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ABSTRACT 
 

In order to examine the effect of saffron density on corm regeneration and yield, an experiment was conducted as 
completely random blocks within 5 replications for a period of four years from 2009 to 2013 at Khorasan Agricultural 
Jihad Research Farm. There were four treatments selected as corm density (1998, 2798, 3996 and 7992 Kg per ha). 
The statistical data and details from the second and third year of the experiment were evaluated and analyzed. The 
results showed that the greatest number of corms was obtained from the highest density (120 corms per square meter) 
in the second and third years. As compared to the second year, the corm regeneration rate in the third year obtained 
the maximum density, i.e. a total of 8306 corms (34% increase against the second year). Additionally, the same 
density yielded the greatest number of flowers which amounted to 4309. The results of correlation coefficient on the 
traits under study within the two years of experiment indicated that the second year involved the greatest significantly 
positive correlation (r=0.75**) between the total weight of corms and the W<2g group. Moreover, the total weight of 
corms in the third year showed the greatest significant positive correlation (r=0.91**) and the W<2g group. In general, 
it seems that the greatest number of daughter corms and number of flowers were yielded from the density of 7992 kg 
per ha, which is more desirable for achieving higher yield.  
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INTRODUCTION 
 

Saffron (Crocus sativus L.) as the most expensive 
agricultural and pharmaceutical product of the world is 
cultivated in most dry areas (Abdullaaev, 2006). Due to 
low water requirement, providing job and enough income 
in seasons farmers are unemployed, some of the cities of 
Khorasan Province owe their economy to the Saffron. 
Therefor it is important to analyze agricultural, 
environmental, and physiological factors in saffron 
production (Behnia, 1995). Since saffron is proliferated 
through corm, selecting and providing it play an important 
role in final yield of saffron (Molafilabi, 2000). Flower 
formation in saffron depends on saving Assimilates in 
corm during the previous agricultural year, and in the case 
of additional Assimilates, they are transferred for forming 
new corms (Kafi, 2002).  Results showed that using corms 
with more weight not only results in increasing production 
at the first year, but also more Assimilates are used for 
producing new corms which finally larger corms are 
produced and farm flowering capacity are increased 

during the next years (Ramazani, 2000). Although 
selecting appropriate plant density increases yield and 
decreases the interval between planting and getting 
interest of it (Abrishami, 2000), it decreases the amount of 
food allocated to each corm and the number of leaves, 
therefor in the vegetative stage of the plant, less 
Assimilates are produced by leaves and transferred to to 
corms and roots which finally results in initiation and 
development decrease of flower and corm (Kafi, 2002). 
During appropriate density and in the absence of food 
restriction in larger corms, cell division and leaves growth 
happen sooner which provide the possibility of using 
environmental conditions and producing assimilates and 
finally producing larger corms at the end of the growth 
year (Molina et al., 2005). In this respect, the results of 
Pandi and Srivastava's study (2000) in India, showed that 
increasing in the weight of corm has a positive effect on 
the flowering percent and the number of saffron leaves, so 
they recommend planting of corm with the Approximate 
weight of 10g, which have important effect in the number 
of daughter corms and saffron yield during the next years. 
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The study of Alavi et al. (1986) showed that the effect of 
row spacing between corms (10,15 and 20cm) on the 
saffron yield is significant in two region of Ghaen and 
Birjand, so that the most yield is obtained from the 
distance between the rows of 20, between 10 cm corm and 
through 5 years. In another 5-years research, Alavi-Shahri 
et al. (1993) stated that increasing plant density, 
significantly increases saffron yield. Therefor they 
recommended the density of 50 plants per square meters 
with arrangement of 20×10cm. in this density it is 
required to 4tons corms per hectare. The study of Naderi-
Darbaghshahi et al. (2008), showed that plant method and 
density is significant effect on the number of corn per unit 
of area. The number of corm in furrow cultivation method 
(391.8 corms per square meter) is significantly more than 
the number of corms in basin method (334.1 corms per 
square meter). They stated that this appropriate number of 
corm can be attributed to the less soil density around 
maternal corms and better growth possibility, which can 
have significant effect on yield during the next years. 
Since daughter corms are formed on the maternal corms 
(Behnia, 1990), and their production depends on 
attributing additional assimilates of maternal corms, and 
density effects on this property through making 
production resource restriction, this research tried to 
analyze the effect of plant density on the amount of 
Saffron corm regeneration. 

