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Table 1- Coefficient code and actual values of independent variables
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+1 +1 14000 240
0 +1 11000 240
0 0 11000 120
0 0 11000 120
-1 -1 8000 0
+1 0 14000 120
0 -1 11000 0
0 0 11000 120
0 0 11000 120
0 0 11000 120
-1 +1 8000 240
+1 -1 14000 0
-1 0 8000 120
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1- Root mean square error
2- Model efficiency
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Table 2- The results of regression variance analysis for the dependent variables in sugar beet

OgsS ) i @b a0 35 os s SEosles ek UL Spao 21,8
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d.f RY SY WSY N WUE NUE
05 5 907" 309" 20.6™ 0.615" 0.344™ 770™
Regression
%;Ié 2 1800 52.9" 33.7" 0.861" 0.715™ 1584
Linear
Y 2 461" 241" 17.7" 0.665" 0.136™ 330"
Square
Jlize f‘ 1 15.4™ 0.360™ 0.250™ 0.024" 0.019™ 22.1™
Interaction
olowsl
. 7 22.9 0.753 0.418 0.056 0.007 15.2
Error
Al pe 3 31.0% 1.23% 0.587n 0.124™ 0.0130 20.9"
Lack of fit
oAl oLzl 4 16.2 0.398 0.291 0.004 0.003 11.1
Pure error
R? - 96.6 96.7 97.2 88.8 97.1 97.3

Gpao )5 g Ol Gpas L1 w@pie eyt a5 5Slas S 3, Slas iy 5 Shee Kby wi e RY, SY, WSY, N, WUE, and NUE

O)9r

RY, SY,WSY,N, WUE, and NUE: Root Yield; Sugar Yield; White Sugar Yield; a-amino nitrogen; Water Use Efficiency and
Nitrogen Use Efficiency, respectively.
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Table 3- Coefficients of polynomial full quadratic regression for dependent variables.

(yi = a0+ a1x1 + a2xz + azxi? + asxa? + asxix2)

ao a1 a2 a3 a4 as
iz 2 Ko 77.6 0.442 24.5 -11.3 -8.99 1.96
Root Yield
A 3Sles 14.5 -0.050 420 2.68 -1.93 0.300
Sugar Yield
s 555 38 122 -0.050 3.35 2.09 -1.89 0.250
White Sugar Yield
orae 09y 249 0098 0527  -0.662 0.442 0.077
o-amino nitrogen
ol Spae @;"F 1.32 -0.287 0.394 -0.161 -0.188 -0.069
Water Use Efficiency
|9 e uf"‘{g 76.8 -1.25 229 -15.4 481 2.35
Nitrogen Use Efficiency
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Table 4- Values of RMSE and ME for studied traits of sugar beet
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RMSE (%) ME
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Root yield
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S 55 3)des 4.56 0.97
White sugar yield
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o-amino nitrogen
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Water use efficiency
0358 Srae 2hE 3.98 0.97

Nitrogen use efficiency
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Fig. 1- Observed and predicted values of RY, SY, WSY, N, WUE and NUE and comparison of the 1:1 line (solid line) against

the fitted regression between observed and predicted data (dotted line)
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Table 5- Results of the t-test for comparing the slop (b) and intercept (a) of the 1:1 line against the fitted linear regression
between observed and predicted data (Predicted = a+ b x Observed)

(a) faso 31 o555 (b) o . Ao oo
. Intercept (a) Slope (b) (HO)
- 31 ol 31 ol t th
. . Sl oo . Sl oo a
Trait . . .
Slade Lo Slade Lae P Glpt e lpt e | (a=0), (b=1)
Value = Value = e :f .
SE SE o o
ey 3,5kos 2.32 3.87 0.966 0.055 0.602 0.625 s
Root yield Accepted
b3 yShes 0.409 0.693 0.967 0.054 0.600 0.624 s
Sugar yield Accepted
e )55 3 Sa 0.285 0.592 0.972 0.049 0.547 0.563 s
White sugar yield Accepted
oy Oja 0.269 0.234 0.887 0.095 115 1.17 s
o-amino mtrogen Accepted
U Gy S o
Water use 0.034 0.061 0.971 0.050 0.570 0.638 ~
. Accepted
efficiency
3grs Spas 2l o
Nitrogen use 1.94 3.61 0.973 0.049 0.535 0.550 :
o Accepted
efficiency

SE: Standard Error.
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Fig. 2- Response- surface of sugar beet traits included RY, SY, WSY, N, WUE and NUE affected as independent variables of
nitrogen fertilizer and irrigation

