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The obstacle to improving Crocus sativus is its sterility caused by being triploid. Thus, the discovery of
the new variant of saffron with increased number of stigmas was welcomed as a reason for improving
its yield. The study of development and the process of budding of the corm of saffron showed that
these flowers occur by fusion of two or more flowering buds on one corm. Cytological and
morphological studies showed that this characteristic is unstable and is not genetically controlled.
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INTRODUCTION

Archeological and historical sources indicate that saffron
(Crocus sativus L., Iridaceae) cultivation is a very old
dating back to 2500 — 1500 BC, probably originated in
Iran, Asia Minor or Greece and later became widespread
in India, China, the Mediterranean basin and Eastern
Europe (Tammaro 1987; Negbi 1999; Grilli Caiola et al.,
2004). One of the worlds most expensive spice, is the
dry style and red-orange-colored stigmas of the saffron.
In Iran, saffron is grown in the eastern part of the
country, primarily in Khorasan province. Saffron is used
mainly as a dye in industry, as a spice in cooking, as a
food colorant, and as a component of drugs and
perfumes (Mathew, 1982; Basker and Negib, 1983;
Bowles, 1985; Francis, 1987; Behnia et al., 1999).
Recently saffron extract has been successfully tested as
an anticancer agent (Nair et al., 1991; Escribano et al.,
1996; Abdullaev, 2004, 2007).

According to Karasawa (1933), saffron is a triploid
species (2n = 24) whose chromosomes at metaphase
form eight trivalents, indicating a probable origin from a
diploid Crocus. Ghaffari (1986) also considers C. sativus
to have been derived from a sterile autoploid, whose
sterility is due to its triploidy, combined with laggard
chromosomes, nondisjunctions and rare inversion.
According to Mathew (1982), C. cartwrightianus is the
species most similar to C. sativus from morphological
and cytological point of view. He considers it more proba-
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ble that C. sativus originated from C. cartwrigh-tianus by
autotriploidy and then it was selected by man for its
stigmas which are used to produce saffron. However,
recent quantitative and qualitative DNA analy-sis (
Brandizzi and Grilli Caiola, 1996, 1998) indicated that
DNA composition of C. sativus is more similar to that of
C. cartwrightianus. Grilli Caiola et al. (2004) also
indicated that C. sativus is very closely related to C.
carrtwrightianus by RAPD analysis.

Today saffron is an exceedingly expensive product,
mainly because the crop does not lend itself to
harvesting by mechanical means. The normal flowers
have three stigmas, three anthers and six perianth parts.
The diversity of variants of saffron with an increased
number of stigmas has been reported by
Aghamohammadi (1977) and Estilai (1978). Estilai
assumed that this variability could be due to develop-
mental abnormalities, to chromosomal variation and/or to
a rare gene mutation. He did not investigate these
possibilities, although he did determine the chromosome
number of four of the rare plants by examining root tips,
and found that the chromosome number was 2n = 24, as
for normal saffron (Brighton, 1977; Chichiricco, 1984;
Ghaffari, 1986; Chen and Kondo, 1990). In this paper the
reasons for the variability are investigated.

MATERIALS AND METHODS

Eighteen farms with total size of about 18490 m? were selected
randomly for collection and recognition of abnormal flowers in
Bajestan and Gonabad region in Khorassan Province from 2002 to
2003 (Table 1). Collection of abnormal flower was carried out for
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Table 1. Investigated saffron farms.

No. of Size No. of stigmas

Farms (m?) 2 4 5 6 7 8 9
1 1200 0 16 8 5 0 0 0

2 1200 0 62 36 12 0 1 0

3 600 0 23 9 3 1 0 0

4 1320 5 42 35 20 2 0 2

5 870 1 5 9 6 2 0 0

6 1200 0 11 5 5 0 0 0

7 1500 10 50 60 30 10 5 2

8 600 0 12 2 1 0 0 0

9 1200 2 5 2 1 0 0 0
10 1000 0 19 18 6 0 0 0
11 1300 0 35 15 9 0 0 0
12 1700 0 44 16 7 0 0 0
13 750 0 10 2 0 0 1 0
14 1400 0 11 14 3 0 0 0
15 1100 0 9 6 2 0 0 0
16 800 0 11 0 0 0 0 0
17 1700 0 43 38 12 0 0 0
18 750 1 19 24 15 1 1 1
Total 18 18490 (m?) 19 395 299 137 16 8 5

the determination of their frequency by the beginning of autumn for
up to 35 days.

Abnormal flowers were separated according to number of
stigmas and stored in different boxes for statistical analysis. In
addition, the place of abnormal flowers with number of floral parts
in the field was marked to recognise next year abnormal situation
of flowers.

