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Extended Abstract

Introduction: Iran is considered a water-scarce country and a large part of its water resources
evaporates. According to research, about 90% of the country's water is used in agriculture, of
which more than 60% is wasted due to choosing wrong methods for irrigation and some other
cases. This issue has caused the farmers to seriously face water shortage, increase in cost and
decrease in the amount of cultivation. To prevent this problem, researchers have made
polymers that can greatly reduce the occurrence of these problems. These polymers are called
water absorbent powder. Super absorbents are compounds that can play a very effective role
in water crises. On the other hand, due to the fact that absorbents are a place to store moisture
in the soil, they can provide fertilizers and other inputs used in agriculture more effectively to
plants.

Materials and Methods: This study is to investigate the effect of strengthening different
types of moisture absorbents (no use of super absorbent, use of natural super absorbent and
use of synthetic super absorbent) with different types of hormones (no use of hormone, use of
auxin hormone and use of cytokine hormone), and whole foods (no use of fertilizer, use of
chemical fertilizer and use of Nano fertilizer) were on the growth and quantitative and
qualitative characteristics of saffron. The experiment was conducted in two crop years 1401
and 1402 as a randomized complete block design in three replications.

Results and Discussion: Based on the results of this study, the use of artificial and natural
super absorbents, fertilizers and hormones led to an increase in flower production and stigma
weight of saffron. The combination of these treatments, especially the combination of super
absorbents with hormones and fertilizers, had a more positive effect on improving growth and
product quality. In addition, the use of these treatments led to an increase in the content of
chlorophyll and nutrients required by the plant, an increase in the percentage of safranal and
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antioxidant properties of the product, and an improvement in the amount of nutrients in
saffron leaves. Also, it has been observed that the use of super absorbents and fertilizers along
with hormones can significantly improve the amount of nutrients such as nitrogen,
phosphorus, potassium and iron in saffron leaves. This increase in nutrients leads to the
improvement of plant growth and development and finally leads to increase in production and
improvement of product quality.

Conclusion: Based on the results of this study, the use of moisture absorbents, especially
artificial moisture absorbents reinforced with Nano fertilizer and cytokine hormone, can play
a very effective role in reducing water consumption and improving the growth and production
of saffron. In addition, the strengthening of absorbents with hormones and food can be a very
effective achievement in increasing the production of plants, especially medicinal plants such
as saffron in dry conditions.
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Table. Variance analysis of investigated traits in saffron.

i lie @olilaz o Sy gaw J5 ol J5Sis s A 59 IS JgsS slgie
df Leaf area Flower number Flower dry weight Stigma dry weight  Total chlorophyll

year (A L 1 6915~  12361.1° 13060.8~ 15.0” 0.01"
B(A) B(A) 4 6.07 134.403 164.821 0.602™ 0.001
Humic C)y ook, L3> 2 46.9" 407.657 2958.9™ 0.79™ 0.01™

AC AC 2 8.842 474.454 127.95 0.277 0.001"
Folic (D) spe )0 2 297.4 14837 1316.2" 125" 0.01™

AD AD 2 18.551 170.11 75.557 0.244 0

CD CD 4 10.6 149.59 330.867 0.431" 0.001
ACD ACD 4 7.996 396.669 516.35 0.165 0

Zinc E) o5 2 240.2™ 1836.6™ 1364.4™ 3.28™ 0.01™

AE AE 2 25.055 98.762 92.967 0.126 0.001

CE CE 4 3.841 81.604 379.644 0.58** 0.001
ACE ACE 4 6.784 423.235 82.918 0.163 0.002

DE DE 4 6.981 24.989 198.043 0.032 0

ADE ADE 4 17.829 155.827 588.72" 0.267 0.002"
CDE CDE 8 15.486 193.555 191.78 0.4™ 0.002
ACDE ACDE 8 31.55™ 378.914 248.046 0.137 0.002
Error Error 104 11.497 204.18 184.532 0.137 0.018
CV (/) s oy 19.05 22.71 20.69 23.61 21.39
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Table 1. Variance analysis of investigated traits in saffron.

