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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.
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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 2026-01-30 ]

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


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

[ Downloaded from agrobreedjournal.ir on 2026-01-30 ]

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

Obkelonul (2lo3T sl bl cpl s Jiole3T Jla
< —albe (Esmaeilian et al., 2022) ol LS
VO (ol ST e 2ol L oS i cny o)
A3 ¥V Y Ol e s IS 5, Ses o5 01
3 Shee o it (5T el a3 . Z5L talS
D3l p S S Ve Jlag 3 St IS
s oSt NS 5, Shas o S 5 dsT Ct
Sl A LS 3l s 0 e Dok Lo s
53 &St a IS5, Shas 0 2aS 5 o s
FA S jan do 3 Ve 5VO O L;T)L“_Jda.nm
FO STY OV s VFr v —e ) Jl o ys s 3 VY 4T
A LA dods) 5 VPV Y Jl s im s
o3l (Glaomsd > 33, 31 Ol i LT 53 Sl 4
DU sl ol S 50 53 5
oslinul 355 oyl o b 3l olde sty 5 OT
LS Celio il Hsb 4 Ll 5 o D3l g g 315
St a5, Shas a3 5 odd SLAL ol

AN

S 5 dom

ST Slasles 1 odinsolis inleT oyl gl

WSS P s Do 3l e e e S
5 5 5 Shee 5 SIS ST slae 5T s
Gl es i 5 s ol sba .l Ol jis ; IS
(s 5558 ¢ by IS (gl pmme dile (SC 50 5 50
S5 et 9 U 5 e LR ol
SYLSE) Gl ST 2T a7 e
5T o pde b GlST 5 56 sam 3T, 5
03 05500 3 () o ol D3l s B 2
Oa ¢ oS oL 2T 5L Aoy Ve e (LT Hles
VO 504) ulaTeS lasles 5550 ls me (25
35 Ll e e 5 (2T Sl e
e 51 alS el oS (S5 5 sl
23 s Sle 4 s St il At

YYA

J_?\a\_(.s\:Ol_.’:Jle_u\}HkJ@\_ﬁ
LeOT JiiSen s 5 il s e 0T glpsles
ﬂﬁ&iﬁ-d)ﬁf:&;ﬁ&f%&hﬁj
g pusg\ EYpne R | S ER SPR L CKETE IS | Wpe
adoyn Vo LT e 53 5 8 5 S i
5, Shee oo T OT Jliie 2alS L 5 ael cus
LG PR S (R PRES RGN L L
Ay g 3 3 S A5 Ol e o OS5 el )3
o glies Gl 2503 555 2L (Sees OT
33,2 ST Oln Gl 531 JS VL 5, Sae
ol ialesT =5 (Esmaeilian et al., 2022) !
e 5 Solol OT Ole ol 31 L oS sls OLis
P (I N S SR PELN OV E e
ol slasles 5 O3l 3 o 5 me slajles 53
O s 5 S 5, S Sl il el 3 B0 5V
033 it D3l e 3 pame D Sl e
5 I8 s Sles a8 5 o e (LT o 4 o
o3 Ve Hles 5o o S S IS See
Sy 3l o LS 3 0 S AS Ve 5 (o)LT
55 s Ses  20S e e Dl T
doys Ve g VO O ‘_Sjl_:iT)l_Q::cL»lu)J
OF 51— ) Jlu s Ao ys Y 5 9F FF L say
s (8 Jsda) 55 VO =Y Jle s Ao ys 1) 5 YO
5 o Ol (Yu et al, 2017) oL 5 5 Lo
o 5 oS bl glacS s 5871 s IT sl g
LeT 55 5 ST g b b 5 ol oSt
St R g8y bl ol s Cl
3o 3 e 5 0dd OLalS 5, Shae talS Eel,
S e D RalST sl Sl
35 DS
Md%;ﬂw):mﬁgs\sow@w
stlin gy O3 g ol sl s
ST ST s 2als azsls 5 85 Shee L1,
93388 NS s, Shes ol ST <l


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

[ Downloaded from agrobreedjournal.ir on 2026-01-30 ]

VT Oltne 3 oF 0 e (ot 5 Sy Ml "0 215 pshe 4 "

