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Table 1- Values and coefficients of treatments based on Box-Behnken design
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o ojlad g s Pwd b 358 Ojer i o1 355
leial:lnl:;::lt Nitrogen Phosphorus Manure Nitrogen Phosphorus Manure
(X1) (X2) (X1) (kgha')  (kgha')  (ton ha™)

1 +1 -1 0 300 0 15

2 0 -1 0 150 0 15

3 +1 0 +1 300 100 30

4 +1 0 -1 300 100 0

5 -1 0 +1 0 100 30

6 0 0 0 150 100 15

7 0 -1 +1 150 0 30

8 -1 0 -1 0 100 0

9 0 -1 -1 150 0 0

10 0 +1 -1 150 200 0

11 0 +1 +1 150 200 30

12 0 0 0 150 100 15

13 -1 +1 0 0 200 15

14 +1 +1 0 300 200 15

15 0 0 0 150 100 15
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* +1, -1, and 0 indicates up, down and medium level of each factor
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2- Lack of Fit
3- RMSE (Root mean square error)
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Table 2- Physical and chemical properties of experimental
field soil before planting
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Soil depth (cm)
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(%) Total N
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(ppm) Available P
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(ppm) Available K
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C/N
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(%) Organic C
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(%) Water holding capacity
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Table 3- Analysis of variance of the full quadratic regression model
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O Sy JAe
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Table 4- Regression coefficients of the equation of

2 2 2 *
Y =q,+aX +a,X,+a X ,+aX +aX, taX, ta X X,+aX X +a, X X,

&l S i
Response Variables
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NUE N Losses RWC Fertile tiller No. Biolpgical S'eed Coefficient
yield yield

12.64 65.5 78.97 2.863 15.11 2.939 a
0.0008 -0.136 -0.0258 -0.00852 -0.0155 0.03063 a
0.0606 0.640 -0.0821 -0.00836 0.0077 -0.01522 a,
-0.424 -11.36 -0.496 0.0203 0.410 -0.0108 a3
0.000148 0.00298 0.000146 0.000023 -0.000006  -0.000071 ay
-0.000326  -0.00306 0.000274 0.000069 -0.000094 0.000118 as
0.01252 0.349 0.00866 -0.000067 -0.01059 -0.00078 ag
0.000019 -0.00073 -0.000247 0.000023 0.000128 -0.000045 ay
0.000604 0.00106 0.000297 0.000067 0.000117 -0.000042 ag
0.000577 0.0151 0.00220 -0.000333 -0.001454 0.000229 a9
95.31 92.86 82.02 98.24 83.08 92.06 R?
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X1, X, and X; indicates independent variables of nitrogen fertilizer, phosphorus fertilizer and manure, respectively
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Figure 1- Graph and equation of the regression line and the value of RMSE for observed and predicted values of the wheat
seed yield based on full quadratic regression model
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Figure 2- Response surface for seed yield in different nitrogen and phosphorus fertilization at constant level of 15 tones/ha of
manure
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Figure 3- Response surface for biological yield in different phosphorus and manure fertilization at constant level of 150 kg/ha
of nitrogen
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Figure 4- Response surface for fertile tiller number of wheat in different nitrogen and phosphorus fertilization at constant
level of 15 tones/ha of manure
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Figure 5- Response surface for relative water content of wheat in different phosphorus and manure fertilization at constant
level of 300 kg/ha of nitrogen

sy a0)1ay08 (6 b Ol o3 S SlalS 5 9335 o0
L olis Glo wlg e adyy lame glod sl jidy o Ji8g)lS
$5lg5 oo (9 365 alenjl I slge oS b ol 5l 15 5T co
Bk ol 5l oplpl iy iojdl |y Sy O (o)leSS cud b
SIS e U e ohagh (2l polie i g ()RS5
YU ¥ o slod gaioly o oS wloohy )l clidss (B p pols
lod Lial58l st cov pasal 5 yuiw s Gls 31,5 lo as
Cwl DJ._wuu)‘)f JJLUA L)M.mlf ui d)am u;])lf L %) Jel 9 .)9:
5 0LsS (o yiwd 3 gy e | padls &y (g jlude oS