O ol o Slosuzn blite @l 4S5l 4y 4595 b ((al., 1990
Gy dingy (e el iz 9,15 3529 (33955 358 lie 5 )]
Lagl (s)les aiue S5 8,5 Jla )3 5 T g (59 lie
A3l (5)902
Gyan LS (Bpan O GRIFEIL (g gokaw 45 )

o> BByt 5 0305 el 4 i 2k )bl 1

e (S 5 o5 )bl g 250 oS sl pate (nl 25
i plpl ey o gial S ) il s jad Sawe 55 S
e cppiin g (npieS) LaalpS 93 5 53 olS bawgs (59 5t
Mohammadian et al., 2010; Hills et ) bb o LialS ()b



Voo sl e Voslad AT Al og5y0laS owlicd pogs as p25 PP

ool e SRl L a0 ) )l 41,3 S gy ys O e
Jlite 51 L5 o (gt e (IS Gsly ioxie

395 Gyan ylade Liul3hl b aS oy LS 35 )59, 368 X (Ll
093 Byan LS Glie (5l gshaw (ooles )3 39yt
2 Oier Bpan QLS S Glie sy (I L b il
()LSS\R’ Jel A.,;xssa)_».a VWeoo — \\'*‘) uT ;9).\40 ]aww ))l.a.o
o (Y JS2) 29 a8 Ol Bpme (VL g ol s 41 S
Noshad et al., 2012; ) eldllas plw sla i) 5L mls
oielS e (Mohammadian, 2016; Laufer et al., 2016
oS 53 395 Bpman liSl L (gt SBpmae 2L Oliee

Db cillae LB aa

= okl 9 03958 355 GRS e izmen o Lt el
Pled 5> 035 355 G318 ol oLt Ol Bpme (S (e
Sogbar )5 o ol Brae @IS g0 4 e )l golaw
395 ide (pyeS 3 ylS ) Ol Byian LS e (o je8
DS cpyib g 225 oaalie (gylol o cp i 9 59y
bl ke 005 ol 9 395 Mo YL 5 58 Ol Bpas
5 Sbys (Hosseinpour, 2008) gy (¥ JS05) dol cowday
Masri et ) o)), Sen g —w)lo g (Topak et al., 2011) ., Ko
Ol 8 juiia olS (55 398 slagiagh 5 3o (al, 2015
b aoy 00 5l bl Of Bpae e Gialil b o S aoes
o lpj b Gl O Brae oS wlS (o s a3 WVO
s ooty 48 (o Iy G O Jlsho &8 s len
9 Oope 3 3)Slee a4 dagi b g WS (o by a5 Sdes

[ ]Optimum [ |Non-optimum
1
1
! RY (ton.ha™l)
1
! Area: NUE (kg.kg-1): Low — 75
200 ) Arear WUE (kg. m-33:low | |_____. 100
N - - ! Area: N (meq.100 g-1 pulp): High
Area: NUE (kg.kg-1): Lolw A Area: WSY(ton, ha-1): Feasible 5Y (ton_ha'lj
AraWUEkoIm SXlkligh . Area: 5Y(ton. ha-1): Feasible
Area: N (meq100 g-1 pulp): High Area: RBY (ton. ha-1): Feasible 14
Area: W5Y¥(ton. ha-1): Feasible
Area: 5¥(ton. ha-1): Feasible 18
'_.': 150 Area: RY (ton. ha-1): Feasible WY (ton.ha‘lj
£
- — 11
wo N N e T S 14
=3
5 N (meq.100 gL pulp)
E 1
=) e’
WUE (kz.m™3)
— 11
Area: MUE (kg.kg-1): Feasibl
50 4 [Area: NUE (kg.kg-1): Feasible A:Z:: WUE((kgg. fn__%: Le;:: S [} [T 15
Sz lWUETkaIm SklEeasiblo Area: N (meg.100 g-1 pulp): Feasible NUE (kg ke
Area: N (meq.l00 g-1 pulp): Feasible Area: WS‘r‘(tnjn. ha?l]: me’S - (kgkg™)
Area: WSY(ton, ha-1): Low Area: S¥(ton. ha-1): Low —_ 75
Area: S¥(ton. ha-1): Low T Area: RY (ton. ha-1): Low | [=====. 100
Area: RY (ton. ha-1): Low T |
0 = T T I T 1
8000 9000 10000 11000 12000 13000 14000

