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Effect of superabsorbent application on physiological traits and stigma yield of
saffron (Crocus sativus L.) in deficit irrigation conditions

Azimi Gandomani, M.t and Alinaghizadeh, M.?
ABSTRACT

Azimi Gandomani, M. and Alinaghizadeh, M. 2025. Effect of superabsorbent application on physiological traits and stigma yield
of saffron (Crocus sativus L.) in deficit irrigation conditions. lranian Journal of Crop Sciences. 26(1): 316-332. (In Persian).

Introduction: Saffron, an important crop in Iran's arid and semi-arid regions, plays a significant role in the livelihoods
of farmers, and increasing the non-oil exports’ incomes of the country (Ahmadian et al., 2024). However, the
limitation of water resources has imposed some challenges on expanding the cultivation and production of this
valuable crop. Limited studies have explored the interactive effects of moisture-absorbing materials, soil conditioners,
and irrigation regimes on saffron, particularly on product quality. This experiment aims to address two main
objectives: (1) to assess the impact of water deficit on photosynthetic pigments, antioxidant enzymes, and saffron
yield, and (2) to evaluate the effect of superabsorbents on photosynthetic pigments, antioxidant enzymes, and yield
under various irrigation regimes in deficit irrigation conditions.

Materials and Methods: This field experiment was conducted over three growing sesaons (2020-21, 2021-22, and
2022-23) in the Ziayar region, in Isfahan Province, Iran. The experimental design was split-plot arrangements in
randomized complete block design with three replications. Irrigation levels (50%, 75%, and 100% of the water
requirements, which was severe, mild and non-stress, respectively) were assigned to the main plots, and the
superabsorbent, Stockosorh, applied at three rates (0, 50, and 100 kg.ha), was randomized to sub-plots. Saffron’s
water requirement, estimated using the Cropwat software, was 3280 cubic meters per hectare, calculated based on
long-term meteorological data from 1994 to 2018. Irrigation was carried out using a counter-meter system and applied
to furrows. In the first growing season, the first irrigation was done immediately after planting, with four irrigations per
growing season (pre-flowering, post-flowering; mid-March, and late April). Irrigation rate for the 50%, 75%, and
100% levels were 1720, 2580, and 3440 md, respectively. Measurements of photosynthetic pigments, antioxidant
enzymes, proline content, and membrane stability were taken during the growing season from the young developed
leaves in December at the saffron vegetative growth stage.

Results: Water deficit reduced chlorophyll,, chlorophyll,, carotenoids, and total pigments over the two years of the
experiment (2021-22 and 2022-23). In contrast, the application of superabsorbents significantly mitigated the adverse
effects of water stress in both years. Results showed that under all irrigation levels, the highest amounts of chlorophyll,,
chlorophyll,, carotenoids, total pigments, antioxidant enzymes, and membrane stability were obtained in the 100%
irrigation levle and application of 100 kg.ha* of superabsorbent. Additionally, as water deficit intensified, proline content
also increased, while the superabsorbent application reduced leaf proline content under all irrigation regimes. The results
demonstrated that the highest chlorophyll, levels (5.60 and 5.30 mg.g™ fresh weight in 2021-22 and 2022-23,
respectively), chlorophyll, (1.40 and 1.37 mg.g* fresh weight), carotenoids (3.10 and 3.40 mg.g* fresh weight), catalase
enzyme activity (3.81 and 3.69 umol.min™.mg? protein), superoxide dismutase (27.6 and 26.1 pmol.min.mg? protein),
peroxidase (29.2 and 27.4 umol.min™.mg* protein), fresh flower yield (155.9 and 191.7 g.m?), and dry stigma yield (1.18
and 1.78 g.m™) were measured and recorded in 100% irrigation level and application of 100 kg.ha* superabsorbent.
Conclusion: The results of this experiment indicated the positive effect of irrigation and superabsorbent application
levels on the physiological traits, antioxidant enzymes, and economic yield of saffron. Physiological parameters such
as chlorophyll, carotenoids, membrane stability, and proline were also improved. Irrigation and superabsorbent
application levels enhanced antioxidant enzyme activities (catalase, superoxide dismutase, and peroxidase). These
improvements were particularly remarkable in full irrigation (100% of water requirement). However, even under water
deficit conditions (50% and 75% of water requirement), superabsorbents reduced the negative effects of water deficit
stress and improved saffron leaf physiological responses. The results also showed that in water deficit conditions, the
application of superabsorbents reduced the negative effects of water deficit stress and contributed to enhancing saffron
yield. These results suggest that superabsorbents can be a beneficial soil amendment under drought stress conditions,
improving saffron growth and yield.

