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Abstract. This research investigates the biological, chemical, and agro-climatic characteristics
of the saffron plant (Crocus sativus L.) in the conditions of Azerbaijan. It was determined that saffron,
in addition to being a vegetatively propagated plant of high economic value, is also widely used in
both food and medical fields thanks to its bioactive compounds, such as crocetin, picrocrocin, and
safranal. In the Nakhchivan region, certain species are found in the wild and are commonly known
as ‘sarychichek’ or ‘chagalagiil’. Certain representatives of these species, found in the mountainous
areas of the region, are used in traditional medicine for various ailments, including kidney disorders,
gynaecological problems, inflammation of the lymphatic vessels (lymphangitis), and skin infections
(furunculosis). Research has shown that Nakhchivan's arid and sunny climate, and its light, well-
drained soils, create optimal conditions for saffron's development. Mild temperatures, particularly
during the autumn months, extend the flowering period, positively affecting both yield and the quality
of the stigmas. At the same time, the proper application of agronomic measures, such as sowing depth,
irrigation regime, and the regular renewal of corms, plays a crucial role in maintaining yields.
Research also shows that the quality characteristics of saffron vary depending on the cultivation
conditions. Furthermore, the slow rate of vegetative propagation and a low level of mechanisation
have been identified as the main factors hindering the expansion of production. In the Nakhchivan
region, sufficient corm reserves have not been established for the commercial cultivation of saffron.
For this reason, there remains a need to secure planting material (corms) from external sources to
expand production. The saffron plant is propagated by corms, not by seeds. These bulbs are planted
in the ground and bloom in the autumn, typically between October and November. Inside each flower
are three slender, deep-red stigmas, and it is this part that is dried to form saffron, one of the most
expensive spices in the world. The correct assessment of agro-climatic factors, the application of
modern biotechnological approaches, and the use of scientifically-based agronomic methods are
considered a promising direction for increasing the yield and quality of saffron.

Annomayusn.  TlpencraBneHpl  OMOJOTHYECKHE, XUMHUYECKHE W  arpOKIMMAaTHYECKHE
xapakTepucTuku pacteHus madpana (Crocus sativus L.), mpou3pacTaroniero Ha TEPPUTOPHHU
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AzepOarimxana. [lladpan mmpoko UCMOIB3YETCS KaK B MUIIEBOM, TaK U B MEIMIIMHCKON OTPaCIIsiX
Omarozaps CBOMM OMOJIOTUYECKU aKTUBHBIM COEIMHEHUSIM, TAKMM KaK KPOLIETUH, MUKPOKPOLIMH U
cadpanan. B HaxubIBaHCKOM pernoHe HEKOTOPHIE BUAbI BCTPEUAIOTCS B TUKOW MPHUPOJIE U IMIHUPOKO
U3BECTHBI I10J] Ha3BAHUSMU «CapblYMUEK» WM «darajuaryiby». HekoTopsle mpeacTaBUTENN 3THX
BHJIOB, BCTPEUYAIOIIMECS B FOPHBIX PallOHAX PEruoHa, UCIOJIB3YIOTCS B HAPOAHOM MEIULMHE AJIs
JICYEHUs PAa3IMYHBIX 3a00JeBaHUl, BKJIIOYAs IIOYE€YHBbIE PACCTPOMCTBA, THUHEKOJIOTHYECKHE
npoOJieMbl, BocHalieHue JuM(aTHIeCKuX CcocyAoB (MIMM(AHTUT) W KOXKHBIE HH(EKIuH
(pypynkyne3). Knumar HaxusiBana — 3TO ONTHMaJIbHBIE YCIOBHA IS pa3BUTHS madpana. Msarkue
TEeMIIEpPaTypbl, 0COOEHHO B OCEHHHE MECAIIbI, IPOJIJIEBAIOT MEPUO/I IBETEHUS, TIOJIOKUTEIIBHO BIIHSIS
KaKk Ha YypOXallHOCTb, TaK M Ha KayecTBO pbUIbLEB. [IpuMeHEeHHE arpoTEXHHUYECKHX MEp
MOJICP)KUBAET BBICOKYIO YPOXAWHOCTb pacTeHus. KauecTBEHHbIE XapaKTepUCTHKH I1adpana
BapbUPYIOTCS B 3aBUCHMOCTH OT YCJIOBHU BhIpamuBaHus. OCHOBHBbIE (DaKTOPHI, CAEPKUBAIOIINE
pa3BUTHE pPACTEHUsS — HTO HHU3Kasg CKOPOCTb BET€TaTUBHOIO Pa3MHOXKEHUS M HU3KUHA ypOBEHb
aprotexHuku. Pacrtenue madpana pa3MHOXKaeTcs KiIyOHETyKOBUIIAMH, a HE ceMeHamu. B
HaxubIBaHCKOM permoHe He CO3JaHO JOCTATOYHBIX 3alacoB KIIyOHETYKOBHIL i KOMMEPUECKOI 0
BbIpanuBaHus magpana. [lo 3Toil mpuunMHE AN pacHIMPEHUsT IPOU3BOJICTBA IO-IPEKHEMY
CYILIECTBYET HEOOXOAUMOCTh B OOECIEUEeHUU I0CaJOYHOro Marepuana (KIyOHENIyKOBHUI) H3
BHEITHUX HMCTOYHUKOB. KiyOHETyKOBHIIBI 3allBETAalOT OCEHBIO, OOBIYHO B MEPUOJA C OKTAOpPS IO
HOSIOpb. BHYTpH Ka)/10TO IIBETKa HaXOJSATCS TPH TOHKHUX PBUIbIIA HACHIIIEHHO-KPACHOTO IIBETA, U
MMEHHO 3Ta YacTh IOCIE CYIIKW JaeT madpaH — OIHY M3 CaMbIX JOPOTHUX CHEIHHA B MHUDE.
[IpaBuibHass ~ OLIEHKa  arpoKJIMMATUYeCKuX  (HaKTOpOB, MIPUMEHEHNE COBPEMEHHBIX
OMOTEXHOJIOTMYECKUX TOAXOJ0B M HCIOJb30BAHHE HAYYHO OOOCHOBAHHBIX AarpOHOMHYECKUX
METOJIOB CUMTAIOTCS NEPCIEKTUBHBIM HAIIPaBJICHUEM JIJIsl MOBBIIIEHUS YPOKaHOCTH U KadyecTBa
madpana.

