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Extended Abstract

Introduction: Saffron (Crocus sativus L.) is the most precious agricultural product and one of
the most valuable spices and medicinal plants with many applications in the food and
pharmaceutical industries. Iran is the largest producer and exporter of saffron in the world, and
more than 90 percent of the world's annual saffron production is produced in Iran. Recently,
concerns about the ability to maintain soil fertility and ecological stability have been raised as
an important issue regarding chemical fertilizers. Animal fertilizers do not have unilateral
effects, but on the one hand, they help provide nutrients, and on the other hand, they improve
soil structure. Also, providing plants with the elements they need plays an important role in
increasing the quality of food produced and improving the health of society. Sulfur also has the
potential to reduce soil pH, at least on a small scale around soil particles, due to its capacity to
oxidize and produce sulfuric acid. Therefore, it can be effective, especially in the rhizosphere
region, in dissolving insoluble nutrient compounds and releasing essential elements. Therefore,
using elemental sulfur as an acidifying agent is useful in increasing the ability to absorb
nutrients in calcareous soils. Therefore, considering the importance of saffron as the most
important economic and medicinal product of the country, the goal of this project was to

simultaneously study the effect of sheep manure and sulfur on the active ingredients and



biochemical traits of saffron, so that steps could be taken towards sustainable production and

increasing the quality of this important medicinal plant.

Materials and Methods: This study was conducted to investigate the effect of sheep manure
and sulfur on biochemical traits and active ingredients of saffron during 2018-2019 and 2019-
2020 in the Sarayan region in a factorial manner and a randomized complete block design with
three replications. Experimental treatments included sheep manure at four levels (0, 20, 40, and
60 t. ha'!) and sulfur at three levels (0, 200, and 400 kg. ha). The planting operation began in
September 2018. Each plot consisted of four lines, with a distance of 25 cm between two
planting lines and a distance of 5 cm between the corms on each line, and 40 corms were
planted on each line. Simultaneously with the start of flowering in the second year (late
November 2019), saffron flowers were harvested from the entire surface of the plots in the
early morning hours, taking into account the marginal effect (half a meter away from each side
of the plot). The different parts of the flower were dried naturally in the shade. After drying,
the saffron stigmas harvested each day were mixed and used for testing and were prepared for
measuring biochemical traits. To determine the free radical scavenging rate of saffron stigma,
the radical scavenging capacity was measured using 2,2-diphenyl-1-picrylhydrazyl (DPPH)
scavenging method, to measure the total phenol content of saffron stigma, the gallic acid
method and Folin-Ciocalchio reagent were used, the anthocyanin of stigma was measured using
the differential pH method, to measure the qualitative compounds present in flower stigma, the
Iranian national standard method was used, and the chlorophyll a, b, total chlorophyll and
carotenoid amounts were measured using the Arnon method. Statistical analysis of the data
was performed using SAS 9.4 software. Data comparison was also performed using the
protected Duncan’s multiple range test at a probability of 5%.

Results and Discussion: The results showed that sheep manure and sulfur were significant on
the biochemical characteristics of stigma (antioxidant, phenol, and anthocyanin), effective
substances of stigma (picrocrocin, crocin, and safranal), and biochemical characteristics of
leaves (chlorophyll a, b, total, and carotenoid) of saffron. The treatment of 60 t. ha of sheep
manure has the highest amount of antioxidants (30.46%), phenol (62.52 mg. 100 g dry weight
1, anthocyanin (33.41 mg. 100 g dry weight™), picrocrocin (33.00 absorption of 1% aqueous
solution at 257 nm), crocin (285.667 absorption of 1% aqueous solution at 440 nm), safranal
(34.56 absorption of 1% aqueous solution at 330 nm) and chlorophyll b (0.048 mg. g fresh
weight?). With a consumption of 400 kg. ha® of sulfur, antioxidant 12.31%, phenol 0.35%,