e gl 4,0 JUlils sops Oms)S Mo)d megSe S Gias Loy Saud el opl oy S9) Moy EERONES
ol Safranol % Krosin %  Picrokrosin Nitrogen % Phosphorous  Potash Iron % Zinc% Ll Slas]
df % % content Antioxidant
properties
year A) Jl 1 777.07 3912.1™ 2468.7" 13.6™ 11646.7°°  155650.9" 11506.4™ 3566.3"" 8606.7""
B(A) B(A) 4 12.52 20.962 51.308 0.291 188.01 3921.336 227.012 77.608 237.546
Humic C)y b, wil> 2 128.4™ 555.9"" 368.2"" 3.2" 3325.3"  35697.8™  2538.7"" 617.3" 1559.1*"
AC AC 2 0.162 157.536 24,737 0.175 389.63 1038.677 390.807 48.333 611.140"
Folic D) 30,90 2 274.1 404.9™ 225.4™ 1.6™ 3751.9" 27107.3" 3317.5" 1280.0"" 2166.7
AD AD 2 65.100™" 25.636 6.539 0.037 33.813 3848.979 83.161 51.738 99.431
CD CD 4 22.558 50.166 13.944 0.349 88.337 3984.364 156.656 102.7 91.033
ACD ACD 4 23.391 69.415 2.842 0.107 428.972 493.01 47.417 115.3 690.9™
Zinc E) 55 2 195.1™ 437.6™ 223.6™ 1.6™ 2648.6™  28513.2™  2367.6™ 533.3" 2305.8""
AE AE 2 11.549 3.178 8.772 0.043 179.812 1180.389 326.818 171.202" 159.654
CE CE 4 4.46 16.309 13.238 0.214 317.655 1165.754 65.834 12.684 412.647
ACE ACE 4 10.232 39.5 26.403 0.213 251.825 334.706 43.015 129.973" 388.39
DE DE 4 6.573 23.132 45.317 0.132 226.642 388.726 78.294 25.962 310.097
ADE ADE 4 8.301 53.123 79.613 0.288 183.356 651.537 8.408 106.766" 84.496
CDE CDE 8 8.282 121.473" 15.535 0.271 338.796 1377.367  116.714 63.883 150.169
ACDE ACDE 8 7.891 25.839 29.347 0.292 79.379 2057.438 75.191 42.899 138.421
Error Error 104 13.403 55.93 37.527 0.155 219.387 1998.045 289.349 41.842 169.498
CV () olpmss oo 16.1 16.38 18.5 26.94 20.31 22.45 20.6 24.31 16.06

185 50 @3l G Hlow il Cod Wi Gl (1ileo Lo Y Jgur
Table 2. Comparison of average traits under the effect of absorbent treatments in saffron.

gk 23 jles J5 Jo)ls oo deyd emeg)SeSe So ) oo JB yaud ol ool slyme
Absorbent Leaf chlorophyll Jusl,  Picrokrosin o s Phosphorus Potasium Iron content
treatment content _(mg/ gwet  gafranol % Nitrogen content % (ppm)
weight) % % (mg/kg)
S5 pas 0.056 a 21.29b 30.30b 1.196 ¢ 64.84 c 174.0c 75.42 b
Control _sl>
b Q308 0.060 a 2256 b 33.59a 1.505b 73.40 b 198.0b 83.23a
Natural absorbent
Gl o 18 0.068 a 24.36 a 35.46 a 1.682 a 80.51a 2254 a 89.08 a
Synthetic sgyuas
absorbent

Olre) 59 Pe0y90 b Hlow il o Clio b (1SSl o Y Jour
Table 3: Comparison of average traits under the influence of hormonal treatments in saffron

030598 slers J5 olass 9SS Ohsr ey oo LB yaud el ool lgiome
Hormon Flower Picrokrosin Nitrogen Phosphorus content Potasium  Iron content
number % % (mg/kg) (mg/kg) (ppm)
Control yge,50 loss Jloc! poe 57.15b 30.99b 1.291¢ 64.69 ¢ 181.1b 75.09 ¢
Auxin ... 64.21 a 33.32a 1.450 b 72.70b 192.1b 81.92b

Cytokinin ;s g 67.39a 35.06 a 1.642 a 81.36 a 2242 a 90.72 a
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Table 4. Comparison of average traits under the influence of fertilizer treatments in saffron.

