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Extended Abstract

Introduction: Saffron (Crocus sativus L.) is one of the most valuable medicinal plants
globally, known for its culinary, medicinal, and economic importance. The yield and
quality of saffron are influenced by several agronomic and environmental factors.
Among these, nutrient management plays a critical role in enhancing plant growth and
productivity. The use of organic compounds such as humic and folic acids has gained
attention due to their potential to improve plant health, nutrient uptake, and stress
resistance. Additionally, micronutrients like zinc are essential for various biochemical
processes in plants, affecting overall growth, chlorophyll synthesis, and reproductive
success. Recent studies suggest that the combined application of organic acids and
micronutrients can synergistically enhance crop performance. This study investigates
the effects of humic acid, folic acid, and zinc sulfate on key growth, physiological, and
reproductive traits of saffron to identify the most effective treatment combinations for
improving saffron yield and quality.

Materials and Methods: In this study, the studied treatments are humic acid (no use of
humic acid, use of humic acid and use of humic acid enriched with amino acids), folic
acid (no use of folic acid, use of folic acid and use of folic acid enriched with amino
acids). amino) and zinc sulfate (no application of zinc sulfate, application of zinc
sulfate in the amount of 3 kg/ha and application of zinc sulfate in the amount of 6
kg/ha) on growth, flower production and quality characteristics of saffron essential oil.
This experiment was carried out in two years in a factorial manner based on a
randomized complete block design in three replications in the fields of the Islamic Azad
University of Malkan branch. The treatments were applied as soil application every two
years after planting.

Results and discution: This study examined the effects of humic acid, folic acid, and
zinc sulfate on saffron plant growth over two years. The results showed that the highest
plant height, 14.33 cm and 14.2 cm, was recorded in the second year with the
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treatments of humic acid + folic acid + zinc sulfate at 6 kg/ha and humic acid enriched
with amino acids + folic acid enriched with amino acids without zinc sulfate. Compared
to untreated plants, these treatments increased height by 64% and 62%, respectively.
Similar results were observed in other growth traits, with humic and folic acids
enriched with amino acids, along with zinc sulfate, yielding the most positive effects,
especially in the second year. The application of enriched humic acid increased leaf
number by 28.3%, while regular humic acid resulted in a 12% increase. The dry weight
of aerial parts showed no significant difference between the two treatments, but leaf
number, surface area, and dry weight were all positively influenced by these treatments.
Zinc sulfate also had a significant impact, increasing leaf surface area by 46% in the
second year when combined with humic acid. The study highlighted that zinc sulfate at
6 kg/ha, enriched humic acid, and folic acid enriched with amino acids led to the
highest chlorophyll content and improved nutrient uptake, especially nitrogen and
phosphorus. Additionally, the treatments positively impacted the reproductive traits of
saffron, such as flower number and stigma weight, with humic acid enriched with
amino acids having the greatest effect. Folic acid, when enriched with amino acids,
significantly increased crocin content, while both humic and folic acids improved
picrocrocin levels. The study concludes that enriched humic and folic acids, combined
with zinc sulfate, have the most substantial effects on saffron's vegetative and
reproductive traits.

Conclusion: These results show that the combination of humic and folic acid
treatments enriched with amino acids and zinc sulfate can effectively affect the growth
and quality traits of saffron, especially the number of flowers and stigma weight.

Conflict of Interest: The authors declare no potential conflict of interest related to the
work.
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Table 2: Analysis of variance of traits in saffron

