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Table 1. Values and coefficients of treatments based on the Box-Benken design
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Coefficients Amounts of treatments
olesd olads Cagb) Ol yygu Sl ol 995 by Ol yygu S ols 095
E‘é;’:&eernct’: Water super Srogud Cattle Water super Spogu Cattle

absorbent Humic acid manure absorbent Humic acid manure

(Kg ha™) (Kg ha) (Kg ha™) (Kg ha™) (Kg ha) (T ha™)
1 0 0 0 120 6 15
2 -1 0 -1 80 6 0
3 0 0 0 120 6 15
4 +1 -1 120 8 0
5 +1 -1 0 160 4 15
6 +1 0 +1 160 6 30
7 -1 +1 0 80 8 15
8 +1 0 -1 160 6 0
9 -1 -1 0 80 4 15
10 +1 +1 0 160 8 15
11 0 -1 -1 120 4 0
12 0 0 120 6 15
13 -1 +1 80 6 30
14 0 +1 +1 120 8 30
15 -1 +1 120 4 30

*+1, -1 and 0 are high, low and average levels of each factor, respectively.
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Table 2. Characteristics of used soil, superabsorbent, humic acid and cattle manure
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cattle manure characteristics of soil
Sy b 09 . e L.
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powder
loam
Soge Sl
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Phosphorous (%) Humic acid Moisture content Total nitrogen (%)
(%)
URER s 6 i
1.08 (o) ety 12 (+2)%) 0 TR 11.4 (ppm)
Potassium (%) Potassium oxid Odor and toxicity Available phosphorus
(%) (ppm)
g.em) slog JiS o3 BB penly
1 (22,2) 02! 08 ¢ 468 (ppm)
Fe (%) Mass density (g.cm® Available potassium
) ) (ppm)
S osers dS.m) (S Sl cyloa
0.8 (32,9 9.81 pH 11 ¢
Organic Electrical
nitrogen (%) conductivity (dS.m™)
(2o,0) S ‘_,,J'l )
9-10 pH 0.54 Soil organic carbon
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8.23 pH
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' Full quadratic regression
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Fig. 1. Response surface of bean seed yield affected by different levels of water superabsorbent and humic acid in
constant level of 15 t.ha* cattle manure
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Table 3. variance Analysis (mean squares) of full quadratic regression

solo & ySlos cyid R . -
5 ool axy® o Slos ° agr 4o &S Sluy UM"” ] Span o)

Source of variance @213 «lo Drv matter Seed number per Seed 0395 0939 3

Df Seed yield {/iefgj € plant prgteein N losses NUE
WL' Jlm *% *x **k **k **k *%
Constant
ég}’é;is]:mo el 9 36657** 27777639** 1115** 10.86* 5485%* 32.42%*
tﬁ: o 3 38089** 45721887** 1306** 10.81* 16259%* 86.45%*
;uérl)?erfég“s‘orbem 1 57877** 58761743** 1519** 7.31* 275" 1.82*
H&u‘;f: a:‘&' 1 6780" 20055841 177" 3.51™ 3™ 0.23™
g:tilzﬁr‘; e 1 49609%*  76398335%* 22015 2161%%  4BATI 257%%
;q“;)r; 3 67899%* 35662617** 1892** 19.37** 121" 10.78**
5 g3z 5 1 20644% 31699309%* 1134* 5.80" 45" 0.46"
SuperabsorbentxSuperabsorbent
Seoged S Saogad Sl *k *% *k * ns >k

o 8 1 150731 26696831 1987 9.94 108 7.50

Humic acidxHumic acid
(ol 255 ol 355 1 48212%%  63901939%* 3353% 48.35%* 2561 22,02+
Cattle manurexCattle manure
rr‘]‘t::; c"t"i‘on effect 3 3983™ 1948412" 147" 2.39" 75M 0.03™
Seaged Sy g 1 662" 40380901 58" 6.50% 0.2m 0.02™
SuperabsorbentxHumic acid
12 355X 03l 1 9636" 6215511 213™ 0.04" 75™ 0.08™
SuperabsorbentxCattle manure
(213 2950 Scoaged o] 1 1650" 1185594" 169" 0.64" 149™ 0.002"
Humic acidxCattle manure
t’; E' i gf“; ¢ 3 2146" 1274730** 63M 1.43™ 74™ 0.43™

Sl g BB 5525 pae 5 S )0 iy 9 SO Jlodol o jo jlo pe oS A NS g s s
** *and ns are significant at the 0.01 and 0.05 level and non-significant, respectively.
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Table 4. Regression coefficients and defining equation
Y= aptaiXi+apXzo+asXat+asXi?+asXo?+asXa>+ar X1 Xo+asX1 Xa+agXoXs"

