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1- Multiple regression
2- Neural networks
3- Ordination
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2- Geomorphic processes
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Table 1- Statistical description of soil parameters

SB S Bls G5l lbe (o)) Ofpndd Gy o
Soil characteristics Min Max  Average CV (%)
(0,598 » pSike) S 0o 105 37975 1076.25 63
Total N (mg.kg™)
(b5 52 5 o) oal i 0.7 2345 1200 62
Available P (mg.kg™)
(b5 3 p k) lid JBels 9599 12999 2747 78
Available K (mg.kg™)
(£S5 25 ko) Jsboo el 104 720 3734 34
Soluble Ca (mg.kg™)
(05355 2 5 ke Jylre s 72 4656 2144 39
Soluble Mg (mg.kg™)
(b5 2 25 o) e o 9153 4939 32218 33
Soluble Na (mg.kg™) )
(f)sﬁ'tzs)f(")sulf.‘) ol :Lfb oal 2.4 7.4 4.1 24
DTPA Fe (mg.kg™)
(pS5S 2 S o) i B e 1.2 29 1.6 15
DTPA Cu (mg.kg™)
(p)SokS 3 p5 ko) Gl %}b &9, 0.2 1.1 0.4 42
DTPA Zn (mg.kg )
(s2p) B T o8 004 19 0.6 82
Soil organic carbon (%)
(109 Jobes el 8 4 169 126 22
Calcium carbonate equivalent (%)
()'*" » M}«_r"b) e °)Li‘- sl ol 0.9 26 1.7 28
ECe (dS.m™)
s 71 775 75 2
pH
o2k 2 G 1.7 7.9 5.2 31
SAR
(o) o0 154 476 36.1 24
Sand (%)
(10) e 209 649 436 25
silt (%)
(M)J) o)
S 117 27.7 20.5 19
(03] 052 St 19 235 128 39

Gravel (%)
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Table 2- Statistical description of saffron corm parameters

SB S Bls s wKle  (dwoyd) Wlpwdd co o
Soil characteristics ~ Min Max  Average CV ()
(o) s 228 517 341 20
Diameter (mm)
(p.5) Szs g
oy 15 89 3.7 45
b5ssnesidd o 54 199 114 39
Fe (mg.kg™) ' ' '
b5k 2 esdd oo 145 436 2044 47
Cu (mg.kg™)
(p 5545 2 e 5 ke) 555 208 283 243.6 7
Zn (mg.kg?)
(55 2 pShe) Gis 1135 267 1767 175
_ N(mgkg)
(b5 2 p5uke) 23 09167 10600 120228 35
) P (mq.kg )
(0590 2 p5k) ot pa458 42706 3528 12

K (mg.kg?)
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1- Analysis of variance
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(2 Jgis) sol cuws 4 11140 519/89 54 s 5 &y cais 5 459
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I eino el 5 Cigns s Starad gl g oo ol 93 0503
Dyody lyhe) aiy Sid (g gy 5 SLS sla Sy o
= 209 LS o=l b sl R0 bbbl e
OHLSed g gy S o ol lydej ady oly oo
Kravchenko & ) Y4 5 4Sial,S 4 (Pierce et al., 1994)
Ot (S (Siwods 395 @l allas > 35 (Bullock, 2000
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5(Zea mays L.) o3 5, Slos (6 i pmii 9y p o clasllae
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Table 3- Z coefficients of Kolmogorov-Smirnov test (K-S) for diameter and dry weight of saffron corms

ay Suid (39 &y 4hd
Corm dry weight Corm diameter
Z eyl 0.628 0.846
Z coefficient
P-value 0.826 0.472

SB s yial)b b gl e aiy jh3 g )5y Jso -4 Sy
Table 4- Regression model of the saffron corm diameter with soil parameters

4,
Joe Slaryo go ’ ;~i Slaypo ke =
Model Sum of squares ‘sgf’ Mean of squares
09027 754.8 17 44.4 0.89™
Regression
oailesdl 598.1 12 49.8
Residual
S 1352.9 29
Total
o size y£ NS

ns: non-significant

SB s yialyl b ol e dy SWiS (59 g S 5 oD Jgua
Table 5- Regression model of the saffron corm weight with soil parameters.

