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Table 1. Physical and chemical properties of the soil
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Tedure K (mg kg P(nokel)  N(%) (%) . PH
' ' EC (dS. m?)
) ¢ 0.57 14.09 0.50 0.64 0.57 7.58
Sandy clay loam
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Table 2. Grouping of planted corms based on corm weight
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Groups weight (g)
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10.60 11.42 12.85 15.18 23.4 26.55
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Table 3. Rates and coefficients for treatments based on central

composite design
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el

Coefficients*

Solesd S 5 ! &l 35S
X2 X1
Water (m3.hal) Manure (t.ha'?)

1 3200 0 -1 -1
2 3200 32 -1 +1
3 7680 0 +1 -1
4 7680 32 +1 +1
5 5440 0 0 -1
6 5440 32 0 +1
7 3200 16 -1 0
8 7680 16 +1 0
9 5440 16 0 0
10 5440 16 0 0
11 5440 16 0 0
12 5440 16 0 0
13 5440 16 0 0

it 55kl g ol 055 s (sl ko sdiaailis cos 5 4 X2 5 X1

X1 and Xz: indicate independent variables such as manure and irrigation, respectively.
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Table 4. Analysis of variance (mean squares) of full quadratic model for effects of water and cow manure on flower yield and daughter corm yield

of saffron
) e raas FFos e ses s wloany K85 05s g om an Ll S5 slaay st
et il - Fresh i . PIEEN Daughter Number of daughter corms
SOV <=3l number of weight of Dried weight Dricd . 1t of corm
ULV - : Ticd weight o - -
df Flowers fower of stigma davehter sorm diameter 0-4¢g 41-8 ¢ >8.1g
M:J:l 6 708.48ns  153.29ns  0.090128ns 1528243ns 0.4953%%* 16951ns  12361.3ns  1592.52ns
odel:
N5
A 1 503.89ns  110.64ns  0.045144ns 129915ns 0.7879* 1737ns 19.8ns 895.6ns
Blocks
L""h’ 2 90.42ns 18.49ns  0.001349ns 1627507ns 0.4431* 16908ns  33328.1*% 1211.63ns
inear
W) oI
- 1 126.49ns 28.0lns  0.002652ns 1671880ns 0.8530* 31263ns  45547.0%  2200.52ns
Water (W)
C)y
(© e 25 1 54.36ns 8.96ns 0.000046ns 1583134ns 0.0332ns 252ns 21109.2ns  222.74ns
Cow manure (C)
;: =2 2 1633.26%* 354.53%*  (.210514%* 94485ns 0.5402* 29171ns  3286.9ns  3108.36ns
quare
W =W 1 3232.84*%%  702.84%*  0.400919** 181969ns 0.6264* 38327ns 600.9ns 1651.74ns
CxC 1 265.50ns 60.75ns  0.012121ns 57539ns 0.1033ns 3161ns 3858.7ns  2207.81ns
Lics i
J"_ - 1 299.64ns 63.06ns  0.07189%6ns 5595558** 0.2176ns 7813ns 918.1ns 19.53ns
2-way interaction
W= C 1 299.64ns 63.06ns  0.07189%6ns 5595558%** 0.2176ns 7813ns 918.1ns 19,53ns
Uaz
E 19 274.38 58.59 0.027852 806131 0.1206 28439 7911.3 1040.23
rror
25l
IR 11 275.91ns 59.40ns  0.026006ns 712971ns 0.0977ns 22145ns  6671.4ns 534.92ns
Lack-of- fit
alls slas
e 8 272.26 57.48 0.030391 934226 0.1521 37094 9616.0 1735.02
Pure error

.M)o&iscqik)w;!@)a)bsm%;;dq

9% g ,lo Jxe e NS

Ns: non-significant and * and **: are significant at 5 and 1 probability levels, respectively.
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Table 5- Regression and R? coefficients and RMSE for full quadratic model:
y=acg+aixi+azxz+asxi>+asx2>+asxixz affected as water and cow manure on flower yield and corm
yield criteria of saffron

