Journal of Saffron Research (semi-annual)

Vol.11, No.2, Fall & Winter, 2023-2024 .
p. 297-313
d - http://dx.doi.org/10.22077/JSR.2024.7024.1229 University of Birjand

Original Article

The Effect Potassium Sulfate and Seaweed Extract on the Photosynthetic Pigments
of Leaves and Some Stigma Active Substances of Saffron (Crocus sativus L.)

Mohammad Hossein Aminifard"’, Ali Khaksari Moghaddam?, Hassan Bayat® and
Hamid-Reza Fallahi*®
1- Associate Professor, Department of Horticultural Science and the Research Center for Special Plants
of the Region, Faculty of Agriculture, University of Birjand, Birjand, Iran.
2- M.Sc. Student in Medicinal Plants, Department of Horticultural Science, Faculty of Agriculture,
University of Birjand, Birjand, Iran.
3- Associate Professor, Department of Horticultural Science, Faculty of Agriculture, University of
Birjand, Birjand, Iran.
4- Associate Professor, Department of Plant Production and Genetics, Faculty of Agriculture, University
of Birjand, Birjand, Iran.
5- Plant and Environmental Stresses Research Group (PESRG), University of Birjand, Birjand, Iran
*Corresponding Author Email: mh.aminifard@birjand.ac.ir

Received 06 December 2023; Accepted 10 February 2024

Extended Abstract

Introduction: Saffron (Crocus sativus L.) is the most expensive agricultural product and
one of the most valuable medicinal and spice plants that have many uses in the food and
medicine industries. Iran is the largest producer and exporter of saffron in the world, and
about 90% of the world's annual saffron production is produced in Iran, mainly in Razavi
Khorasan and South Khorasan provinces. A balanced supply of nutrients is one of the
main important factors in the sustainable saffron production, especially in arid and semi-
arid areas. Potassium and sulfur, as two essential and widely used elements, play a
significant role in the synthesis of proteins, activating enzymes, transferring sugar,
increasing carbon dioxide absorption and photosynthesis. Seaweed extract is also one of
the compounds that stimulate plant growth and the quality of products. The aim of this
study was to investigate the effect of potassium sulfate and seaweed extract on the stigma
quality and the content of leaf photosynthetic pigments.

Materials and Methods: This experiment was carried out in the growing seasons of
2018 and 2019, as factorial based on a randomized complete block design with three
replications, in Sarayan, Iran. Experimental factors were four levels of potassium sulfate
(0, 100, 200, and 300 kg ha) and three levels of Acadian seaweed (0, 1, and 2 per
thousand). Before conducting the experiment, soil sampling was done from a depth of 0-
30 cm (Table 1). Plots dimension was 2x1 m, with for planting rows in each. The distance
between the plots was 0.5 m and between the blocks was 1.5 m. Before planting, the
corms (8-10 g) were disinfection with benomyl fungicide. Potassium sulfate applied
simultaneously with corms planting. For application of seaweed extract, after preparing
the solutions with desired concentrations, foliar spraying was done using a sprayer three
times in 20" February and 5™ and 20" March, 2018. The flowers in the first growing
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season (autumn of 2017), were not harvested, because the treatments were not yet fully
applied. Simultaneously with the beginning of flowering, in the second flowering season
(in late November 2018), the flowers of each plot were collected daily. The stigmas were
dried under laboratory condition at the shade for a week. Then, the qualitative parameters
of stigma (anthocyanin, antioxidant, phenol, crocin, picrocrocin and safranal) were
measured. In addition, during vegetative growth, the content of photosynthetic pigments
(carotenoids, chlorophylls a, b and total) of leaves were determined. Statistical analysis
of data was done using SAS 9.4 software. Means were compared using a protected LSD
test at the 5% level of probability.

