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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 a vital economic and medicinal
product of the country, the objective 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
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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 demonstrated that sheep manure and sulfur had a
significant impact 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 amounts of antioxidants
(30.46%), phenol (62.52 mg. 100 g dry weight?), 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. g 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 findings of this experiment indicated that sheep manure and sulfur
positively influenced the biochemical traits and active components of saffron.

Conflict of Interest: The authors declare no potential conflict of interest related to the
work.

Keywords: Chlorophyll, Crocin, Organic fertilizer, Picrocrocin, Saffron, Safranal.



(anlilezd 93) Ol e ) (gla yim g3 4 i
& VPP Ol 5 slas el oslot ¢oas s Al
S VFA 100 tammins o Lot

I l l I | d- | 10.22077/jsr.2025.9210.1271

Ql).é.s:)’o)j'g_ooljagd’wmalﬁmﬁo;;ssoboes L Cl ).ub
(Crocus sativus L.)

f‘;")lé Lo juuo> Jobs O ‘Y,a..\.b’.»‘_g)l.w.flé e ';Ha)és;bnl s 0X0
Ol iz iz o oBiils (65,9l 0aSiiils cadhats 0%y LS Liegls 35 e g Sl psle 05,5« Luzils )
Ol ci o wiz ol RIS (65,5l 0uSisly ( SLEL pole 05,5 29,0 (LS (5eden s il S )] owlid IS gemils -Y
Ol iy iz o ol&iils (55,9l 0uSiiils « SLel pole 09,8 o Loiils Y
Ol ez o iy oKiSls ((55,5liS 0aSlisls (e (sla i g ol iy 05,5 « LS S g ddgi cwdiges 09,5 o Luiils -F

mh.aminifard@birjand.ac.ir :Jgiuwe odius 5™
VB[ VY 15 00 gyl VPR /oY WY 56,5550 guyb VP B o)/ YD 1l yo f b

TN 4

IWAV-ITAA sl b (b ol ae 5 0550 3190 § (o2 ondign Sliuo 1 3,595 9 GaddunsS 395yl (w2 ssliiods iz (!
Jols s lo3T (6 yland 00,5 152 Bolad JolS (goSsly b B )0 5 o555 & ygu0as ()l pas dlilaiio y3 1FAA-ITAA 4
TS wiog (LSS 50 0 gl Fov g Ver o) mhanw dw 53 3,595 9 (GUSB 50 (o Fv g Fr (Fe o) s 5l 50 GudiwgS 095
AN 0,550 Slgo ((riliwgiil 9 Joid (Ol | ) AW alopdgn Glio p 9,595 9 uidwgs 095 a5 Ol (Lis
Fo sland 0l o gimo o)l yae ) (adgidayl5 3 JS D @ Judg pI5) Sy (oo Loy Soliuo 9 (JUI8Lw 9 (g )5 «(rmnns 559 ,51)
(Sid (339 PS5 S0 30 035 o FYIAY) Jgid (w030 Yo/ FF) oSl 2T oyl o yibions Gk g 595 LS 4o
YOV zg0 Job 30 o yd Sy (ol Johomo dar Y¥/o0) crmwg 1595 (Sl (339 055 w30 0,5 o YT/ FY) il g
S @l Jsle iz YF/0F) JUllo 9 (ol FFe zae Job 50 duoyd < (o Jolono i YABIFFY) (yaws S «(yogil
a0 )3 VYY) oS T 5T 35 8,595 JLSR 40 0,59l Fov U puao b .0lo (ol | 395 a5 1y (10 gil FYe Zgo Job 40 sy
a0y WYY JUlleg suoyd FAIFA CpuwgyS cduoyd ¥l g 35 g S cduoyd FI/BF uiliwgis] o ys +/VD Jgid
VA/PY) Griloawgisl ((Sis (339 015 w0 30 05 (oo FYIVY) Jgid jlutiin () yidn (oo By (331 Wbl &) o
o P g 50 (egil FFe oo Job 10 w00 Sy ol Jolmo iz YAVITY) (g )5 9 (Sis (339 0,5 9o 50 055 e
ol Cowddy 3,555 LS 40 0 ,FoluS Foo g (g 395 ;LS 50

