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Abstract

Water deficit regimes and techniques using moisture-absorbing materials are key approaches to achieving
sustainable agriculture goals and conserving water resources in arid and semi-arid regions. To evaluate the effect
of superabsorbent polymers on water productivity and the quantitative and qualitative traits of saffron under deficit
irrigation conditions, a field experiment was conducted over three growing seasons (2020-2021, 2021-2022, and
2022-2023) in agricultural lands of Ziar, a district of Isfahan, Iran. The experiment was designed as a split-plot
based on a randomized complete block design (RCBD) with three replications. The main plots included three
levels of irrigation (50%, 75%, and 100% of water requirement), while the subplots consisted of various levels of
superabsorbent polymer application (0, 50, and 100 kg.ha"). The results were analyzed at a 95% significance level.
The findings revealed that the highest values for leaf number (25 and 34 leaves per plant), dry leaf yield (3845 and
4926 kg.ha''), fresh flower yield (1559 and 1912 kg.ha™!), dry stigma yield (11.8 and 17.8 kg.ha'!), corm number
(278 and 345 per m?), and corm yield (32.1 and 45.1 t.ha'!) were obtained in the 2021-2022 and 2022-2023 growing
seasons under 100% irrigation combined with 100 kg.ha™! of superabsorbent polymer application. Notably,
improvements in these crop parameters were significantly greater when superabsorbent polymers were used under
water-deficit conditions compared to full irrigation conditions. Furthermore, the highest water productivity was
achieved under the 50% irrigation treatment combined with 100 kg.ha"! of superabsorbent polymer, yielding 0.005
and 0.007 kg.m™ of water. Additionally, the 75% irrigation treatment along with 100 kg.ha™! of superabsorbent
polymer resulted in the highest concentrations of crocin (13.0% and 12.4%), picrocrocin (6.6% and 5.9%), and
safranal (2.6% and 2.4%) during both experimental years. Overall, the results indicated that while the highest
quantitative yield of saffron was achieved with full irrigation and the application of superabsorbent polymer, the
best outcomes in terms of saffron quality were observed under the 75% irrigation treatment combined with the
polymer application. Considering the limited water resources in the studied area and the importance of water
productivity, this treatment is recommended as the optimal approach for sustainable saffron production in regions
with conditions similar to the experimental site.
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Table 1- Soil chemical and physical characteristics of the experimental site

Juo Sk it DR PSR b el EC
H . OC (%
Year Soil texture Nava (%) Pava (mg.kg") Ky, (mg.kg") P (dS.m!) (%)
202122  (Silt loam) i pg 0.065 13.2 186 7.66 1.79 0.616
2022-23  (Silt loam) i pgl 0.071 184 242 7.71 1.83 0.721
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Table 2- The physical and chemical properties of Stockosorb superabsorbent
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Figure 1- Field experiment blocks.
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Table 3- Analysis of variance for growth and yield traits of saffron during two years (2021-2022) under the influence of
different levels of irrigation and superabsorbent
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S.0.V & Ve, Sy Fresh Suis Corm “w Flower-to- Water
df Leaf Dry leaf flower Dry number Corm stigma productivity
number yield . tioma yield conversion
yield stg
yield factor
(Block) Sgby 2 7.44"s 5544 5030™ 0.288" 195™ 0.280" 0.003" 0.0000001™
Levels ) )b
).d). - UIQM 2 69.3™ 3771109 2732527 123" 9577™ 465™ 0.010" 0.00001™
(A) (of irrigation
a (Error) las 4 3.11 33211 2743 0.221 97.4 0.963 0.001 0.00000004
Sl g
Superabsorbent 2 12.3m™ 104620 112687 3.06 1296 15.3 0.006" 0.0000001™
(B) polymer
AXB 4 40.8" 551184™ 195703™ 8.17" 3799 13.8" 0.006" 0.000002"*
Total Js glkas
12 8.89 86189 14641 0.657 324 2.54 0.001 0.0000001
error
CV. ol copd
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(%)
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#% % and ns significant at p< 0.01 and p< 0.05 and not significant, respectively.
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Table 4 - Analysis of variance for growth and yield traits of saffron during two years (2022-2023) under the influence of

different levels of irrigation and superabsorbent
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Sl g
Superabsorbent 2 4.00" 134242 111561" 5.52™ 505" 222° 0.004" 0.0000001"s
(B) polymer
AxB 4 17.0™ 829498"* 99652" 17.6™ 1928™ 36.6" 0.017* 0.000004""
Total s
otal 5 s 12 2.11 86189 18415 0.657 324 591 0.001 0.0000001
error
C.V. &lyuss o pd
- 5.59 7.59 8.32 6.02 5.98 6.68 4.51 7.05