 
MATERIALS AND METHODS 

 
This experiment was conducted as randomized 

complete block design within 5 replications for a period of 
four years from 2009 to 2013 at Khorasan Agricultural 
Jihad Research Farm with an area of 750 sq.m. There 
were four treatments selected as corm density (1998, 
2798, 3996 and 7992 Kg per ha).  Each plot was 
considered as 4×6 meter.  Distance between adjacent plots 
was 0.5 Meter and distance between two blocks 
(considering irrigation stream), was 2meters. After 
preparing farm, furrow with a distance of 30 cm was built. 
Saffron bulbs were carried from Zave of Torbat-
Heidarieh. Bulb larger than 6g were selected. Additional 
covers and also, the bottom trays of bulbs were omitted in 
order to better absorption of water and speed germination 
facilitate. Planting performed at the middle of June. In 
2009. Planting depth was considered as 10cm from the 
surface and plant density was regulated according to the 
distance between two corms in the same row. First 
irrigation was done at the end of September of 2009. Then 
a breaking soil crust stage was done and in order to 
facilitate egressing leaves of the soil, second irrigation 
was performed 10 days after first irrigation.  In the first 
year of experiment (2009), farm takes a breath to make 
necessary establishment. In the agricultural years of 2010 
and 2011, data acquisition was performed. For this reason, 
sampling of experimental plots began at the same time of 
flowering and in each sampling, appeared flowers were 
collected, counted and weighed (dry and wet weight) daily 
and transferred to the lab. Then wet weight of stigma was 
measured. Measuring was done during this flowering. 
Some parts of each plot were allocated to destructive 
sampling. For this purpose, one square meter was selected 
from each experimental plot at the end of growth year and 

saffron corms were brought out. In this sampling, first all 
bulbs were measured in different weight groups (including 
less than 2g, between 2 to 4 g, 4 to 6g, 6 to 8g, 8 to 10 g 
and more than 8 g) and their number were counted. For 
analyzing data, it was used of MINITAB and MSTAT C 
software and compare means through using Duncan's 
multiple range test at 5% probability level. 

 
RESULTS AND DISCUSSION 

 
The results of an analysis of variance showed that 

year has significant effect on the weight of corms less 
than 10g compared to first year, the weight of all weight 
groups of corms increased respectively to 72, 69, 70, 68 
and 86% (Table 2). Apart from weight group of 6 to 8g 
and more than 10 g, in other weight groups, density had 
significant effect (P≤0.05) (Table 1). All weight group in 
first density showed the maximum weight and the 
minimum weight of these groups were revealed in fourth 
density (table 3). With the increasing of density, weight 
decreased in all groups, even in those two groups which 
had not been influenced by density (including 6 to 8g, and 
more than 10 g). 

 The results of year and density interaction showed 
significant effect on the weight of all groups (P≤0.05) 
(Table 1). However, second year showed increase in 
weight of different palnt density, so that in the weight 
group up to 2g, the maximum weight was seen in the 
second year and from the first density of 204.4 g, and the 
minimum weight was seen in the first year and from 
fourth density of 21.6g (Table4). In the weight groups of 2 
to4g, 4 to 6g, 6 to 8g, 8 to 10 g, the maximum weight of 
corms were obtained from second year and first density 
which are respectively 39.8, 24.6, 11.6 and 8.2 g and the 
minimum amounts in the weight groups of 2 to4g, 4 to 6g, 
6 to 8g were obtained from first year and density.  

The results of Behnia and Mokhtari (2009), showed 
that the maximum density of Saffron corm (5, 10 and 15 
corms per 30 cm of plant row) during a four-year period is 
obtained from 5 and 10 density per 30cm of plant row. 
Researches show that considering corm establishment and 
adaptation in the second year, assimilates resulted from 
photosynthesis are transferred to the corms and roots. On 
the other hand, special distribution of corms influenced on 
the corm weight respecting applied density. The results a 
research done by Torabi and Sadeghi showed that by 
dwindling maternal corms, corm roots don’t have any role 
in absorbing food and getting larger of daughter corms 
depends on the food transferring from mother to the 
daughter and also photosynthesis process. It seems that in 
the second year growth of cell division in corms and as a 
result, growth of leaves occur sooner which provides 
greater use of environmental conditions and finally results 
in more Photosynthesis material to be transferred into root 
and producing corms with more weight at the end of the 
growth year (Moolina et al., 2005).  
 