a a a a aq a R? SE
0 1 b 3 5 (%) (%)
S5 olaas
-116.1 0.0566 0.20 - 0.000005 0.0271 -0.000171 44.92 9.38
Number of Flowers
S5 55 059
-54.0 0.02639 0.000078 0.000002 0.0130 0.000078 45.24 14.82
Fresh weight of flower
D S22 (s
-1.341 0.000633 0.0084 0.00000 0.000183 0.000003 50.54 14.07
Dried weight of stigma
S slaan Sas 5
. . =756 0.600 136.9 -0.000036 0.40 -0.02334 37.45 10.32
Dried weight of daughter
corm
G slean [l Kl
-0.745 0.000923 0.0388 0.000000 0.000534 0.000005 56.46 29.02
Daughter corm diameter
& slra slass
-61 0.172 8.6 -0.000017 -0.093 -0.00087 15.84 8.35
Number of daughter corm
Loy olass 0.1-4¢g 267 -0.0097 4.30 -0.000002 -0.103 0.000299 33.04 11.23
Gleaz slass
e 4-8 g 21 0.0219 391 -0.000002 -0.1210 -0.000145 22.38 11.83
Number of =8.1g 0.0442 2.47 - 0.000003 -0.0781 -0.000044  32.59 13.76
daughter corm 97.7

i ald 355 g O Jitue slo prie sasaailic s 5 4 X2 9 Xo
X1 and Xz: indicate independent variables such as water and cow manure, respectively.
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Table 6. Observed and predicted values for flower yield criteria of saffron affected as water and
CoOw manure
sl F 5o DS Sty
< o Fresh weight of flower Dried weight of stigma
o 295 Gl number of Flower (No.m?)
Water volume (gm?) (gm?)
(w ha) Cow manure level (t.ha) oAl it e o oalie ot st st emalie eat im
Observed Predicted Observed Predicted Observed Predicted
3200 0 12.50 13.82 5.79 9.97 0.13 0.68
7680 0 53.75 23.68 24.75 30.71 0.54 3.52
3200 32 30.00 30.46 13.75 17.40 0.30 0.83
7680 32 32.25 15.80 14.90 26.97 0.19 3.24
3200 16 22.50 15.20 10.35 10.36 0.21 0.71
7680 16 13.00 12.80 5.99 25.51 0.14 333
5440 0 47.75 43.84 22.52 30.37 0.48 2.10
5440 32 50.00 48.22 23.01 3222 0.50 2.04
5440 16 40.50 39.09 18.67 27.97 0.40 2.02
5440 16 27.50 39.09 12.66 27.97 0.29 2.02
5440 16 44.50 39.09 20.53 27.97 0.47 2.02
5440 16 54.75 39.09 2543 27.97 0.56 2.02
5440 16 60.25 39.09 27.75 27.97 0.65 2.02

s et Ll a1, ls 3 sy By
EL-Naggar &) s ,las-Jl 5 K- aisls caes
L cusls lase a5 wisges Lo (EI-Nasharty, 2009
Sl ek 4 (olugy wb; lp ulpd e
2 Geeiny el Gl GlalS (adlS Sluogas
Ol bl izmen 20 oo )|,8 00 Co 1) S olass
p9d Jlu ;o ol o1 5Ls sy B0 Gpae a5 S
S adg 4 e (LS [0 Ol caSeye YV 4)
e ya8 sximslis (as,s F/£1) RMSE
5 YB S aib e J5 slow cudo gly Jow Jle

O Jgox

A

J5 olaws (o ien a8 ols lis ol o) 1 S Slos
OFF- 5 olo 065 5 ¥V jlad jo ool Soien
5 (@ o U5 FAVY) S o O St
055 o5 VO Hlewd )0 0udh Smytes JS olaws oy eS
2 ) Se o ol caSeye YEAL 5 b
(Vg ) ladSs £ Joaz) sol s 4y (py0ye
4 ool oanlie J5 olasd (0 iaS g o iy uires
OFFe 5 LSe jo sl 05 (5 VP Jled jo Sy
5 (@rerie ;o J5 70 Joleo) JlSa jo O CaaSla e
S e YV e g LS 55 (sald 955 B rae o Lo
s oanline (pyayio yo JE VYD Jobee) ,lSa o o]
Ol 5 S5 (V5 ) st 5 7 Joux)
56 co 5 slaws il31 (Koocheki et al., 2014)



VF Q\.‘L‘.’.:U))Lecdjle)\.o.& cvﬁb.ﬂe-co‘ficj&uﬂ)};qfﬁb\'

y = 0.7034x + 12.64 (B
- = 0.5765x+9.0172 A
40 R? =0.4887 80 - Y R2_0x5172 (
35 - RMSE=14.82 . 70 - RMSE= 9.38
30 - . * : .
33 ., * o - 1) 60
13 25 + * 19 50
20 40 -
) : )
= 151 230
L a
10 - . ~ 20
* *
5 4 10 4
O T T T T T T T 1 O T T T T T T T !
0 5 10 15 20 25 30 35 40 0 10 20 30 40 50 60 70 80
Oi) o0 soalive Oi) ool solive
y=0.9781x+1.6788 (C
4 b
R2=0.0337 ///
3.5 4 . S
% RMSE=14.07 >
e
J g
1) & o
13 24 sedee e
- //
3) 1.5 1 7,///
S e
e
0.5 1 ///
0 : T T L v T T T 1 g 1
0 05 1 1.5 2 2.5 3 3.5 4
(Oi)ouss samlive

