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Table 1- Values and coefficients of treatments based on Central Composite Design

‘& ylowi p3l0 ol gl
Treatment values Coefficients
w15 & 03l oSl & 011
Runs Density Corm weight Density Corm weight

(X3) ( Corm.m™) (Xy) (Corm.m™) )

50 7 -1 +1

1 150 5 0 +1

2 50 3 -1 -1

3 150 5 +1 +1

4 50 5 0 -1

5 150 5 0 +1

6 150 3 -1 0

7 250 3 +1 0

8 250 5 0 0

9 250 7 0 0

10 150 7 0 0

11 150 5 0 0

12 150 5 0 0

SB aloas 9 (K58 Clwogad -Y Jos>
Table 2- Physical and chemical properties of soil
Sal wo,y e . Sl Jrawe Ly S owss Sqlaa
T.N.V ELw! Sand (%) Silt Clay N (%) P ) K (nl)g.kg pH Organic b
(%) SP (%) (%) (%) (mg.kg-") ) carbon (%) FC (1‘1)5-'“'
17.7 36.8 28 49 23 0.054 33 270 8.15 0.6 1.64
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Table 3- Analysis of variance of the full quadratic regression model

B b ;5\1«9 _ _
i gl 33l a2y - & ybs S5 &y Sl J5 Slass F Ao
Sources of Degree of & . Corm Number of Number of Fresh weight of
variation freedom Eco.n(l)(llmc diameter daughter corm flower flower
yie
0955 5 4908272" 54.90%* 179.58%** 13.66** 4.62%*
Regression
,"b 2 796444 ** 20.90%** 12.35" 1.79"* 0.582"%
Linear
Y
2 2 705403%* 20.28%* 2.79" 1.64" 0.493"
Quadratic
Jlize )J‘ 1 1.41%* 40.13** 0.0082"™* 10.02" 3.41%
Interaction
a ‘
O P 3 2834" 1.79 "¢ 2531 2.85% 2.713™
Lack of fit
s
4 58000 0.0000 0.0000 0.0000 0.0000
Error

Amd o L 1y 5 me iglds 3939 pac IS 5 70 g /Y gdaw 1 ()b dre i 4 F o ¥

*

*.™ and n.s represent significant at 5% level, significant at 1% level and non-significant, respectively

1-Full quadratic regression
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Table 4- Regression coefficients of the equation of ¥ = a4+ a.X; + aX; + asX;2 +aks’ + ask X'

Coefficient values

N ay a a3 ay as R?
djw'_a‘ . 5920.38 -1660.41 -11.30 166.37 0.000001 5.84 95.70
Economic yield
“ ’w 32.11 -7.41 -0.080 0.723 0.0000001 0.016 98.18
Corm diameter
753 diy S 13.47 420  -0102 -0.191 0.000001 0.0208 92.98
Number of daughter corm
J5 sl 10.94 -2.806  -0.007 0.273 -0.000001 0.008 88.92
Number of flower
S Fois 6.15 -1.45 -0.009 0.145 -0.000001 0.005 91.83

Fresh weight of flower

At (515 g &y 0] Jtne yuite i 4 Xz 9 Xy
Xy and X, indicates independent variables of corm size and density, respectively.

o515 g 4y 0101 Cilisee (g lowi il Codd 1 i 5 oy 93590 ©olhuo Buwd 51y g BwdeB e p3lio 0 Jgun
Table 5- Comparison of the regression line for observed and predicted values of the saffron yield based on full uadratic
regression model in different corm size and density levels.

SPd &y dlani

T sl OB 5 o “ ’w Number of 5 olasd & vt

reatmen Economic vield Corm diameter Number of Fresh weight of
yield (g) daughter corm
t (cm) (m) flower (ha) flower (kg)