(T 395« Judg IS (g 3 JUI Bl o] ji 5 ymig 559 5 1 slS s llg

Copyright © 2024 by the authors
Published by University of Birjand. Submitted for possible open access publication under the terms and conditions of the Creative
BY Commons Attribution 4.0 International (CC BY 4.0) license_(https://creativecommons.org/licenses/by/4.0).



https://birjand.ac.ir/en
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.22077/jsr.2025.9210.1271
https://orcid.org/0000-0002-1083-2738
https://orcid.org/0000-0002-9490-2616

\F ¥ QL‘@.{U)JL& A aJLe.i c“‘.ﬂe-c[}l}é&j L;LAJ.A;}; 4.1'}2.; \FY

s Il sloogS Lo Lo slaglyie o cils” Js
J.A—‘ Cewdds ol o Le‘j u_.).,.J 9 C"""’5‘3“’5c5‘°)5
5 9,8 el dlugs mbs (ISmaeili et al., 2015)
sls oLz (Aminifard & Ahmadi, 2018) so.s!
0550 dlge »2 (55l5 055 ulesl (slzl Jgl Jlo yo a5
P99 Jbo 5o 5 (JU1AL 5 (g S emssS'5,50) WD
5 (Us 5 oeilomsish S8 SlunsT T clled
Wl Jee IS 0,350 olge

e G OlaLS 5l 090 yolie (ceald (pizmen
M d9u 9 Gadgi (2138 Blge CaS 38l 5o
51 S 0,555 (Ahmadi et al., 2012) o )ls asal>
slodls o a5 cl (LS 5l )00 (555,0 robe
sealS el a8 8 18 asg 550 S 5
o3liiul (3938039, Rl Bl 503 9w 5l 90595 B yae
yobe Jobs 3,55 won el NPK slasys
el 00 GiykiS slaSls o o)fp’ alos )'| @‘Q\.{:
S Sy S5 seS Jloay Spsbay
axlpe ISt b ol (5598 Slacmslig g s
(Rezvani Moghaddam et al., 2015) ¢l oo
5 O onST Ed b Jdsan (rizmen 9555
PH (28LS (sl 5 Jomilty 1S5l ymsiond a5
I, SLs old Gl bl S o8 ulidie ;s JBla> SLs
ashio o pgarda adlg cw paie fplplplin o)l
o ol3T g Jeloals olde Sl 5 sl 1o yhg
shoslial culple wogd &Bly S5 (5900 yolie
yobieds Tjowl cole G leicds (g paie 054 F
slassls o ol jole Cis oo llE plydl
(Karimi etal., 2012) s,ls 5 ,LS Sal

dard 5 S 3blie > S PH (o5 Yl az g L
g ks ol pdas gl 0,565 5l eolaiul Sis
3 S5 S Tas oSyl gl ez ol b il oS
s lanl jaie pl giwl wgd Jols 5,555 B s
Foe Seigdsn Jelse S Sz 05l ST S
oo SB o S ool enl)d 0,555 gl jo
Ol L U8 S 18 ar g 0y0e ST bole 50,555

Aoddio

Jyame oy 5lesl,5 (Crocus sativus L.) ol ,ac;
@9, 5 slugsl ol S8 L Sl g 6m0leS
g N N R o S O S Oy - YR LS oo
2 ol eaisSele 5 caiSady (2255 ol
Lo olyae) aVlo adgs wo o 0 5l s g el e
Ol adg 5l as,s A dgas 0ad oo adgl lpl o
Sy bl S gl 4 barye j525 5o Jgaze
Koocheki & Khajeh-) sl o Jbis 5 o5
oo yiiie sla yb,55 wlul , (Hosseini, 2020
O TV 5l G Gl 5o lies wldle wdgs e
ool casS Lol L ol ) )9S Sl a4 g5 b ool
Ol 50 olrie; g 50 (e BB o ol olS
RV PP YA S J¥1 I BEWERR RWSR IV NS D) A K%
612,585 (p yhogen 3l Lilewsl 5 (AST 50 (O lislidl Uy
Ngyse et A Ly plae) eanSaly
oL pl o)l BluS 5 saes (Statistics, 2023)
Silge JULBLe 5 Loy 9,5 s S Jol
.(Hosseinpour azad et al., 2016)