Keywords: saffron, spice, agricultural technology, Azerbaijan.
Knroueguvie cnosa: madpan, NpsHHOCTh, arpOTEXHOIOTHs, A3epOaiikaH.

Saffron (Crocus sativus L.) is a triploid perennial bulbous plant, considered one of the most
valuable spices in the world. One of the biological characteristics of this plant is its inability to
reproduce by seed; for this reason, saffron is only propagated vegetatively, that is, through the
division of corms. Its high economic value is mainly due to the bioactive substances contained in the
dried product obtained from the flower's female organ — the red stigmas. Compounds such as crocin,
picrocrocin, and safranal, present in saffron, give the product its characteristic colour, taste, and
aroma. These components also possess potent antioxidant, anti-inflammatory, and neuroprotective
effects, making saffron widely used in various fields, including the food industry, medicine, and
cosmetology. Historical sources indicate that saffron cultivation began approximately 3,000 years
ago, initially spreading throughout Asia Minor and Iran. Subsequently, the plant spread widely to the
Mediterranean region, India, and Europe. In modern times, the leading countries in saffron production
include Iran, India, Spain, Greece, Morocco, and Azerbaijan [5, 11].

Saffron grown in Azerbaijan, particularly on the Absheron Peninsula, is distinguished by its
high quality and richness in safranal. However, the cultivation of saffron is accompanied by certain
agronomic challenges. The plant's inability to produce seeds due to being triploid necessitates its
propagation solely by vegetative means. This, despite the limited genetic diversity, ensures the
stability of the varieties.The development of saffron is directly dependent on soil and climatic
conditions. The plant develops best in sunny, well-drained soils, with a mild climate and a dry
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summer. At the same time, the quality of the harvested product, particularly the biochemical
composition of the stigmas, is closely linked to these factors. Thus, saffron is considered an important
strategic crop, both in terms of its biological characteristics and its economic importance. Studying
the cultivation characteristics of saffron under Azerbaijani conditions, the factors affecting its yield,
and its economic efficiency contributes to establishing the scientific basis for the development of this
sector.