@2 Olaspo (ke

Jue Olrspo o i E
Model Sum of squares >3 Mean of
df squares
0925 49.9 17 2.9 1.1
Regression
oailesdl 315 12 2.6
Residual
S 815 29
Total
Mo gme yu NS

ns: non-significant



1395 ,las  oslouds B ke (53,38 guilics o3t 43,85 126

OlAe ) A WS (45 9 a8 Srallie (Sl (Sghas (amas S S LS L (i Oluogas -6 Jouo
Table 6- The characteristics of the best structures of artificial neural network for diameter and weight of saffron corm

Ok &Y g8 dlaad S 4L Lw JES! &b 1,55 Ol &Y dlasxs
Number of neurons in hidden Structure of Transfer Re)etition Number of hidden
layer network function P layers
A SIS 3
Corm dry 21 18-21-1 LOgSlg 1000 1
weight
o b 21 18-21-1 Logsig 1000 1

Corm diameter

039 9 S gl ojluas (So sl colin o (ke (ot o,
Oial381 b s osnlize (RP=0/53) praw oty 3 at slus ¢ Sis
Ay SIS (g 9 3l (ST 6)98 Gl g SB > Joloe 2
L j ldej a5 5 0 Shos halS oy (LS alS” )
lllas 5l odel s 4 gl s BIS S g0 Lialsdl
150 5 R*=0/53 oy ) (sl minn 5 (oo (Siumans dlay,
S el oo (S alin D 5 5 3 Slac o (ROZ
i g yge bl s g3 a8 el ] el cpl s s ol ol |,
4 5 d9-b s (e dsbual blyd b ablie B o olS (55, 5]
(Azizi et al., 2013) 1o Lials olS g Juusly o] Jlod
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2 sy oV game 1gi > ol copenl g el ol); lals
trsg oS pdaplio )3 (g9, ol 4l 133l 31 gla L
B0se 9 (B )3 g9y > B anlis LS5 53 g iy
oialS 10T5 63 cpl plol s o ¢ 59 39808 Ll )3 g 3, 5T
(Fageria, 2009) b, .
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Commbuss 5JUT Aot g 0ud 48 5)lge 4 d295 b Jg Cosl 00y
23 (e HB b 35 (e 4 13y )3 (g9 & i g
Byany 9 $)9pd P polis (n Fae mawlly 9 jiud (oo
S (S25odg 08 oLy o 0gde & st (lalS o 390
CapeS g CblS gt 53 Wl oage d (LBLS 3 &S (st
losls olas] 363 45 (clodyg olSals 55 (55l Y guaeo
5 S d Olusgas b5, 5l e (Shahandeh, 1989) saals
45 0,8 Ga)l5S ol 2y Sas Lalaly 5 S g Of e
e iy @ o Slae b st (S (liord (sl pite
539y IS by 5 (Sdme &l codlizul BB Haud (S JTodle

e S gy Jhe b Slape (1Sl g s 0lis

s 4S8 (Jde oyl 45 el cowd 4 01047 5 0/008 s s
UL 0,8 aag |yl a Std 559 Ol 20 92
o S glyde iy plad g SiS (g slaadlie Comlus
b sl Jio (sl SHAtSOft g 5l esliatnl b (639)5 (sl ysite
dlne Lo pite Cplas G pd polis g pbsl (o5iae as

reite Sy ol gy Jliie ST B9y cul el 28

S o (i & e e Gl Bl Gl it
Sud Jaa Copmlis Jooo gl 21> olihe 4y St (g 9 Jlad
ol oas ool lis 1 JS o 4 egiums uas
09 (=l ool (oo Sl Calpd o) nl ll
ol Cuwd 4 S5 5l 5 i dallae 3y50 (sl il )b aen (glp
AU Lagallh ol Jlphs 485, sie e cnlply
A dlowg 4 ool Cuwd 4 (slaJde i CEY p (g)ld e
sl b plosl o 1y La el 5l oS g ol el g A2 (puae
sbaypite dcgedre Sl (Eginan (oas 4Sd g 4 (5lo 1
9y (=SSl cglin slapialy polde 358 Bis (6395
e A SLE 0 S o) g ey ind PH (900
Colin asgy plide) 4 S )y » S o Shy ke
yiiza 2160 5 0/96 03900 13 aslllas 3,40 dtlaio S S Sl
o9leys o (Smedma et al., 2004) o Lsan g lodowl .15b 0
0-2 4— EC Jliie , 51 a5)ls slzel (Verhoeven, 1973)
ool 52 oy QLS A8 ()98 P A8k e g (ienswd
3y Slos Jouilty (gl ely; lalS 5 Ltn EC 5l aials ol o
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Introduction

Saffron is one of the most economically important plants across Iran and all over the world. The most
important cultivated areas of saffron are in Khorasan-e Razavi and Southern Khorasan provinces (Jihad
Keshavarzi Khorasan Razavi, 2013). The corm is the reservoir of photosynthetic materials and plays an
important role in the saffron life cycle. Corm size and physicochemical characteristics of soil determine the
growth and yield of saffron (Aytekin et al., 2008). It has been advised to use corms with diameter more than 2.5
cm (Kafi et al.,, 2002). Despite the importance of this plant, few studies have been conducted on the effects of soil
characteristics on the growth of the plant in natural field conditions. Therefore, the objective which we will try to
achieve is: to evaluate the effect of soil physical and chemical characteristics of the growth of saffron corm and
determine the most important effect characteristics.