sov a5l azye el L Kyl . H - S s S0 M_WH&@HMH & ,pr“.,_t e T T T ) ”H( - ] sy $3) Lyl
ar i Plant Leaf = Flower Flower dry i Total = . 7., BT Phosphorous . o Nl
et df height aumber Leafarea  Shoot dry number weight .&ﬁ chlorophyll mmmnm‘.:m Krosin 7/ Picrokrosin 7 Nitrogen o Iron 7 Zinc % ,.PH_:E:AE;
weight weigh content ) % properties
(A) year A) Ju 1 201.7*%  598.5%*  BVB2**  30680.5%* 16891.2%* 13787.2%*  18.8%* 0.01%*  654.4%* 4534.6%*  2356.0%*  8.7** 17967.7%* 12764.4%*  38B4.9*%*  7554.9%*
B(A) Jb e s 4 548= 1.703 = 12.8= 6251 = 711.906* 378.09 = 0.07= 0= 4.984 815= 473 = 0074 = 3533= T45= 3.06 = 894 =
(C) Humic ) Kagen 2 61.0%*  220.0%*%  133.4%* T166.5%% 1281.1* 1321.1%* 1.14%* 0.002%*  06.19%* 643.09%* 364 5%+ 1.3%* 2108.8%* 2481.64%*  261.39%*%  2608.4**
A*C A*C 2 14.560%  629™  37.668*% 5806 335.09 = 59.01= 022 0= 227 48m 4346 = 034 105.76 = 47.54 = 2062 39.1=
(D) Folic Dy Slys 2 19.2%*  262.4%*  101.2%* 4575.7* 3080.6** 1723.8%* 2.13%* 0.001** HQWME 222.7* 255 4% 1.14** 444.9%* 1937.3%* 615.1** 1667.4**
A*D A*D 2 6.11= 10.17 = 92 6187 = 173.63 = 468 = 02 0= 262 4743 = 316= 0.704* 17736 == 2473 = 84.07 = 2469 =
C*D C*D 4 3.01= 6.01= 9728 356.56 = 499.06 = 106.44 = 0.02= 0= 156 61.37= 41.6== 0.19 == 197.7= 170.12 == §9.4= 160.8 =
AXC*D A*C*D 4 387= 9.46 == 7.96 = 27436 = 54511 = 98 58 == 02 0.000* 157  70.794 = 4234 = 0.11= 200.8 = 184.01 = 184 .9%* 4421 ==
E)Zinc E) 59y olidyn 2 24.99%% 139 8%*  g4.73%* 5256.1%* 1568.2%* 1492 5% 0.81* 0.002%*  90.0%* 130 == 360.6%*  2.03%*  3153.5%* 3121.6%* 518.0%* 2275.2%*
A*E A*E 2 11.902* 849 = 467 == 643 89 = 12588 = 91.07 = 0.03= 0= 045ns  3327= 12.5= 0.008 = 53.07= 554.08 = 3854 == 199.9 =
C*E C*E 4 29= 26.8== 252 1774 = 116.48 == 2005 0177 = 0= 2= 28 = 97 0.2m 168.13 = 119.5= 86.9 = 128.8 ==
A*C*E A*C*E 4 §.589% 9.8= 31.399*% 1887.4 == 151.8= 135.1= 021== 0= 13.1= 17.5= 94= 02m 228.7= 527.79* 7278 = 266.54 =
D*E D*E 4 0.991 16337 7142 272.703 29097 = 428.096= 0.125= 0.001** 53= 8.4= 41.6= 0.04 == 146.7 = 72.79 = 61.1= 2509 =
A*D*E A*D*E 4 168 18.8== 6.4 2462.029* 5488 1009 = 0334 == 0= 11.4 = 504 = 33.61= 0.1 19421 == 203.57 = 37.15= 404.04 =
C*D*E C*D*E 8 39 73= 29= 434 5= 2025 = 2601 = 0.11= 0.000* 23.6* 511= 16.5= 0.1mns 23926 23034 = 318= 147 =
A*C*D*E A*C*D*E 8 §.788%* 10.9== 3.6 1057.5== 1382= 211.09=  0.106= 0.000* 15= 42.7 == 15.6== 0.1x= 9855 = 2002 = 87.631* 2326
Error Uas 10 323 12.843 11.485 1010561 23033 214314 017 0 11853 49319 39454 0.186 209.454 194813 42.089 204.799
18.03 2222 1928 14.86 24.25 2151 2594 213 14.92 15.27 18.89 30.34 19.73 16.84 2439 17.05
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Table 3: Mean comparisions of traits in saffron under humic acid, Folvic acid and Zinc solphate
traits
2 o) IS Sl sl
Jbo Saged ol Soolgd dnl &9y SlddguziNG (o Olw) a5 glis ) G s psS (1) 9, doy
year Humic acid Folic acid solphate (kg/ha) Plant height (cm) Leaf chlorophyll content Zinc percent
(mg/gwet weight)
1 0 6.133n 0.03500 p 11.93r
1 Segld ded 98 e 3 7.233 Imn 0.03900 nop 16.67 n-r
No.Folic acid
1 6 7.933 1-n 0.04633 k-p 18.80 I-r
1osloplS e ¢ i o 5 (5 0 6.767 mn 0.03933 m-p 14.83 pp-r
1 No.Humic Application 6 8.300 h-n 0.05267 j-p 19.77 k-r
1 e I 0 7.600 k-n 0.05500 h-p 16.50 0-r