Materials and Methods
The research was conducted in the Nakhchivan Autonomous Republic during 2023-2024.
Local saffron corms of the species Crocus sativus L. were used as the research material. The plants
were planted at a depth of 20 cm in September, and during the growing season, irrigation, weeding
and soil cultivation were carried out. Nakhchivan's continental and arid climatic conditions, long
hours of sunshine, and light-textured soils proved favourable for the development of the saffron plant.

The mild autumn temperatures prolonged the flowering period, which had a positive effect on the
yield [11, 12].

Results. Discussion of the Study

The results of the study show that the biological, chemical and agro-climatic characteristics of
the saffron plant (Crocus sativus L.) directly affect its yield and quality indicators. Observations
conducted in the Nakhchivan Autonomous Republic have confirmed that saffron is well-adapted to
the climatic and soil characteristics of this region [11, 12].

The research determined that sunny weather, light-textured soils and good drainage are optimal
for the vegetative development and flowering of the saffron plant. The mild temperature during the
autumn months led to an extension of the flowering period, which in turn had a positive effect on the
number and quality of the stigmas. Biochemical analyses have shown that the content of crocin,
picrocrocin and safranal, the main quality indicators of saffron, is significantly dependent on the
cultivation conditions. A prolonged period of sunshine and arid climatic conditions have facilitated
the greater accumulation of these substances in the stigmas. This has led to an enhancement of the
product's colour, flavour, and aromatic properties [10].

The correct application of agronomic measures has also had a significant impact on yield. The
correct selection of sowing depth and plant spacing, along with irrigation and soil cultivation during
the growing season, ensured the normal development of the plants. At the same time, the renewal of
the corms every 3—4 years was identified as an important factor for maintaining yield.

The research results have shown that one of the main limiting factors in saffron production is
the relatively slow vegetative propagation, the low level of mechanisation, and the failure to renew
the corms in a timely manner. These factors lead to a decrease in yield and a limited production
volume. A comparative analysis has determined that saffron from Azerbaijan, particularly that grown
in the Nakhchivan and Absheron regions, is competitive in terms of quality with saffron from Iran,
Spain and Turkey. This indicates that there is great potential for the expansion of saffron production
in the country.

Furthermore, the results of molecular-biological studies indicate that regulating the expression
level of genes involved in the biosynthesis of crocetin and safranal (CsZCD, CsCCD2) could enable
the development of higher-quality and more productive varieties in the future. Overall, the results
obtained indicate that the application of agroclimatic factors, proper agronomic measures, and
modern biotechnological approaches in saffron cultivation plays a crucial role in increasing yield and
quality parameters. Nakhchivan's climate can enhance both the yield and quality of saffron. This is
precisely why Nakhchivan is considered very favourable for saffron cultivation. In particular, the dry
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summer season in Nakhchivan, The prolonged sunshine and mild autumn conditions accelerate the
vegetative development of the saffron plant, optimise the flowering process, and create favourable
conditions for the accumulation of biologically active substances, particularly crocin and safranal, in
the stigmas. However, there are some important points to consider, namely a proper irrigation regime,
good soil drainage, and the timely renewal of the bulbs (Table).

Table
CONDITIONS FOR THE DEVELOPMENT OF SAFFRON

Factor Demand for Saffron Nakhchivan conditions Adaptation
Temperature 15-25°C Summer hot, autumn mild Suitable
Precipitation Light (300-500 mm) Low rainfall Suitable
Sunny High Very high A perfect match
Summer season Dry Dry and hot Perfect fit
Soil Light, well-drained Suitable Suitable

The plant's corm is approximately 2—3 cm in diameter and is renewed each year. Its leaves are
narrow, fragrant and dark green. The flowers open in autumn, and the flowering period lasts for only
2-3 weeks [4].

Each flower has three bright red stigmas and yellow anthers; it is these stigmas that are dried
and used as a spice [1].

The root system is weak, located 20-30 cm deep in the soil. Saffron prefers a hot, dry, sunny
climate and light, well-drained soil. It is prone to root rot in damp and heavy soils [5].