anthocyanin 31.56%, picrocrocin 30.95%, crocin 48.48%, safranal 11.23%, chlorophyll a
16.80%, Chlorophyll b 8.33%, and carotenoid 16.14% increase compared to the control. Also,
the highest amount of phenol (62.73 mg. 100 g dry weight™), anthocyanin (29.63 mg. 100 g
dry weight™), crocin (287.33 absorption of one percent aqueous solution at 440 nm), safranal
(38.81 absorption of one percent aqueous solution at 330 nm), total chlorophyll (1.026 mg. ¢
fresh weight™) and carotenoid (1.026 mg. g fresh weight™) at the level of 60 t. ha* of sheep
manure and 400 kg. ha® sulfur was obtained.

Conclusion: The results showed that sheep manure and sulfur had a positive effect on

biochemical traits and active ingredients of saffron in this experiment.
Conflict of Interest: The authors declare no potential conflict of interest related to the work.
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Table 1. Properties of sheep manure
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58.00 1.50 2.70 2.00 7.74 14.580
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Table 2. Physical and chemical properties of soil in the study area
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Table 3. Results of analysis of variance (mean square) for biochemical properties and active ingredients
of saffron stigma

&l . - ‘ ;
i 0 Jul3le DS oS s S Ol g Jod Ol 51
S OV df sol;1  Safranal Crocin  Picrocrocin  Anthocyanins  Phenols  Antioxidants
Sk 2 18.200™  20.801" 8.97" 5.200"™ 0.0804 0.177"

Block

SsS

§didangS 3 180.213™  270.89™ 40.987" 345.138™ 0.0132™ 39.35™
Sheep

manure

rS 2 168.578™  479.12" 35.406™ 158.408™ 0.1121* 25.32™
Sulfur

(GhassS

35 x 6 8.070™  251.172* 4.894" 20.801™ 0.0072*" 12.93™
Sheep x

Sulfur

> . 2478 3511 7515 49073 000123 2.3

Error

A, -- 3.92 16.10 6.21 12.10 0.07 52.6

C.V.

Aoy g g S Jleixl e 10 (glo S g ghlo S E S 4 * 3™ ns
ns, ™ and "are nonsignificant and significant at the 0.01 and 0.05, -, respectively.
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Table 4. Comparison of the average effect of sheep manure on biochemical traits and active ingredients of
saffron stigma

Jsb 30 00,0 o o Uglome i) fang S50
(Fegils YOV g
Picrocrocin (absorption of 1% aqueous
solution at 257 nm)

()L:S-m L u-’) 6“‘“’; 095
Sheep manure (t. h'?)

(22,9) Hlagus 1
Antioxidants (%)

0 19.87¢ 27.249
20 23.37° 29.25°
40 25.34° 29.97°
60 33.002 30.46%

5,105 0,0 0 mhan 58 (6 sre (5 kel BB S e B S JBlas gl sl SKibie gt B 0
In each column, means with the same letter are not different significantly at 5% probability level.
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Table 5. Comparison of the average effect of sulfur fertilizer on biochemical properties and active
ingredients of saffron stigma

@l sbome ©32) (59,55,
VOV zgo Jsb ,o 2oy o
(gl
Picrocrocin (absorption of
1% aqueous solution at 257

(S jo p,55LS) 0,565
Sulfur (kg. h')

(3o,0) Glawus] G’;fl
Antioxidants (%)

nm)
0 23.81° 27.13¢
200 27.40P 28.25°
400 31.18° 30.472

D5l o0 B s 10 (5,0 sre (6 k] B S e B> S JBlos gllo sl Sile gt y2 40
In each column, means with the same letter are not different significantly at 5% probability level.
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Table 6. Comparison of the average interaction effect of sheep manure and sulfur on biochemical traits
and active ingredients of saffron stigma