(%)

bl o o gize Cglds pas g oy gy o yd S Jlain] o 3 5 re oldS )Siby oy 4 DS g F*
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Table 5 — Mean comparison of growth and yield traits of saffron under the influence of different levels of irrigation and
superabsorbent during the 2021-2022 growing season

o
:,SJ.o.f-
) Sy olaas 09 3,5es oy sSles S )
okl zobw ke 1m0 agr Sus 5 Us T ol “ a2l
Levels of ) Superabsorbent Leaf Sy Fresh b C‘"’;“ Corm  Flower- ‘();lat:ir’t
. R ry number _ productivity
(irrigation polymer (kg.ha™) n}l&‘;ir D;iyeigaf “;;:{3’ stigma (m?) (ylilel‘}) stitgoma (kg.m)
- E ield t.ha o
plant')  (cghaty (kgha') (kYg';a_,) (%)
S dop Ve 0 20 3225 1105 8.90 217 28.3 0.772 0.003
J 50 22 3511 1310 9.92 246 30.4 0.837 0.003
100 % Water 100 25 3845 1559 11.8 278 32.1 0.837 0.003
requirement
KRR 0 17 2654 915 8.30 203 252 0.804 0.003
75 9% Water 50 21 2986 1241 10.3 240 29.4 0.831 0.004
requirement 100 25 3445 1492 11.5 272 31.2 0.908 0.004
o oy e 0 14 1854 811 6.80 158 15.9 0.759 0.004
50 % Water 50 17 2251 969 8.10 186 17.2 0.759 0.005
requirement 100 20 2624 1171 9.40 216 18.1 0.806 0.005
LSD (5 %) 5.30 522 215 1.44 32.0 2.84 0.061 0.0006
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Table 6 — Mean comparison of growth and yield traits of saffron under the influence different levels of irrigation and
superabsorbent during the 2022-2023 growing season

_ . 3 ,Slos f’o
Spslas 059 5 Sdos oy sSlee P
)l gt Dl g Sy S 5 S AV P T
Levels of ) Leaf Sy Fresh Suis Corm : Flower- Water
Superabsorbenlt b . fl Dry number ~ Corm t productivity
rgadon pabmer g T okt o R, U e e PR
-] . vield -ha” o,
plant’) (ko pa') (kgha') (kygl“;l ) (%)
3 aopd Ve 0 29 4341 1725 13.2 332 39.8 0.769 0.004
o 50 32 4629 1889 15.3 339 43.5 0.815 0.004
100 % Water 100 34 4926 1912 17.8 345 45.1 0.935 0.005
requirement
IREIRRWITRTA 0 25 3459 1425 13.0 272 359 0.893 0.005
75 % Water 50 26 4102 1668 14.9 312 419 0.900 0.006
requirement 100 28 4532 1927 17.1 338 44.2 0.919 0.007
WY 0 18 2472 1222 7.80 239 23.2 0.640 0.005
50 % Water 50 20 2962 1334 102 257 259 0.765 0.006
requirement 100 22 3411 1411 11.8 274 28.1 0.837 0.007
LSD (5 %) 2.59 522 241 1.44 32.1 4.32 0.066 0.0007
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Table 7- Analysis of variance for saffron quality traits in the year 2021-2022 under the influence of different levels of
irrigation and superabsorbent

; (MS) Sl o cpiSiba
i 2le &3l as —

S.0V df R OS5 95w Jul,8lw
Crocin Picrocrocin Safranal
(Block) sl 2 0.288m 0.008" 0.001"
(A) (Levels of irrigation) (¢l zslaw 2 2.77" 0.910™ 0.443™

a (Error) s 4 0.221 0.001 0.001
(B) Superabsorbent polymer <l ygu 2 1.440s 0.670" 0.053""
AXxB 4 4.69™ 0.440™ 0.018™

Total error JS' (sl 12 0.657 0.008 0.002

C.V. (%) yusis s 7.37 1.58 1.93

Al o o gixe glds pas 5 duoyd gy o yd S Jlain ] prdaw 3 5 me glds Kby iy 4 ms gF K

=+ % and ns significant at p< 0.01 and p< 0.05 and not significantl, respectively.
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Table 8- Analysis of variance for saffron quality traits in the year 2022-2023 under the influence of different levels of
irrigation and superabsorbent