The plant's chemical composition mainly includes crocin (the colouring pigment), picrocrocin
(the flavouring substance) and safranal (the aromatic component). These substances form the unique
aroma, flavour and colour characteristics of saffron [2].

Crocus cultivation in Azerbaijan has a very ancient history. Literature indicates that saffron has
been cultivated on the Absheron Peninsula for over a thousand years [6].

In particular, in villages such as Bilgah, Zabrat, and Pirshagi, saffron production has developed
as a traditional agricultural activity [5].

Six species of the genus Crocus have been recorded in Azerbaijan, but the only one used as a
spice is Crocus sativus L. [9].

The Absheron lands are considered the most favourable for saffron: the warm spring and dry
autumn weather conditions facilitate a high accumulation of aromatic components in the stigmas [6].

The aroma strength and colour of Azerbaijani saffron are considered to meet international
quality standards [5].

However, the production volume is still limited; one of the main problems is the lack of bulb
renewal, poor mechanisation and weak market linkages [6].

Saffron cultivation in other countries and a comparison: Iran provides over 90% of the world's
saffron production [7].

In the Gonabad region, saffron is cultivated using a traditional water-wheel system, which has
been recognised by the FAO as a “Global Agricultural Heritage System”. Iranian saffron is
distinguished by its high crocetin content and intense colour [2, 3].

In Spain, the main saffron-producing region is the province of La Mancha. Here, saffron has a
European Union “Protected Designation of Origin” status [8, 9].

Spanish saffron is characterised by its paler colour, but aromatic and balanced flavour [2].

In Turkey, saffron is mainly cultivated in the Karabiik—Safranbolu region. This region takes its
name, “safran”, from the plant. Turkish saffron is distinguished by its richness in phenolic compounds
and its antioxidant activity [2, 4].
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Cultivated saffron is a perennial herb up to 0.2 m in height. Saffron is one of the most famous
plants in the world; what makes it so famous are the stigmas inside its flower. The Assyrians and
Babylonians were aware of the irremplacable medicinal value of these stigmas since ancient times.
The three stigmas are reddish-orange in colour. The dried stigmas of saffron are used as a spice in
various dishes. In folk medicine, its infusion and spirit are used to treat various illnesses. In Eastern
medicine, saffron has been used as a key ingredient in over 300 medicinal preparations made from
various plants. In Azerbaijan, the dried threads of saffron are used in the preparation of more than 50
confectionery products. When a watery solution of saffron is added to meat and fish dishes, the
resulting dishes not only have a pleasant colour but are also tasty and fragrant. Six species of saffron
are found in Azerbaijan. One of these, Crocus sativus L., is cultivated. Until recently, cultivated
saffron was only grown at the Bilgah sovkhoz in Absheron. As the saffron produced on the sovkhoz
no longer fully met the demand of the republic's population, an agronomic method for cultivating
saffron was developed in several districts of our republic on the initiative of the “Bioflor” Inter-
Branch Scientific and Technical Complex and the State Planning Committee [10, 12].

The soil for planting saffron should be light and sandy. Yields will be better if 20 tonnes of
well-rotted manure is applied per hectare. Planting should be done at a depth of 5-12 ¢cm, with 20-30
cm between plants and 10-15 cm between rows. If the weather is dry after planting, a single, thorough
watering is advisable. During the growing season, irrigation, application of fertilisers (in July and
August), weed control and cultivation of the inter-row soil should be carried out. The saffron flowers
in October—November. In the first year after planting, the plants produce 2-3 or more light purple
flowers. The flowers are picked in the morning, and the stigmas are separated from them. The
collected threads are dried at a temperature of 18-22°C in a place away from direct sunlight. When
dried in this way, the collected threads can retain their aroma and colour for a long time. It is advisable
to store the prepared saffron threads in airtight glass containers. If these rules are followed, it can be
kept for 10-15 years without losing its quality. The dried saffron petals can also be brewed with tea
and drunk. The corm bulbs should be lifted from the ground when the above-ground leaves are
completely dry. This is approximately in May. The corms of the planted saffron should be lifted,
cleaned, and sorted by size every 3-4 years, and then either planted or stored in a cool, dry place until
the time of planting. If left in the ground for too long, the corms will become less productive and start
to break down. Anyone who follows these guidelines can grow saffron at home or in their own garden.
Its delicate flowers will not only adorn your room, but 3-5 of its threads will also colour your dishes
a deep-yellow and give them a wonderful flavour (https://707.su/efGV).

