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1- Response-Surface Methodology
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Table 1. Rates and coefficients for treatments based on central composite design
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) lows el po
Treatments Coefficients* oyl
3 09 wold o098 X X1 No.
Corm weight (t.ha) Cow manure (t.ha?)
7 -1 -1 1
20 40 -1 +1 2
20 0 +1 -1 3
135 40 +1 +1 4
135 0 0 -1 5
7 40 0 +1 6
20 20 -1 0 7
135 20 +1 0 8
135 20 0 0 9
135 20 0 0 10
135 20 0 0 11
135 20 0 0 12
7 20 0 0 13

i Sl 539 9 (ol 95 s (gl yusie saimo lis o ias X2 5 X1
X1 and Xz: indicate independent variables of cow manure and corm weight, respectively.
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Table 2. Physical and chemical properties of soil in field
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Texture pH EC (dS.m™) QOrganic carbon (%) N (%) P (ppm) K (ppm)
e o 7.92 0.58 0.62 0.058 292 186
Silty loam
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3- RMSE: Root mean square error
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1- Full quadratic regression
2- Lack of-fit



Y¥V.L0lke s el 5o 5l 059 9 15 535S th.u Silwang 10K 5 Js s

Olre) S Cloogas g S o Sdos lp Jol5 99 4 50 Joo (Wlay po (0Rileo) (il ylg 1 3 @l ¥ Jguer
Table 3. Analysis of variance (mean of squares) of full quadratic model for flower yield and
qualitative criteria of saffron

yt @gbio ol3l a8 J5 olaas & 039 A Sl (39
S.0.V. df Flower number Fres?k\)/xé%ht of Dry weight of stigma
MJ': | 6 1381.49™ 327.908™ 0.0444%*

oae
LSS
Block 1 147.85™ 37.105™ 0.0078™
OCKS
f?"" 2 2901.42™ 687.228™ 0.0926™
Linear
Cd 1 1950.75™ 470,001 0.0634"
Cow manure
S 039 1 3852.08™ 904.456™ 0.1218"*
Corm weight
924703 2 1126.87 266.537" 0.0353"
Square
Gnlo 355 Xsala KNy
Cow manurex cow 1 636.30 150.396" 0.0198"
manure
3t 039 ke 09 X X X
weight
J 1 84,501 22 815™ 0.0025
Interaction
S 035X el 255
weight
E”” 19 112,51 26.583 0.0036
rror

iln pae 11 191.65 45.328 0.0062

Lack-of- fit

oAl sl 8 3.70 0.808 0.00017

Pure error

Ao, S5 g g Jleio] mdaw [0 I S ool 5 4 e g % g L0 S e NS
Ns: non significant and * and **: are significant at 5 and 1% probability levels, respectively.
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Table 3. Continued

¥ 2ol aols SS9 w9 )5 9,5 Jul 8L Crew9yS
S.O.V. Dry weight of style Picrocrocin Safranal Crocin
Jae 0.0025" 21.524" 13.1416™ 47.318™
Model
RS
0.0005"™ 0.059" 0.1246" 1.228"
Blocks
s 0.0054™ 61.600" 37.6093" 136.146™
Linear
ol 255 0.0038" 123.200* 75.2001" 272272
Cow manure
S 039 0.0069™ 0.001" 0.0184" 0.020™

Corm weight
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92 4%)° 0.0020" 2.935" 1.7418™ 5.184"
Square
ol 955 Xl 255 0.0011* 3.601" 3.0319™ 0.034"
Cow manurex cow manure
e 039 0k 039 0.0013" 4.475™ 1.6506" 9.255"
Corm weightx corm weight
S e 0.00012" 0.016™ 0.0231" 0.019™
Interaction
S 039Xl 055 0.00012" 0.016" 0.0231™ 0.019"
Cow manurex corm weight
= 0.00020 0.411 0.2731 1.679
Error
iln pae 0.00035 0.594 0.4559 2.660
Lack-of- fit
oAl sl 0.00001 0.159 0.0217 0.330
Pure error
Ao, S g Jleiol a0 lo pe oS a9 % gl e e NS

