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Table 1- Physical and chemical characteristics of soil in experimental site
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Table 2- Analysis of variance (mean of squares) for corm weight affected by density and mother corm weight of saffron
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df Weight of corms ~ Weight of Weight of Weight of corms  \yeight of Ig:ﬁ:
0-3¢ corms 3-6 g corms 6-9 g 9-12¢ corms more  eight
than12 g
Replication (R) ,,ss 2 17.07™ 8.27™ 11.84™ 32.35™ 59.09™ 20.43"™
Density (D) o515 2 552.72" 543.917 395.317 9225~ 13364°  913.08™
Weight (W) ;s 3 466.49™ 650.12" 425.90" 264.28™ 153.24™  1643.86"
DxW 6 29.03™ 20.54"™ 2.01™ 32.10™ 88.44" 32.54"™
Ea Lol slas 22 5.87 8.84 8.20 15.73 31.58 22.30
Year (Y) Jl 1 0.01™ 163.50" 563.02"" 348.04™ 1894.71™  2076.15™
Y xR 2 11.12™ 2.90™ 2.66™ 25.06™ 13.05™ 26.03™
Y xD 2 22.15™ 19.02" 6.74"™ 8.90™ 331.47™ 66.32"
Y xW 3 7.52" 10.82" 19.32"™ 64.09™ 73.70™ 40.57"
Y xDxW 6 1.52" 10.80" 30.88" 31.28™ 10.27"™ 20.20"™
Ep sy st 22 6.81 3.40 10.07 12.50 25.24 13.15
20p3) 50 Jlaisl o )3 )l gine 5 sz o5 @ T 5 * NS

ns, * and **: represent non-significant, significant at 5% and 1% level, respectively.
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Table 3- Mean comparisons of effects of density, mother

corm weight and year on characteristic of saffron corm weight

.y ‘-‘L"’f“* 039 ‘.sthjw. 039 a gl o ‘.slﬂi‘w 0¥ A sy O 0 ais
£ £ 1 05 P;_i_‘ Y o Wilok  rotal corm
Weight of Weight of Weight of corms Weight of Weight of corms weight
corms 0-3g corms 3-6 g 69 g (a.m?) corms 9-12 g more than 12 g (g.m?)
(g.m?) (g.m?) : (g.m?) (g.m?)
oS1P
Density (number
per m?)
40 113.58° 163.75° 166.13° 172.71° 328.42° 944.6°
80 267.38° 314.83° 306.58" 251.54° 254.71% 1394.9°
160 427.042 511.46% 425,63 257.58% 145.38° 1767.2°
a2 0j9
Corm weight (g)
<3 79.22¢ 89.67¢ 113.39¢ 97.83¢ 202.17° 582.28¢
3-6 213.50° 243.83° 270.11° 223.83° 263.223" 1214.49°
6-9 339.44° 441.89° 329.00° 237.72° 165.67° 1513.72°
9-12 445.17° 544.67° 458.28% 349.72% 340.28 2138.12°
JwYear
2013 265.14% 272.83° 198.50° 168.22° 110.81° 1015.41°
2014 273,53 387.19% 400.39% 286.33° 374.86° 1722.31°
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Means followed by similar letter/s in each column have not significantly different by Duncan's test at 5% level of probability.
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Table 4- Analysis of variance (mean of squares) for corm number affected by density and mother corm weight of saffron