Infusing the dried stigmas, a mixture with honey, plucking the stigmas when the flower is fresh
and placing them under the tongue, or scraping the inside of an apple and filling it with the mixture
are all beneficial for the brain cells, in addition to having a positive effect on the blood vessels, it
prevents their calcification, and helps in the treatment of diseases of the retina, cataracts, jaundice,
liver, gallbladder, heart attacks, and gastrointestinal diseases. It gives the body strength, vigour and
courage. The stigmas of saffron are used as an invaluable medicinal remedy for infertility, while the
dried flower petals are used as an expectorant (https://707.su/efGV).

An infusion of the dried stigmas is used for jaundice, gallbladder and liver diseases. For this,
7-15 well-dried saffron stigmas are taken and brewed like ordinary tea in a glass beaker, or an
enamelled or porcelain teapot with boiling water. First, rinse the teapot with boiling water and pour
it out. Then, add 7-15 dried threads to the teapot, pour in a cup of boiling water, stir with a teaspoon,
and place it on a low heat. After 3-5 minutes, they add the remaining two cups of water, stir, and
leave it to brew. When the flower buds settle to the bottom of the teapot, it indicates the infusion is
ready. A cup can be drunk 30 minutes before breakfast, lunch and dinner. When the infusion is
finished, do not discard it; instead, pour in boiling water, brew it again and drink it. For eye diseases,
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5 dried saffron threads are added to a clean, washed glass, 2 tablespoons of boiling water are added
on top, and it is left to infuse by the gas or a hot oven. After 10-15 minutes, the infusion turns a bright
yellow colour. Two to three drops are applied to a clean (sterile) cotton wool ball and the eye is wiped
with it in the morning and evening. You should wipe the eye 3 times on the first day, 5 times on the
second, 7 times on the third, and 10 times on the fourth. During this treatment, the eye's vision
improves significantly (https://707.su/efGV).

5 well-dried (in the shade at 18-20°C) saffron stigmas are crushed into a powder. Then, a paste
is prepared by mixing in an equal amount of rosewater. Applying this ointment to the eye treats all
diseases that form within it. For pneumonia, headaches, and heart palpitations, one “Golden
Delicious” apple is taken, the top is cut off like a lid, and the centre is scooped out. Care should be
taken not to damage the apple's skin, and to leave a little of the flesh. Next, 10 well-dried threads of
saffron are placed inside, and the apple is covered with the lid cut from the top and left to stand for
24 hours. Every three hours, the lid should be opened and the aroma inhaled. It is advisable to do this
5 to 10 times. This will strengthen your memory, nourish your brain, relieve headaches and improve
your mood. It also helps well with tuberculosis and a heart palpitation (https://707.su/efGV).

For kidney stones, take 100 grams of pure honey and pour it into an enamel dish, it is melted
over a gentle heat, 50 saffron threads, crushed into a powder, are added, and it is mixed thoroughly.
A teaspoonful is taken in the evening or in the morning. For insomnia and headaches, 100 grams of
olive oil and 50 threads of saffron, well crushed into a powder, are taken and mixed with 200 grams
of well-sifted wheat flour and kneaded. Applying this soft, kneaded ointment as a compress to the
painful area of the head relieves headaches and is very beneficial for insomnia (https://707.su/efGV).

Like many medicinal plants, saffron also has its adverse effects. Although this plant has many
benefits, excessive use of saffron can cause a number of harms to the body. If taken in excess of 1
gram per day, it can cause dizziness, nausea and allergic reactions. For pregnant women, consuming
large quantities of saffron can increase the risk of miscarriage. Saffron can also lower blood pressure
in people who already have low blood pressure. Herbalists note that saffron should be used as a spice,
not a medicine. A very small amount of saffron is sufficient in daily meals. Thus, saffron has a
miraculous effect for both health and beauty, but it must be used correctly (https://707.su/efGV)

The bioactive compounds in saffron — crocin, safranal, picrocrocin, kaempferol and flavonoids
— have various medicinal effects. Studies show that saffron extract regulates serotonin levels and
has an antidepressant and calming effect by reducing symptoms of mild depression [2].

