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Extended Abstract

Introduction: Climatic factors are regarded as the most important determinants of
saffron yield, as this plant occupies a specific ecological niche in various regions around
the world. Among these factors, temperature has been identified as the most significant
environmental influence on flowering and the quality characteristics of saffron. The life
cycle of saffron begins with the dormancy of the mother corms during the summer, a
stage in which the corms show no morphological changes or visible growth. In spring,
photosynthetic materials are transferred from the leaves to the corms, leading to the
senescence and yellowing of the leaves from the tip toward the base. At this stage, the
daughter corms have fully developed and are prepared for dormancy. Flower induction
primarily occurs at high temperatures during the summer, after which it is essential for
the plant to be exposed to lower temperatures to initiate flowering.

Saffron cultivation offers numerous environmental benefits, including climate
regulation, pollination, air quality improvement, oxygen production, soil stabilization
and conservation, biodiversity preservation, and carbon sequestration. The management
practices employed by women in saffron fields tend to have a lower environmental
impact due to their deep ecological knowledge, resulting in a reduced carbon footprint.
The objective of this article is to investigate the effects of climatic factors, particularly
temperature and precipitation, on the growth characteristics, flower and corm yield, and
quality attributes of saffron. To this end, some practical and sustainable management
strategies for this crop are proposed.

Results and Discussion: Temperature indicators such as the number of hot summer
days, warm nights, maximum and minimum temperatures, and cold days throughout the
year directly affect the growth stages of saffron, including flowering and the formation
of daughter corms. The primary stages of vegetative and reproductive growth in saffron
are influenced by climatic parameters, including the maximum allocation of dry matter
to daughter corms, flowering induction, and flower emergence. In recent years, climate
change has adversely impacted saffron growth through temperature fluctuations, cold
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stress, and damage from pests and diseases, leading to significant reductions in both yield
quantity and quality. Increased temperatures during the flowering induction stage can
result in lower yields due to delays in flowering, shorter flowering periods, and a decrease
in the number of flowers. The process of flowering induction in summer halts at
temperatures above 30 degrees Celsius and below 10 degrees Celsius. The optimal
temperature for flowering induction in saffron is reported to be around 23 degrees
Celsius. Additionally, temperatures above 23 degrees or below 15 degrees Celsius
prevent flower emergence in autumn, with the ideal temperature for this stage being
approximately 18 degrees Celsius. Rising temperatures negatively affect the duration of
flowering, yield, and quality characteristics of the flowers while also shortening the
flowering period. In addition to temperature, other climatic factors such as precipitation
also influence saffron production. For instance, decreased rainfall combined with
increased evapotranspiration can lead to drought stress and reduced yields. Changes in
precipitation patterns and an increase in extreme climatic events such as droughts, frosts,
and floods directly impact saffron growth and development.

Conclusion: Overall, climate change significantly affects the yield of flowers, stigmas,
and corms, as well as the quality characteristics of saffron. In recent years, climatic
changes have led to a decline in both the yield and quality of saffron. Three critical
sensitive periods for saffron plants concerning climatic parameters include maximum
allocation of photosynthetic materials to daughter corms, flower induction, and flower
emergence. An increase in temperature above optimal levels during these periods
severely reduces yield. Elevated temperatures during the flowering period result in
delayed onset and reduced duration of this phase, causing a substantial decrease in flower
yield.

Given saffron's higher economic and ecological resilience in integrated agricultural-
livestock systems, it is essential to implement effective management strategies that
enhance the resilience of agricultural systems by incorporating saffron cultivation. To
address the challenges posed by climate change and maintain sustainable saffron
production, it is recommended to adopt principles of sustainable and ecological
intensification in agricultural systems. This can be achieved by improving nutrient use
efficiency and replacing chemical fertilizers with eco-friendly inputs. Additionally,
incorporating nitrogen-fixing species in crop rotations, inoculating with mycorrhizae and
other microorganisms, practicing intercropping, planting cover crops, applying
superabsorbents, utilizing plant hormones, foliar feeding with nutrients and humic acid,
managing irrigation, ensuring appropriate planting depth, and relocating fields to cooler
climates are suggested strategies.