Corm total weight and number 

The effect of year, density and their interaction is 
significant on the total weight of the corms (P≤0.05) 
(Table 1). Total weight of corms, at the second year was 
441.8g which showed 18% increase compared to the first 
year.  The number of corms also, reached to 201.1 which 
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Table 1: the results of Variance analysis (mean-square) of corms weight in the groups of up to 2 g, 2 to 4g, 4 to 6 g, 6 to 8 g , 8 to 10 g 
and more than 10 g, total weight of corms, the number of flower, and the number corms in both experimental year in Mashahsd, 2010 

Change resources Degree of 
freedom 

Corm Weight (g) 
Total weight 
of the corm 

The number 
of flower 

The number 
of corm   Up to 2g 2 to 4g 4 to 6 g 6 to 8g 8 to 

10 g
More 

than 10 g
Block            
Year 1 79210.0* 4730.6* 874.2* 207.0* 156.0* 3.6ns 3186.2* 24850.2* 63712.3* 
Error 8 1781.9 193.4 11.2 13.5 40.6 0.475 4781.6 140104.8 69511.8 
Density  3 7925.4* 66.3ns 138.3* 22.1ns 24.5* 0.335ns 8969.5* 152407.7* 69671.2* 
Year and density 
interaction 

3 7331.4* 151.2* 157.1* 38.8* 25.4* 0.337* 39435.2* 18344.5* 169607.4* 

error 24 1278.4 224.1 28.2 11.5 13.7 0.458 8133.6 10905.3 4434.4 
 
Table 2: Reaction of Corm weight groups in two experimental years 

Year Up to 
2g 

2 to 
4g 

4 to 6 
g 

6 to 
8g 

8 to 10 
g 

More 
than 10 g 

Total weight 
of the corm 

The number 
of flower 

The number 
of corm 

First 33.9 9.6 3.9 2.1 0.650 0.600 362/0 139.0 183.3 
Second 123.1 31.3 13.2 6.6 4.6 000.0 441.8 189.9 201.1 
Level of Significance * * * * * Ns * * * 

 
Table 3: effect of different density levels on different corm groups and the number of flower 

Density Up to 
2g 

2 to 
4g 

4 to 6 
g 

6 to 
8g 

8 to 10 
g 

More than 
10 g 

Total weight of the 
corm 

The number of 
flower 

The number 
of corm 

10 120.3a 23.2a 14a 6.5a 4.5a 0.500a 498.2a 268.5a 226.2a 
20 66.8b 22.0a 6.3b 4.0a 3.1ab 0.400a 308.8c 108.1b 155.0b 
30 67.5b 17.9a 6.1b 3.2a 0.801b 0.200a 361.8bc 139.8b 185.2ab 
40 59.2b 18.6a 7.7b 3.6a 2.1ab 0.150a 438.7ab 139.3b 202.3ab

 
Table 4: the average of year and density interaction of saffron on different corm groups and the number of flower 

Interaction Up to 
2g 

2 to 
4g 

4 to 6 
g 

6 to 
8g 

8 to 10 
g 

More 
than 10 g 

Total weight 
of the corm 

The number 
of flower 

The 
number 
of corm

First year × density of 10 36.2bc 6.6c 3.4b 1.4c 0.800b 1.0a 363.1abc 227.6ab 202.2b 
First year × density of 20 43.6bc 12.2bc 4.0b 2.0bc 0.400b 0.800ab 292.3bc 120.2bc 172.6b 
First year × density of 30 34.4bc 8.8bc 3.0b 2.6bc 0.800b 0.200ab 295.3bc 96.0bc 174.4b 
First year × density of 40 21.6c 10.6bc 5.0b 2.2bc 0.600b 0.400ab 227.1c 86.4c 154.7 
Second year × density of 10 204.4a 39.8a 24.6a 11.6a 8.2a 0.000b 633.3a 309.4a 306.8a 
Second year × density of 20 90.0bc 31.8a 8.6b 6.0b 5.8a 0.000b 325.4bc 143.0bc 197.8b 
Second year × density of 30 100.6b 27.0ab 9.2b 3.8bc 0.800b 0.000b 496.5abc 136.6bc 228.8ab
Second year × density of 40 96.8b 26.6ab 10.4b 5.0bc 3.6ab 0.000b 582.2ab 189.2abc 262.2a 

 
Table 5: Results of correlation coefficient between under study attributes. Data written filled relate to correlation of the first year and 
thin data relate to correlation of the second year 

 Total weight 
of corms 

Total 
number of 

corms 

Corm weight 
less than 2g

Corm weight 
between 2 to 

4 

Corm weight 
between 4 to 

6 

Corm 
weight 

between 6 to 
8 

Corm 
weight 

between 8 
to 10 

Corm 
weight 

more than 
10 

Total weight of corms 1 0.72** -0.75** -0.082 0.47* 0.09 0.38 -0.27 
Total number of corms 0.96** 1 -0.31 0.19 0.17 -0.10 -0.27 0.02 
Corm weight less than 2g 0.91** 0.99** 1 0.31 -0.34 -0.10 -0.47 -0.15 
Corm weight between 2 to 4 0.26 0.36 0.33 1 0.06 0.10 -0.59 -0.38 
Corm weight between 4 to 6 0.86** 0.44** 0.80** 0.10 1 -0.27 -0.10 -0.27 
Corm weight between 6 to 8 0.85** 0.74** 0.69** 0.09 0.71** 1 0.10 0.63 
Corm weight between 8 to 10 0.80** 0.61* 0.54 -0.30 0.51 0.51 1 -0.41 
Corm weight more than 10 0 0 0 0 0 0 0 1 

