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Table 1- Rates and coefficients for treatments based on central composite design

Ly Lous "l
Treatments Coefficients*
b)wb b A;)" w“"l"J5J"‘° ke u“’b ':55 O‘)‘»‘ﬁ Xo X1
Leaf spraying with Dalfard (ppm) Cow manure level (t.hat)

0 0 -1 -1
0 100 -1 +1
10 0 +1 -1
10 100 +1 +1
5 0 0 -1
5 100 0 +1

0 50 -1 0

10 50 +1 0

5 50 0 0

5 50 0 0

5 50 0 0

5 50 0 0

5 50 0 0

A 3,la b (S (5L sl 5 (ol 365 S (sla yuiie oaimd )lis s 5 4 :X2 g X1
X1 and Xz: indicate independent variables such as cow manure and leaf spraying with Dalfard, respectively.
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Table 2- Physical and chemical properties of soil

cdly STy Sl N o B 0i9ie e B s B oy
Texture pH EC (dS.m1)  Organic carbon (%) Total N (%) Available P (mg.kg?) Awvailable K (mg.kg?)
""JM *? 7.82 0.55 0.71 0.054 12.18 106
Silty loam
013 355 (abowss Oluogas - Jos
Table 3- Chemical properties of cow manure
& ! S Calan S 09 P paly Cugb,
pH EC (dS.m™?) Total N (%) P (%) K (%) Moisture (%)
7.41 114 0.985 0.389 1.85 38.4
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1- Full quadratic regression
v- Lack of-fit

v- RMSE: Root mean square error
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Table 5- Regression and R? coefficients and RMSE for full quadratic model: y=ao+aix1+azx2+asx12+asx2>+asx1X affected as
cow manure and leaf spraying with Dalfard on flower yield and corm yield criteria of saffron

O Gy b

ao a1 az as a4 as NRMSE (%)
R* (%)
J5 ol
163.6  -0.218 -13.17  0.00622 1.598 -0.1449 42.02 6.44
Flower number
J.S’joj’ 75.2 -0.101 -6.06 0.00286 0.735 -0.0666 42.01 5.42
Fresh weight of flower
. du{.&"”_ 163.6 -0.218 -13.17  0.0062 1.598 -0. 1449 42.02 6.87
Dried weight of stigma
e sl KIS g 731 0621  -673 -0.00607 0464  -0.0142 41.40 7.66
Dried weight of replacement corm
553 lakiy "&Lﬁ 1.861 -0.00841 -0.0010 0.000096 -0.00287 0.000143 40.85 2.04
Replacement corm diameter
L;)I&Jdl.md;)'.)lv\ﬁ
18.74  0.490 -1.13  -0.00476 0.115 -0.00925 53.73 4.94
Number of replacement corm
G5 4 g e 3.807 -0.0355 -0.090 0.000349 0.0033 -0.00030 41.06 4.23

Mean weight of replacement corm

At (S (il Jele 5 (sold 365 Jiume (sla i 0dimd Ui s 4 1 X2 4 X1
X1 and Xz: indicate independent variables such as cow manure and leaf spraying’, respectively.
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Figure 1- Comparisons for the regression line with 1:1 line and R? for flower yield criteria (such as A) flower number, B)
fresh weight of flower and C) dried weight of stigma) of saffron based on full quadratic model.
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Figure 2- Response- surface for flower yield criteria (such as A) flower number, B) fresh weight of flower and C) dried weight
of stigma) of saffron affected as cow manure and leaf spraying levels with Dalfard.
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Figure 3- Comparisons for the regression line with 1:1 line and R? for daughter corm criteria (such as A) dried weight,

B) number, C) diameter and D) mean weight) of saffron based on full quadratic model.
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Figure 4- Response- surface for daughter corm criteria (such as A) dried weight, B) number, C) diameter and D) mean
weight) of saffron affected as cow manure and leaf spraying levels with Dalfard.
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Table 8- Analysis of variance (mean of squares) of full quadratic model for effects of cow manure and leaf spraying with
Dalfard on qualitative criteria of saffron
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S.0.V. df Picrocrocin  Safranal Crocin
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1 95.846ns 24.135% 13.152*
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J’lw # . 1 80.455ns 10.672ns 1.862ns
2-way interaction
CxD 1 80.455ns 10.672ns 1.862ns
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Lack-of- fit
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ns: non-significant and * and **: are significant at 5 and 1 probability levels, respectively.
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Table 9- Regression and R? coefficients and RMSE for full quadratic model: y=ao+aix1+azx2+asx12+asx2>+asx1X affected as
cow manure and leaf spraying with Dalfard on qualitative criteria of saffron

-yl NRMSE (%)
ao ai az as a4 as s
R? (%)
Os3 375 72.21 0.077 -0.19 -0.00050 0.009 0.01268 41.18 1.45
Picrocrocin
Ul 8l
Jule 159.93 0.0976  0.121 0.000473 0.0376 0.00462 91.41 0.25
Safranal
é’r‘gzﬁ] 22.921 02063  1.009  -0.000839  -0.0624  0.00193 93.30 0.90

it Sy bl gl 5 old 368 St (gl e 0 aimd LS (a4 X2 g X1
X1 and Xz: indicate independent variables such as cow manure and leaf spraying, respectively.

