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Extended Abstract

Introduction: More specifically, the excessive use of inorganic fertilizers has reduced
yield and nutrients efficiency of use and intensified nutrient losses in agroecosystems.
Optimization is a modelling techniques approach to improve nutrient efficiency of use
and mitigate environmental losses. Response surface methodology (RSM) is a statistical
technique which is widely used in engineering and scientific disciplines to optimize
processes and improve product quality. George Box and his colleagues developed
response surface methodology (RSM) during the 1950s. The combination of
experimental design, modeling techniques, and optimization methods in response surface
methodology (RSM) provides a robust approach that leverages experimental data to
achieve process improvements. The experimental design phase of RSM involves
planning and conducting experiments to generate data that can be used to build a
mathematical model of the relationship between the process parameters and the response
variable(s) of interest. In this study, the optimization of cow manure and sulfate
potassium fertilizers as two effective fertilizers in saffron production on yield, yield
components of flower and corms of saffron was evaluated by using RSM.

Material and Methods: An experiment was conducted with 13 treatments and two
replications at the Agricultural Research Field, Ferdowsi University of Mashhad, during
two growing seasons of 2017-2018 and 2018-2019. The treatments were allocated based
on low and high levels of cow manure (0 and 100 t. ha™, respectively) and sulfate
potassium (0 and 400 kg per ha, respectively). Flower yield indicators (such as fresh
weight of flower, flower numbers and dried weight of stigma per unit) and daughter corm
criteria (including daughter corm numbers per unit, dried weight of daughter corms per
unit and daughter corm diameter) in the second year of experiment were computed as
dependent variables and changes of these variables were evaluated by a regression model.


mailto:khorramdel@um.ac.ir
https://jsr.birjand.ac.ir/article_2017.html
https://jsr.birjand.ac.ir/article_2017.html

\FeY QMU)JL@{ ) e;L«.ﬁ:c\\ .U.:-cq\,a.c) LQL“J“‘)}; 4.:,.:.;\'

The adequacy of the model was judged using analysis of variance, lack-of-fit test,
determination coefficient (R?) and root mean square error (RMSE). Finally, the optimum
levels of cow manure and potassium sulfate were calculated based on economic scenario
for dependent variables such as stigma yield, daughter corm yield and daughter corm
diameter and desirability index (D).

Results and Discussion: The experimental results revealed that the effect of linear
component was significant on flower numbers, fresh weight of flower and daughter corm
diameter. Effect of square component was significant on flower numbers and fresh
weight of flowers. Interaction effect of full quadratic component was significant on dried
weight of daughter corms. Lack-of-fit test had no significant effect on the studied traits
that represent the full square model was satisfactorily explained. The maximum observed
values for fresh weight of flower and flower numbers were recorded for 100 t cow manure
per ha+ without any potassium sulfate consumption with 15.15 g. m? and 33
flowers. m, respectively. The highest dried weight of daughter corms was observed in
100 t cow manure per ha+ 400 kg potassium sulfate per ha with 314.28 g. m?2. The
estimated optimization rates for manure and potassium sulfate were 80.50 t. ha and
371.71 kg. ha! (with D= 0.98), respectively.

Conclusion: RSM is defined as a collection of statistical techniques that are used to
optimize production inputs. RSM involves the design and analysis of experiments,
modeling techniques, and optimization methods to find the optimal combination of
process parameters that will yield the highest quality product or process output. The
optimization phase involves using the mathematical model to identify the optimal process
parameters that will yield the desired response variable(s). One of the key advantages of
RSM is that it enables engineers and scientists to optimize complex processes with
multiple input variables. RSM can also help reduce the number of experiments required
to optimize a process, which can save time and resources. Additionally, RSM can help
identify the interactions between different process parameters, which is useful for gaining
a deeper understanding of the underlying process and for making further process
improvements. Results demonstrate that for each response, different parameters and
interactions were important. Therefore, to optimize parameters (such as cow manure and
sulfate potassium), corm yield and stigma yield should be considered simultaneously. In
general, it seems that optimization of resource use based on response-surface
methodology may be suitable cropping approach for sustainable production, yield
improvement and mitigation of environmental pollution in saffron cultivation.
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Table 1. Physical and chemical properties of the soil (0-25 cm depth).

st K Tn:; i;g' P (fnh:kg' o Org;icc;atter ESEes e
Texture ' ' N (% -
1 1 (%) (%) EC(dsemy)  PH
S s 07 0.57 14.09 0.50 0.64 0.57 7.58

Sandy clay loam
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Table 2. Grouping of mother corms based on weight (at the planting time).