(1) (x2) saddsaliv XN daddaaliv fi" daddsaliv u;);" daddaaliv fi: [XWIXFYR- "::‘:,

observed fitted observed ) observed . observed ! observed !
fitted fitted fitted fitted
-1 -1 3247.490 3482.025 17.33 1751 39.00 36.08 7.00 7.03 4.047 4.254
+1 -1 3785.630 3537.061 16.00 15.79 34.00 33.21 8.00 7.73 4.58 4.47
-1 +1 3078.970 2563.813 16.00 15.07 26.00 22.74 7.00 5.52 3.87 3.36
+1 +1 3885.630 3537.061 16.00 15.79 34.00 33.21 8.00 7.73 4.58 4.47
-1 0 2078.970 2359.592 12.67 13.40 24.00 30.17 4.00 5.27 2.87 3.21
+1 0 3685.630  3537.061 16.00 15.79 34.00 33.21 8.00 7.70 4.58 4.47
0 -1 1845.630 2816.745 12.67 14.29 19.33 21.61 4.66 6.60 2.64 3.67
0 +1 3512.300 3056.342 16.67 15.96 22.33 23.29 7.33 6.67 4.31 3.82
0 0 4538.970  4701.195 20.33 20.62 41.33 39.06 9.33 9.38 5.33 5.55
0 0 7378970  7672.703 30.67 31.07 52.00 53.30 13.66 14.28 8.17 8.44
0 0 6112.300  5584.032 23.67 23.07 41.67 43.28 11.66 11.05 6.91 6.43
0 0 3285.630 3537.061 16.00 15.79 34.00 33.21 8.00 7.73 4.58 4.47
0 0 3485.630 3537.061 16.00 15.79 34.00 33.21 8.00 7.73 4.58 4.47

(B Jgiz) 45 oanlie Soluaidl 3 Slas

Sl e an ang Ly (oLl 5, Slos &y Gely o
o=l el oadodls L v SS > (o515 g al ojlul)
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Figure 1- Response surface for economic yield in different corm size and density levels.
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Figure 2- Response surface for corm diameter in different corm size and density levels.
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Figure 3- Response surface for number of daughter corm in different corm size and density levels.
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Figure 4- Response surface for number of flower in different corm size and density levels.
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Figure 5- Response surface for fresh weight of the flower in different corm size and density levels.

4o Cauad YU o515 a8 350,8 olo la gl cpiomen 5 ile] dw b > olybe; 9y 4o 4 (Koocheki et al., 2012)
35 41y U5 s oot i o 5 Laogin o515 g 33 VY 4 F g ) oS5 il o o ol sl ol JLo
A 00) pS W51y aw 90 obj)l Baiod guls b olaidl ABEY e 4 |5 ol Lisl8l & joxie LS 3 a9


http://www.sid.ir

IWAF 5l oF oylads ¥ alr cylpie) (g yglid g cclyy i VVF

el Cwd 4 gpegie jd 4 YO+ 1S15 L p SV Al ojlul
S W S15 L gy o5 A ) S8 oy Bl
mdape oSS g 03l b a1 edletel sy ooyl 4 1 S
u))_)u_.wl.ua u|9_,.s:<\_) Job)L;o Ao u)] u,oL.u‘ » 04 L;)L.u
2 (Agiio adlaio) oai plov] dalllas baylyid 4 do g5 b polaw

Ny 4 L

Sl Sl
Cro—o YNFAAY o)lois d gy Joe jl gy oyl adg
Ao wgd 3 oSl (5)5lis o g Coglee AA/VV/Y

D9 oo (63 Rl dlawginly &S ol 00 u,.ob

Ol Olie 3 (@ape e )3 4 YO) Y o159 (o0
s Aty 1 1S s e b o1 ilsal S ol
Hlebl puoren i (ol (Gresta et al., 2009) 5,138 o
L aalie )3 qupepio )3 4y B0) ay (ST (VL & ails
2 J5Y0) U5 ol oyt Mg e (@pepie 3 40 VY

(Gresta et al., 2010) s ylyae 5 55 (@0 o

& 5 2o
adoxjl sl); ¥ gare Hlul g 4 ol jolatea
€yl oSl g plie Bpas (2l d9u adgl Jgo!
) )Ja.9 ;LgbLa_‘:.gl .)/SJ.Q& O3 iy ol Lg)'”l...&f L;Lmoblg}

P S 5059 9 S sl ( Lol db sl (g5 Al ol

&be

Abdullaer, F., and Espinosa-Agirre, J.J. 2004. Biomedical properties of saffron and its potential use in cancer
therapy and chemoprevention trials cancer detection and prevention. Cancer Detection and Prevention 23:
426-432.