Ns: non significant and * and **

: are significant at 5 and 1% probability levels, respectively.
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y:ao+a1X1+a2X2+a3X12+a4X22+8.5X1X2
Table 4. Regression and R? coefficients for full quadratic model:
y=ao+aiXi+asXz+asXi?+asxo?+asXix2

ao ai az
5 s 430 -0.773 -5.24
Flower number
F Ao 21.04 -0.384 -2.57
Fresh weight of flower
“M_ . 039 0.246 -0.00421 -0.0294
Dry weight of stigma
el S O 0.0599 -0.000957 -0.00692
Dry weight of style
C’?‘“”S 5)5‘“ 77.88 0.2363 -0.581
Picrocrocin
Jul3b 34.669 0.2048 -0.335
Safranal
O3S 165.06 0.2409 -0.828
Crocin

At 5l 39 9 (ool 955 Jiue (slo yrile sdim lid o 4 X2 9 X2

X1 and Xz: indicate independent variables for cow manure and corm weight, respectively.
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Table 4. Continued

alol ¥ Jous

as a as R?
U3 slass 0.0268 0.278 0.025 79.50
Flower number
Jf_ # 08 0.01304 0.1351 0.013 79.57
Fresh weight of flower
4J>15_ S 039 0.00015 0.00156 0.000137 79.28
Dry weight of stigma
ek . > 039 0.000036 0.000371 0.000031 79.66
Dry weight of style
o195 95 -0.002918 0.0213 0.00035 94.30
Picrocrocin
Jul8 -0.001852 0.01294 -0.00041 93.83
Safranal
U*“’”S -0.0002 0.0306 0.00038 89.90
Crocin

s 5lo 0 5 (ol 355 S sl it saamslis cod 5 4 1X2 5 X1
X1 and Xz: indicate independent variables for cow manure and corm weight, respectively.
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Fig. 1. Comparisons of the regression line with 1:1 line and RMSE (%) for observed and predicted values

of (A) flower number, (B) fresh weight of flower, (C) dry weight of stigma and (D) dry weight of style of
saffron based on full quadratic model
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Fig. 2. Comparisons of the regression line with 1:1 line and RMSE (%) for observed and predicted values
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Fig. 3. Response- surface for flower yield of saffron affected as cow manure and corm weight levels
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Abstract

Optimization of inputs such as fertilizer consumption and corm weight are sustainable management
approaches to conserve resources and mitigate environmental pollutions. Response surface methodology
(RSM) is a statistical technique for optimization of multiple factors which determine optimum process
conditions by combining experimental designs. In this work, optimization of cow manure and corm weight
rates on flower yield, stigma yield, style weight and qualitative criteria of saffron using central composite
design was done. This experiment was conducted with 13 treatments and two replications at the Research
Field of Ferdowsi University of Mashhad during the growing season of 2015-2016 and 2016-2017. The
treatments were allocated based on low and high levels of cow manure (0 and 40 t.hal, respectively) and
corm weight (7 and 20 t.ha?, respectively). Flower number, fresh weight of flower, dry weight of stigma,
dry weight of style, stigma yield and crocin (coloring agent), picrocrocin (a specific bitter taste) and safranal
(the main cause of odor) contents were calculated as dependent variables and changes of these variables
were evaluated by a regression model. The quality of the fitted model was judged using the determination
coefficient (R?). The results showed that the effect of linear component was significant (p<0.01) on all studied
characteristics. Effect of square component was significant (p<0.01) on all studied criteria except for crocin
content. Interaction effect of full quadratic was not significant on none of these traits. The range of R? was
calculated from 79.28 to 94.30. The highest simulated and observed values of flower number (93 and 81.36
flowers.m2, respectively) and stigma yield (0.523 and 0.46 g.m, respectively) observed in 40 tons cow
manure per ha and 13.5 tons corms per ha. The highest simulated and observed values of safranal (38.94
and 38.07 E3%,, respectively) and crocin (170.41 and 170.36 E., respectively) contents were recorded for
40 tons cow manure per ha and 20 tons corms per ha. The slope of flower number, fresh weight of flower,
dry weight of style, dry weight of stigma and qualitative criteria enhance by an increase in cow manure up
to 40 t.ha’* was higher under high levels than low levels. In general, it seems that resource use optimization
based on the RSM may be suitable cropping approach for sustainable production of saffron.
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