Mean squares Ole o (Wb
o qalio T T TR SN PR I T TS T T 5 s
R . . _ _ _ Z Z d [S7)
S0V Ll ey AR £S5 - £S5 A=Y PSNY Total corm
df Weight of Weight of Weight of Weight of Weight of corms weight
corms0-3g corms3-6g corms6-9g corms9-12g more than 12 g
Replication (R) ,|,ss 2 11.01™ 1.62"™ 1.84"™ 4.05™ 4.76"™ 11.62"™
Density (D)1, 2 43351 131.17" 51.72" 5.05" 6.22" 533.17"
Weight (W) ;s 3 333.42" 163.44™ 59.07™ 22.83" 8.64” 569.87"
DxW 6 28.94" 5.17" 0.52" 3.54" 464" 19.54™
Ea Lol slas 22 5.15 1.59 1.15 1.28 1.81 5.23
Year (Y) Jw 1 2.00™ 40.50™ 64.22" 36.12™ 93.39™ 88.89™
Y xR 2 2.54"™ 1.04™ 0.51™ 1.17™ 1.01™ 2.10™
Y xD 2 25.79" 2.00™ 0.39™ 1.17™ 15.05™ 14.39™
Y x W 3 0.48"™ 3.20" 2.48™ 4.94" 2.87" 2.04"™
Y xDxW 6 1.22™ 2.15™ 4.15" 3.54™ 0.70™ 3.64™
Ep sy st 22 6.07 0.86 1.39 1.39 1.39 473

Kk % ns

o)) ) g0 Jloist pdaw )0 I pxe g Jld gme puf i A T
ns, * and **: represent non-significant, significant at 5% and 1% level, respectively.
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Table 5- Mean comparisons of interaction effects of density x mother corm weight on characteristics of corm number of

saffron
&y o515 S dlawi S dlawi AT iy sl Juit-epy LY VeR I KY)
Density of & 0j9 PRCR PCE A o5 PRAL Y &y JS dlasi
corm Corm Number of Numberof Number of Total corm
(Number 01; weight (9) corms corms 3-6 g %m Zer OFCOrMS 1 rms more than ~ Number per m
corm per m) 0-3 g per m? per m? -12gperm 12 g per m?
<3 19.33 10.33¢ 4339 13.007 51.00¢
10 3-6 59.00° 23.67 8.67¢ 15.00° 121.33f
6-9 88.33¢ 50.33% 27.00% 18.67 210.67%
9-12 114.00% 70.67% 33.00° 35.00° 295.67%
<3 54.00° 21.331 9.33% 8.00% 106.33
80 3-6 126.33% 58.67% 30.33% 25.67%® 276.67%
6-9 150.67¢ 91.00° 25.00% 10.67° 327.00™
9-12 361.00% 132.00° 32.67° 21.00%¢ 615.33°
<3 72.33% 28.33% 14.67° 15.00° 157.33%
160 3-6 244,00 90.67 29.67° 9.67> 433.67°
6-9 454.00% 173.67° 19.33%¢ 4.33¢ 708.33°
9-12 443.00° 192.33? 37.00° 11.67° 771.33

5,05 0yd 0l pdaw p3 4SSl (glatels win yg05l il 035 b (g > sime IS gt pa p3 ailie Bgys chyly (ola ke
Means followed by similar letter/s in each column have not significantly different by Duncan's test at 5% level of probability.
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Table 6- Mean comparisons of interaction effects of density x corm weight x year on some corm characterstics of saffron

1,5 3 _ _
Dis’;ty s 359 Jl PR TNt iy @08 T lad bjy 05 -1 gladly dlas
(Corm number Corm weight (g) Year Weight of corms 3-6 Weight of corms 6-9 Number of corms 6-9
2 g (gm? g (g.m?) g per m’
per m‘)

<3 2013 22.00' 34.33" 467

2014 66.33" 24.67 3.33

3-6 2013 79.00" 73.00" 10.00%

40 2014 120.67%" 151.33%" 20.00%"

6-9 2013 118.33%" 64.33" 8.67
2014 310.00% 332.67°% 44,00¢4fo
9-12 2013 341.67% 230.00%f 371.33¢fan

2014 252.00° 418.67° 54.67°

<3 2013 93.33M 85.339M 11.33%

2014 97.67%" 128.00%" 16.00"k
3-6 2013 230.33¢f 167.006%" 22.00%"
80 2014 258.67% 361.67°% 49.33¢0f
6-9 2013 328.00% 226.674%0 31.33%fen

2014 394.00% 49567 68.00°
9-12 2013 484.33 324.67°% 44,67

2014 632.33" 663.67%° 92.67%

<3 2013 104.33%" 106.33%™ 14.67"K
2014 154.33 301.67°%" 39.33¢def
3-6 2013 288.00% 177.67¢9N 24,6759

