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Extended Abstract

Introduction: The common method of traditional saffron production is its production
under open-field conditions. Recently, due to climate change outcomes attention has
been paid to its production under controlled conditions (hydroponic and aeroponics). In
the last two decades, decrease in precipitation, increase in temperature during flower
initiation phase and consequently the abortion of some initiated flowers, delay in
supplying the proper temperature for flower emergence in autumn, poor soils quality
which renders difficulty the flower emergence; have led to the decline in the flowering
capacity of saffron in several countries under natural conditions, progressively.
Accordingly, its hydroponic production could represent a possible solution for reducing
the above-mentioned problems, due to the lack of soil, the proper temperature levels,
and providing appropriate water availability in this production system (Behdani &
Fallahi, 2015; Aghhavani-Shajari et al., 2021). In addition, under open-field condition,
the flowering period of saffron lasts for about three weeks, and during this period of
time, high labor is required. To solve this problem, it is possible to extend the corms
pseudo-dormancy stage and the flowering phase by using the hydroponic systems, with
a controlled environment. In saffron hydroponic planting systems, the amount of water
consumption is reduced considerably which is important in dry regions. In addition,
flower harvesting in hydroponic system is faster, cheaper, and cleaner, because
environmental factors such as wind, dust, and frost, have no effect on flowers (Behdani
& Fallahi, 2015; Aghhavani-Shajari et al., 2021; Fallahi et al., 2021a). However, it is
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necessary to compare the two systems of open-field and hydroponics in terms of the
amount of flowering and the quality of the produced stigma.

Materials and Methods: To compare the effect of saffron corm planting systems
(including 1- wunder controlled environment (hydroponic) and, 2- open-field
environment), on flowering indices and stigma color parameters (Hunter lab color
scale), an experiment was conducted in the research field and horticultural physiology
laboratory of Faculty of Agriculture, University of Birjand, during 2019, with four
replications. In open-field treatment, the corms were planted in soil at a depth of 10 cm
and density of 100 corms per m?, while in the hydroponic system corms were planted in
trays (30x40 cm, 100 corms per tray) and were transferred to incubator (temperature:
15 °C, relative humidity: 75%, 8 hours light, 16 hours darkness). In this experiment, the
traits of flower number, flowering rate, flower yield, mean flower weight, flower
length, style length, stigma length, dry yield of stigma and petal, anther yield, and
Hunter's color indices including brightness (L), redness (a) and yellowness (b) of
saffron stigma were measured. The two planting systems were compared using t-
student test, by SAS, 9.2.

Results and Discussion: The results of analysis of variance showed that there was a
significant different between two experimental treatments, in terms of the most studied
traits. Based on the mean comparison results, there was no difference between
production systems for the number and yield of flowers. However, the maximum
flowering rate (5.82 flowers day™) and the mean flower weight (0.34 g) were obtained
in the hydroponics system. Also, planting corms under controlled conditions resulted in
the maximum length of flower, style and stigma (7.38, 4.40 and 2.49 cm, respectively).
In addition, the highest dry yield of saffron stigma was obtained in the controlled
environment, so that this treatment was superior by almost 14% compared to the open-
field environment. This finding is similar to those reported previously by Maggio et al.,
(2006), Aghhavani-Shajar et al., (2021) and Khan et al., (2022). The comparison of the
color parameters between the two studied treatments showed that the maximum
brightness (L) and redness (a) of the stigma (57.52 and 15.41, respectively) were
observed in the hydroponic system. In a similar study, it was reported that stigmas
obtained from soil less production system had higher L and crocin values, while
safranal content was significantly lower in comparison to traditional production system
(open-field), which means that stigma produced under open-field was some darker in
appearance but had a higher aroma (Aghhavani-shajari et al., 2021).

Conclusion: In general, corm planting in a controlled environment increased stigma
yield and improved partially stigma colorimetric parameters.

Conflict of Interest: The authors declare no potential conflict of interest related to the
research.
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Table 3. Comparing the flowering parameters of saffron between natural (open-filed) and
controlled (incubator) production systems.
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Pvalue 0.423 0.034 0.711 0.040 0.0003 0.0001 0.0015

G il (oo an Ve e plen et adgs sla S 50 )5 i b o Slae 5 A G L B 58 50 oud axllS an Ve il 4 S slass
(Dd CuiS ayeyie Vg NY 50 ol 5 A slae e g Sidgrg s CulS Gt jo A0 Ve
Yields are based on g per 100 planted corms (These 100 corms were sown in hydroponic and open-field systems
in 0.12 and 1 m?, respectively).