1 ael gloaeud b ool 3 9.133d-n 0.05133 j-p 24.97 f-r
1 Folic Acid enriched 6 9.333d-n 0.05733 h-n 27.70 e-p
with Amino acids
1 ) 0 7.967 1-n 0.04100 m-p 14.33qr
1 Saglgl sl )15 e 3 8.367 g-n 0.05100 j-p 18.90 I-r
No.Folic acid
1 6 10.23 b-m 0.04633 k-p 21.80 1-r
1 Al 33,18 Saglh dd 315 0 6.767 mn 0.03667 op 15.00 pqr
1 Spogad Folic acid 3 9.367d-n 0.05533 h-o0 17.50 m-r
1 Humic acid Application 6 7.900 1-n 0.07500 c-h 27.53 eq
p ApPlication ;¢ s s 0 7.900 1-n 0.05800 g-n 22.27 1t
1 FESON P PRVOR L AP 3 10.03 c-m 0.05833 g-n 25.10 f-r
Folic Acid enriched .
1 With Amino acids 6 10.27 b-m 0.04567 1-p 21.00 j-r
1 0 8.467 g-n 0.04900 j-p 19.30 k-r
1 Seglsh el )5 pae 3 9.900 c-m 0.05967 g-m 24.43 g-r
No.Folic acid .
1 | 6 11.53 a-1 0.0333j-p 24.53 f-r
Al 08 i .
1 o Sangen Saglad a3, 0 7.800 j-n 0.05100 j-p 18.37 rT1-r
1 oo L ous Fo"c ac-id 3 10.17 b-m 0.05967 g-m 21.13j-r
1 ] Application 6 11.77 a-h 0.05733 h-n 22.80 h-r
L Amino acid =< <Seslsd sl )18 0 8.867 f-n 0.04633 k-p 27.10e-q
1 ael sloaeud b ool 3 11.27 a-j 0.05700 h-n 20.53 j-r
1 Folic Acid enriched 6 10.47 b-| 0.06900 d-j 2217 11
with Amino acids
2 0 8.767 f-n 0.0333j-p 21.23j-r
2 Seglgl sl 015 e 3 9.200 d-n 0.06367 e-I 27.73 e-p
No.Folic acid
2 6 8.367 g-n 0.05467 1-p 36.33b-g
2 andonfSese g gs s 0 9.167 d-n 0.05800 g-n 31.90 d-I
2 Seoged Folic acid 3 10.87 a-| 0.05700 h-n 29.83 d-n
2 No. Humic Application 6 9.267 d-n 0.06567 e-I 35.80 b-h
2 B0 i Syl sl ) 0 8.100 1-n 0.06267 f-I 28.70 e-0
2 el glood b o0 3 11.07 a-k 0.05400 j-p 34.70 b-1
2 Folic Acid enriched 6 12.70 a-d 0.08267 b-e 21.57jr
with Amino acids
2 a5 Sislsd %—u‘_ R ﬁ)[jg pas 0 9.967 c-m 0.05933 g-n 27.10e-q
2 No.Folic acid 3 13.13 abc 0.08067 b-f 25.00 f-r
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2 Soge 6 12.63 a-e 0.07467 c-1 30.73d-m
2 il;mllg Qigg Saslsh sl S5 0 11.97 a-g 0.05700 h-n 20.93 j-r
2 Application 6 14.33a 0.08567 bcd 30.47 d-m
2 o Saglsd ol 518 0 11.53 a-1 0.05667 h-0 33.33 ¢
2 el oo b onds 3 13.73 ab 0.08000 b-f 45.73 abc
2 Folvic Acid enriched 6 10.57 b-I 0.06600 e-| 49.33a
with Amino acids
2 ' 0 11.00 a-k 0.08233 b-¢ 27.13 eq
2 Seglgd Sl 05 pas 3 9.033 e-n 0.04967 j-p 19.90 k-
Al 3,18 No.Folic acid :
2 SRS 6 9.0333d-n 0.05133 j-p 41.97 ad
S Seegep
2 T Sladonts 0 12.40 a-f 0.06633 e-k 35.80 b-h
2 EEEEE Eovic acid 3 13.47 abc 0.07733 c-g 30.57 d-m
2 ! | Application 6 9.267 d-n 0.1127a 37.57 a-f
Humic Aci . .
2 enriched with < e85 Seul 0,18 0 14.20 a 0.09200 bc 39.90 a-¢
2 Amino acids  al glaoed b ool 3 10.63 b-1 0.06400 e-I 38.43 a-e
2 Folic Acid enriched 6 13.23 abc 0.09633 b 46.97 ab
with Amino acids
Gl aie] glaowl oaims yLis AA 3 dul Sogled oaims (ylis FA il Seagud oasms Llis HA
H.A represets Humic acids, F.A represents Folic acid, A.A represents Amino acids
Srogad ol J3l Cod’ a2 5 50 axdllan 5y90 Slao (b (Sl dny lio :F Jgur
Table 4: Mean comparisions of traits in saffron under Humic acid Effect
. JB s cools
A O Si 59 DS 59 VIS .
) S |
Soohw SR e @D @D S e L wfw =
Sogen )Lm]:m o5 _'iISa.m Flower Stgma o= (4o 5) 095 p,8 o) (Gl
. . ea f ower e .
HumicAcid — ver  Shoot number  dry dry (o, Picrokrosin O @SskS wL*_"
dry weight  weight Krosin % % Nitrogen phosphorus ~ Anti
weight (ar) () % content oxidant