160 2014 486.33" 690.00% 94.67%®
6-9 2013 550.33° 423.33% 57.33

2014 950.67° 431.33% 56.67°%

9-12 2013 634.33° 469.33" 64.00

2014 923.33? 805.33 110.67°

5,05 000 0 Jleis] pdaw p3 4SSl clasels win yg05l il p Z0aSs b (g I sime MBS gty p3 ailiie Bgys chyls (ola ke
Means followed by similar letter/s in each column have not significantly different by Duncan's test at 5% level of probability.
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Table 7- Analysis of variance (mean of squares) for flower number and weight and stigma dry weight affected by density and
mother corm weight of saffron

Mean squares sl o  pibo

i Zlio ljl 4y p— . -
SOV of I Fois J5 alaes WSS (459
Flower fresh weight Flower number Stigma dry weight

Replication (R) ,,ss 2 1387.93" 6024.01" 0.03"
Density (D) 51,5 2 1210.49" 5253.85 0.02"
Weight (W) ;s 3 1978.64™ 8587.83" 0.03"
DxW 6 377.52"™ 1638.55™ 0.008™

Ea Lol slas 22 316.59 1374.10 0.008
Year (Y) Jls 1 1242.01™ 5390.68" 0.42"
Y xR 2 544.17" 2361.85" 0.01"
Y xD 2 221.13™ 959.76" 0.007™
Y x W 3 521.99 2265.61" 0.008™
Y xDxW 6 259.54" 1126.47™ 0.002"
Ep sy csls 22 150.64 653.82 0.003

*k  * ns

o) ) g0 Jlois] pdaw )0 I pxe gyl gime puf i A T
ns, * and **: represent non-significant, significant at 5% and 1% level, respectively.
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Table 8- Mean comparisons of effects of density, corm weight and year on flower number and weight and stigma dry weight
in saffron

I ¥ o

Flower fresh weight (g.m™?)

Density (number per m?) Sl

40 47.42°
80 57.04%
160 61.28°
4 oy39C0rm weight (g)
<3 44.67°
3-6 52.88°
6-9 53.71°
9-12 69.73?
JwYear

2013 51.09°
2014 59.40°

J5 slass WSS (39
Flower number per m? Stigma dry weight (g.m?)
98.79° 0.47°
118.83% 0.56%
127.67° 0.58
93.06" 0.46°
110.17° 0.53°
111.89° 0.52°
145.28° 0.65%
106.44° 0.38°
123.75° 0.69%

5,15 0 )d 0l prdaw p3 4SSl (glately Wi yg05l il 3 S0aSs b (gl ime MBI gt ya p3 ailie gy il (olapSike
Means followed by similar letter/s in each column have not significantly different by Duncan's test at 5% level of probability.



YA plie; I8 g a0 ,Shes 1 50l 4y ()9 9 o1 5 it ol il

L sy slagings oanl )3 4 59 sales 6y955 gy0n! 5| Ay gpple b cullS wS15 lidl 30 la Jlo )

Sl Olosan asbliar g)lis 13 (g3l 4l Mg (s 18T 2590 w gyl3e 5 gl e plp 93 olise 4 o
3 Jais ol yiej colaidl glie (Gile 4 by S 4 4oy 9 (Koocheki et al., 2013) el ab)s ), 8
S L gl S ey jolaioa By oy oy 4 5L Ghalidl paw soly )5 cusls o515 il 38l

D38 )8 ds g5 0590 oY (sl il daled olpen a1y £,5 A5 i Csllas y5e b ()0

&l

Alavi Shahri, H., Mohajeri, M., and Falaki, M.A. 1994. Investigation of plant density (planting distance) on
saffron yield. Abstract Book of 2nd Saffron and Medicinal Plant Cultivation Conference. 8-9-Novebmer.
Gonabad, Iran. (In Persian).

Alipoor Miandehi, Z., Mahmoodi, S., Behdani, M.A., and Sayyari, M.H. 2015. Effects of corm weight and
application of fertilizer types on some growth characteristics and yield of saffron (Crocus sativus L.)
under Mahvelat conditions. Journal of Saffron Research 2 (2): 97-112. (In Persian with English
Summary).

