3 CuiS gy 03] 3590 (5915 355 ot o Oluogad - Jgun
Table 3- Chemical characteristics of used farmyard manure for maize sowing
Jo O3 b paly Sk $9; o ol EC Sl oske
Year N() P(ppm) K(ppm) Mn(ppm) Zn(ppm) Cu(ppm) Znppm) (@Sm) PM o giom M
2016 1.89 1.10 421 510.34 289.4 70.1 3947.4 9.73 9.31 51.12 13.52

67.9 4657.94 9.80 9.24 50.06 12.83
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Table 4- Variance analysis of full quadratic regression model along with its components for studied traits of fodder maize

e g = oy s . o et Spao £)5 218
geve Xl Y00 (df) oljias 5 Spmhw gasls SWa ol ddgle dSlos (5900 A A
S.0.V. ’ LAI Dry matter Fodder yield N losses sl
ANUE
Block <l 1 0.049** 7.65ns 62.59** 17.9ns 171ns
Regression ;s )3, 9 0.796** 76.0%* 449.2** 6949** 5595**
Linear las 3 2.37** 188** 1301** 17169** 9278**
(N) 5950 1 6.10** 494** 3258** 41494** 18858**
(P) yawd 1 0.062** 17.32* 62.67** 915** 245ns
(M) (ol 568 1 0.947** 54.45** 584** 9099** 8732**
Quadratic ¢5 4> > 3 0.008* 26.29** 34.98* 1084** 2539*
NxN 1 0.0001ns 12.72ns 100** 168ns 5192**
Pxp 1 0.017* 20.65* 4.31ns 8.7ns 1592ns
MxM 1 0.005ns 55.58** 6.98ns 2957** 434ns
Interaction Jtz I 3 0.009* 12.84* 10.88ns 2593** 4967**
NxP 1 0.001ns 0.376ns 1.39ns 48.3ns 170ns
NxM 1 0.021** 34.24%* 28.12* T717** 14732**
PxM 1 0.006ns 3.92ns 3.12ns 15.5ns 100ns
Error oLl 19 0.002 4,14 7.30 84.3 513

2oy ) g0 Jlaas! maw )3 () gxe b g FEF L oIy dxe pae NS
ns: no significant. *,**: significant at 5% and 1% of probability.
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Table 5- The coefficients of full quadratic regression for studied traits of fodder maize

Ty Jov Spgbw gadld S b adgle 3 ,Slos 059 Ll 0395 B pao £ly; 21,

Coefficients LAI Dry matter Fodder yield N losses ANUE
EN 5.3253 26.567 88.889 110.259 53.483
ap 0.6177 5.5612 14.270 50.925 -34.331
a, 0.0621 1.0405 1.9792 -7.563 3.9171
as 0.2433 1.8448 6.0417 23.847 -23.361
ay -0.0044 1.3127 3.6806 -4.772 26.515
as 0.0478 1.6723 0.7639 1.086 -14.684
as -0.0261 2.7434 0.9722 20.012 7.6730
az -0.0124 -0.2169 0.4167 2.456 -4.6111
ag -0.0512 2.0688 1.8750 -31.058 42.913
ag -0.0266 -0.6998 0.6250 1.392 0.0456

R? (%) 98.51 84.41 90.79 96.19 83.82
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Figure 2- Response-surface plot of LAl as affected by interaction of nitrogen (N, kg.ha™), phosphor (P, kg.ha®) and
manure (M, kg.ha®)
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Figure 4- Response-surface plot of fodder yield as affected by interaction of nitrogen (N, kg.ha™), phosphor (P, kg.ha™) and
manure (M, kg.ha™)
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Figure 5- Response-surface plot of N losses as affected by interaction of nitrogen (N, kg.ha™), phosphor (P, kg.ha*) and
manure (M, kg.ha™)
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Figure 6- Response-surface plot of NUE as affected by interaction of nitrogen (N, kg.ha™), phosphor (P, kg.ha*) and
manure (M, kg.ha™)
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Table 6- Optimization of the N, P fertilizers and manure to gain response variables under different scenarios
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