©555 Hles J5 olass S o 9,5 9 5 e yd ord BB yad ey lyome L RCIWES
Fertilizer Flower s,  Picrokrosin s, - Phosphorus  Potasium oy oslul SlownsT
number  safranol % Nitrogen content % Iron Antioxidant
% % (mg/kg) content properties
(Ppm)
Control 545 5 )5 pae 57.04c 20.73c 30.92b 1.306 b 65.78 ¢ 176.2c 75.79b 75.35b
Chemical _lL..ss,s 63.00b 22.96b 3350a 1.426 b 73.21b 199.1b  82.92a 79.64 b
fertilizer
Nanofertilizer it so5 68.70a 24.51a 3494 a 1.651a 79.77 a 222.1a 89.02 a 88.19 a
Sy g gl
O50,90 &S 1> (Sosnowski et al.,, 2023) sl o G jeled a0 Wlho

5 JUESl cod o S 5 eS| ez 5 oo
Aile e BB LS o Slaé slge aedlanl
la cw,yp o) » ogdle LI .(Amjad Bashir et al., 2022)
30 Lo & S aile ol ge,e0 aS el lid
) AS.LJ sJJ)LB @‘J.c \)‘9.0 UW)L“M‘ B e wm.: clﬂf
4 oL:.f ‘SAAJJ&AHQ 9 w‘ﬁ‘ ‘) [ LS‘).SLJ pu.JLx.Q J"" S
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gl Guyin a5 ek @ il gl pme Ll S
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Table 5. Comparison of averages of traits under the influence of hormonal treatments in saffron in two years.

J 039r9 sled S olaws EJE R
year Hormon Leaf number Safranol %
1 Control 50,50 Lo Jloc! pae 12.23d 19.47d
1 AUXIN ;s 13.52d 20.40 cd
1 Cytokinin oSy 16.18 ¢ 21.77¢
2 Control ¢yge,50 o Jloc! pac 16.73 bc 21.94c¢
2 AUXin ;,...s1 19.09 a 24.28b
2 Cytokinin oS s 18.43 ab 28.55a
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Table 6. Comparing the averages of traits under the influence of hormonal and fertilizer treatments in

saffron in two years.

JLe 09090 slesd &5 e IS Jede S slgiome S9) pais Lo,d
year Hormon Fertilizer treatment Leaf chlorophyll content (mg/g fresh Sy
weight) Zinc percent

1 o303 less Jlesl pas CONtrol ss5 s o 1S sue 0.04033 1 15.50 h
1 Control Chemical | slars 0o 0.04878 g-1 19.08 gh
1 Nanofertilizer ot o5 0.05578 e-g 19.63 f-h
1 AuXin :,..s Control 565 5,5, aac 0.05033 gh 18.86 gh
1 Chemical | sl 565 0.05578 e-g 20.38 e-h
1 Nanofertilizer ot o5 0.06044 c-e 24.89 d-g
1 Cytokinin sy Control sss s, 15 aos 0.05467 fg 25.67 c-q
1 Chemical | sl 565 0.06589 b-d 26.72 c-e
1 Nanofertilizer ot oo 0.05711 ef 26.57 c-f
2 asysd slest Jlasl pae CoNntrol 558 s 15 poc 0.05444 fy 24.96 d-g
2 Control Chemical |, Jlews 055 0.05989 c-f 24.37 d-g
2 Nanofertilizer 4t so5 0.066 bc 32.31hc
2 AUXIN s Control 565 5,15 aue 0.07011 a-e 30.03 b-d
2 Chemical , ol 555 0.07356 ab 25.88 ¢
2 Nanofertilizer ot o5 0.07189 a-d 30.89 b-d
2 Cytokinin .ss . CoNtrol ss8 s 15 pos 0.07200 a-c 32.39 bc
2 Chemical , ol 565 0.06600 bc 33.82b

2 Nanofertilizer 3G sss 0.08833 a 47.10 a

Jbw 9950 (1R85 50 6995 9 (9098 2Ol Gl Hlod I Lo Blho b (1 Silo o Y Jgu
Table 7. Comparison of averages of traits under the influence of absorbent, hormonal and fertilizer
treatments in saffron in two years.