Response variables gl b o

solo o ySlos . T
o &> 8 Slos S 9200 W13 ol Sl odiay  Ojgr ol dﬂf d‘,)u
Coefficients Seed yield Dry matter Seed nF:JI?nt;er PEr Seed protein N losses ‘-’N’B’:
yield

a -1500 -33455 -291.90 -0.08 58.80 -0.47
a 15.30 422.10 2.50 0.11 -0.76 0.06
a 629.80 6538 63 3.14 -13.80 4.46
a3 6.61 573 237 0.53 4.44 -0.73

a -0.05 -1.83 -0.01 -0.0007 0.002 -0.0002
as -50.51 -672 -5.80 -0.41 1.35 -0.35
as -0.50 -18.49 -0.13 -0.01 0.03 0.01

ar -0.16 12.56 0.04 0.01 -0.002 -0.0009

as 0.08 0.65 0.01 -0.0001 0.007 0.0002

ag 0.67 18.10 0.21 0.01 -0.20 0.0007
R 97.17 98.49 96.59 94.73 99.28 99.51

Alid (old 355 5 g Al (ughs ) O3l g Jius (5l yuiie ol ey X3 9 X X
Xy, Xz and X; are independent variables of water superabsorbent, humic acid and cattle manure, respectively.
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Fig. 2. Regression line equation of the fitted and observed values for seed yield in bean and the RMSE values based on
model of full quadratic regression
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Introduction

Maintenance of soil fertility as a permanent bed for continuous production of agricultural products is one
of the most important issues affecting the sustainability of food production. In order to achieve healthy food
production, application of ecological inputs such as cattle manure and organic acids are inevitable. Cattle
manure is an excellent fertilizer containing nitrogen, phosphorus, potassium and other nutrients. It also adds
organic matter to the soil which may improve soil structure, aeration, soil moisture-holding capacity, and
water infiltration. 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 amounts of humic acid increase soil fertility by improving the physical, chemical
and biological characteristics of soil. Water super absorbents are water absorbing 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 have
100% natural structures and do not have any harm for 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. 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. Considering the importance of
bean as the main crop in Fabaceae family and also the lack of comprehensive information in the field of
simultaneous optimization of water super absorbent, humic acid and cattle manure, in this study, different
economic and environmental scenarios for bean (Phaseolous vulgaris L.) production via optimization of
water super absorbent, humic acid and cattle manure application was evaluated.

Materials & Methods

In order to estimate optimized application rates of water superabsorbent, humic acid and cattle manure in
cultivation of bean, an experiment as Box Benken 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 cattle manure (0 and 30 t.ha) using MINITAB Ver.
17 statistical software, as the central point in every treatment replicated 3 times, so 15 treatment
combinations were provided totally.

*Corresponding Author: jahan@um.ac.ir

Y4


http://dx.doi.org/10.22067/ijpr.v8i2.48451

WP 099 doud Y5 Hlods (Al /(_"}3‘ Olggg’ &5‘“&33‘3 Lo g g2 b S o g oy 30 0], 02 9 e

Results & Discussion

The result showed that the highest seed yield obtained in the middle level of humic acid (6 kg.ha?), so
that application of 6 kg.ha® humic acid increased seed yield 15 and 11% compared to the levels of 4 and 8
kg.hal, respectively. The moderate increasing of cattle manure amounts led to an increase in dry matter
yield, so that by increasing the amounts of cattle manure from 0 to 15 t.ha, dry matter yield increased by
36%, but more increasing the amounts of cattle manure from 15 to 30 t.ha™* led to a decrease in dry matter
yield by 4%. By increasing the amounts of superabsorbent, nitrogen losses decreased, so that the application
of 120 kg.ha! superabsorbent decreased nitrogen losses 17% compared to the level of 80 kg.ha™. Nitrogen
use efficiency in the 6 kg.ha level of humic acid was 16 and 13% more than the levels of 4 and 8 kg.ha™,
respectively. It seems that application of humic acid increased seed yield by improving soil physical
properties. Amiri (2015) reported that humic acid and folic acid increased seed yield of Echium amoenum by
32 and 22% compared to control, respectively. The highest and the lowest seed 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. EI-Baz et al., (2012) evaluated effect of humic acid on
yield and yield components of soybean (Glycine max L.) and reported that the highest seed yield obtained in
level of 1000 ppm humic acid.

Conclusions

In economic scenario, using 143.83 kg.ha superabsorbent, 6.14 kg.ha* humic acid and 22.12 t.ha* cattle
manure, resulted in 1613 kg.ha* seed yield. The nitrogen losses in environmental scenario decreased by 95%
compared to economic scenario. Eco-environmental scenario attended to different aspects of resource
optimization, therefore it seems using the optimized amounts of resources in this scenario (131.71 and 6.02
kg.ha! superabsorbent and humic acid and 0.30 t.ha? cattle manure, respectively) are the best levels of
ecological inputs in this research.
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