3,Wa b 5y Wbglow g 013 395wl Cod (y]yi8 5 S Oliograd (Gl 0 (15319 9 s DBl palie — Yo Jgua
Table 10- Observed and predicted values for qualitative criteria of saffron affected as cow manure and leaf spraying levels

with Dalfard
b 5 ol lone il 9595 g S Jul 8l
13 355 30 PR Picrocrocin (E1%257) Crocin (E1%440) Safranal (E1%330)
Cow manure level S aualia ool aualilo ool oualde oVl
hat Leaf spraying with . - .
(t.ha) X PXW) X X FXW X
Dalfard (ppm)
Observed  Predicted  Observed  Predicted Observed  Predicted
0 0 64.03 72.21 158.82 159.93 23.18 22.92
100 0 73.95 74.91 170.14 174.42 36.02 35.16
0 10 74.56 71.21 164.45 164.90 27.78 26.77
100 10 89.91 86.59 180.98 184.01 40.15 40.94
0 5 68.04 71.49 160.93 161.48 25.56 26.41
100 5 73.04 80.53 178.81 178.28 40.12 39.61
50 0 70.61 74.81 164.54 165.99 30.93 31.14
50 10 77.91 80.15 175.57 173.27 37.67 35.95
50 5 73.67 77.26 165.71 168.69 36.71 35.11
50 5 78.80 77.26 165.56 168.69 35.56 35.11
50 5 86.78 77.26 170.01 168.69 37.78 35.11
50 5 64.04 77.26 167.76 168.69 36.78 35.11
50 5 78.18 77.26 169.93 168.69 35.45 35.11

At (S (il Jole 5 (sold 365 Jime (sla i 0dimd Ui s 4 : X2 4 X1
X1 and Xz: indicate independent variables such as cow manure and leaf spraying, respectively.
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Figure 5- Comparisons for the regression line with 1:1 line and R? for qualitative criteria (such as A)
Picrocrocin, B) Crocin and C) Safranal) of saffron based on full quadratic model.
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Figure 6- Response- surface for qualitative criteria (such as A) Picrocrocin, B) Crocin and C) Safranal) of
saffron affected as cow manure and leaf spraying levels with Dalfard.

. . . “s g s ol .
28l e 1SO- 3632 by, g JBlis Sid 59 (bl g JUL8Lo 5 (a9 )89 S0 g S E g ool

EA:.:; values of crocin, picrocrocin and safranal are according to minimum dried weight and 1SO-3632 method.
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Table 11- Optimized values for cow manure and leaf spraying for reaching the dependent variables in saffron based on
economic scenario

guesss &Ll gg9 ,luw
Variable Economic scenario
S 203.98
Dried weight of stigma (mg.m2)
&l &5 sl sl 2013
Dependent  Number of replacement corms (No.m-?) '
O e 174.42
Crocin content (E1%440)
oo 258 92.67
™ Cow manure (t.hat)
Independent LU L (S S slre 1.2
Leaf spraying with Dalfard (ppm) '
Suglae bl 091
Desirability

. R Yol N
Mbu.o 1SO- 3632 L):’9) &‘» Sis )9 U»Lul > L)‘ﬁ‘“’?)f E.li"".l:l’ )L\M

EA::;I value of crocin is according to minimum dried weight and 1SO-3632 method.
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Abstract

Optimization is a management approach to improve yield and resource efficiency and decrease environmental
pollutions in saffron agroecosystems. Response-surface methodology (RSM) is defined as a set of statistical techniques
used to optimize a product. In this work, spraying cow manure and leaf with Dalfard on saffron using RSM is optimised.
An experiment was conducted using a central composite design with 13 treatments and two replications at the
Agricultural Research Field of the Ferdowsi University of Mashhad during two growing seasons of 2015-2016 and 2016-
2017. The treatments were allocated based on low and high cow manure levels (0 and 100 t.ha, respectively) and leaf
spraying concentration with Dalfard ® (0 and 10 ppm, respectively). Flower yield, daughter corm yield and quality
criteria were calculated as dependent variables and changes of these variables were evaluated by a regression model.
Lack-of-fit test was used to evaluate the quality of the fitted model. The adequacy of the model was tested by analysis of
variance. The quality of the fitted models was determined using the determination coefficient (R2). Finally, the optimum
levels of cow manure and leaf spraying concentration were calculated based on economic scenario. The results showed
that the effect of linear component was significant on quality characteristics of stigma. The effect of square component
was significant on dried weight of stigma, mean diameter of daughter corms, number of daughter corms per m2, mean
weight of daughter corms and crocin content. Interaction effect of full quadratic component was significant on flower
yield criteria. Lack of fit test had no significant effect on the studied traits. This indicates that the full square model is
satisfactory. The maximum observed value for number of daughter corms was recorded for 50 t cow manure per ha+ no
leaf spraying (with 41.38 corms.m2). The highest observed value for dried stigma yield was related to 100 t cow manure
per ha+ no leaf spraying (with 156.33 mg.m?). The maximum observed amounts for quality criteria such as picrocrocin,
crocin and safranal were calculated for 100 t cow manure per ha+ 10 ppm leaf spraying (with 89.91 E1%257, 180.98
E1%440 and 40.15 E1%330, respectively). Dried weight of stigma, number of daughter corms and crocin content were
considered in the economic scenario. Thus, estimated cow manure and Dalfard concentration levels were 92.67 t.ha't and
1.2 ppm, respectively. In general, it seems that resource use optimization based on Response-surface methodology may
be a suitable cropping approach for sustainable production and improvement of yield flower, corm yield and quality
characteristics of saffron.
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