2l 5355 5K 5 S Dol Gk 51L 5 e
Sl Gl an 5 IS o0 Shes (g oe e 50 S
cls Lulyh o ol plis 58 608 Gagh @l
Gor SR oS b b (S o olie; ol
B olaws ildl coge o gl VO 4 YO 5l cuils
Sharifi et al., ) o x,00 ;0 s3e #Y 4 YA
Gos lS a5 Caul (gy500 4S5 ol S (2021
5 )l 0 s gl a5 able o @ cils
Sl U SS Sae 4 a0 5l (g lo o e bl yo
Behdani & Fallahi, ) oib o Slles (Jlo 9o

(2015
VY g Siigygyad baame jo S9iS ialejl 5o
a8 adgs (p)5 Ve bawgte ()39) an e il 4 S
Mollafilabi, ) M ioleyl o (¥ Jgoz)
Lugie L) s o slil 4 5 VYA laie ol (2014
Poggietal., ) o,Kep 5 5L 09 (o,5 VOIO (35
odds S bl o |y oyl yae s sleas 55 (2010
Looad cuS dn o Gl G 9 W35 6l
J5 oae YN g VA cdia )5 Ve g ) s
oy plias 5 6,00 Gaisw bl eSS cul
F LY (S5 sloegS 5o plye) slady (aulS wo )0
Sggee byl o oSV LA SALF FUY
Fallahi, ) e 0o 0 AD s YAV ONVIY ao ool 5o
Sigssyied ol g ) ool ol (2023
doan oulS w5 golasdl azgr Sl s

Ol 5o ead oSG I g, amalie byl
A Y 5l (S Ol 55 Aalllas b s
3 od D2l Sigigyoed phus ;3 (25 (09
Lulys oled poged mald pos a |, G55 Grales]
SIS Al ye i (b egatar (palS oollas
Glas e Sldllae ol Cand oals Jyu8 lmlyd o
Jol Jlo jo a5 glean ws e a5 ol eols las
ol ol S e S adyi S iy s sl
1 eyar e ,o (Behdani & Fallahi, 2015)
2 2SNV A Gl clls Lulis o e
s aslol ool anle i (s lade ) 4 aS oy S
W3g05 3dgs 5 Jol Jlw 50 s vo o TY sg0>
-l lawg lie o (Fallahi et al., 2018)
Khandan Deh Arbab et al., ) |, 5 Sb)les
QT 5 a5 al eanlie oedd cdb L S 0 (2020
s o ,s Ve ogas laasy ()55 4 diny bawgle jolas
oilesl 0 8925l Lo, 5wy Jol Jlo o
vk asyie lame o an S led jo (SeS
adgs 8 sae G bas ao s YY squ j0 Sl
5§ S il Aol cowonl 9590 cpl () Jgux) ol
cely; 5o wslhe 0,8les Jpax oz 1) i Gos
Sl Lgs (nl Gl G 45w e i ol i
Aghhavani-Shajari et al., ) o,Kee 5 5,28
obe byl cwl a8 15wl 5,9 55 (2015
a8l sl lacpe; o laey clls Loasils



VE Y Okl 5 5l ) oled Y s Ol e 5 gl i g 4 43V Y

Jouz) auS o Giolislae e j0 an Cils b avslin
9 o9 oo Jold aze Jelge canlio enl)d (F
oo e Jolse 5l oot JpuS larmme )3 (oo Cusb,
Fallahi et ) ool oo o1 izl 9 U5 o, Sial38l 5
5 Job il s 6,5 Liabeyl e @l 2021a
oo ;o an cllS Ll o olhae) sloS ojs
A 55 slae s pe pians b dglie ;0 Sigrg e
o sleasl (Aghhavani-Shakari et al., 2021)
(Khan et al., 2022) ,Ken ¢ 5 bl b b
Lo 0 5 sk 5 0j9 o s SloFen 58
T95 2lr 5o Sueglie 925 pae 5l (AL Sigrg e
5305 5> BJS o ol LSS Jsbo ial3dl 5 U5
Fallahi et al., ) ol o (diwsy oo S mlaw 4
s 50 5 Al b sl (2021
bdye po J5 JolS cllo s ay wlgh g0 Sisgyg i
St 3925 pas Jdo a bl b e 1n; sl
3 S I 0 wedise s 5 clloy il
acyio hae o oal ady g S clly >
S SB G 50 ol gy Ll g JSes 5l iy
B3 Ol a4 0T 39 9 IS wd corizmen aile o
S sladiler 4 plBS JESH g & Sy g a4
5 (Behdani & Fallahi, 2015) s ls K sasas
4 Sdggyied piesw ;0 ShlE nl s o
5 Jsb (I3l carse g sy £985 (5 Fmmlie JSCU
el 00l IS 59