Amir Ghasemi, T. 2001. Saffron: Red Gold of Iran. Nashr Ayandegan Publication, Iran. (In Persian)

Alavi Shari, J., Mohajeri, H., and Falaki, M. A. 1994. Effect of plant density on saffron yield. In:Proceedings
of the Second Conference of Saffron and Medicinal Plants Cultivation, 8-9 Nov., Gonabad, Iran. (In
Persian)

Aslan, N. 2007. Application of response surface methodology and central composite rotatable design for
modeling the influence of some operating variables of a multi-gravity separator for chromite
concentration. Powder Technology 86: 769—776.

Arslan, N., Gubruz, B., Ppek, A., Ozcan, S., Sarthan, E., Daeshian, A., and Moghadassi, M. 2006. The effect
of corm size and different harvesting time on saffron (Crocus sativus L.) regeneration. 1l International
Symposium on Saffron: Proceedings of the 2™ International Symposium on Saffron Biology and
Technology. Mashhad, Iran, 28-30 October 2006, p. 113-117.

Benabaji, M.H., Mokhtarian, A., and Tavakoli- Kakhki, H. 2012. The effects of Plant density and corms size
on saffron (Crocus sativus L.) corm production in nursery. In: 4th International Saffron Symposium,
Kashmir, India, 22-25 October 2012, p.70-78.

Box, G.E.P., and Hunter, J.S. 1957. Multi-factor experimental designs for exploring response surfaces. The
Institute of Mathematical Statistics. p. 195-241.

De-maastro, G., and Ruta, C. 1993. Relation between corm size and saffron (Crocus sativus L.)flowering.
Acta Horticulturae 344: 512-517.

De Juan, J.A., Corcoles, H.L., Muiioz, R.M., and Picornell, M.R. 2009. Yield and yield components of


http://www.sid.ir

VWO 63550 Sy zyb 1 ooliwl b (CrocusSativusL.) ol yics ais 39 9 o515 (5 5waiunts

saffron under different cropping systems. Industrial Crops and Products 30(2): 212-219.

Gioccio, M. 2004. Crocetin from saffron: an active component of an ancient spice. Critical Reviews in Food
Science and Nutrition 44: 155-172.

Ghasemi Rooshnavand, R., Hashemiyeh, M., and Afzalian, M. 2009. Planting conservation and harvesting
stages of saffron Agriculture organization of Yazd, Yazd, Iran p. 33. (In Persian)

Ghorbani, R., and Koocheki, A. 2006. Organic saffron in Iran: prospects challenges. Proceedings of the 2nd
International Symposium on Saffron Biology and Technology. Mashhad, Iran, 28-30 October, p. 369-374.

Gowhar, A., Nehvi, F.A., Ameetue, A., Naseeri, S., Igbal, A.M., and Sammer, R. 2012. Effect of corm size
and weight on daughter corm for motion in saffron (Crocus sativus L.) In: 4th International Saffron
Symposium. Kashmir, India, 22-25 October, p 148-159.

Gresta, F., Lombardo, G.M., Siracusa, L., and Ruberto, G. 2008. Effect of mother corm dimension and
sowing time on stigma yield, daughter corms and qualitative aspects of saffron (Crocus sativus L.) in a
Mediterranean environment. Journal of the Science of Food and Agriculture 88(7):1144-1150.

Gresta, F., Avola, G., Lombardo, G. M., and Ruberto, G. 2009. Analysis of flowering, stigmas yield and
qualitative traits of saffron (Crocus sativus) as affected by environmental conditions. Scientia
Horticulturae 119: 320-324.

Gresta, F., Lombardo, G. M., and Avola, G. 2010. Saffron stigmas production as affected by soil texture.
Acta Horticulturae 850: 149-152.

Hemmati- Kakhki, A., and Hosseini, M. 2003. A Review: an saffron Researches in institute of Research for
Developing Technology. Khorasan Ferdowsi University of Mashhad, Mashhad, Iran. (In Persian)

Kafi, M., Rashed Mohassel, M.H., Koocheki, A., and Mollafilabi, A. 2002. Saffron: Production and
Processing. Ferdowsi University of Mashhad Publication, Mashhad, Iran, p. 276. (In Persian)

Kafi, M., and Showket T. 2007. Acomparative study of saffron agronomy and production systems of
Khorasan (Iran) and Kashmir (India). In: Proceeding of the I International Symposium on Saffron,
Biology and Technology, ISHS Acta Horticulturae, 739: 123-128.