Crocin and safranal act as antioxidants and anti-cancer agents by neutralising free radicals,
thereby reducing cell damage and slowing the growth of malignant cells [7].

Saffron improves lipid profiles, lowers blood cholesterol levels, and increases vascular
elasticity, exerting a cardioprotective effect. Crocin is used in ophthalmology as it has a protective
effect against age-related macular degeneration by reducing photoreceptor damage to the cells of the
retina [8, 10].

Saffronal has neuroprotective and reproductive properties, enhances memory, and also has a
hormone-balancing effect [2].

Saffron is also used in folk medicine to treat a number of diseases; it is widely used for
gastrointestinal disorders, the common cold, insomnia and menstrual pain [1].

Grind the saffron, take half a teaspoonful and add 1 cup of boiling water. The saffron water is
ready. Pour the water into a small, dark glass bottle and store in the fridge. Take 1 tbsp of the
medicinal saffron water twice a day before meals. Take 1 tbsp of this mixture twice a day before
meals. This recipe strengthens the heart (https://707.su/efGV).
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Saffron Syrup comes from ancient Azerbaijani cuisine. It supports eye health, the nervous
system, and digestion, and has antioxidant properties. Ingredients: 3-4 saffron threads. 1 litre of water.
2 tablespoons of honey (or sugar). 2-3 cloves of cloves. A few drops of lemon juice (optional).

Water (a very small amount, for an aromatic effect). Preparation: 1. Soak the saffron in 2-3
tablespoons of lukewarm water for 4-5 hours (to release its colour). 2. Boil 1 litre of water, then add
the saffron water, cloves and honey. 3. Simmer on a low heat for 5-7 minutes. 4. Remove from the
heat, allow to cool and strain. 5. Add lemon juice or a few drops of rose water, if desired. It can be
served cold or warm (https://707.su/efGV).

Recent research in molecular biology aims to improve saffron quality by studying
apocarotenoid biosynthesis and the expression of the CsZCD and CsCCD2 genes in Crocus sativus
[8].

These genes play a key role in the synthesis of crocetin and safranal, making genetic selection
and in vitro micropropagation techniques important avenues [7].

Conclusion

Saffron (Crocus sativus L.) is one of the strategic crops with high biological, economic and
pharmacological importance. Its value is mainly determined by its bioactive compounds, crocin,
picrocrocin and safranal. These compounds give the spice its unique colour, flavour and aroma, and
also exhibit antioxidant, anti-inflammatory and neuroprotective properties. Studies show that the
chemical composition of saffron is directly influenced by the soil and climatic conditions in which it
is grown. Nakhchivan's continental climate, high sunshine and light-textured soils create a favourable
environment for the saffron's vegetative development and flowering. Meanwhile, mild autumn
temperatures extend the flowering period, allowing the levels of safranal and crocin in the stigmas to
increase. Azerbaijani saffron, particularly the varieties grown in the Absheron regions, is of a quality
comparable to that of Iran, Spain, and Turkey. Nevertheless, saffron production in the country
remains limited; the main challenges include slow vegetative propagation, the failure to renew the
corms in a timely manner, and a low level of mechanisation. Research in molecular biology and
biotechnology indicates that the regulation of the expression of the CsZCD and CsCCD?2 genes plays
a crucial role in the biosynthesis of crocetin and safranal. In the future, combining this knowledge
with breeding and in-vitro micropropagation technologies will facilitate the development of high-
yielding genotypes. The use of saffron in folk medicine and modern medicine further confirms its
pharmacological importance. Studies show that saffron extract regulates serotonin levels, has
antidepressant and sedative effects, improves lipid metabolism, has a positive effect against cancer,
and protects the visual system. In Azerbaijani folk medicine, saffron is widely used in the treatment
of cardiovascular, liver, kidney and eye diseases. Consequently, saffron is one of Azerbaijan's plants
with strategic importance and significant natural and economic potential. In the Nakhchivan region,
improving cultivation technology, scientifically optimising agronomic measures, and applying
biotechnological methods can significantly increase the productivity of saffron production. This
approach can contribute to Azerbaijan's “green economy’ strategy by strengthening domestic market
security and increasing export potential.
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