(mg/kg) properties

RVOW OOV L PRV
Seeged
No. Humic acid
Sl 3,18
Soged
Humic acid
J......;l o).;)LT
Sogzd

Humic Acid
enriched with
Amino acids

1422¢c 2006b 57.02b 63.16b 1433b 4296b 30.57b  1251b 66.84b 75.99b

1593b 219.6a 6457a 679ab 1610a 4526b 33.43a 1448a 73.95a 86.98a

18.24a 2214a 66.13a 73.05a 1722a 49.74a 3575a 156la 79.30a 88.85a
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Table 5: Mean comparisions of traits in saffron under Folic Acid Effect

Saglst el Spolaas S5 olud SS9 S (s (Mo )imsS OewsSeSm ey Glgme 1T Ceols
Folvic Acid Leaf  Flower (.5 J5 (0,5  Krosin% (0s3) O35 2 ) ORlowlel (SlasT
number number gioyer  Stigma Picrokrosin (ao,) (ol Antioxidant
dry dry % Nitrogen Iron ~ Properties
weight weight % content
(gr) (gr) (ppm)
Soglsd apl 0,5 soe 14.46b 57.12b 61.66b 1.430b  44.27Db 30.78b  68.15b 77.98b 77.84b
No.Folic acid
Syglst ol 5,5 15.30b 59.41b 70.14a 1.524b  45.47Db 3407a 70.99b 81.15b 85.28a
Folic acid
Application
o Siglgdapul oy ls 18.63a 71.19a 72.37a 1812a  48.23a 3489a 80.96a 89.57a 88.70a

MT LSLQ"\'.?""‘ L R
Folic Acid enriched
with Amino acids

JLw 99 53 (59, Clilguw 9 Sugled sl il i (yfjac ) 5o (ilgd plil Sl (459 W (ARl Ao i Jgur
Table 6: Mean comparisions of traits in saffron under Folvic acid and Zinc solphate treatment in 2 years

. . 9 Slilge (#5) oo plail Sas 554
Ju year S5l98 aunl ACId Folic
Zinc Solphate (kg/ha) Shoot dry weight (gr)
1 0 1724 g
. Sasl5h el 3,15 poe 3 193.1eg
No.Folvic acid
1 6 195.4d-g
1 0 195.3d-g
1 ‘545155 Sl J)_.')ls_ 3 207.0 c-f
Folic acid Application
1 6 2029 cg
1 0 183.7 fg
1 el (slodanl b ooy (12 Syglsd anl 0 )15 3 210.6 c-f
Folic Acid enriched with Amino acids