Key words: Antioxidant enzymes, Flower yield, Photosynthetic pigments, Saffron and Stigma yield

Received: October, 2024 Accepted: January, 2025

1. Assistant Prof., Agriculture Department, Faculty of Technical and Engineering, Payame Noor University, Tehran, Iran
(Corresponding author, >< Mohammad.azimi@pnu.ac.ir)

2. Assistant Prof., Agriculture Department, Faculty of Technical and Engineering, Payame Noor University, Tehran, Iran

Y\


mailto:Mohammad.azimi@pnu.ac.ir
https://agrobreedjournal.ir/article-1-1390-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-05-20 |

AT AP osl3 B e 5 Sd adienclis ) IS s Slee 5 S5dp 8 G S i il e e I

LS 5 Les il Lal 58 o CuiST SUistdas
LS el L5 o (el D i 5155 L
opsts oo (Rl 2 58 0T J pamme kS 55 Shes
5 A Ol 2alS el olS Uk 0y03 0
LS b e O e s SaadNST D eSS
SalS el gl G JLSas 5 La 5oL Ol
ST g sdsn ) &8 258 0 ST s,
S slie ralS w5 @Bl it F1elE oS540 50
SLSKist 558 a0 SUT 5 Lags ey 0 i oS
G s i 5 0ljhe AU Ol s ok sl
ST ablis gl eopl plo o5 58 oo J guames Bl
GolsT ang b is) 5l eslimnl (ol Ol uks  iie
;,\w\a;ﬁ,g_ﬁ.ﬁ\é_;&%;w(.u,\gua\,
.(Ahmadian et al., 2024)

S los 78 Sl SN sl sadlw )
ol w;)lquj)jw)agTL;))oﬂ{&\}\
o s 5 Sl TS oz S5 bl y pl 53 ol
oo .ol 43 S 1 5 a5 5500 oHLT Solads
OS5 Sl eslil Ly OT 28,5 51 (6,8 sl
a5 35 g IS LS, S Ol e ST O3l
oo €SS O3l g 5 e 3l eslizul Lol 4 S 13
e SIS alST (S 25 L ablie gl ke
.(Smagin et al., 2014) Cul o1, 3lald 55 0T
Lt 5305 0015 5l e Ol greds 3l 5
23 903,5 o 3y ol Lole 5 OT (6ol ,luas
oslital 1S ST S | T 0lLS 5L Ll s
@ ole s OT bbb aile 5
Ol 1 LgT a0 OLalS Ol o s 5 ok &S
3 ST s s el slge S (0 2y
i Al s 53 olS 03 g s Mg Sl
Mg o s &S sls olas ﬁbdeﬁi@h} D g o
oS Ay ary JoB sl el O3l
ST Slamn 5 i 5 Oladl ¢ Jd s IS (sl i
Sl s K 8 gleasy OT (i

YA

doddo

Sl 1 S Olssas plsn 5 OT S i
spb lid o S5 S 0,5 03 Sl 5
— e bt s e Dl Sl S
315 b 5 6555iS Slapimen ST ML
055 35 o s Ol a5 opl BT .(Yang et al., 2021)
ESts ol L ble 5 035 03 28 Sl (5555088
Gladaly 5l oler Ll pla i jmiw S isaas 5
Sl el 0T il 5 5aS iy o T OT
s o ol 5 LS oo it sban S
o 5T A Sl Rl 5l 5 e A
LT slad o ML g s 52 AL e
« s> s > (Gorjian and Ghobadian, 2015)
SIS it O wlis Sl o Ve s>
S Ol 53 Ol opl 5355 0 031> olazs
Sl 03 52 g0 SleMbl bl iy o sy 4
A3 OF sg9d> Ol ol s <ot sla Sy, u.i\)lf
S S aBl ann g gla)siS L awlas j3 &S il
o)l eS8 il e deoy3 40 BV 0T g LT
ol oo s (gluaig 4 5L eiasOlis oslis
Sl T o e (650 2 )33 1 01 53
Shesleul bl ol .(Ahmadian et al., 2024)
52T e SalS 6l olT (s Slae s
o Sl bl ol T el 61 5508 2ol B

2950 oleds
=SS Ol seas (Crocus sativus L.) ol i 5 sl 5
Gblie 53 05 940 Ol ml 53 (§555LES pgs slals Sl
oty el Vs b bl 3,3 Lt B3
oS Ol pies A5 L bl oal byl 5l 3l (65l
A5 5 iS5 e S 01l il ) 5
Sl Lal e3,15 1y Olgar Jsl 4y O ie § 4¥ L
S5 e Ly il s i, Shas
oS &S5 Ol Ol el 5oy oS A
5 &St Ghlis )3 ame psbas (St 4 Jose


https://agrobreedjournal.ir/article-1-1390-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-05-20 |

w.r;,m;&,)m‘r;;}%u?"'otﬁlgw'(.,u4{,;;"