Results and Discussion: The interaction effect of experimental factors was significant
on the content of picrocrocin, safranal and antioxidant of stigma as well as the amount of
chlorophyll and carotenoid in the leaves. The highest amounts of picrocrocin, safranal
and antioxidant activity were obtained in the combined application of 300 kg ha
potassium sulfate + foliar spraying of seaweed extract with a concentration of 2 per
thousand, which were respectively, 32.8, 23.9 and 21.1% more than the control treatment
(no use of potassium sulfate and seaweed extract). The highest values of chlorophyll a,
chlorophyll b, total chlorophyll and carotenoids (0.17, 0.037, 1.99 and 1.01 mg gt FW,
respectively) were gained with the combined application potassium sulfate (100 to 300
kg ha't) plus seaweed extract (1-2 per thousand), which were 54.4,60.8, 131.3 and 68.3%
higher than the control, respectively. The simple effect of experimental factors was
significant on crocin and anthocyanin content of stigma. Increasing the application rate
of potassium sulfate from 0 to 300 kg ha-!, improved the amount of crocin by three times
and the amount of anthocyanin by 8.9%. In addition, the amount of crocin and
anthocyanin in the condition of seaweed extract application (concentration of 2 parts per
thousand) was 166.7 and 12.7% higher than the control (no-seaweed application).

Conclusion: Based on the results of this research, the combined application of potassium
sulfate and seaweed extract is recommended to improve the biochemical properties and
bioactive compounds of saffron.

Conflict of Interest: The authors declare no potential conflict of interest related to the
work.
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Table 2- Physical and chemical properties of soil in the experimental station
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34 18 48 T 0.64 45 270 0.032 1.7 38 8.31
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¥ b,
Chlorophyll a = (19.3 x A663 - 0.86 x A645) \V//100W

O ala,
Chlorophyll b = (19.3 x AB45 - 3.6 x A663) V/100W

$ ala,

Total Chlorophyll = (20.2 x A645 + 8.02 x A663)
x\V/x1000/W

V b,

Carotenoides = 100(A470) - 3.27(mg chl. a) - 104(mg
chl. b)/227
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Table 3. Results of analysis of variance (mean of squares) for the effect of potassium

sulfate and seaweed extract application on biochemical indices and apocarotenoids
contents of saffron stigma.

St gl xSl e Obeossl e SeSe ems)S JULe
S.0.V. &l Antioxidants Phenols Anthocyanin Picrocrocin  Crocin  Safranal
df
Sk 2 0.46™ 8.34™ 1.27m 2.85™ 23.93™ 1.90"
Block
Potassium 3 30.35 4,72 12.14* 23.51* 150.18 9.84*
sulfate (PS)
Sl o lac
by 2 32.32™ 1.79™ 6.17" 12.78™ 16.73™ 170.91"
Seaweed
extract (SE)
bz X by 6 2.53" 4,14 3.8™ 1.78" 9.28™  206.66"
PSxSE
U
22 3.63 0.84 5.05 0.61 8.74 11.51
Error
el - 26 1.44 4.97 3.39 693 190
C.V. (%)

Qo w9 Sy Jleil pda 1o (glo S g o e jf o T 4y g % NS
ns, ** and * are non-significant and significant at the 0.01 and 0.05 levels of probability, respectively.

Olie s A oS Clao 1 by Sdor ojlae g prwly Cldlgw & pao Jiliio 51 (ko duylio .F Jgur
Table 4. Means comparison for the interaction effect of potassium sulfate and seaweed extract
application on the quality traits of saffron stigma.

el Slilgs by Sz oflas STl S 955 Julsl

Potassium Seaweed extract ~ Antioxidants (%) Picrocrocin Safranal (absorption
sulfate (kg. ha)  (per thousand) (absorption of 1% of 1% aqueous
aqueous solution at solution at 330 nm)
257 nm)

0 25.01° 25.34f 25.16¢

0 1 25.01° 27.52¢ 25.18¢

2 25.71¢ 27.57¢ 26.87%

0 25.744 27.96¢ 25.28¢

100 1 26.28¢ 28.43¢ 25.31¢

2 27.05% 28.99% 26.94%

0 26.344 29.884% 26.99%

200 1 28.16" 30.70% 32.25%

2 28.33 31.85° 32.80%

0 26.524 29.914% 31.65%

300 1 28.60° 30.70% 32.47%®

2 30.30? 33.672 33.452

255105 20,0 O Jleil s j0 (5,10 sime (5 k] BB S i By G JBlas gl slapnKilie gty 40
In each column, means with the same letter are not significantly different at 5% probability level.
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Table 5. means comparison for the simple effect of seaweed extract on phenol, anthocyanin and
crocin content of saffron stigma.