Amirghasemi, T. 2001. Saffron, the red gold of Iran. Nashre Ayandegan Press, Tehran, Iran. 112 pp. (In
Persian).

Amirshekari, H., Sorooshzadeh, A., Modaress Sanavy, A., and Jalali Javaran, M. 2007. Study of effects of
root temperature, corm size, and gibberellin on underground organs of saffron (Crocus sativus L.). Iranian
Journal of Biology 19: 5-18. (In Persian with English Summary).

Dabbagh Mohammadi Nasab, A., Javanshir, A., Aliari, H., and Moghaddam, M. 2004. Consideration
competition in soybean and sorghum intercropping by yield contrary model. Journal of Agriculture Science
and Natural Resources 10: 120-130. (In Persian).

Forakinejad, Z. 2008. Saffron, red gold of Iran. Journal of Teaching Biology 22 (2): 62. (In Persian).

Gresta, F., Avola, G., Lombardo, G.M., Siracusa, L., and Ruberto, G., 2009. Analysis of flowering, stigmas
yield and qualitative traits of saffron (Crocus sativus L.) as affected by environmental conditions.
Scientia Horticultureae 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.

Hassanzadeh aval, F., Rezvanimoghadam, p., Bananayan aval, M., and Khorasani, R. 2013. Effects of
maternal corm weight and different of cow manure on corm and flower yield of Saffron (Crocus sativus
L.). Saffron Agronomy & Technology 1: 22—39. (In Persian with English Summary).

Hosseini, A. 2013. Newsletter of Scientific Network for medicinal plants. (In Persian).

Koocheki, A., Ganjeali, A., and Abbassi, F. 2007. The effect of duration and condition of incubation, weight
of mother corms and photoperiod on corm and shoot characteristics of saffron plant (Crocus sativus L.).
Iranian Journal of Field Crops Research 4: 315-331. (In Persian with English Summary).

Koocheki, A., Jamshid Eyni, M., and Seyyedi, S.M. 2014 a. Irrigation levels and dense planting affect flower
yield and phosphorus concentration of saffron corms under semi-arid region of Mashhad, Northeast Iran.
Scientia Horticulturae 180: 147-155.



WA Hleg ) oylods oF wlor iyl i) 55908 g celyy ag piis Yo

Koocheki, A., Jamshid Eyni, M., and Seyyedi, S.M. 2014 b. The effects of mother corm size, manure and
chemical fertilizers on replacement corm criteria and yield of saffron (Crocus sativus L.). Journal of
Saffron Research (Accepted for publication). (In Persian with English Summary).

Koocheki, A., Najibnia, S., and Lalehgani, B. 2009. Evaluation of saffron yield (Crocus sativus) in
intercropping with cereals, pulses and medicinal plants. Iranian Journal of Field Crop Research 7: 173-
182. (In Persian).

Koocheki, A., Rezvani Moghaddam, P., Molafilabi, A., and Seyedi, M. 2013. The effects of high corm
density and manure on agronomic characteristics and corms behavior of Saffron (Crocus sativus L.) in the
second year. Journal of Saffron Research 2:144-155. (In Persian with English Summary).

Koocheki, A., Seyyedi, S.M., Azizi, H., and Shahriyari, R. 2014 c. The effects of mother corm size, organic
fertilizers and micronutrient foliar application on corm yield and phosphorus uptake of saffron (Crocus
sativus L.). Saffron Agronomy and Technology 2: 3—-16. (In Persian with English Summary).

Mohamad-Abadi, A.A., Rezvani-Moghadam, P., and Sabori, A. 2007. Effect of plant distance on flower
yield and qualitative and quantitative characteristics of forage production of saffron in Mashhad
conditions. Acta Horticulturae (ISHS) 739: 151-153.

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

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 (Crocus sativus L.) under soil,
hydroponic and plastic tunnel cultivation. Saffron Agronomy & Technology 1 (2): 14-28. (In Persian with
English Summary).