0598 olils
9 039 395 3 LS zokaws il Slilge 4y 39505 lals
(£ JSs) cal (ilBl Y gas s Wgy b e sold 365

Cugh e gl gl

(7 Jsiz) 292 s sime (i Casho) Slgins 2 jyod Jas ]
s oy (g i 3,18 ok a3l b &8 (6 poboas
FRAS (o355 Sle 5 b0 pobaw )3 il (pl g CBL als
i S Ll (ot (B JSE) g7 ool 355 6V gebaus
= it Cito 51 o] Jless ) s L ay e i (oole
(¥F) 15l o] @ (pwgs dlge (olaidl g dd) piumw (dxwys
siad b 10 S Gl s B &S WS len S Jlaas! 3]
Sloze yial S L daS ol (Lingy Ad)y 4 Cand (aduly Ay p
Sl callas Loy (0590 0 pAS Cugb,

290 059 dgreS 45 3 ()1 (FY) o )Sen 5 yals
g s Sy 33 Ko jan] ] e Lol &l Jesilsy oaals
ol Open gl S oo il (5 3018 ) (ot 185 el b
LS 3 o s lyrine inl5dl oo 5y A 10,5



AYY oimly S celys )0 (old g pd (59 i S35S 335 (5 lurionty

200

Nitrogenlosses (kg/ha) 0

150

Nitrogen levels (kg/ha)

30

15
Manure levels (tones/ha)

300

S8 )3 yhand 355 0 SGhS Vo0 s gehans 3 (013 9 (15930 (535S s bans &y Camad (39, UL Gonsly — edauw =1 S5
Figure 6- Response surface for nitrogen losses different nitrogen and manure levels fertilization at constant level of 100 kg/ha
of phosphorus
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Figure 7- Response surface for nitrogen use efficiency in different nitrogen and phosphorus levels fertilization at constant
level of 30 t/ha of manure
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Figure 8- Graph and equation of the regression line and the value of RMSE for observed and predicted values of the wheat
nitrogen use efficiency based on full quadratic regression model
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Table 5- RMSE values and coefficients of determination of fitted equations for response variables
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Table 6- Optimized values of nitrogen fertilizer and irrigation for reaching the dependent variables based on evaluated
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Introduction

It is estimated that up to 50 percent of applied nitrogen would drift from agricultural systems as gaseous
compounds and other types of activated nitrogen (27 and 46). When applied in high amounts, up to 90% of
phosphorous fertilizers could be fixed in soil together with metallic elements as insoluble forms leading to
further phosphorus pollution (1). In many crops, low absorption efficiency of fertilizers is the main reason of
losses through leaching, volatilization and diffusion of soluble chemical fertilizers which easily released to soil
and air. It has been reported that between 18-41 percent of applied nitrogen retain in soil after crop harvesting
(Fageria, 2014). Nitrogen losses happens in different ways as ammonium volatilization in lime soils (10-70%),
denitrification (9-22%) and leaching (14-40%) (13).

Chemical fertilizers are widely used by farmers due to low costs, easy availability and easy applicability.
Chemical fertilizers increase the rate of organic matter decomposition in soil, thus increase the amount of
greenhouse gasses such as N, CO, released in air which aggravate global warning and climate change (2)

This research was aimed to emphasize on optimizing of chemical and organic fertilizer use in winter wheat
production in Iran, study the trend of change in different N, P and cattle manure levels and their effects on wheat
characteristics and its changes trend also, comparison of the effectiveness of manure by chemical fertilizer
related to NUE and yield increase of wheat.