1 6 223.8 a-e
2 213.7 b-f

2 Soglg asl 5 )15 pae 3 215.2 b-f

No.Folvic acid
2 6 2325a-c
2 0 207.6 c-f
Saglgd sl 0 )5
2 Folic acid Application 3 23%.0ac
2 6 2504 a
2 0 246.2 ab
2 Aol ol boas 8 Suolgd anwl 0y 5 3 2355 a-C
Folic Acid enriched with Amino acids

2 6 2299 a-d
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Table 7: Mean comparisions of traits in saffron under Zinc treatment

&3y Sldlge K s IS 59 ao JG jaus
T N O N 3 B e
(ks 2y?) (AkS pps ol Gl
Leaf Flower Flower  Stigma 2,3
Zinc Number Number d_ry d_ry picokrosin Nitrogen Phosphorus Antioxid_ant
solphate weight weight (%) O/g content properties
(kg/ha) (@) (@) ° (mg/Kg)
0 14.48 c 56.85b 62.74 b 1454 b 30.63 ¢ 1221c 66.25 ¢ 77.61¢c
3 16.21b 63.32 a 68.17 ab 1616 a 33.33b 1431b 72.40b 83.62b
6 17.70 a 67.55 a 73.26 a 1.696 a 35.79a 1.608 a 8l.44a 90.59 a

e & Saglh 5 Seagen Sl 305 b aslia
s ol sls Gl asye YA U 1) Clew ¢ cuils
Sladel b Syglgdacal ile (8 a5 vao e (liS
A2 oo il Cile 4y 1y JI glaaewl ol )8
Sl Gl Seegeadenl pgas o e cpl oS
Slaacwl a5 ools lis o gy 091 410,95 5 (5,505
el pilie 50 1) (oo R SGglgd sl 055 4 g ]
51 .(Alsamadany et al, 2022) s ls aw! slao!
o GIT slaoul ] sloswl o w28 L gy ol
aiel Glaogw] pudgplio j0 1) oge (i olg
a5 el ools las Sladss )l geoloss axsl anls
Sl g Soglgh sl b arel slaasul 1S enp
S fes g oy o 1) oyden GRIP Wl oo Siogen
Shaheen et al, 2015; ) ol atils of porr 0 lalS
Nargesi ) l,5en 5 5,6 (Nargesi et al, 2022
el gy 59y 2 a5 bS5l aw (et al., 2022
5 Seaged Sl Gl (oS5 A5 Woged BIF sl
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ol wlie
L sibere olBl 5l Seager sl ooy o0l 0
Serage dmasl 3,15 (6l o s el IS olams o
aiel laarwl bosad 8 Saged ol 05
J5olaws o 1) oo, 0 Vg VWYY s ool
S5 5 Sugled wl 3 )15 Jled 90 pa ad el
Gl el sloonl b oodd f Suglgd o
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Seogetr dsl 315 5 Seoge sl 00,5 slo oS
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el Pyl ol el ADIST 39 50 1) ae o
Seeged Sl 38 56 Cod 5SS )9 oS
booad (o8 Seaged el 05 s 9 <855 18
S 59 50 1y oo, YOIV il 58l anl slaaw
ool g Suglsd wpnl (ogas o b el 5
ol B Sl s el anslapl b Shglsdol
ks S (55 5 S5 olaws a5 )5k 4w oS S
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Sl )5 6 cod plie b 4 J5 Sas
Sladrul booad (28 Soglgd sl 005 5 Suglsd
5 05 ol gy 0 (0 Jgoz) <85 )8 el
S5 3t cod qulian g s (gae sk 4y S (50
S8 g JLSe jo £85I Y Jlade 4 (g9, Slidguw
9 28,5 )18 S ;0 0 S6kS 7 jlade 4y (g9, Ol
Slilgw 5 p)I5 530 co s 5 S 09 s
Slowd 285 18 Se 0 0 85l P lade 4y s,
JESe o pFekS P ke 4 g5, Slige op)l8
Al cely J5 Sty 0 1y o, VRN el
shls a5 glals as osls olas ldlas (Y Jgo)
Wl 8 G (A e (JW gl
5y )l5 45 ols olis dalllas ol bz (TUaN, 2014)