5o 2005 J5 5 039 (0 (aey0 ye y olax) JS ol @ :ols ylyke s 5 0 Shos Sluogas 15 R? 9 1) b b (g )5 bad s lin ) S
JoU 90 4230 Juo  azgi b (&0 yo 2 p)5) AT SUUS (439 (C 9 (@up0
Fig 1. Comparisons for the regression line with 1:1 line and R? for flower yield criteria of saffron (such as A) flower number (No.m-
2), B) fresh weight of flower (g.m*) and C) dried weight of stigma (g.m2)) based on full quadratic model
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Fig 2. Response- surface for flower yield criteria of saffron (such as flower number, fresh weight of flower and dried weight

of stigma) affected as water and cow manure rates
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Table 7. Observed and predicted values for flower yield criteria of saffron affected as water and cow manure

G sladn S5 5 Gy ay el S an sl =3 slaay i
N IR o Dried weight of 5 Daughter corm Daughter corm number s Number omamﬁm.mﬁw. corm (No.m~) =
Water  C e aughter corm (g.m) diameter (cm) (No.mr?) g g g
HEMN.__H.: level (thal) —=besabie  exd 2l eataialen aad oy eafesalia el Al satesslse s 3l odh saalis ot Sl eatesnli.  ean g3,
Observed  Predicted Observed Predicted Observed Predicted Observed Predicted Observed Predicted  Observed  Predicted
3200 0 693.13 795.36 1.48 2.21 243,75 315.32 175.00 21548 56.25 70.60 12.50 13.02
7680 0 1366.88 1728.63 245 6.34 250.00 257.26 56.25 74.54 156.25 71.23 37.50 64.81
3200 32 4463.31 3195.74 1.61 2.39 456.25 406.20 400.00 278.23 50.00 56.97 6.25 7.58
7680 32 1082.44 783.00 1.91 5.81 337.50 22342 237.50 180.15 75.00 36.81 25.00 53.06
3200 16 1433.19 1893.15 1.95 244 418.75 384.57 275.00 273.22 125.00 94.76 18.75 30.29
7680 16 1191.44 1153.41 2.28 6.21 225.00 264.15 100.00 153.71 68.75 84.99 56.25 78.93
5440 ] 1894.44 1442.63 2.27 4.28 487.50 371.59 325.00 155.04 93.75 80.95 68.75 53.97
5440 32 129731 2170.00 2.37 4.10 275.00 400.11 137.50 239.22 106.25 56.92 31.25 4537
5440 16 933.38 1703.92 223 4.33 243.75 409.66 156.25 223.50 50.00 99.91 37.50 69.66
5440 16 1040.56 1703.92 220 4.33 268.75 409.66 162.50 223.50 68.75 99.91 37.50 69.66
5440 16 2042.88 1703.92 2.07 4.33 500.00 409.66 306.25 223.50 118.75 99.91 75.00 69.66
5440 16 2303.69 1703.92 2.16 4.33 625.00 409.66 406.25 223.50 150.00 99.91 68.75 69.66
5440 16 2594.00 1703.92 447 4.33 500.00 409.66 225.00 223.50 162.50 99.91 112.50 69.66
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Fig 3. Comparisons for the regression line with 1:1 line and R? for daughter corm criteria of saffron (such as A) dried weight

aa...c,\,:w;@,ﬁaﬁwﬂwg,@u;;C,b@u%:g\,&@”@@\yj

a(Fy ¥ USCE) b (6550 sloasy jlad alidl 4y e
2w b gkl 5 (ol 955 Bpan oliee Sralidl Sike
00l dgs (6 133 (sladiy (ul JEAl ;0 4y e s
Mollafilabi &) Jsp,s 5 Dhidle 25,5 o
-Jsle g (alo 555 31w, 5 b (Khorramdel, 2016
Ol Olie; 3 8es 5 (2l)) Sloogas » (S n SSL
Sl 090 @lie polie cenlyd alEl a5 auxsls
555 b yae G,k 5l piegd S, s 4 beasy ol
baa 0 9 sy slaplal i 5o cge (el
(Y4/-Y) RMSE ol Jbdess S o sodsy
ma Hhd Cho gl Jow lawsl sy sas sl