B YVFF VP NNFY ) Ol g 3 e 5 slaslas 5o Ol ie s DS 5 Shae 5 8 5 Shae 5. Kbs sl -4 Jgur

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


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

[ Downloaded from agrobreedjournal.ir on 2026-01-30 ]

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

D3l g LS 53 S ST Ve e s (s
S 5 VP s I 33
0L gl ol (Rl 80 a3 FY) sl 2l 580
C—sb) D3 sl D ae S U
S oS POl Ol s 4 Ll 5 oo (B3l 3 50)
Ol s 5 Shos 5 by 55 Sl T0S Ll 5 )
35 6Ss bl 3 LT ST (sos0 4 215 5

S el il g 3l ozl TS Lasl
3 See 55 5 SoLToS Sl (L (Sis
IS, Ses sl T T 650 0 8 Ol s 5
¢ oS (oD T 5 deoyn Ve Hla s oS
DSa 55 p S o IS Ve O e 5 (25 Oy
JEY SR WEV) A 0 EWPPIS N BV PR g
A =T 5 A3 0 Hlag )3 48 35 S e

References odlatul 390 b

Alinaghizadeh, M. and Azimi Gandomani, M. 2025. Effect of silicon application on physiological traits and
seed yield of Quinoa (Chenopodium quinoa Willd) under drought stress conditions. Iranian Joiurnal of Crop
Sciences, 26(1), pp. 1-20. [In Persian]. doi: 20.1001.1.23223243.2021.19.1.29.0

Ahmadian, A., Esmaeilian, Y., Tavassoli, A., Fernandez-Galvez, J., and Caballero-Calvo, A. 2024.
Application of a superabsorbent hydrogel for improving water productivity and quality of saffron (Crocus
sativus L.) under water deficit conditions.  Scientia  Horticulturae, 336, 113411.
https://doi.org/10.1016/j.scienta.2024.113411

Arnon, A.N. 1967. Method of extraction of chlorophyll in the plants. Agronomy Journal, 23, pp.112-121.

Bates, L.S., Waldern, R.P., and Tear, 1.D. 1973. Rapid determination of free proline for water stress studies.
Plant Soil, 39, pp.205-207.

Esmaeilian, Y., Amiri, M.B., Tavassoli, A., Caballero-Calvo, A., and Rodrigo-Comino, J. 2022. Replacing
chemical fertilizers with organic and biological ones in transition to organic farming systems in saffron
(Crocus sativus) cultivation. Chemosphere, 307, 135537. https://doi.org/10.1016/j.chemosphere.2022.135537

Fakhri, K., Sayfzadeh, S., Sarajooghi, M., Valad Abadi, S.A., and Hadidi Masouleh, E. 2024. The effect of
biochar application and planting pattern on the physiological and biochemical traits of garden thyme (Thymus
vulgaris L.) at different levels of irrigation. Journal of Medicinal Plants and By-Products, 13(4), pp.999-
1015. https;//doi.org/10.22034/jmpb.2023.363598.1610

Ghias, S., Shirmardi, M., Meftahizadeh, H., and Dehestani Ardakani, M. 2022. Effect of biochar and hydrogel
on morphophysiological characteristics of common sage (Salvia officinalis L.) under drought stress. Plant
Production, 45(1), pp.67-89. [In Persian]. doi: 10.22055./ppd.2021.36030.1962

Gorjian, S., and Ghobadian, B. 2015. Solar desalination: a sustainable solution to water crisis in Iran.
Renewable and Sustainable Energy Reviews, 48, pp.571-584. https://doi.org/10.1016/j.rser.2015.04.009

Heidari, S., Azizi, K., and Ismaili, A. 2018. Effects of Nitroxin bio-fertilizer, superabsorbent polymer and
planting method on yield of flower and corm of saffron (Crocus sativus L.) in rainfed-farming condition of

Khorramabad, Iran. Journal of Saffron Agronomy and Technology, 6(4), pp.461-472. [In Persian]. doi:

Y.


https://doi.org/10.1016/j.scienta.2024.113411
https://doi.org/10.1016/j.chemosphere.2022.135537
https://doi.org/10.1016/j.rser.2015.04.009
https://agrobreedjournal.ir/article-1-1390-en.html

