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1- Central composite design
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Table 1- Values and coefficients of treatments based on the Box-Benken design
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* +1, -1 and 0 are high, low and average levels of each factor, respectively.
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Table 2- Characteristics of used soil, humic acid and super absorbent
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Characterls;:)cssoif):;:d polymer super Characteristics of used humic acid Physiochemical characteristics of soil
S )39 . A0 pugegrg s ol SB il
4 » © WGS S04 6""“ b N '°9J Soil texture
’ Appearance ? Trade name  Silty loam
White powder 85%
Less than 5 (303) Caghoy Hlde 85 (14053) Spogespns 0.061 (10p3) I 3950
Moisture content Humic acid (%) Total nitrogen (%)
0 Copows 9 52 12 (323) by 45T 114 (mgkg") (o mod 5 o
Odor and toxicity Potassium oxid (%) Available phosphorus (mg.kg™)
0.8 (gom?) ooy JS | (42)3) ! 463 (mgkg") ooy b5 el
Mass density (g.cm™) Fe (%) Available potassium (mg.kg™)
67 oH 0.8 (220) I 0jor . (dS.m”) S 4 Ol s
Organic nitrogen (%) Electrical conductivity (dS.m™)
Sk e
9-10 pH 0.54 (vo9) SB I 3
Soil organic carbon (%)
8.23 SB
pH

25000

Seed yield (kg/ha) 50000

15000

Humic acid (kg/ha)

Water superabsorbent

SIS 40 CaSogio Yo v Cull mhaw 30 Suogad il 9 Cugby CBla g g Cilisio Zglaw dy Coumnd 3 dild 3, Shas frawly—dhaw - S0
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Figure 1- Response surface of maize grain yield affected by different levels of water superabsorbent and humic acid in
constant level of 300 m*.ha™! in each irrigation
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Figure 2- Graph and regression line equation of the fitted and observed values for grain yield and the RMSE values based on
model of full quadratic regression



IWAB bums) F olods IF wlr ol (o535 Sledbofy  pis VO

‘A[oAnoadsal quedy1ugis-uou pue [9A9] AN[1qeqoad Jo GO'( Pue [(°( Y3 I JUBOLIUSIS QI8 S'U PUB 4 ‘4

w30 6 g U D gl of oo <o B 6 BR cfor 6 srdé<be e o

1 Jo 3poe
STUZyo SUIce SUI9IL STUR0ECY89Y STULLESBEI € avd K0
uone3LU[xpIoe dIuny
STU6L"0 SUp0°0 sugse STUCTO80ET S'Up8189% [ riraoisax (5
co:swthxéoﬁmmnﬁogzw
STUST0 STUCSy S'Uy809 STUQOYCLYLT SUCSEYYYL I K oS
p1oe o1uny xEo%oBansm
sTUQT0 STUCS0 supl STUQ091190T S'Uy6099y [ K e
199JJ9 UOTIORIAIU]
SUIT0 STUQL'T STUQSIT STUCLI06€£0T STUITTo81Y € & ol
uonEeI LU xUoNBILLI]
xxEL°L *C1'ST *%C86€6 *8LOEELOLT #x189LGL8ST I DX
poe omm::Ix.Eum orwny
STUIS 0 %6011 *€8CE9 SULETHYRI11 SUCSOT9Tr1 [ [rrasimqiresie
wdqIosqeradng xjusgiosqeradng
00y *Cl'CE #*%x8LOGT STUGEEBTII9L %[ 1887858 ! K e e
arenbg
x09°¢ x61°0C #%[968L S Upyy99T9€l «VSYISOLL € oy
uonjes L]
STULY0 SURL'E *%8890€1 *E108EVITE #*x8C0LEBILT ! e
Eom Jruny
SUQT'C SUree xC169C STUECT0968I18 *9CELO8EY I v
juaqlosqerodns
SUpS 0 suzge'l STUC066 STUQOTEBYSI STUOY9YT891 [ P
Ieaur|
STULO'T SULTT *GE8SS STUB0YT6S0v1 *%x899616CI 1 € S
[opouw uoIssaIZY
x99°1 STUSO'8 *6Y9SY STU9L1€8066 %« [8LS8LY9 6 o (b
JUBISUOD)
ANA uRjo.d urero juepd 1ad JquInu uresn PRIA 1aew L1(q PRIA ure.an Ja UOI)BLIBA JO 32.IN0S
SF e S H6o qpev eevjc g of Koy Forstc )ces) wrme sopsleqe o< £ MR o