Ju sk, Sl e 092592 slers 6355 Hlod S g
year Absorbent Hormon Fertilizer Leaf area (cm?)

1 CoNtrol 55 s .5 pue 11.70 m
1 O3990 sland Jlos! pas Chemical Loz os8 12.83 k-m
1 Control Nanofertilizer 5 555 15.93 fm
1 Control ss5 5,15 pae 12.27 Im
1 0,5 pas S| Chemical slos o5 14.87 g-m
1 Auxin Nanofertilizer 5t o5 16.70 e-m
1 Control ss5 5,15 poe 15.80 f-m
1 S g Chemical Lot o5 15.63 f-m
1 Cytokinin Nanofertilizer st s55 19.17 d-k
1 Control o5 s )5 pae 14.37 g-m
! 3m90 ast Jlae! pae Chemical Lt sy 12.80 kim
1 Control Nanofertilizer 5t 55 13.87 +m
1 Control o5 s )5 pae 15.07 g-m
1 b Sl 8yl S| Chemical sl o5 13.80 +rm
1 Auxin Nanofertilizer 5t 55 19.13d-k
1 Control 555 s )15 pae 17.03 e-m
1 S s Chemical sl o5 18.17d-m
1 Cytokinin Nanofertilizer b s55 18.67 d-1
1 Control 55 s 15 pae 13.77 m
1 O90y98 sless Jlos! pas Chemical L. o58 13.73 +m
1 Control Nanofertilizer st o55 17.30 e-m
1 il o p,l8 Control 555 s )5 pae 16.80 e-m
1 ST Chemical lors o55 17.20 e-m
1 Auxin Nanofertilizer st s55 12.97 KkIm
1 Control 555 s )15 pac 14.53 g-m
1 S g Chemical L3 os8 17.70d-m
1 Cytokinin Nanofertilizer 5 555 23.07 a-e
2 Control o5 s )5 pae 15.87 f-m
2 O30y90 sles Jlos] pae Chemical Lo o055 16.63 e-m




AQ Qljip)'o\:féJ.il‘..ﬁjJi)j&‘ibéhJ&)@k}&hdﬁ)ﬁ@@ﬂﬂ)ébgﬂ?d}ﬂﬁju:a:\)'cjé

N NN NN NPODNNODNNNDNNDNNDNNNDNNNDMNDNNMNDNDNNDMNDNDNDDNDDND

Control
o)g)lf pos u,‘.wfl
Auxin

Cytokinin

039 e Jloel pue
Control
b il o8
eS|
Auxin

Cytokinin

032092 Jlerd Jlos! pas
Control
Sl oI5
eS|
Auxin

Cytokinin

Nanofertilizer st o5
Control 555 s )15 pae
Chemical lors o5
Nanofertilizer st o5
Control 555 s )15 pae
Chemical L5 558
Nanofertilizer 5 555
Control o5 s )5 pae
Chemical Lo o5
Nanofertilizer 5 555
Control 555 s )15 pac
Chemical slos o5
Nanofertilizer st o5
Control 555 s )15 pae
Chemical Loz o58
Nanofertilizer st o5
Control o5 s )5 pae
Chemical Lo o55
Nanofertilizer sb o5
Control o5 s )5 pae
Chemical Lo o5
Nanofertilizer st o5
Control 555 s )15 pae
Chemical sl o5
Nanofertilizer st s45

18.93 d-I
14.03 h-m
20.27 b-1
21.03 b-g
17.47 d-m
17.93 d-m
24.03 a-d
16.60 e-m
15.60 f-m
18.87 d-1
15.80 f-m
21.90 b-f
26.20 ab
20.17 b-1
24.10 a-d
29.00 a
13.07 j-m
15.00 g-m
20.77 b-h
18.00 d-m
19.57 c-k
25.97 a-c
24.10 a-d
25.73 a-C
19.80 b-j

01883 30 6395 9 (F9eep (23l S Lo pIU Cxd Olio Gl (Sl A Lo A Jgua

Table 8. Comparison of average traits under the effect of absorbent, hormonal and fertilizer treatments in saffron.