[ Downloaded from agrobreedjournal.ir on 2026-01-30 ]

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

10.22048/jsat.2017.81060.1221

Jalili, S., Hadi, M., and Majnooni Heris, A. 2018. Effect of superabsorbent polymer on yield and yield
components of irrigated and rainfed wheat. Iranian Journal of Field Crop Science, 48(4), pp.923-931. [In
Persian]. doi: 10.22059/ijfcs.2017.223031.654237

Jomova, K., Alomar, S.Y., and Alwasel, S.H. 2024. Several lines of antioxidant defense against oxidative
stress: antioxidant enzymes, nanomaterials with multiple enzyme-mimicking activities, and low-molecular-
weight antioxidants. Archives of Toxicology, 98, pp.1323-1367. https://doi.org/10.1007/s00204-024-03696-4

Juan, C.A., Pérez de la Lastra, J.M., Plou, F.J., and Pérez-Lebefia, E. 2021. The Chemistry of Reactive
Oxygen Species (ROS). Revisited: Outlining their role in biological macromolecules (DNA, lipids and
proteins) and induced pathologies. International Journal of Molecular Sciences, 22, 4642.
https://doi.org/10.3390/ijms22094642

Khaleghi, A., Naderi, R., and Brunetti, C. 2019. Morphological, physiochemical and antioxidant responses
of Maclura pomiferato drought stress. Scientific Reports, 9, 19250. https://doi.org/10.1038/s41598-019-
55889-y

Khorramdel, S., Gheshm, R., Amin Ghafori, A., and Esmaielpour, B. 2013. Evaluation of soil texture and
superabsorbent polymer impacts on agronomical characteristics and yield of saffron. Journal of Saffron
Research, 1(2), pp.120-135. [In Persian]. doi: 10.22077/jsr.2013.439

Khoshpeyk, S., Sadrabadi Haghghi, R., and Ahmadian, A. 2022. The effect of irrigation water quality and
application of silicon, nanosilicon and superabsorbent polymer on the yield and active ingredient of saffron
(Crocus sativus  L.).Journal of Saffron Research, 10(1), pp.64-83. [In  Persian]. doi:
10.22077/jsr.2021.4461.1163

Kijowska-Oberc, J., Dylewski, L., and Ratajczak, E. 2023. Proline concentrations in seedlings of woody
plants change with drought stress duration and are mediated by seed characteristics: a meta-
analysis. Scientific Reports, 13, 15157. https://doi.org/10.1038/s41598-023-40694-5

Li, J., Liu, L., Zhou, H., and Li, M. 2018. Improved viability of tomato (Solanum lycopersicum) seedlings
under drought stress using a superabsorbent polymer. Horticultural Science, 53(12), pp.1872-1876.
doi.org/10.21273/HORTSCI13586-18

Malik, S., Chaudhary, K., Malik, A., Punia, H., Sewhag, M., Berkesia, N., Nagora, M., Kalia, S., Malik, K.,
Kumar, D., Kumar, P., Kamboj, E., Ahlawat, V., Kumar, A., and Boora, K. 2022. Superabsorbent
polymers as a soil amendment for increasing agriculture production with reducing water losses under water
stress condition. Polymers (Basel), 29;15(1):161. doi: 10.3390/polym15010161

Nakano, Y., and Asada, K. 1981. Hydrogen peroxide is scavenged by accurate-specific peroxidase in spinach
chloroplasts. Plant and Cell Physiology, 22, pp.867-880.

Oyebamiji, Y.O., Adigun, B.A., Shamsudin, N.A.A., Ikmal, A.M., Salisu, M.A., Malike, F.A., and Lateef,

¥


https://doi.org/10.1007/s00204-024-03696-4
https://doi.org/10.3390/ijms22094642
https://doi.org/10.1038/s41598-019-55889-y
https://doi.org/10.1038/s41598-019-55889-y
https://doi.org/10.1038/s41598-023-40694-5
https://agrobreedjournal.ir/article-1-1390-en.html

[ Downloaded from agrobreedjournal.ir on 2026-01-30 ]

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

A.A. 2024. Recent advancements in mitigating abiotic stresses in crops. Horticulturae, 10, 156.
https://doi.org/10.3390/horticulturae10020156

Razban, M., and Pirzad, A. 2012. Evaluate the effect of varying amounts of super absorbent under different
irrigation regimes on growth and water deficit tolerance of German chamomile (Matricaria Chamomilla), as
a second crop. Journal of Agricultural Science and Sustainable Production, 21(4), pp.123-138. [In Persian].