auld e o8 SVsams Glyica o2y 5 SRS
Sys0 FeS oSt oS anl e led 4 pliae oy
e 5 pgyld o I8 gl g wilaid 3 1,8 ax g
m elel » (Askary et al., 2023) sia
CBlS s 99 o S S5 o Slae iales]
Dglds 0ad JyuS bame ;0 Sl g 4e 50 p0 ol i)
S50 40 (SQ,JLMA s (v S) RN 6)‘06;M
30 ;@ g del Cawdy (Slag + als) oz o Sles
IS8y axzd )5 )18 55kl 09,8 oyl g
Sfkee S5 5l CBlS piacns 95 w92y cal b (Y
P e Olsea (AN 4 als) Sl
Golel el s olhae; o golazdl 5 auls
ol JyuS Lz o ol he SS9 Wdgr (6510 e
© parle ol Jade sao,s VFIY sep cge
AV USS) al de e 50 A CuilS e b s lans

5 ged oolaal man s b oglean 5l sl
So 5l S Suigigyaed plens )0 (G8S SiBo
Sype e 5l yeS aS b adgi a4y e sl a4 S
(Poggi et al., 2010) alie olisle;l mbs 5 ,Ual
uio“Lc)"i ol e as el QT 3 ol Eadge (pl oul
9 b Gy remb e 0 4y (515 Al
S Gboad JpuS bl e S5 b Al e s
>0 YY B YY sgu> 65155 cuys canlie sloo
biw 4 e Wl oo YL boles 5 ol of 5 sl
sl 5l .(Molina et al., 2005) sgs o J5 51 55
o0 ot e Gl o ol gles Lialdl oS
Moradi Moghaddam ) sles JSCal jlo 1, ol jac;
2l S8 Limbesl yo 31,00l 5l (et al., 2023
Vel e o (6 s 00 J 08 Ll 15 55 55 al> e
L8lge Gl an o Gl 4 ead gy S slass
OSes 5 xd Sledl by gsose
0=l 9,90 5 (Aghhavai-Shajari et al. 2021)
-5k wd plo (6,0 Baios o cwl 485 )18
2 g 0al gz, S 3l olesls s Lawlgl jo leay a5
ot JalS gy S b 5 SIS Ao 5o
Jf d).il.o& L}.:)...m...: ‘09.{:: T IR J)MS Ja;‘).m
oo o (Mollafilabi, 2014) el Joa> LB
B sk 9 RSNl Jole e 293 0 LS
G g Y i olie) oaals bl o
as (Fallahi et al., 2021a) o o905 woys Y-
3 osthe Lyl cou an 6l S wes o olis
@ S 2 ook b S GRS Ay
50 O o gme WS sas gzg Loojls lyae
ey oS 0 Slas g olawy Gl 5l S s
3 i o VY sad a8 pieew jo 2ulS
w5 e 4 (V) Jguz) 39 slaepe Sl s
039 bl eas JypuS e Sl Jol> o S
P B e 0 hegie &5 )5k 4 woe st
o JyS Lae 45 g 0,5 /YA Glas)je e
A talosT lajlas (e eizmen 02 05 < IYT
Sl Sl s Jsb s NS Jsb o J5 Jsb
03 Jf..S NEYER 9 CslS POOVE W odaline
dsb o s YOIV glie a0 S Job b 0l czge
3 o, YIA Gliaes NS Jobs 5 a0 YA aol>



VY s 53 (Crocus sativus L.) Ol as 5 IS K, L;uup:u}u»,u? e 0L Ken 5 >

25 221 217
3 B
>_ 5§ 2
by g T value= -0.42
\;L .8 1° P value= 0.687
J rEE 1

o O

R ? = 05
b1z
g £ Contolled environment Field
< o

(oMJ);JJa.:m L A_c)}a) Gb..\lf]a.:u
Flowering environment

Fig 1. Effect of production system (field and incubator) on dry petal yield of saffron.
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Fig 2. Effect of production system (field and incubator) on dry anther yield of saffron.

4 £ 0> 0.4

Dw & 04 0.35
3 S 2

vy § 03 T value= -8.66

3 <52 P value= 0.0001

3 ¥ 8E

+ j 2 30.1

3 3 3 0

R ;‘ Contolled environment Field
2~ 5 (OMJ]MSJQ_WIQAL)JA)GQJKM

Flowering environment

Olyhe 5 SAS AN 5 yShos 3 (555l b 4 30) Sl a1 Y SIS
Fig 3. Effect of production system (field and incubator) on dry stigma yield of saffron.



\FeY th.zl}'})\@;.c\ e)la.i: AR %a&‘;&j&&ﬁ)};ﬁfﬁ\'\c

(9 laSil) o S g (48 )50) (sxab banmo 3 oukol Cauwd 4y oyl yie ) AN S5y (slo p L i . P Jgur
Table 4. Comparing the colorimetric parameters of saffron stigma obtained from natural (filed)

and controlled (incubator) production systems.
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