Furthermore, to enhance soil organic matter and control summer temperatures, the
application of mulch and planting cover crops, along with sustainable weed management
through the removal and placement of residues on the soil surface, should be considered.
These practices can also directly influence flower and corm performance and quality,
thereby mitigating the negative effects of climate change.
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Fig 3. Cardinal temperature range for flower induction (right) and flower emergence (left) stages in saffron
(Koocheki et al., 2010)
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Fig 5. The impact of delayed flower emergence on duration of flower harvest and yield of saffron (Koocheki,

FobgS g god S puw 9 (BT 0,90 Jogbo 10 g s
wole 50 9 S5 olas Guals (oaulS 0)90 Jobo
Koocheki et al.,) sgis 0 olyae; o Skae il

(2010
Slaws ool slags, sl asle gl sla asls
Sy lajg) olasi g Led Plas g 2Slas 0 5 slaces
oz 5l lyde) ged g 08, Sl p et by
Aies 5,56 g0 glaay S 5 eals
wWldlas S0 s (Kouzegaran et al., 2020)
Olyear Sl gl 5 Sl b5l Sl
Mibee olaey o S8bes 2 i Slapite (Lol
oblegs (Sahabi & Moallem Banhangi, 2021)
25 L8, (awelisS Slej slealols o s Hleo

)
el al> o o Las il onl 5 opdle (et al., 2010
oRIB ] ol )90 Jobo g RS | ged Copu o J5
55 Jolre (b 3B olS il ph pl yo g was e
33,5 od plonl JolS &j50 4 aalS Al 5o 5 0350

(£ JSL)

Koocheki ) aiss o )18 piboos casa ) o

2024)

iaals Juab (b Ygazo o5 2alS Uil al> 5o 5l g
J5 o5k 4l pe 0,5 o D0 WU slos Sl o
plie3g5 (25 555 oo Sl e ok 05 b sly 5o
423 YO slod ;0 (65518 59, V20 5l (e W5 o0
423 W slos ) boasy (6518 s 5 91,5 5o
Lyl s s (Molinaetal., 2005) aas #, ol 5 sl
el g delowil oo Jobo 4 59, 80 S9u> 0)93 (l gy
IS llys s ol al> e onl sl sl (oo
- S8) casloas (158 oS il 4z ;0 VA=Y us
CoksS p ipen o JS S5 50 3B Y 5 Y lo
3Shes 39,00 5 G 523l 5 )00 8l U5 0 Shee
opl a8 (Koocheki, 2024) sas oo rals ol 4 |,
a0 (6,108 ey g Lo L 5U Coonl saimo ylis alius
oS el Lasiie ool il el yie 2l
OlFise Ol goi 5 aby 2 les 3l i ol
OlAe; Sl dnngi Sy pae ln 1) e slas ),
Dged Sl o caaS g 0 Slee oli8l L ool jen
Oiali8l canl oads ools las £ S o 4 jables
(25 0 Sl Gkl eulS Wl A e o L



\F ¥ OMU)}L@{ ) a)Le.i'a c“‘u\la-ci)lficj GL“J"“)}, 4.1}.2.; \AY

Sl axls o s a0 ,Slee Ol pus 3l s, YT
Ol cpl (iogh ol j0 b eols Cas ples
S0y oanl jo 0,Sles wig) 4 a8 S Al iz
S ygeo a4 Glol 3 sl sl liw gl 0 (Y- Y0 JLo)
09a> 5 (ol b dgiie &5 (g sbay all oo clalS
Sga 50 (o b pellS g LS jo 0,5 lS ¢/
DS g e ooi e LS )0 p,5els /e

(Y Jpi) 5,5 wialgs 4y |, 5 Shes als

=
k=

o
3

$2°C

o
=4

+1°C
+0°C

(days)

(395) 323 Job

Development length

[
1=

o

Temperature (°C)
(1,5 il 4= o) Les

(393 39 ) g3 sy

Development rate (1/day)

& e godldl Dy o Loy (5 Silee 5
Job 20l o b 5l g S JSis g el 0 n3b
Koocheki et al., ) sgi 0 lyae; ;o (235 0)50
Sahabi & Moallem ) Ko olee 5 olo (2018
dod (uSle yurite a5 Gisly Lis (Banhangi, 2021
Ol ol yo ol yae 5 0 Slae Ol i 5l as ;0 FY og0>
Splivw s plo )3 5 0350 hrog | 40020
ol bole lyeas Los 2Slas st 5 lal 5 (b
0F &5 5okl (Brre g plulid o Slee Ol pots