Sachdev, S., Ansari, S.A., Ansari, M.1., Fujita, M., and Hasanuzzaman, M. 2021. Abiotic stress and reactive
oxygen species: Generation, signaling, and defense mechanisms. Antioxidants (Basel), 11;10(2):277. doi:
10.3390/antiox10020277

Safari, M., Khajoueinejad, G.R., Maghsoudi Moud, A.A., and Mohammadinejad, Gh. 2018. Effect of
different rates and application methods of super-absorbent polymer in saffron cultivation under different
irrigation levels. Journal of Saffron Research, 5(2), pp.231-246. doi: 10.22077/jsr.2017.799.1031

Sairam, R.K., and Srivastava, G.C. 2001. Water stress tolerance of wheat (Triticum aestivum L.): variations in
hydrogen peroxide accumulation and antioxidant activity in tolerant and susceptible genotypes. Journal of
Agronomy and Crop Science, 186(1), pp.63-70. http://dx.doi.org/10.1046/j.1439-037x.2001.00461.x

Sepehri, S., Abdoli, S., and Asgari Lajayer, B. 2023. Changes in phytochemical properties and water use
efficiency of peppermint (Mentha piperita L.) using superabsorbent polymer under drought stress. Scientific
Reports, 13, 21989. https://doi.org/10.1038/s41598-023-49452-7

Smagin, A., Sadovnikova, N., and Nikolaeva, E. 2014. Thermodynamic analysis of the effect of strongly
swelling polymer hydrogels on the physical state of soil and sediment samples. Eurasian Soil Science, 47(2),
pp.78-88. https://doi.org/10.1134/S1064229314020100

Yang, X,, Lu, M., Wang, Y., Wang, Y., Liu, Z., and Chen, S. 2021. Response mechanism of plants to drought
stress. Horticulturae, 7, 50. https://doi.org/10.3390/horticulturae7030050

Yang, Y., Nan, R., Mi, T., Song, Y., Shi, F., Liu, X., Wang, Y., Sun, F., Xi, Y., and Zhang, C. 2023. Rapid
and nondestructive evaluation of wheat chlorophyll under drought stress using hyperspectral imaging.
International Journal of Molecular Sciences, 24(6), 5825. https://doi.org/10.3390/ijms24065825

Yu, J,, Shi, J.G., Ma, X,, Dang, P.F., Yan, Y.L., Mamedov, A.l., Shainberg, I., and Levy, G.J. 2017.
Superabsorbent polymer properties and concentration effects on water retention under drying conditions. Soil
Science Society of America Journal, 81, pp.889-901. https://doi.org/10.2136/sssaj2016.07.0231

Zia, R., Nawaz, M.S., Siddique, M.J., Hakim, S., and Imran, A. 2021. Plant survival under drought stress:
Implications, adaptive responses, and integrated rhizosphere management strategy for stress mitigation.
Microbiological Research, 242, 126626. https://doi.org/10.1016/j.micres.2020.126626

Zia-ur-Rehman, M., Anayatullah, S., Irfan, E., Hussain, S.M., Rizwan, M., Sohail, M.1., Jafir, M., and Alharby
H.F. 2023. Nanoparticles assisted regulation of oxidative stress and antioxidant enzyme system in plants under salt

stress: A review. Chemosphere, 314, 137649. https://doi.org/10.1016/j.chemosphere.2022.137649

vy


https://doi.org/10.3390/horticulturae10020156
https://doi.org/10.1038/s41598-023-49452-z
https://doi.org/10.3390/horticulturae7030050
https://doi.org/10.2136/sssaj2016.07.0231
https://doi.org/10.1016/j.micres.2020.126626
https://doi.org/10.1016/j.chemosphere.2022.137649
https://agrobreedjournal.ir/article-1-1390-en.html
http://www.tcpdf.org