- (MS) ©lay o (Sl
% ale 83l as —

S.0V daf Tl Omg S 9,5, Jul,ole
Crocin Picrocrocin Safranal
(Block) 'l 2 0.488"s 0.008" 0.001"
(A) (Levels of irrigation) (¢,Lul zslaw 2 2.50" 0.093" 0.143*

a (Error) lls 4 0.168 0.001 0.001
(B) Superabsorbent polymer w3ls g 2 6.77" 0.143™ 0.093"
AxB 4 1.38™ 0.313" 0.008"

Total error Js' slas 12 0.224 0.008 0.002

CV. (%) &y oy 4.27 1.60 1.94

ALl o o gme Ciglds pis 5 do ) gy o> S Jlein] a3 Iy pire old Sl i 5 4y s g HE

@2 % and ns significant at p< 0.01 and p< 0.05 and not significantl, respectively.

LSD (5 %)= 1.44

Crocin

100%

—

75% 50%

Water requirement (%)

@SP-0 @SP-50 @SP-100

VEeo—e ) (ooly5 e p3 0le 5 Gawg S Ol 2 Dl g X (6l Zobaw (iiSon 2 - IS
(3> yygow LS )3 0, 55kS Vo v [SP-100 9 O3> pygun LS 5 0,5 5hS 0+ SP-50 (O3> pygaw (391 S2L3 :SP-0)
Figure 1- Interaction effects of irrigation levels x superabsorbent polymer on crocin content of saffron during the
2021-2022 growing season.
(SP-0: Control without superabsorbent polymer, SP-50: 50 kg ha™! of superabsorbent polymer, SP-100: 100 kg ha™! of
superabsorbent polymer).
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LSD (5 %)= 0.843
14

Crocin

S Nk~ O O

100% 75% 50%
Water requirement (%)

@SP-0 @SP-50 @SP-100

VEY =¥ (el Il )3 lde ) mws S Ol 32 3l prg X (5Ll ol (iiSon Y S0
(3l promw LS 45 0,59kS Yo+ [SP-100 g il pgw HUSR 45 0,55l 0+ [SP-50 (bl pomw (9 WL :SP-0)
Figure 2- Interaction effects of irrigation levels x superabsorbent polymer on crocin content of saffron during the
2022-2023 growing season.
(SP-0: Control without superabsorbent polymer, SP-50: 50 kg ha™! of superabsorbent polymer, SP-100: 100 kg ha™! of
superabsorbent polymer).

LSD (5 %)= 0.159

Picrocrocin (%)
S = N W kA NN

100% 75% 50%
Water requirement (%)

@SP-0 @SP-50 @SP-100

VEeooed ol Sl )3 (185 (g S9,5w Ol 2 @3l ppgw X (6 yll ol GiSiod -V S0
(L3 pgm JUSB )3 0,5 5kS Y+ ¢ SP-100 9 O3l yy gm0 JUS )3 0,59k 0+ [SP-50 (O3> pgar (194 8L :SP-0)
Figure 3- Interaction effects of irrigation levels x superabsorbent polymer on Picrocrocin content of saffron during the
2021-2022 growing season.

(SP-0: Control without superabsorbent polymer, SP-50: 50 kg ha™! of superabsorbent polymer, SP-100: 100 kg ha! of
superabsorbent polymer).
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Water requirement (%)
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Figure 4- Interaction effects of irrigation levels x superabsorbent polymer on Picrocrocin content of saffron during the
2022-2023 growing season.
(SP-0: Control without superabsorbent polymer, SP-50: 50 kg ha™! of superabsorbent polymer, SP-100: 100 kg ha™! of
superabsorbent polymer).

LSD (5 %)= 0.076

2.5

1.5

Safranal (%)
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100% 75% 50%
Water requirement (%)

@SP-0 @SP-50 @SP-100
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Figure 5- Interaction effects of irrigation levels x superabsorbent polymer on Safranal content of saffron during the
2021-2022 growing season.
(SP-0: Control without superabsorbent polymer, SP-50: 50 kg ha™! of superabsorbent polymer, SP-100: 100 kg ha! of
superabsorbent polymer).
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Figure 6- Interaction effects of irrigation levels x superabsorbent polymer on Safranal content of saffron during the
2022-2023 growing season.
(SP-0: Control without superabsorbent polymer, SP-50: 50 kg.ha™! of superabsorbent polymer, SP-100: 100 kg.ha™' of
superabsorbent polymer).
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