Lis ol b oakal, o SIS 31 sbdle o
eyt 5 Saplssl ol Sb gslols
ol 7rkae pie E5050 Ko (lgie 4 (aberd slaosS
olS oldé Ao lgean (_L‘_JT oS o 15 el
o‘fo.b ;3.:‘93‘5;)3003,0.: J).MS‘) JL>)‘ &SL».JsATM
05,5 oolaiwl olad losgS eSS polio Ly
slasss (Rezvani Moghaddam et al., 2013)
Sy b SOl asl sl Al wl il glls Slg
Lis Jolas U g Lialidl cga JT sloosS 51 ool
ol pibolisl s Shee (iulidl g S g puidol>
S o b 555 rimen (Pasban et al., 2015)
L oy i olwoslel oSl b, cael o
rolie el oty 5 03,5 pal 4 i 05 sl
obS (siagy w8y Rl Sl 39 s abea 5l 2lde
03,5 o0 (S 9 (o5 0 ,See (Al el Zoles o
O 4 5 ks wliixs (Hammad et al., 2019)
o L3l o) he; gl sl sbio il s JT slassS
S s Gl o s oS wisly lad padse ol
Jbo 53 essS 9 JULAL comms S'9 S 0550 Slge



VO L0l e S50 sl ge 5 plasdign Slio 25 88 5 als 358 Ll g ST 101S00n 55 3 el

23,5 plosl S 5T GtalesT sl el Yo -

(Y Jgo=)
Joe S Jlooke (glsioms ¥ oz mlts 4 azg5 L
wole b ;0 05 wo s +F dg0s Bubxd gl
Yoa o5 ohie) sy S JTosle coslie ol ee
Fallahi & Salariyan. ) cool sas slgin swoy
(I oske 5l mhaw cnl 4 e, sl ol ol (2023

(ool 355 55 Bk 5l S JT ssle slgie
i iyl 5 et 3,555 SpelienS]
355 plagen 0p)l5 b aalllas (3dos cnl l2]
tlortign Slio 5 0350 Slge 2 3,565 5 (GarhugS
ol sl ade cuz e plen B e olae;

bls a8 oo (529,00 olS pl cuas

L gy 9 dlge

Te og0 S (6 sl YO dga> Goc U ogy a3y
Fallahi &) s eolizwl JI 098 JLiSa ,o
(o955 Limbesl jo elul op! » (Salariyan. 2023
)90 gl Olgie 4y (oals 595 )lSe 3 (5 Feoo )8
& olie Gly JIS 50 g 5 oS bl Sl
5 (05 V) 7S 6055 s Sy e ptalej] 555G
355k 390 Jlade SIS yo 05 7)) VL mlaw S
2583555 255 Bras gole SLl a5 sl
Basatpour ) )l,\Ke2 ¢ 5 bl iole;l guls Lol

-9 el); slalo o ae 50 bl jo Gialesl
~ 3l il b sl o5l 0 4 AYV-AA
ot Jloi 53 el i 5o ol Lol sl
51 otalesT ol g s pll etz luls bl
S Te o) gl ez o ediiusS 355 5 colizl
ForgVer o) mhwan ;00555 5 (LS 0 (5 7+
SR S L belie ©j90 4 (IS 0 p)55LS
BVl adsi aZslS 95 Wb pwyn calS
P 4z )0 b (50,5l YO gbeansS o ol K1
So9mald 3l ol (6l (garhansS 595 5 o ys A
a3 )3 )18 oolatul 8,50 oduwg Dgo A e sl
Eldas & o3l 5 iglosT ool 51 L8 () Jgoz) s