L e s Sl s3T5 3
odb (515 pagad as 50 L (6 e Sl ¥
e ol s ol i s b cla Sy s
Sl e cpma s (Y Jgdmr) LU s S
@upﬁcﬁwﬁ;&;pﬁﬂuﬂ
AT ol 035 b @ a5 L L CBIL Ol jae 5 sl y
(a3 55 3 oslitul Canl e ovan 5 S L
S a3 o5 Y0 e 4oy ol 35
e s s Ol 6055 Sl bl Al sl
j\fé_wé)\_&a)apfj_l:f\\" Sldie S
S 53 S LS 5 s 5 Sl g e
S 4y Sl b ey Sl e w1l
355 o m e a a5 L i bl 0353
«(Ahmadian et al., 2024) Ol ae ; Celyj 55 055 20
03 Shala3T s (g )lan 55 055,25 355 5 e
o 5 0ui ol acalsh Olas 53 L i o
s 555 ol Jlo aw a5 LasleiT sl S
..UA.&AAL@IS\.&A_:JLAHJAH&W
Trb oAb s el B G S ) s i leST
s el 1SS e L ol JalST (slacS sk
O o e 53 65 TeS” Jols (20leT slajles
A N B -V W 5 P B B RV WP RURPR 7.
w3l 5 ool Juale Ol gean (G5 O 5 Lo st
eSSV 500 i) g Sl O3l s
Las a8 L s oo 3 ke Ol siea (GBS s
sl 5 S5 sla S5 .(alili et al., 2018)
D8 o3 S 548 358 bl 3l g
Ol o2 o) St o8, SuslsasT 5w
S 5 Gl ol S Y J gl 3 b g
e OO ST o3l e sla oy !
o= islaj3T 55 .4 s (Sodium  Polyacrylate)
ol bl s LoalS Olaj 53 5L K O3l s ey
g faile Y B0 Gas po aly) ann g b 5 baay
(Ahmadian et al., 2024) 4& o5 31 ¢Sl

¥4

ST (5T sl 5T Il 5o (St
) | RN V. VRIS - P VNI VO, I URN W]
Jop = talaiT bl (Li et al, 2018) Al
oS s, (Khorramdel et al., 2013) ol,Lan
3l gy ey 3 ame 4 Sl DL Ol e
5 G e s NS S O el sl
S a5 S )58 (Safari et al., 2018) O, s
3 g el S L ol L O3l g 5 e
015 53 Sas Dlio 5 (K555 50 5550 Dl
OHLSen 5 gy s Sist i Ll 5 s
o3l wl 48" WSsls 5,15 (Heidari et al., 2018)
S 355 ) 35S Lol an O3 5
63, Shos Gla S35 a5 o605 Esl
S b s (S i a5 s 0 s olE
Uil =S (Khoshpeyk et al., 2022) of,LSs 5
a0y sSlew 56 L ol ot bl s gun (2 e 457 Lisls
S 5 oS Sla S s am s B g el
S Ol jis
RIS Sl ) Sl 5T Gl
Slr 5T o6 i 3 saa 1S5 (gl e
Lo =Y 5 0l e NS s Shas 5 SlnSTl &T
LIS Gl o Lasdlr o (5 an
NS 3 Shee 5 SIS BT (sl 5T (s o 52
Lt oSt 81 S5 )3 (LT lasles 55 O jie

B rg) 9 2lgo
AN P ol dle an b ol ile)T
A SsST 53 VPISVEY 5 VF N F
5 dob Olae b Olgial Obem b ol 5 51505
5Pz 0) 5 Jled a2 ¥Y Gl S e
SLa S 5 i |l Ly ys ala 51 e VOV i
SN g 3 aladT sl Jous olsn 5 ST

) ol


https://agrobreedjournal.ir/article-1-1390-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-05-20 ]

AT AP wosl; B Je 5 A bl jis; S s Shes 5 S50 8 6l S5 il s (3 e I

(VFA=VF Y VP ) VANV F ) i lo3T (gl ol oo ol o eI - J g

Table 1. Meteorological information of the experiment site (2020-2021, 2021-2022, and 2022-2023)

Min. temperature (°C) Jsla> sbs  Max. temperature (°C)  Slu> sles Rainfall (mm) Sw,L