Naderi Darbaghshahi, M.R., Khajebashi S.M., Banitaba, S.A., and Dehdashti, S.M., 2009. Effects of planting
method, density and depth on yield and production period of saffron (Crocus sativus L.) in Isfahan

region. Seed and Plant 24: 643-657. (In Persian with English Summary).

Nassiri-Mabhallati, M., Koocheki, A., Boroumand, Z., and Tabrizi, L. 2007. Effects 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): 155-165. (In Persian with English Summary).

Permeh, Z., Hosseini, M.R., Nabizadeh, A., and Mohebbi, H. R. 2009. Export potential and goal markets of
Iran saffron. Iranian Journal of Trade Studies 51: 59-95. (In Persian).

Renau-Morata, B., Nebauer, S.G., Sanchez, M., and Molina, R.V. 2012. Effect of corm size, water stress and
cultivation conditions on photosynthesis and biomass partitioning during the vegetative growth of saffron
(Crocus sativus L.). Industrial Crops and Products 39: 40-46.

Sadeghi, B. 1997. Effect of storage and sowing date of corm on saffron flowering. Organization of Scientific
and Industrial of Iran. Research Center of Khorasan pp.6-53. (In Persian).

SAS. 2002. Procedures Guide. SAS Institute, Cary, NC.

Statistical yearbook of Khorasan-e-Razavi Province. 2013. Department of Agricultural Statistics. Jihad-e-
Agriculture Organization in Khorasan-e-Razavi Province. (In Persian).

Temperini, O., Rea, R., Temperini, A., Colla, G., and Rouphael, Y. 2009. Evaluation of saffron (Crocus
sativus L.) producation in Italy: Effects of the age of saffron fields and plant density. Journal of food
Agriculture and Environment 7: 19-23.



3 Saffron Agronomy & Technology

The Effects of Different Amounts of Density and Mother Corm
Weight on Corm and Flower Yield of Saffron (Crocus Sativus L.)
Under Mashhad's Climate

Hamid Reza Tavakkoli kakhki”, Ali Mokhtarian’, Hossein Binabaji', Hassan Hamidf’,
Ramin Esmfi’

1. Faculty member, Seed and Plant Improvement Recearch Departement, Research and Education Center of Agricultural and
Natural Resources, Khorasan, Iran.
2. Researcher, Seed and Plant Improvement Recearch Departement, Research and Education Center of Agricultural and Natural
Resources, Khorasan, Iran.
3. M.Sc.of Jahade- Keshavarzi Organization, Khorasan Razavi, Mashhad, Iran.
(*-Corresponding author E-mail: hamidre@gmail.com)

Received: 30 July, 2015 Accepted: 21, September, 2015

In order to investigate the effect of planting density and maternal corm weight on some
characteristics of daughter corms and agronomic characteristics of saffron (Crocus sativus L.) a field
experiment was conducted at the Agricultural and Natural Resources Research Center of Mashhad.
This experiment was carried out as a factorial split plot in time based on complete block design with
three replications and 12 treatments during the years 2010-2014. The experimental factors were 3
levels of density (40, 80 and160 corm in m?) and 4 levels of mother corm weight (<3, 3-6, 6-9 and 9-
12 g per corm) as a main plot and time as a sub plot. The results showed that density, maternal corm
weight and year had significant effects on daughter corm’s weight, but the effect of interaction density
x corm weight and density x weight x year were not significant for the most characteristics. The mean
comparison of interaction effect of density x weight for number of daughter corm showed that
maternal corm weight (9-12 g) x planting density (160 m?) had the highest number for daughter corms
(771 m?). Maternal corms with higher initial weight produced the highest number of corms in different
corm classes. In addition, the results showed that maternal corm with lower initial weight produced
heavy daughter corms compared to other maternal corm weight classes. Flower weight and stigma dry
weight of saffron (m?) were increased by increasing planting density and maternal corm weight flower
number. The highest dry stigma (0.65 g.m™) yield was produced by maternal corm (9-12 g per corm)
weight class.

Keywords: Corm weight, Corm number, Daughter corm, Dry stigma weight, Flower weight.


mailto:hamidre@gmail.com