Wlgise ply S)go a Suglgd sl 5 Sioger sl

4 bape Sy wwols gl BYs o iege
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Rossi et al, 2019; Alam et al, ) ol oo,
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Ol (efSen A s 0 (g, &5 Sl
oo a2, 5 (2138 Slge Dz (alS slagyge 90
5 gy ) Sed Gk nl ol g o)l (st BB
(Alam et al, 2020) 54 oo el 1) ol ;s
5 S slbal 155 pey cute @S pf, e
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70 adlhe )50 Glajless 51 S se e
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S e ol 6K cud,b ol Seagun 345 0
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I, Sogud sl oensilSe oee (XU et al, 2021)
Lalpd ognte by e 8 ok 4 Ol 1Y
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35 on el ol J5 s Shes 53

Olaes 0 @Sl 5 5 0l dgne 5o 1) (st GBS
Soga sl a5 ools Hlas b cwy ol ansls
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5 Somgad ol plgi 0 1S a5 wisls )liad cadsls ploxl
ol S o So,m5 ¢k o 1y (55Kl S ane] o]
S0 b Soged del a5 Woges (o)l ladons
Solgi (25 0 15y lo ey Collad S
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Table 8: Mean comparisions of traits in saffron under Humic acid, Zinc solphate
treatment in two years

Je Saged ool (LS )3 p,59LS) 59, Slidges (& Fo L) S ghaw s ) o8l slyme
yaer Humic Acid Zinc Solphate (kg/ha) Leaf area (cm2) Iron content (ppm)
1 0 13.31e 63.74 1
1 Szt danl 2,5 poe 3 14.64 de 66.16 h1
No. Humic acid
1 6 15.29 de 72.97 f1
1 0 14.37 de 65.61 h1
Seo ol
1 #05R S ST 3 14.29 de 77.62 e-1
Humic acid
1 6 16.68 cde 76.07 e-1
1 b oo i Seogad sl 0,5 0 15.26 de 77.61 e1
1 ol 3 16.34 cde 83.47 d-g
Humic Acid enriched
1 with Amino acids 6 17.10 cd 82.97d-g
2 0 16.17 cde 68.88 g-1
|
2 Sz ol 2,5 poe 3 17.67 cd 97.17 a-d
No. Humic acid
2 6 2341a 87.36 c-f
2 0 16.08 cde 88.67 c-e
Seo ol
2 w05 e 2 3 19.30 be 90.22 b-e
Humic acid
2 6 18.90 bc 100.1 ac
2 b odds b Sagads sl 515 0 22.64a 80.49 e-h
2 el 3 2356 2 104.3 ab
Humic Acid enriched
2 with Amino acids 6 21.47 ab 108.8 a
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Table 9: Mean comparisions of traits in saffron under Humic acid, Folvic acid and Zinc solphate

treatment
Soged S Saslgh sl LS o 0 55LS) (55, Sl (vo ) JUldle oy
Humic Acid Folvic Acid Zinc Solphate (kg/Ha) Safranol %
0 18.82h
sl vl 225 pae 3 21.53 ¢-h
No.Folvic acid
6 19.90 f-h
0 19.28 gh
No. Humic acid Folvic acid Application
6 24.23 b-f
slaaral boas & Syglod ol 3 )18 0 22.30 c-h
ool _ 3 2355 b-g
Folvic Acid enriched with
Amino acids 6 23.02 b-h
0 20.00 e-h
Segloh sl 5 )5 pus
21.60 c-h
No.Folvic acid 3 60c
6 23.57 b-g
0 22.28 c-h
Humic acid Folvic acid Application
6 25.78 bc
Sloaul bosd 1 Sglgd ol 3 )8 0 25.18 b-d
e 3 24.98 b-d
Folic Acid enriched with Amino
acids 6 23.80 b-g
0 21.27 c-h
Siglgs apl 5,18
25198 2ol 205 e 3 20.55 d-h
No.Folvic acid
6 25.70 be
0 21.48 c-h
Seogud Sl 3 )l X
K [o,,5
Humic Acid enriched with S8 el 08 3 25.27 bc
) - Folvic acid Application
Amino acids
6 22.23 c-h
Slodnl b osd (18 Sglgd ol 8,15 0 24.58 b-e
el _ 3 27.23 ab
Folvic Acid enriched with
Amino acids 6 29.97a
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