(%) 39 sloes 12< 10.1-12 8.1-10 6.1-8 4.1-6 <4
Groups weight (g)
39 Loy wayd 10.60 11.42 12.85 15.18 23.4 26.55

Percent of groups weight
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Table 3. Rates and coefficients for treatments based on central composite design.

*

6995 sl il
Fertilizer treatments Coefficients*
by, Ol g ole 355
. X1 X2
Potassium sulfate (kg.ha') Manure (t.ha?)
0 0 -1 -1
0 100 1 -1
400 0 -1 1
400 100 1 1
200 0 -1 0
200 100 1 0
0 50 0 -1
400 50 0 1
200 50 0 0
200 50 0 0
200 50 0 0
200 50 0 0
200 50 0 0

Al oy Olilgas g ol (5l00S Jitns sla piie sazasilis cus 5 4y X2 g X1
*X1 and Xz: indicate independent variables such as manure and potassium sulfate fertilizers, respectively.
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Table 4. Analysis of variance (mean of squares) of full quadratic model for effects of cow manure and
potassium sulfate fertilizers on flower and daughter corm yield of saffron.
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P m? m? per m? per m?
M:J:I 6 15.057* 3.14* 0.000998ns 959006ns 24518ns 0.43604*
odel:
(S5
ch;fks 1 11.894ns 0.5671ns 0.000991ns 277435ns 25664ns 0.00299ns
Lsh’ 2 21.999* 5.0670* 0.002039ns 1174284ns 30491ns 0.92796**
inear:
M) ol 958
cow manure (M) 1 8.406ns 1.8174ns 0.000403ns 2294845* 20598ns 0.08967ns
(K) oliy iy
Potassium sulfate 1 35.593* 8.3167** 0.003675ns 53723ns 40383ns 1.76626**
(K)
S’° 2 2 16.599* 3.9362* 0.000461ns 478168ns 13281ns 0.24484ns
quare
Mx M 1 19.641ns 4.5371* 0.000316ns 226790ns 14764ns 0.6212
K x K 1 25.936* 6.2500* 0.000871ns 943127ns 21526ns 0.25971ns
5 Jf_u?)” " 1 1.253ns 0.2665ns 0.0000001ns 2171695* 33900ns 0.26767ns
-way interaction
Mx K 1 1.253ns 0.2665ns 0.0000001ns 2171695* 33900ns 0.26767ns
s
£ 19 4,851 0.9683 0.000950 419200 19425 0.8183ns
rror
a l
La“;)(’;;“;it 11 4.721ns 1.0048ns 0.001193ns 298383ns 14009ns 0.09596
;;J;: ;Lr]:; 8 4,389 0.9181 0.000615 585324 26872 0.06241ns

Qo) S gy Jliol s 5o o s ol a4y s g 5 lo Sae e NS
Ns: non-significant, * and **; are significant at 5 and 1 probability levels, respectively.
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Table 5. Regression, R? coefficients and RMSE for full quadratic model:

y=ac+aixXi+azxa+asxi>+asx2>+asxixz for effects of cow manure and potassium sulfate fertilizers on
flower and daughter corm yield of saffron.
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29.33

13.683

0.2967
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402.8

1.217

0.0842 -0.0323
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0.00617 0.00500
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-0.000003
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0.000000

0.01033

0.00156

- 0.000005

0.000040

0.000018

0.000000

0.0521

0.00651

- 0.000018

50.93

50.59

24.92

41.94

28.50

62.72

0.79

0.73

2.70

8.61

8.04

2.59
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X1 and Xz: indicate independent variables for cow manure and potassium sulfate fertilizers, respectively.
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Fig 1. Comparisons for the regression line with 1:1 line and RMSE (%0) for (A) flower number and
(B) flower fresh weight of saffron based on a full quadratic model.
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Fig 2. Response-surface model for flower number and flower fresh weight of saffron affected as
cow manure and potassium sulfate fertilizers.
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Fig 3. Comparisons for the regression line with 1:1 line and RMSE (%b) for stigma dried weight of
saffron based on a full quadratic model.
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Fig 4. Response- surface model for stigma dried weight of saffron affected as cow manure and
potassium sulfate fertilizers.
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Table 6. Optimized values for cow manure and potassium sulfate fertilizers for
reaching the dependent variables in saffron based on an economic scenario.
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