uoI1ssd.133.1 dyeapenb [nj jo (saaenbs ueow) ddueLIEA JO SIsA[BUY -€ d[qEL
Sré( (- pl v 60RO (Mg o) ov € Lenibe? ¢l 2p o6 qof? o€ b Qg (b € ivabings 6 Y0P K K 6 DS e



YOY By 2 solelnS bulpd 30 Srogadannl g Caghy GOl 5 gm0 ilicko p3lie 51 ouwy

Cg3 il YU s ol &by sl Jitue sla e
iy o LS 1y oad )9l e

Ayd SamwyS,y Jde il ealael b aily 5)Slas posd jslaied
(R?) Crs clys b o3liial ¥ Jgin cleMbl 5l Jols” g
U cov atly b yuie 5l o b Sl do > sosimdlis

@3 53 alllao 3590 Mo Slao (5151 93 @253 (g )5 5 Adlre el 9 ga S )l S - € g
Table 4- Regression coefficients and coefficients of determination of regression equation fitted for corn studied traits.
Y= agta, X +a, X a;Xa+ta, X 2 +asXo +asXa 2, X Xo+agX  Xa+tag X, X

Response variables gl gl puzio

ol po Aol SWid godl 3 Shos Wgr 4D Ald duas W gy Ol dpae 8
Coefficients Grain yield  Dry matter yield  Grain number per plant  Grain protein WUE
ag -64995 -91020 -2495 -21.70 -13.59
a; 806 837 26.25 0.399 0.17
a 8513 20679 424 5.08 1.83
a3 925 666 23.90 0.15 0.20
ay -3.01 -2.84 -0.11 -0.0018 -0.0006
as -491 -1406 -32.73 -0.45 -0.09
ag -29.14 -38.10 -0.70 -0.01 -0.006
a; -13.50 -28.40 0.02 0.004 -0.002
ag 2.27 3.48 0.06 0.001 0.0004
ag 11.40 80.10 -0.31 0.003 -0.007
R’ 94.49 85.21 94.77 88.05 88.90

it g5lol 5 Seagitinl ogby O3l pgw Jitus (sl pite coi e X3 9 Xo X
X, X, and X; are independent variables of water superabsorbent, humic acid and irrigation, respectively.

Sl & 05 ()55 9 sy (Echium amoenum) il
3Slos (630)0VY 5 YV iali8l 4 poxie ey Suglod sl
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Figure 3- Response surface of maize dry matter yield affected by different levels of water super absorbent and humic acid in
constant level of 300 m® ha™' irrigation
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Table 5- Root mean square error and defining coefficients of fitted equations for response variables in maize

Response variables guwly gl puzio

Swid go3ko 3,Sdos dgr 4 Aild dlaxy &> gy
Dry matter yield  Grain number per plant  Grain protein
RMSE (%) 12.11 8.07 4.92
R’ 0.85 0.94 0.88
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Figure 4- Response surface of grain number per plant in maize affected by different levels of water super absorbent and
humic acid in constant level of 300 m>.ha™ irrigation
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Figure 5- Response surface of maize grain protein affected by different levels of water super absorbent and humic acid in
constant level of 300 m>.ha™! irrigation
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level of 300 m*.ha! irrigation
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Table 6- Optimized values of water superabsorbent, humic acid and irrigation in order to achieve expected dependent variables in different scenarios
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Introduction

Water super absorbents are water absorbing natural or synthetic polymers (they may contain over 99%
water). They have been defined as polymeric materials which exhibit the ability of swelling in water and
retaining a significant fraction (> 20%) of water within their structure, without dissolving in water content. The
applications of hydrogels are grown extensively. These materials do not have any harm to the environment.
Development of using super absorbent hydrogels to reduce crises such as soil erosion, frequent droughts or
providing food security requires knowledge of their behaviors and performances in the soil.