(O Jguz 5 VJSS) il oo s 50 slo

y =0.5411x + 3.0365 (B 3000 -
[ R? = 0.0844 R? = 0.5806
. RMSE= 29.02 RMSE=10.32
6 - . 2500 |
i .
5 g 2000 4
", ; *
4 . 13 o0 . . .
2 1500 | .
g )
2- s 2= 1000
~ * *
1 500 -
0 T T T T T T 1 O T T T T
0 1 2 3 4 5 6 7 0 500 1000 1500 2000 2500
(Ol) 03U ol live (Ol)c\.\...u s lice
(C
700 - y = 0.2530x + 264.94
600 - R® = 0.2367
RMSE=8.35
1) 500 -
}3 400 A LIEN .
3 a0 .
o *
S 200 ¢
100 -
0 T T T T T T 1
0 100 200 300 400 500 600 700
(ol)o‘.\..u sunlive

gy Sl el i (w1680 laaiy Hhd
Eobn Gy slean Sl i a5 ol ola
5 sol0 055 B ran pas jlewd ;o (e glu FIVYF) oulds
lodsy Hhd iy 5 LS o O oS ie VPA
SNV lewd o (e gl FITY) 0ol svalice (5 550
o oalive S ;o Ol CaSeyio OFF 5 alo 09
A8 oS izmen (Vg ¥ sla S 9 Y Jga2)
e el odalie g ol S 550 sladn
09 led o S vy e g8l VITA 5 VIVY Joles
Sl Gy [ 0 Ol CaSayie Yo g s 098
otlejl 5l ol gl (F 5 ¥ ladSs 5 ¥ Jgaz)
V8 S 1 ols 355 B pan Ltalidl a5 sl olis
xSayin £ e 090 b (bl (e tal8l ol yen 4y

y = 0.4676x + 864.46

Job5 90 4z )0 Joo s az i b (g0 yto g Sluad) Sload’ (C 9 (yko

(g.m?), B) diameter (cm) and C) number (g.m2)) based on full quadratic model

AN



V) Ol 5 Hlg (dol oyles cvﬁbv\.l:,-c(ﬂle&} LgL&sui.ds)}; 4 5 0F

25

3000
sy kb 4 S 0 2000
Corm diameter ~ 2° DW corm (g.m-2)
cm 8000
o 1000
15 - N , 4
0 .‘"' n;.éb'
10 4000 9 @ R
20 " Q &
&‘b& selo 08 &‘b
e Manure (t.ha'?)

Manure (t.hal)

400
an ol 350
Corm No.
300
(No.m?) 30
250
lo o
4000 S 27 1
6000 0 Manure (t.ha™)
8000
S)Lt:‘]
Water (m>ha'?)

o (230 oy Sloai) Slani’ g (o ilw) a8 (210 yho p1 0,5) SiS (459 Jold) ol yae ) a8 ySdos Cluoguas Fowly - b ¥ i

010995 9 o Zoblaw &
Fig. 4. Response- surface for corm yield criteria of saffron (such as flower number, fresh weight of flower and dried weight
of stigma) affected as water and cow manure rates
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Fig. 5- Comparisons for the regression line with 1:1 line and R? for daughter corm numbers of saffron in three
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manure rates
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Table 8- Optimized values for water and cow manure rates for reaching the
dependent variables in saffron based on economic scenario
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Abstract

The purpose of this experiment, evaluation of cow manure and irrigation levels on flower and corms
of saffron using Central Composite Design was done with 13 treatments and two replications at the
Research Field of the Ferdowsi University of Mashhad during two growing seasons of 2017-2018 and
2018-2019. The treatments were based on low and high cow manure levels (0 and 80 t.ha?,
respectively) and water (120 and 50 percent of water requirement, respectively). The results showed
that the linear component's effect was significant on (p<0.05) daughter corm diameter and numbers
of daughter corms for 4-8 g. The square component's effect was significant on (p<0.05) flower
number, fresh weight of flower, the dried weight of stigma, and daughter corm diameter. The
interaction effect of full quadratic was significant (p<0.05) on the dried weight of daughter corms.
Lack of fit test had no significant effect on the studied traits. The response variables’ full square
model gave insignificant lack-of-fit, indicating that the data were satisfactorily explained. The
highest values of dried weight of stigma, fresh weight of flower, and flower number were observed
for 16 t cow manure per ha+ 5440 m3 water per ha (with, respectively 0.65 and 27.75 g.m2and 60
No.m-2). The maximum amount for dried weight of daughter corms was observed for 32 t cow
manure per ha+ 3200 m3 water per ha (with 4463.31 g.m). It is necessary to use 4693.33 m3 water
per ha 30.12 t cow manure per ha to obtain optimum conditions under the economic scenario (with
desirability index= 0.72).

Keywords: Lack of fit, Economic scenario, Desirability index, Central Composite Design.
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