Y44\ F. e ALEEER ] S VFeV-NFeY Y443\ F. VFeeVFy VFeV-NFeY 1¥44-\f. VFerVFY VFoV-VFeY

Month A 202021 202122 2022-23  2020-21  2021-22  2022-23  2020-21  2021-22  2022-23
Sep. 23 - Oct. 22 e 92 10.1 9.6 19.3 20 185 0.2 05 0
Oct. 23 — Nov. 21 o 34 5.2 48 15.6 16.8 17.2 3.2 4 3.8
Nov. 22 — Dec. 21 ST 01 1.0 1.2 12.2 135 14.2 10.3 12.1 14.7
Dec. 22 — Jan. 20 s L5 2.0 -0.72 8.2 9 9.5 5.23 6.5 10.2
Jan. 21 - Feb. 19 e 068 05 72 7.9 8.5 9.2 145 15.2 10.8
Feb. 20 — Mar. 20 i 2.3 3.0 32 13.8 14.2 14.7 28.2 275 245
Mar. 21— Apr.20 55  9.82 10.5 10.7 238 245 25.7 6.63 7 9.22
Apr.21-May 2l  cigs, 149 15.3 15.5 29.1 29.8 29.6 17.2 16.5 11.4
May 22 — Jun. 21 sss 211 215 21.8 37.1 36.9 372 0.2 0.3 1.1
Jun. 22— Jul. 22 5 224 227 23.1 37.4 37 375 15 0.8 2.1
Jul. 23 - Aug. 22 s 217 21.9 223 36.2 35.8 34.9 0 0 0
Aug.23-Sept.22 ., s 143 145 14.8 25.6 25.2 24.8 0 0 0

DlST Sl e oS plad 5 (S50 sl (S5s-Y Jor
Table 2. Physical and chemical properties of the soil at the experiment site

sl 035 ol BB s ol b ol kel (SO JTos
Year Ju Texture Nitrogen (%) Available P (mg.kg™?) Available K (mg.kg™) pH EC (dS.m™)  Organic carbon (%)
2021-22  yf..v¢ey Silty loam sl ey 0.065 13.2 186 7.66 1.79 0.616
2022-23 1y -yeey Silty loam sl ey 0.071 18.4 242 7.71 1.83 0.721
33355 bl O3r g e gliond 5 (S5 sla S5 Y Ui
Table 3. Physical and chemical properties of Stockosorb superabsorbent

Solubility < Insoluble in water and organic solvents ST cbadd 5 OT s Jgloests

pH wial 7-8 ALY

Water absorption capacity of cde <k Min. 150 and Max. 400 ml.g? e S 55 et Sl 5100 olus

The size of particles Shyseslut 0.2-0.8mm e s A G /Y

Effective life span in the soil S 3 jss ,ee Job 7-15 years Juo sy

Auvailable water content oslizul b6 T jlaie  >95% NWPPL TS -

Toxicology and ecology 338515 ki Nontoxic e b

Y.
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Table 4. Mean comparison of photosynthetic pigments content of saffron in irrigation and superabsorbent application treatments (2021-2022)

Treatments ialesT slales
@bt Sl g a s 5 b s, 4 s 555, alb s )8 s I Jéo ks
Irrigation Superabsorbent (kg.ha') Chla (mg.g* FW) Chlp (mg.g FW) Carotenoids (mg.g* FW) Chlorophyll a/b ratio  Total chlorophyll (mg.g* FW)
LTyt 0 3.70 0.75 1.50 4.93 5.95
100% Watér requirement 50 4.90 100 2:40 4.89 8.30
100 5.60 1.40 3.10 4.00 10.1
B 0 3.20 0.60 1.70 5.33 5.50
st! S e VO 50 4.70 0.85 2.20 5.52 7.75
75% water requirement
100 4.90 1.40 3.30 3.50 9.60
T 5 om0 0 2.40 0.31 1.20 7.73 3.91
0% ;jate-r requirement 50 3.10 0.50 1.60 6.80 5.50
100 3.40 1.10 1.90 2.82 6.10
LSDs 0.58 0.09 0.30 0.37 0.38

(VP NNEY) O3l g 3 ez 5 65l T bl 55 Ol jae 5 (6 jrm 55 LdiluSS ) (gl giome :S0Le duslie —0 J gl

Table 5. Mean comparison of photosynthetic pigments content of saffron in irrigation and superabsorbent application treatments (2022-2023)