+— +0°C
08 1 +1°C
061 +2°C

041

0 T T T T T

18 20 2

Temperature (°C)
(31,5 Slw a2 )0) Lo

(Koocheki et al., 2010) ¢yl yie 5 30 903 ae yow 9 BS 0,98 Job oo 13l .5 Ui
Fig 6. The impact of temperature on the length of flowering stage (left) and development rate (right) of
saffron (Koocheki et al., 2010)
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Table 2. The stepwise regression between climatic parameters and saffron yield in Khorasan province (Sahabi &
Moallem Benhangi, 2021

o as ¢ § Ly oy t o, P TP - F oy s M
O e S ¢ p) - odds ol E ‘50‘.] P
City Predictive  coefficient  coefficient P value R square Adjusted R coefficient df P
variables square value
@9 Ce S o2 oefls
Torbat- Average -0.651 -3.831 0001 0423 0.349 14.674 1 0001
hevdarive  EMperature
Los iSlas
e Max. -0.702 -4.407 0.000 0.493 0.467 19.423 1 0
Mashhad ~ temperature
(°C)
Los ST
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Kashmar  temperature
(°C)
los ST
e Max. -0.614 -6.477 0002 0377 0.346 12.093 1 0.002
Birjand temperature
(°C)
Lo aSlas
.55
< Max. -0.750 -5.074 0.000 0.563 0.541 25.749 1 0
Qayen temperature
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Fig 7. GDD trend for saffron during 1996-2024 in Torbat-Heydarieh County (Moradi, 2024)
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Table 3. Correlation coefficients between environmental and climatic traits with flower and stigma yield and
quality of saffron (Farrokhi et al., 2021)

JF o Shos AN 5 Shac Jul 3t o?sws;-fs;-_x s
Elower vield  Stigma vield Safranal Picrocrocin Crocin
y gmay content content content
ol Sashy 0.25 0.28 0.18 0.22 0.31
Relative humidity
obwo o Jlas gl
Minimum temperature in -0.38 -0.21 -0.27 0.05 0.29
winter
Gl yo ySlos gloo
Maximum temperature in -0.37 -0.55 -0.12 -0.55
summer
N lines . clbias Slusd
Gl gl slagy, slas 0.04 0.02 0.04 0.22 043
Number of annual frost days
aYlo bwgio glood
Annual average -0.12 -0.15 -0.09 -0.25 -0.38
temperature
WL (FN)0 bungie 0.25 0.20 0.19 0.48
Annual average rainfall
" 5l el
£)° T 31 )] -0.30 -0.23 -0.19 -0.34 -0.44
Altitude
Lol i
et e 0.27 0.22 0.20 031 041
Latitude
e
bt Jsb -0.10 -0.03 -0.16 -0.09 -0.09
Longitude
IEIEOON=08IE07N 06 -05 -04 03 -02 -01 0 01 02 03 (04 NoSHECEHENEENEENEEN
o ke Ko LN S e STt

High negative correlation

Non-correlation

High positive correlation
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Table 4. Indicators of saffron flower and stigma weight under soilless culture according to nutrient solution
temperature (Chourak et al., 2021)

T (Ll azyd) olié Jyloee sled
Characteristic Nutrient solution temperature (°c)
10-15 4-5
o o 1F slasr
2000 U5 S 2.61£0.19" 337045
No. of flowers/corm
(U5 il 4 F ) ADIS 3
Stigma weight (mg/flower)
s 4072+ 1.89= 42602199
Fresh
o 7.02£0.42° 8.46£0.96
Drv
(2 i) abls | Jals
Length of stigma (cm)
s 302£042% 3332007
Fresh
T
228+ 0.02= 2.31+0.05
Dry
oL o azy lad
Diameter of corms/plant
P B F A RO i
S VO S A 22.00+ 346 22002232
Diameter<1.5 cm
KT T/ TSN
- ,‘TUL“‘ 8 o s 22.00£ 245 23.80£3.11
Diameter=1.5 cm
(450 05 T s
Leaf weight (g/corm)
s 7857+ 11.18™ 81.13£9.72
Fresh
Srs
2372+ 2.47= 23.80+0.70
Drv
(4 3 0,5) a2y 0y
Root weight (g/corm)
= 16.85£3.96™ 12.38£3.38
Fresh
Sns
232+ 040= 1.75+£0.39
Dry
Vo0 s s 55 a* % ns
a0y ) 90 mhaw o (5l gixe (s I Sre pie i Ty T

ns, * and ** indicate non-significance, significance at the 5% level, and significance at the 1% level, respectively.
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Fig 8. Interaction effect of freezing temperature and field age origin on electrolyte leakage in leaf (ELL) and
underground tissue (ELuv) of saffron (Koocheki & Seyyedi, 2019)
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Fig 9. Relationship between the annual rainfall and yield of saffron (Dastranj et al., 2019)
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