Koocheki, A., Tabrizi, L., Jahani, M., and Mohamad abadi, A.A. 2011. The effect of high density and depth
of planting on agronomic characteristic of saffron (Crocus sativus L.) and corms behavior. Agroecology
3: 36- 40. (In Persian with English Summary)

Koocheki, A., Ganjeali, A., and Abbassi, F. 2006. The effect of duration of incubation and photoperiod on
corm and shoot characteristics of saffron plant (Crocus sativus L.). Proceedings of the 2nd International
Symposium on Saffron Biology and Technology. Mashhad, Iran, 28-30 October p. 61-70.

Koocheki, A., and Sabet Teimouri, M. 2014. Effects of field age, corm weight and cow manure levels on
corm yield and stigma yield of saffron under Mashhad climatic conditions. Pazhouhesh & Sazandegi In
Press. (In Persian with English Summary)

Koocheki, A., Tabrizi, L., Jahani, M., Mohammad Abadi, A.A., and. Mahdavi Damghani, A.M. 2009.
Performance of saffron (Crocus sativus L.) under different planting patterns and high corm density. In:
3rd International Symposium on Saffron Forthcoming Challenges in Cultivation Research and
Economics.May. Krokos, Kozani, Greece, 20-23 May p.33-40.

Koocheki, A., Tabrizi, L., Jahani, M., and Mohammad Abadi, A.A. 2012. An evaluation of the effect of
saffron (Crocus sativus L.) corm planting rate and pattern on the crop's performance. Iran. Journal of
Horticultural Science 42: 379-391. (In Persian with English Summary).

Koocheki,A., Rezvani Moghaddam,P., Mollafilabi,A., and Seyyedi,S.M. 2014. The effects of corm density
and manure on agronomic characteristics and corms behavior of Saffron (Crocus sativus L.) in the second


http://www.sid.ir

IWAF 5l oF oylads ¥ alr cylpie) (g yglid g el i VY

year. Journal of Saffron Research 1(2):144-155

Kumar, R., Virendra, S., Kivan, D., Sharma, M., Singh, M.K, and Ahuya, P.S. 2009. State of art saffron
(Crocus sativus L.) agronomy, a comprehensive review. Food Reviews International 25: 44.85.

Mashayekhi, K., Soltani, A. and Kamkar, B. 2006. The relationship between corm weight and total flower
and leaf numbers in saffron. Proceedings of the 2nd International Symposium on Saffron Biology and
Technology. Mashhad, Iran, 28-30 October, p. 93-96.

Mohammad Abadi, A.A., RezvaniMoghaddam, P., and Sabori, A. 2006. Effect of plant distance on flower
yield and qualitative and quantitative characteristics of forage production of saffron (Crocus sativus L.) in
Mashhad conditions. Proceedings of the 2nd International Symposium on Saffron Biology and
Technology. Mashhad, Iran, 28-30 October p. 151-153.

Molina, R.V., Valero, M., Navarro, Y.J., Guardiola, L., and Garcia-Luice, A. 2005. Temperature effects on
flower formation in saffron (Crocus sativa). Scientia Horticulture 103: 361-379.

Mollafilabi, A., and Shoorideh, H. 2009. The new methods of saffron production. The 4th National Festival
of Saffron, Khorasan- Razavi, Iran, 27-28 October p.100-108. (In Persian)

Mollafilabi, A., Koocheki, A., Rezvani Moghaddam, P., and Nassiri Mahallati, M. 2014. Effect of plant
density and corm weight on yield and yield components of saffron (Crocussativus L.) under soil,
hydroponic and plastic tunnel cultivation. Saffron Agronomy & Technology 1(2): 14-28. (In Persian with
English Summary)

Mollafilabi, A. 2012. Effect of extensive range of corm weight on yield components and Flowering
characters of saffron (Crocussativus L.) under greenhouse conditions. In: 4th International saffron
symposium. October 22-25. Kashmir, India.