Humic substances are a mixture of different organic compounds that extract from various sources such as
soil, humus, peat, oxidized lignite and coal. They are different in molecular size and chemical structure. A little
amount of humic acid increase soil fertility by improving the physical, chemical and biological characteristics of
soil.

Increase in agricultural production and productivity depends, to a large extent, on the availability of water.
Hence, the importance of irrigation is however, the availability of irrigation facilities which is highly inadequate
in Iran. Determining the optimal amount of irrigation water has always been a main goal of researchers. Among
the problems of excessive irrigation can be pointed to leach the nutrients especially nitrogen from the soil, the
pollution of groundwater and environment and reduce fertilizer use efficiency, especially water-soluble
fertilizers.

To determine the optimal irrigation water and fertilizer, the use of mathematical models is inevitable. One of
the most common methods used to optimize these factors is the central composite design. A central composite
design is an experimental design, useful in response surface methodology, for building a second order
(quadratic) model for the response variable without needing to use a complete three-level factorial experiment.

Despite of many researches on the effect of water super absorbent, humic acid and irrigation on different
crops, information on simultaneous optimization of these factors for many crops is scarce, therefore, in this study
optimum levels of water super absorbent, humic acid and irrigation in maize were determine.

Materials and Methods

In order to estimate the optimized application rates of water superabsorbent, humic acid and irrigation in
cultivation of maize (Zea mays L.), an experiment as Box-Behnken design using Response Surface
Methodology, was conducted at Research Farm of Ferdowsi University of Mashhad, during 2013-14 growing
season. The experimental treatments were designed considering of the high and the low levels of water
superabsorbent (80 and 160 kg ha™), humic acid (4 and 8 kg ha™) and irrigation (200 and 400 m’ ha” in each
irrigation) using Minitab 17 statistical software, as the central point in every treatment replicated 3 times, so 15
treatment combinations were provided totally.

Results and Discussion

The results showed that linear effects of humic acid and irrigation and quadratic effects of superabsorbent
and irrigation were significant on seed yield, as the highest grain yield obtained in treatments of 120 kg% ha™
super absorbent, 8 kg ha™ humic acid and 300 m® ha™ irrigation. The middle level of humic acid (6 kg ha™) led
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to the highest dry matter yield and increase of humic acid from 4 to 8 kg ha™ improved grain protein by 7%. In
economic scenario, usin% 126.06 kg ha! superabsorbent, 7.19 kg ha™' humic acid and 347.47 m’ ha™ irrigation,
resulted in 26710 kg ha” grain yield. In eco-environmental scenario, using 123.63 kg ha™ superabsorbent, 7.19
kg ha™ humic acid and 323.23 m’® ha™ irrigation, resulted in the highest grain yield (26309 kg ha™) and the
highest water use efficiency (5.23).

It seems that application of 120 kgha' water super absorbent increased grain yield by improving soil
physical properties. Jahan et al., (2011) reported that the highest and the lowest grain yield of bean (Phaseolus
vulgaris L.) obtained in treatments of 80 kg ha™ water super absorbent + humic acid and Non-applicaion of
water super absorbent and humic acid, respectively. Yazdani et al., (2012) evaluated effect of different amounts
of water super absorbent and irrigation on yield and yield components of soybean (Glycine max L.) and reported
that with increasing amounts of water super absorbent, grain yield was increased.

Conclusions

According to the ecological perspective, eco-environmental scenario is a priority compared two other
scenarios, therefore by using the optimized values of resources in this scenario can be achieved to the sustainable
production of maize, meanwhile can be minimized environmental pollutions.

Keywords: Box-Behnken, Eco-E nvironmental Scenario, Nitrogen Losses, Quadratic Equation, Water Stress