Treatments b7 cbsjles
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@bt O3l g a s, 8 b s s baols 5558 alb fis 08 s J5 Jis s
Irrigation Superabsorbent (kg.ha') Chla (mg.g* FW) Chly (mg.g? FW) Carotenoids (mg.g* FW) Chlorophyll a/b ratio  Total chlorophyll (mg.g?* FW)
LT e e 0 3.90 0.860 1.70 4.55 6.46
100% \'Nat”er requirement 50 4.60 1.06 2.20 4.35 7.86
100 5.30 1.37 3.40 3.87 10.1
_ 0 3.40 0.52 1.80 6.58 5.72
st S o2 VO 50 4.30 0.91 2.00 4.74 7.21
75% water requirement
100 5.10 1.32 2.90 3.86 9.32
LT byt 0 2.20 0.29 1.30 7.75 3.79
50% V\}ate} requirement 50 2.70 0.54 1.50 5.98 5.24
100 3.20 1.05 1.70 2.57 5.45
LSDso, 0.59 0.11 0.57 1.64 0.14
ryy
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Table 6. Mean comparison of enzymatic activity of saffron in irrigation and superabsorbent application treatments (2021-2022)

Treatments eboT slales 5Y6 3 o> ST e SST,
et Ol Catalase Superoxide dismutase Peroxidase Ao

Irrigation Superabsorbent (kg.hal)  (umol.min"t.mg? protein)  (umol.mint.mg* protein)  (umol.min"t.mg? protein)  Proline (mg.g* FW)

PP = o = o

100% water requirement 100 381 276 292 0.040

Tl e eV 0 1.78 7.6 10.2 0. 100

75% \fxiat)e} req)uirement 50 239 131 188 0.090

100 3.08 26.6 235 0.050

T et 0 0.83 4.3 5.0 0.170

50% water requirement 188 ;éfls 2: 11:3 8:111100

LSDso 0.48 4.1 2.8 0.023

Table 7. Mean comparison of enzymatic activity of saffron in irrigation and superabsorbent application treatments (2022-2023)

[ Downloaded from agrobreedjournal.ir on 2026-05-20 ]

Treatments  _ab;T gl jles Y6 36 gam > LSl s e ST,
&bt Ol g Catalase Superoxide dismutase Peroxidase A
Irrigation Superabsorbent (kg.ha!)  (umol.min.mg* protein)  (umol.min-t.mg? protein)  (umol.min"t.mg? protein)  Proline (mg.g* FW)

s : 1 167 226 0060

C o . 5 A1 16.7 . .
100% water requirement 100 3.69 6.1 274 0.050
Tl e v 0 1.94 9.20 11.8 0.110
75% \ant)e} req)uirement 50 233 11.6 17.2 0.100
100 2.63 24.7 21.3 0.040
T 5 sam b 0 0.95 5.65 7.21 0.150
50% \ante} requirement 50 104 592 7.92 0.100
100 2.62 7.12 10.3 0.090
LSDs% 0.49 4.6 3.5 0.025

Yvs
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Table 8. Mean comparison of cell membrane stability of saffron in irrigation and superabsorbent

application treatments (2021-2022 and 2022-2023)

Jshe glad ol

Cell membrane stability (%)

sileT gl sles LB LS
Treatments 2021-2022 2022-2023
Irrigation ,LT
PSRV PALE
100% water requirement 67.6 68.9
T 5L A3 V0
75% water requiremen 55.5 56.1
&T BN WREY.L
50% water requirement 52.6 54.2
LSDso 6.65 6.71
3l e
Superabsorbent (kg.ha)
0 52.7 56.6
50 59.4 57.7
100 65.6 65.0
LSDso 7.4 7.0
vYv
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Table 9. Mean comparison of flower yield and stigma yield of saffron in irrigation and superabsorbent application treatments (2021-2022 and 2022-2023)

Gi\ib)'T‘s\A)L»_J j‘f:ﬁgo &&sd)\f:)ﬂv J;Jfbgl.u« dﬁ;&d)&f:rﬂu
Treatments Fresh flower yield (g.m?) Dry stigma yield (g.m2) Fresh flower yield (g.m?) Dry stigma yield (g.m)
ST O3y g VELY-VEL VELFoVELY
Irrigation Superabsorbent (kg.hat) 2021-2022 2022-2023
i " 1510 o5 1905 e
100% water requirement 100 155.9 1.18 191.2 178
. 0 91.5 0.83 142.5 1.30
. ;;t’; :;‘;)Ji‘r’:mem 50 124.1 1.03 166.8 1.49
100 149.2 1.15 192.7 1.71
T 5 oy b 0 81.1 0.68 122.2 0.78
50% jate} requirement 50 9.9 081 133.4 102
100 117.1 0.94 141.1 1.18
LSDs% 21.5 0.144 24.1 0.144
Y4
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