Materials and methods

In September 2012, 30 samples of 3 to 5 years old saffron corms were taken from the fields with similar
management in Torbat Heydariyeh. The surrounding soil corms (depth of 0 to 30 cm) were sampled, too. Dry
weight of corms was measured in the laboratory. Air dried soil samples were passed through a 2 mm sieve and
used for physical-chemical analyses. Soil texture was determined by using pipet method. Total nitrogen,
available phosphorous, available potassium, soil organic carbon and calcium carbonate equivalent were
measured in bulk soil samples. Calcium, magnesium, sodium, EC and pH were measured in the saturated soil
paste. Fe, Cu and Zn were extracted by DTPA and measured by atomic adsorption spectroscopy. Correlation,
regression and neural network technique were used to analyze the data and to identify the most important soil
characteristics on the corms characteristics.

Results and discussion

Diameter and dry weight of corms with mean values of 34.04 mm and 3.72 g, ranged from 22.8 to 51.7 mm
and 1.5 to 6.98 g, respectively. Wet weight of the corms with an average of 11.4 g varied between 5.4 10 19.86 ¢
that categorized in medium to very coarse classes. Soil characteristics showed wide range variability; therefore,
the studied soils indicated suitable range of characteristic variables in this study. Calcium carbonate equivalent
of soils was less than 17% with mean values of 12.75%. Mean values of EC and pH were 2.6 dS m™ 7.75,
respectively. The average of soil organic carbon was 0.59% which reached up to 1.91% due to the application of
manure. Silt with mean value of 43.55% was the dominant fraction of the soils, while the highest content of clay
and sand were 27.65 and 47.6%. The Average concentration of Fe, Cu and Zn were 4.3, 1.56 and 0.42 mg.kg™
respectively.

Weak correlation of soil characteristics with corms diameter and weight and the result of ANOVA regression
models indicated that there is a non-linear relationship between growth characteristics of corm and soil
characteristics. In such cases, regression analyses cannot explain the relationship between growth parameters and
soil characteristics. Artificial Neural Network (ANN) has the ability to model the non-linear relationships.
Therefore, the relationship between soil parameters and saffron corm were determined by ANN to find the
relationship between soil characteristics and corm growth. Perceptron Multi-Layers Neural Network with
arrangement of 1-21-18, explained the relationship of between corm diameter (R2=0.94, ME=0.01 and
RMSE=0.028) and dry weight of saffron corm (R2=0.92, ME=0.008 and RMSE=0.047) with soil properties. The
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proposed neural network explained 94% relationship of the saffron corm diameter and 92% relationship of the
dry weight of saffron corm with soil characteristics. Sensitivity analysis indicated that electrical conductivity,
Zn, N, pH, P, K and gravel percentage are the most effective characteristics on dry weight and sand, Cu, silt,
clay, electrical conductivity, SAR, Zn and P, are the most important effective characteristics on the diameter of
saffron corm.

Conclusion

The results of this study revealed that there is no significant correlation between diameter and weight of
saffron corm and soil characteristics. Therefore, the ANN technique was used to determine the effective soil
characteristics of corm growth parameters. Electrical conductivity, Cu, Zn, N, pH, P, K, SAR, gravel, sand, silt
and clay are the most effective characteristics on corm growth. More researches should be conducted to
understand, comprehensive relationship between soil characteristics and corm growth.

Keywords: Corm weight, Modeling, Neural network, Sensitivity analysis

References

Aytekin, A., and Acikgoz, A.A. 2008. Hormone and microorganism treatments in the cultivation of saffron (Crocus
sativus L.) plants. Molecules 13: 1135-1146.

Jihad Keshavarzi Khorasan Razavi. 2013. Report on agronomic research for saffron. (On Published). (In Persian)

Kafi, M., RashedMohassel, M.H., Koocheki, A., and Mollafilabi, A. 2002. Saffron, Production and Processing. Zaban
and Adab Press, 279 pp, Mashhad. (In Persian)