Materials and Methods

By conducting Box-Behnken design, it is possible to obtain the most information from the least operational
practices due to distribution of experimental points through treatments confined. The design points were defined
based on low and high levels of N (0, 300 kg ha™), P (0, 200 kg ha™) and manure (0, 30 tones ha™") as shown in
Table 2. Manure was analyzed for N, P and K content (1.18% of N, 0.29% of P and 1.04% of K). The high and
low levels of manure were determined based on nutrient content and local recommendations.

Response of measured variables (y) to experimental factors (X) was estimated by using second order
polynomials with interaction (Equation 1):

m m m
y=>5 +ZﬁiXi +Zﬁinin +2ﬁiiXi2
i=1 i<j i=1 (1)

Where S is constant and S, B, and f; are coefficients for linear, interaction and quadratic terms,
respectively.

After simulation, using statistical methods, the result is a second order polynomial which states the estimated
of response (yield) as a function of inputs variables. Finally, after optimizing of resulted function and eliminating
of low effect terms, using statistical tests and criteria such as, F test, lack of fit test, coefficient of determination
(R?), a final function to predict yield and other expected variables was calculated (Equation 2):

Y =a,+aX,+a,X,+aX,+a X’ +a X, +a X +aX X,+aX X, +aX,X,

2

In this function, Y is a dependent variable, X is the independent variable of N fertilizer, X, is independent
variable of P fertilizer, X; is independent variable of manure, and a, to a¢ are coefficients of function. The
equation is functional only in the defined range of input variables and could not predict values out of the range.

The optimized rates of N, P and manure, determined considering 3 scenarios including: economic,
environmental and eco-environmental, which seed yield, N loss and NUE and N loss were the main determining
factors, respectively.
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To obtain optimized levels, response-surface methodology was used. Finally, the fitted values compared to
observed values then validity of regression models evaluated by RMSE test (Equation 3) and 1:1 regression line.

" (P -0,
(%) RMSE bt lg_o X zi:]( 1 i ) (3)
n

Results and Discussion

Optimization of nitrogen, phosphorus and manure fertilization were done according to 3 scenarios of
economic, environmental and eco-environmental. In economic scenario, wheat seed yield was considered as the
main determining factor of optimized resource, thus the result showed by applying of 145.45 kg ha™ N, 200 kg
ha™ P and 18.48 tones ha™ manure, it would be attained the seed yield of 6500 kg ha™' and dry matter yield of
13130 kg ha™. In eco-environmental scenario, the determining factor for optimizing resource was considered as
nitrogen losses. The main objective of this scenario was reduction of environmental hazards resulted from the
high rates of using of N, P and possibly manure, so, the economic yield had less importance. According to this
scenario N application by 21.21 kg ha™ with no use of P, plus 16.36 tones haof manure, minimize N losses (0
kg ha™"). Considering the optimized amount of used resource in this scenario, seed yield, dry matter yield and
NUE were estimated of 3160 kg ha™', 11692 kg ha™ and 9.08 kg DM/kg N, respectively.

Under eco-environmental scenario the main determining factors for optimizing resource, were considered as
NUE, N losses and seed yield. As applying of 144.73 and 34.3 kg ha™ of N and P, respectively, and 30 tones ha
of manure, resulted in seed yield of 4031 and dry matter yield of 15311 kg ha™, respectively, which showed an
increase of 36 percent for NUE compared to economic scenario (16.50 vs. 10.49.

Conclusions

The results of this study showed that N and P fertilizers which used for wheat production did not reflect the
actual needs of different crops under different agro-climatic areas indeed, as it should be reconsidered. In this
experiment, applying of 30 tones ha™ of manure in eco-environmental scenario caused high availability of N, P
and possibly other needed nutrients for plant, finally improved crop productivity. Moreover, trapped and retained
nutrients in manure matrix which considered as an ecofriendly and low cost input, which simply preparable
locally, improve effectiveness of chemical fertilizer in long term use.
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