by Sl e O3 sl 955 Jloed OIS 559 Orwg)S woyd

Absorbent treatment Hormon Fertilizer Stigma dry weight (gr) Krosin %
555 5,8 sacControl 1.112 h 36.63 f

050,98 Jle Jlasl pae slesis 355 Chemical fertilizer 1.322 f-h 41.50 d-f

Control 5L 555 Nanofertilizer 1.332e-h 43.93 c-f

555 5,8 sacControl 1.120 h 40.43 ef

Control wil> 5,15 pae S slarts 355 Chemical fertilizer 1.710 c-g 39.35 ef

Auxin 5L 555 Nanofertilizer 1.827 c-e 45.97 b-f

555 5,5 sacControl 1.425 d-h 40.60 ef

S s abars 555 Chemical fertilizer 1.538 d-h 42.35 c-f

Cytokinin 5 555 Nanofertilizer 2.150 a-c 48.15 b-e

355 3,5 sacControl 1.248 gh 40.43 ef

50,52 et Jlas] pas sbens 355 Chemical fertilizer 1.378 d-h 46.55 b-f

Control $ 555 Nanofertilizer 1.852 b-d 43.67 c-f

355 35 pacControl 1.600 d-h 44.37 b-f

b wil> s 5 Natural absorbent S bt 55 Chemical fertilizer 1.573 d-h 44.00 c-f

Auxin #b 5,5 Nanofertilizer 1.463 d-h 49.20 b-e

555 5,8 pacControl 1.505 d-h 44.98 b-f

S s sbars 555 Chemical fertilizer 1.442 d-h 43.75 c-f

Cytokinin s s Nanofertilizer 1.373 d-h 54.48 ab

555 5,8 sacControl 1.275f-h 40.63 ef

50598 slens Jlesl pae sbass 355 Chemical fertilizer 1.320 -h 40.50 ef

Control 5L s,5 Nanofertilizer 1.772 c-f 51.78 a-d

355 )5 sasControl 1.277 f-h 47.88 b-e

Synthetic absorbent syeas wils 3,18 Ry bard 355 Chemical fertilizer 1.503 d-h 48.82 b-e
Auxin 5L 555 Nanofertilizer 2.353 a 51.98 a-c

555 5,5 pacControl 1.422 d-h 51.98 a-c

S s ebess 555 Chemical fertilizer 2.155 a-c 59.23 a

Cytokinin 5 555 Nanofertilizer 2.293 ab 49.35b-e
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Table 9. Comparison of average traits under the effect of absorbent and hormonal treatments in two years.

Ju sk 23 s 0998 sles LRSS ST (5T ol
year Absorbent treatment Hormon Flower dry weight ol
(gn Antioxidant
properties
1 Oseys lost Jloe! pas 49.33 fg 59.54 f
Control
1 Controlosls s 15 pas Auxin .,..s| 47.21¢g 67.59 ef
1 Cytokinin -.-Sg . 59.00 ¢-g 68.79 ef
1 308 e Jlesl pae 52.63 e-g 66.92 ef
Control
1 Natural el Cil> o ,,15 Auxin ;.. 55.94d-g 68.67 ef
absorbent
1 Cytokinin .aSg 54.77 d-g 86.34 b-d
1 3058 las Jla! poe 58.79 c-g 77.54 de
Control
1 Synthetic Syuas wil> o )l5 Auxin ;.. 63.10 c-f 82.21 cd
absorbent
Cytokinin .S 69.41 b-d 86.33 b-d
2 3050 las Jla! poe 60.74 c-g 74.13 de
Control
Control il s )15 pae AuXin ;.. 72.64 bc 84.37 b-d
Cytokinin .S 65.37 b-e 96.08 a-c
09098 sles Jlac! pac 73.56 bc 85.18 b-d
Control
2 Natural sl C3l> 5,8 Auxin :,..s| 69.17 b-d 101.7 a
absorbent
Cytokinin .S 79.67b 86.86 b-d
3058 las Jlas! pos 78.70b 83.32 cd
Control
2 Synthetic Syias Lil> 5,18 Auxin ;,..s1 72.18 bc 85.54 b-d
absorbent
2 Cytokinin -.-Sg . 99.79 a 97.99 ab
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