Seaweed b, s o)lae Phenols (mg. 100 g Cndbwgs] CpgyS
extract (per thousand) g DWY) Anthocyanin (mg. 100 g Crocin (absorption of 1%
DW1) aqueous solution at 440
nm)
0 62.07¢ 23.67° 72.24¢
1 62.36° 23.74° 153.40P
2 63.66° 26.68° 192.73?

Q5,105 a0 O Jletl o 40 (6l e (g,Lel BT S e B> S Blas gl sla Kl (g o 0
In each column, means with the same letter are not significantly different at 5% probability level.
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Table 6. means comparison of the simple effect of potassium sulfate application on crocin and
anthocyanin content of saffron stigma.

ol Sldlgus O] OrsyS
Potassium sulfate (kg hal) Anthocyanin (mg. 100 g DW- Crocin (absorption of 1%
D) aqueous solution at 440 nm)
0 23.30° 70.20°
100 23.33° 149.44°
200 25.34° 158.50°
300 25.38° 211.66°

255105 20y0 O Jleil s j0 (5510 sime (5 kel BB S i By G JBlas gl slapnSilie gt po 40
In each column, means with the same letter are not significantly different at 5% probability level.
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Table 7. Results of analysis of variance (mean of square) for the effect of potassium sulfate and
seaweed extract application on the content of photosynthetic pigments of saffron leaves.

St gile shlazs  addls byl &5 Jebssls S35
S.0.V. df Chlorophylla  Chlorophyll  Total chlorophyll ~ Carotenoids
b

Sk 2 0.309™ 0.136™ 0.061™ 0.032
Block

> 3 15.472 2.079 6.502 2.608
Potassium sulfate
b Sl 2 2.354% 4.235% 7.540° 2.411%
Seaweed extract
Seaweed
g ; 0.282 0.312 0.566 0.07
Error
el . 5.6 15.2 57 14.2
C.V.(%)

Sy gy 9 Sy Jleixl a0 (gls S g9 (ghlo g i 4 g i NS
ns, ** and * are non-significant and significant at the 0.01 and 0.05 level of probability, respectively.
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Table 8. Mean comparisons for the interactions effect of potassium sulfate and seaweed extract
application on the content of photosynthetic pigments of saffron leaves.

pely Sllge gl Sl o jlae a by k5 b Jeds s S5 e lS S g9, 8
Potassium Acadian seaweed Chlorophyll a Chlorophyll b Total Carotenoids
sulfate (kg hat) (per thousand) (mg. g FW1) (mg. g FW?) chlorophyll (mg. g FW?)
(mg. g FW)
0 0 0.11¢ 0.023¢ 0.863¢ 0.602¢
1 0.15b¢ 0.027¢ 1.060° 0.798%
2 0.15% 0.031%¢ 1.2832 1.007%
100 0 0.12¢% 0.030% 1.148%¢ 0.903%¢
1 0.14¢ 0.0372 1.097% 0.772¢
2 0.14% 0.0342 1.3022 0.901°¢
200 0 0.16%® 0.030% 1.253% 0.997%®
1 0.15% 0.034%® 1.259% 0.972%®
2 0.15 0.027¢ 1.090%¢ 0.833%
300 0 0.15% 0.034% 1.210%¢ 0.998%
1 0.17° 0.026" 1.2822 0.998%
2 0.15% 0.027¢ 1.069° 1.0172

255105 20,0 O Jleisl s j0 (5510 sime (5,)le] BB S ie By S JBlas gl slapnKilie gt po 40
In each column, means with the same letter are not significantly different at 5% probability level.
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