Irrigation {m3. ha'l}

b (S 35S ¢ )SUd 3, cduing y 3 ySdos Olduo Jolui W8 juiis dwuly (gL pxie Cglhs o (gl LAY Gliged adidi -Y U
03975 9 P B pan (l )5 0o ()59

Fig. 3- Overlapped plot of layers for optimum level of dependent variables of sugar beet included RY, SY, WSY, N, WUE,
and NUE
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Table 6. Target and simulated values of dependent variables along with optimum values of independent variables in sugar

beet.
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Introduction
With respect to this issue that Iran is located in semi-arid conditions and limited by water resources, so water
conservation in agricultural systems plays main role to increase production and determination of water optimum
amount is first step to gain this purpose. Nitrogen is one of the main effective factors on quantity and quality of
crops. According to the studies, only 40-60% of nitrogen fertilizers is used by crops and this value decreases with
increasing of fertilizer application. There is complicated interaction between amount of irrigation water and nitrogen
fertilizer, thus it is necessary to consider optimum level of them simultaneously. To obtain acceptable economical
yield and reducing environmental pollutions, used inputs in farms should be applied as optimum with respect to
expected target. One of the important methods to gain optimum level of inputs is response-surface method. There is
no study to investigate usage of this method for inputs optimization in sugar beet. Therefore, the purpose of the
study was optimizing of nitrogen fertilizer and irrigation in sugar beet via the response-surface method by using a
central composite design.
Material and Methods
We used available data and information from studies which had been accomplished about nitrogen fertilizer and
irrigation in Hamedan, Iran to determine optimum levels of these treatments. So needed treatments were designed
based on high and low levels of nitrogen fertilizer (0 and 240 kg.ha!) and irrigation (8000 and 14000 m’.ha!) by
Minitab software ver.16 as central composite design (CCD). CCD is one of the response-surface methods and the
number of treatments in this design is calculated by equation of 2¥ + 2k + r, where k is the studied factors and r is
number of replication for central point. Number of replication for central point under two factors has been reported
as 5, thus for central composite design with two factors, 13 treatments is needed. To fit data, regression equation
was used and evaluated based on regression variance analysis. In general, the full quadratic polynomial equation
was tested to determine the significance of the model and the components of the model. RMSE, ME, R? indexes,
and 1:1 line were used to judge the difference between simulated and observed data.
Results and Discussion
ANOVA results showed that regression model was significant to estimate all dependent variables based on F
test. Correlation coefficient of dependent variables including root yield, sugar, and sugar white, water use efficiency
and nitrogen use efficiency determined as higher than 96%. It implies that the high proportion of the variability for
these traits was explained by the fitted regression model. According to the lower values of RMSE than 10 and higher
values of ME than 0.89, it could be concluded that the model had acceptable and suitable results to estimate studied
traits in sugar beet. The results of t-test to compare fitted regression with line 1:1 illustrated that slope and intercept
values in fitted and 1:1 line had no significant difference. The results showed that root, sugar and white sugar yield
were increased by increasing nitrogen fertilizer under all levels of irrigation. Response-surface curve of a-amino
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nitrogen as affected by irrigation and nitrogen fertilizer indicated that a-amino was elevated by increasing nitrogen
fertilizer application. As data, water use efficiency decreased by water consumption. In the other hand, nitrogen use
efficiency was decreased by applying nitrogen fertilizer under all levels of irrigation. Optimum range of treatments
were obtained as 9500-12000 m*.ha'! for irrigation and 110-130 kg.ha! for nitrogen fertilizer treatment based on
overlaid plot method. The results of treatments optimization by using analytical solution method illustrated that
applying 133 kg.ha'! and 10667 m3.ha"! were suggested as optimum amounts of treatments. Based on these optimum
levels of treatments, root yield, sugar and white sugar yield, a-amino, water use efficiency and nitrogen use
efficiency were estimated as 80.1 t.ha'!, 14.94 tha'!, 12.49 tha!, 2.56 meq.100 g', 1.39 kg sugar.m and 74.24 kg
sugar. kg'!, respectively.
Conclusion

As result, to optimize treatments including nitrogen fertilizer and irrigation, response-surface method had
acceptable adequate to predict variables in sugar beet based on statistical indexes. Optimum value of nitrogen
fertilizer and irrigation were predicted as 133 kg.ha'! and 10667 m?.ha'!, respectively by using analytical solution.
Therefore, the results indicate that the application of optimum values can reduce environmental hazards and
produced acceptable sugar yield.

Keywords: Central Composite Design, Optimum Treatment, Sugar Yield, Water Use Efficiency, Nitrogen Use
Efficiency