o Saldbe Sl Ly sl s
(S OU-JWY} S
¢ e Ty dsb o ey ze Jsb o ae e £y do e S 38 0,5
(S s 059 s s 03 F
B8 50 (ogls ¥Y - (ogils ¥+ (Sis <
W Safranal Crocin - (
manure ! : Anthocyanins Phenols
9 (absorption of (absorption of (mg. 100 g d
(t.h?) 0 0 g.1ugdary  (mg.100g
1% aqueous 1% aqueous weight?) drv weight
solution at 330 solution at 440 Y ) g
nm) nm)
0 21.54" 117.331 6.61" 62.38
0 24.878 192.00¢ 12.19 62.46%
0 9.20f 266.00°% 11.96°¢ 62.57¢
20 22.62" 137.33" 11.76°9 62.45"
20 31.23¢ 242.00°f 14.96%f 62.47¢f9
20 32.78% 258.00% 15.42¢% 62.54%
40 27.54f 197.33¢ 12.99¢f 62.41N
40 32.70% 290.00¢ 18.60" 62.51%
40 33.64% 335.33° 20.92° 62.49 ¢f
60 27.75f 255.33¢% 15.99 « 62.57°¢
60 36.50° 272.00% 19.52° 62.64°
60 38.81° 287.33? 29.63? 62.73%
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In each column, means with the same letter are not different significantly at 5% probability level.
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355 wile) (Slg> 095 wms (Al GlalS yo 1) Jdg IS o Wil g g 05l0 (A& b9 IS a5 sl (6908 paie SO

il 1y gl rhaw ot 50 5 03,5 S lblS dnwg 5 o, 4 o3V (sdie Slge el b Wlgh oo i ((sokiwsS
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Table 7. Results of analysis of variance of two factors of sheep manure and sulfur on biochemical traits of
saffron leaves

SeSobe  wp  ay SIS b s 5 8 Judy IS
i . ota
S.0.Vv. df sol;1  Carotenoids chlorophyll Chlorophyll b Chlorophyll a
Block 5L 2 0.097™ 1.834" 0.610"™ 1.504"
e died 3 6.302" 1.682" 14.779" 4512*
Sheep manure
g 2 2.792" 24.284™ 13.419™ 4554
Sulfur
X 6¢~M9§
5,555 6 2.483" 7.501" 13.465™ 8.958"

Sheep x Sulfur
Aoy w9 S Jleil mhaw 10 (g5lo e 9 (g0 e ui S 4 T 5 FF NS
ns, ™ and "are nonsignificant and significant at the 0.01 and 0.05, -, respectively.
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Table 8. Comparison of the mean interaction of sheep manure and sulfur on biochemical traits of saffron
leaves

~ ko) S Jets S b s,k a by IS
GhihesS 355 PRSI OSS  asT e e,S PeSEdS eSSk 5 )5 k)

(LS )5 o) (LSe 5 (5
Sheep manure  Sulfur (kg. hr Carotenoids Total Chlorophyll  Chlorophyli

(t. h) ) (mg. g fresh chlorophyll b(mg.g a(mg.g

weight) (mg._g fresh f_resh fresh
weight?) weight?) weight?)

0 0 0.611° 0.864% 0.031¢ 0.09°

0 200 0.807¢ 1.061° 0.035% 0.13%

0 400 1.016% 1.2842 0.039b¢ 0.13%¢

20 0 0.912b¢ 1.149%¢ 0.038%¢ 0.10%

20 200 0.781¢ 1.098 0.034¢ 0.12¢

20 400 0.910%¢ 1.3032 0.032%® 0.12¢d

40 0 1.006° 1.254% 0.038%¢ 0.14%

40 200 0.981® 1.260% 0.032%® 0.13%¢

40 400 0.842¢ 0.842¢ 0.035% 0/13%¢

60 0 1.0072 1.009% 0.032% 0.13%

60 200 1.0072 1.009% 0.0352 0.152

60 400 1.0262 1.0262 0.035% 0.13%

5,105 0,0 B mhaw 50 (6 s e (5 kel B S e B> S JBlas gl slo ik gt B 0
In each column, means with the same letter are not different significantly at 5% probability level.
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