Munshi, A.M., Sindha, J.S., and Baba, G.H. 1989. Improved cultivation practices for saffron. Indian Farming
39 (3): 27-30.

Naderi Darbaghshahi, M.R., Khajebashi., S.M., Banitaba, S.A., Dehdashti, S.M. 2009. Effects of planting
method, density and depth on yield and production period of saffron (Crocussativus L.) in Isfahan region.
Seed and Plant 24: 643—657.(in Persian withEnglish Summary).

Nassiri Mahallati, M., Koocheki, A., Boroumand Rezazade, Z., and Tabrizi, L. 2008. Effect of corm size and
storage Period on allocation of assimilates in different parts of saffron Plant (Crocus sativus L.). Iranian
Journal of Field Crops Research 5(1): 155-166. (In Persian with English Summary)

Rashed- Mohassel, M.H., Hemmati- Kakhi, A., Bagheri, A.R., and Sadehi, B. 1991. The mission report of
Iranian Experts to Spain. IROST, Mashhad Center. Mashhad, Iran. (In Persian)

Ramezani, A. 2000. Study the effects of corm weight on saffron yield at Neyshabour condition. Ph.D. Thesis
in Agronomy (Crop Ecology), Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran.
(In Persian)

Rezvani Moghaddam, P., Khorramdel, S., Shabahang, J., and Amin Ghafouri, A. 2012. Evaluation of
planting method, corm weight and density on growth characteristics and yield of saffron (Crocus sativus
L.). Journal of Agroecology , 3: 14-26. (In Persian with English Summary)

Rezvani Moghaddam, P., Khorramdel, S., Amin Ghafori, A., and Shabahang, J. 2013. Evaluation of growth
and yield of saffron (Crocus sativus L.) affected by spent mushroom compost and corm density. Journal
of Saffron Research 1(1): 13-26.

Singh, C., Ram, G., and Kaul, B.L. 1994. Saffron studies in Kishtwar: effect of corm size at planting on
control production and flowers yield in saffron (Crocus sativus L.). Indian Perfumer 38: 82-84.


http://www.sid.ir

VWY 6355 50 oSy zob 5l ooliiwl b (CrocusSativusL.) ol yic s ai 39 9 o515 (5 jwaiunts

Wu, C.F.J., and Hamada, M. 2000. Experiments: planning, analysis, and parameter design optimization. New
York.

Xi, L., Aian, Z., Xu, G., Zheng, S.H., Sun, S., Wen, N., Sheng, L., Shi, Y., and Zhang, X. 2007. Beneficial
impact of concern, a Carotenoid from saffron, on insulin sensitivity in fructose-fed rats. Journal of
Nutritional Biochemistry 18: 64-72.


http://www.sid.ir

1 Saffron Agronomy & Technology

Optimizing Corm Size and Density in Saffron (Crocus sativus L.)
Cultivation by Central Composite Design

Mehdi Nassiri Maha]]ati’, Alireza Koocheki*', Afsaneh Amin Ghafouri’ and
Mansore Mahluji Rad’

1, 2 and 3. Professor, PhD and PhD students, Department of Agronomy, Faculty of Agriculture, Ferdowsi University of Mashhad, Respectively.
(*-Corresponding Author E-mail: akooch@um.ac.ir)

Received: 17 December, 2014 Accepted: 20 June, 2015

Abstract:

In order to determine the optimal use of corm size and density, an experiment was conducted by
central composite design at the Research Station, the Ferdowsi University of Mashhad, Iran, during
two growing seasons of 2008-2009 and 2009-2010. The treatments were designed based on low and
high levels of corm size (3 and 7 g) and density (50 and 150 corm.m™). Central point in each treatment
was repeated 5 times and a total of 13 experimental treatments were designed. Economic yield, corm
diameter, number of daughter corms, number of mother corms, number of flowers and fresh weight of
flowers were measured as dependent variables, and the response surface of these variables to
experimental factors was estimated by the polynomial regression model. The results indicated a
positive effect of corm size and density on economic yield, corm diameter, dry weight of tunic,
number of daughter corms, number of mother corms, number of flowers and fresh weight of flowers.
The optimum level of corm size and density were 7 g and 250 plant.m™, respectively.

Keywords: Corm diameter, Economic yield, Fresh weight of flower, Optimization.
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