 *and  ** are respectively significant in the probability level of 5 and 1% 
 
shows a 9% increase compared to first year (Table 2). 
Maximum number of corms obtained from first density 
(262.2 corms) and the minimum number obtained from 
the fourth density. Considering total weight of corms, the 
maximum amount obtained from two first and second 
density and the minimum amount obtained from fourth 
density (Table 3). Interaction of year and density showed 
that the maximum weight of the corm, 633.3g, obtained 
from applying first density and in the second year  which 
shows a 42% increase compared to first year and with the 

same density, the minimum amount of corm weight 
obtained from applying fourth density (Table 4). In the 
second year, there were a significant difference between 
all density levels considering total weight of the corms. 
However, increase in density showed an increase total 
weight of the corms. The maximum number of the corms 
obtained from applying first density in the second year, 
with the number of 306.8 corms. Then the maximum 
number of corms obtained respectively in the density 
treatment of fourth and third with the number of 262.2 and 
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228.8 corms. Although in the first year, there wasn’t any 
significant difference considering total number of corms, 
the maximum number of corms obtained from first 
density with the number of 202.2 and the minimum 
number obtained from fourth density (table 4). The study 
of Naderi-Darbaghshahi et al. (2008) showed that The 
number of corm in furrow cultivation method (391.8 
corms per square meter) is significantly more than the 
number of corms in basin method (334.1 corms per square 
meter). It seems that lower density results in better growth 
possibility of maternal corms and increase in the number 
of countable corms. The results of correlation coefficient 
on the traits under study within the two years of 
experiment indicated that the second year involved the 
greatest significantly positive correlation (r=0.75**) 
between the total weight of corms and the W<2g group. 
Moreover, the total weight of corms in the third year 
showed the greatest significant positive correlation 
(r=0.91**) and the W<2g group although between total 
weight of corms with other weight groups, except weight 
group of 2 to 4 g, there is a high positive and significant 
correlation  (r=0.80**) (Table 5). The results showed that 
the greatest produced daughter corms are related to the 
weight group of 2g which obtained from applying first 
density and in the second year.  
 
Number of flower 

The results of variance analysis showed that density, 
year and their interaction has a significant effect on the 
number of flower (P≤0.05) (Table 1). Second year, with 
139 flower per unit of area, showed 26% increase 
compared to the first year (Table 2). The greatest number 
of flower, with 268.5 flowers, obtained from the first 
density and the other three density levels didn’t show 
significant difference considering the number of flower 
(Table 3). Interaction of year and density showed that in 
the second year and in all density levels, greater number 
of flowers obtained comparing to the same density levels 
in the first year, so that in the second year obtained 
respectively 309.4, 143.0, 136.6 and 189.2 flowers for the 
density levels of 1 to 4 which showed a 27, 16, 29 and 54 
percent increase compared to the first year (Table 4).  

As it can be seen in Table 4, although there is not 
any significant difference between density levels of 2 
and 4 of both year considering the number of flower, 
fourth density in the first year showed the fewest number 
of flower, 86.4. the results of Study done by Alavi et al. 
(1986) showed that the effect of plant density in the 
distance between the rows (20, 30 and 40 cm) and the 
distance between cultivated bulbs (10, 15 and 20cm) on 
the yield of saffron in two regions of Ghaen and Birjand, 
is significant, and saffron yield increases by increase in 
the number of bulbs. It was found that the treatment of 
plant distance of 10 cm on the row and 20 cm between 
rows in 5 consecutive year's increases products 
compared to other treatments. Studies show that in the 
second experimental year, absorbing foods through roots 
and photosynthesis by leaves resulted in producing 
corms with more weights comparing to the first year 
(Badiyala & Saroch,  1997), which had a positive effect 
on the number increase of saffron leaves and produced 
more assimilates (Pandi & Sariostava, 1979). On the 
other hand, larger corms increased flowering capacity 

and yield during next years through producing more 
daughter corms (Sadeghi, 1993). 
 
Conclusion 

According to the results of this research, first 
density level provides more appropriate conditions for 
plant growth activities and corm production, so that in 
the second year, greatest number of produced daughter 
corms related to this density level. Greatest number of 
produced flower, maximum amount of total weight and 
greatest number of corm obtained also from this 
treatment. In the first year also greatest number of 
produced flower, maximum amount of total weight and 
greatest number of corm obtained also from this density 
level. According to this research, the first density level 
can be recommended as a desired density level in saffron 
production.  
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