Some plants were transferred to pots and taken to the laboratory
so that development of flower buds could be followed. For the
study of mitotic chromosomes, the basal parts of young leaves of
some of the abnormal plant were pretreated with saturated solution
of a-bromonaphthalene for 7 h at 4°C. They were then fixed in
piennar’s solution (6 parts absolute alcohol, 3 parts chloroform and
2 parts propionic acid) for 24 h and stored in 70% ethanol.

Staining was carried out by the Feulgen reaction enhanced by
squashing in two percent acetocarmine. Photographs of abnormal
plants were taken in the field and drawings were made from them.

RESULTS AND DISCUSSION

In all farms, normal flowers were mostly found with three
branched stigma and the abnormal flowers with 2, 4, 5,
6, 7, 8 and 9 branches stigma were rarely found.
According to the investigation of Estilai (1978), from an
estimated 36 million flowers screened, 43 plants had
abnormal number of stigmas. The frequency of abnormal
flowers which were treated with different management
varied. For example, the quantity of flowers with 4
stigmas in farms No. 9 and 2 were minimum of 5 and
maximum of 62, respectively. Also, the quantity of
flowers with 6 branched stigma in farms No. 9 and No 7,
were minimum of 1 and maximum of 30, respectively
(Table 1).

The yield rate of normal flowers showed that the weight
of 1000 stigmas including styles in normal flowers was
7.50 g. But for the abnormal flowers with 4, 5, 6 and 7
branches in stigmas was 10.88, 14.28, 17.11 and 17.50
g respectively. This comparison shows that with
increasing number of branches in stigma, the yield
increases up to 133% (Table 2). If there was a corre-
lation between the above trend and genetic variability,
the stigma yield of saffron would also increase.

The study of development and process of budding of
the corm in a few plant showed that frequently one or
more large and some small buds grow on and around the
tip of the corm, but only the large buds flower. When the
large buds are close enough together, two or more
flowers grow from one spathe (Figure 1). In the case of
the abnormal flowers, the flowering buds merge
completely so that the pedicels and floral parts combine
with each other. In some cases the point of fusion of the
pedicels was seen as an apparent groove. Also the study
of ovary in the abnormal flowers showed that the ovaries
of the abnormal flowers, despite their unity, had retained
their own independent outer layer (Figure 2). When two
or more flowering buds combine, parts of the flowers
unite, so that in the resulting flowers the floral parts are
not always present in multiples of three (Table 3).

Table 1 shows the frequency of flowers with 4 stigmas
(395), 5 stigmas (299) and 6 stigmas (137), that their
occurrence by fusion of two flowering buds. This
phenomenon is observed more than occurrence of fusing
in other stages (fusion of 3 or more bud flowers).

When the abnormal plants were observed the following
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Table 2. Comparison of yield in normal and abnormal saffron flowers.

No. of Weight of 1000 stigmas + Percent increase in yield as compared
stigmas styles (g) with normal (3 stigmas) flower
3 7.50 -
4 10.88 45
5 14.28 90
6 17.11 128
7 17.50 133

Figure 1. Two normal flowers in one spathe.

Figure 2. Normal (A) and rare (B) flower with six branches in
stigma (ovaries are shown by arrows).

year, it was found that the abnormality had not been
maintained and all flowers were normal. Moreover, both
abnormal and normal flowers were seen on the same
corm in rare cases (Figure 2). The above observations

Table 3. Variation in number of floral parts when combined
from two flowers.

Flower Number of floral parts
Stigmas | Anthers Perianth
3 6
10
8
8
9
9
11
11
10
11
8
12
10
9
8
9
12
10
11
10
9
8
10

Normal flower
Two flowers
combination
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show that the observed variability in saffron is not of
genetic origin, and only occur by combination of two or
more flower buds.

Chromosome counts were made by Estilai (1978) on
the roots of the corm bearing abnormal flowers. Since
the chromosome number found could not be regarded as
the reason for chromosomal variation in the abnormal
bud, we used meristem cells of young leaves of
abnormal flowers.

The result of cytological experiments showed that no
change in the chromosome number of the abnormal
plants had occurred, and that all the cells had 2n = 24
chromosomes (Figure 3). Therefore it is clear that this
variability has no genetic basis and it is not a stable and
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Figure 3. Karyotype of autotriploid saffron (2n = 3x =24) with
six branched stigma. Initial magnification 1000 X.

repeatable event. Usually, such abnormal plants are
found in the fields which have received plenty of
compost. Since sterility has precluded traditional plant
breeding effects to increase saffron yield, one expect
considerable research on cultural practices and the appli-
cation of fertilizer to improve productivity of saffron.
Unfortunately, such studies are scarce (Behzad et al.,
1992a, b; Behnia et al., 1999; Jahan and Jahani, 2007;
Rezaian and Paseban, 2007; Rezvani et al., 2007).
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