Sinlesl o Sl argi L .cd 5 & g0 (et al., 2021
i ol e I3 e 8,5has 5 a8, 55
Olejl 5o 05 oy (RIN LS o Sl Y e
AL 6058 g S o )Lil 590 mhaw  ogdle S

oS el j B 3l Balal sk e e 5l ()1 paised s sLueslal

GhwsS 055 b SHg ) Jaia
Table 1. Properties of sheep manure

7y I ool , s 2SI oo
e (o) s e lty oM oA S |
rganic matter e 2 e j g
P20s5 (% K20 (% N (% Ph
(%) 2 5( 0) 2 ( 0) ( 0) EC (dsm_l)
58.00 1.50 2.70 2.00 71.74 14.580
anfllue 5 )50 dldlio S5 o looals 9 (SO0 GBS 39.Y Jour
Table 2. Physical and chemical properties of soil in the study area
Jlosls i oly IS o598 oS cglan
. . 3] c =
S X RS neSk) (a2)2) g 2 o)
Silt  clay Sand Texture Organic ¢ ¢ Total P o le
matter (e 55ks (P 55ks nitrogen (o™
) P(mg.kg?) K (mgkg?) (%) EC (mS.cm™)
34 18 48 =7 0.64 4.5 270 0032 7.7 8.31

Loamy




\F ¥ QL‘@.{U)JL& A aJLe.i c“‘.ﬂe-c[}l}é&j L;LAJ.A;}; 4.1'}2.; \¥e

&3> Limbesl agl 4 DPPH Voo Lo <V Jgtl
Joloxe Lo 0l L] ol ae 5 IS 0 lac ] Ls )
Al balsee ST ,g oliwo b adl Ve Soe 4 Jols
BUl sles o 5 (S0 ;0 as B0 Ve Sow 4y Jolowo oy
Sl OV zae Job )0 biged Sd 035 Sl

Joe g giS o] Ko L
& ouilgz (UNICO,2000,Germany)
O\ akaly)

Sall dge D
x 100

Ol |6u] =1- -
ouls il 8 sae

Sy A g ol S s mSesil
ey 3l ol A UST Jed sgione (550l
S d e <10 ¢jslaie (pas (Chuah et al., 2008)
A ojlas o e oI 2 3l b Gy
Moo o ol maw (e ¥ ool Jolore
oo slod (o (6,l0g S5 ABB VOl s ol aslsl
oKws .Ia.wy )_~A9Jl) Y&#0 T J5.|o y° l.bd.:ﬁ.o.) ud.>
SlaS 5 S5 e s 0D onilyS LegideiSin
SIS 5 Jailins] imie 51 oslil b b aigas  Jgid

w0 )5 dwlee d!

il (658 03l IS (yiloms T (g a0 31l
Al byl 285 plonil F 8 PH o, 4 adIS
T Job g wSlios 2jeSlS Yo naslw olae)
B3l g 5l shate onl el il O+ T iSTas
o 9 PH =) L ol Sy 1S9 00 15" eensly Juls
s ool PH = F/0 b el 0,15 5 ol
Jsb 93 50 (e 9 WS 00il) x> 0 3L L adiged
Al g 2 Gl @iz Ol gl Voo g OV zge
23,5 dlone o alail, 51 mibowsil Gliee 0l 2l 3

(Wrosotad, 1976)

(¥ abaly)

A = (Amax — A700nm)pH1 — (Amax —
A700) pH4.5

bl Gl Hgige ol Ol b kol Slles
10 s sl ooulsl cddy pll EC2V/Y ds/m L
ot G Sl )lnl 5 0 il A 5 AV (sla s e
ot 18d Sbole )3 e g (B 0550 UL
83 plnil Jlo 95 o Cuiiguas)l g (23,9,8 caiil
s>l J>le Jsb o .Behdani et al., 2022)
3RS Jlei 32 ) plerd 355 LS ilesl
3,90 (silord (BSGle 5 2SS (Glalejl 350
60593 b )3 5o slacile ]S 5 <855 )18 ool
bl jo b plomil (s (g bl elS WS,
oads 9, Sy (AN oo i)l Flgh)  Juad
g oad (SLasl Slgz 0,95 8)lg de 30 g SuBlo
olo oo VO) Lojw €95 L g gmr 0y Juad (slatl o
20,5 sl 5o (Sals 5 plail el odsl (A
QA olo (LT 25D e Jlo (aalS 5,5 L (lojen
Ao S e bge Slelo (dsls Glhe; GblS
ghe J5 51 de)S s o b alold je o) slacsl>
gy J5 e slociend g al ciloy b S
S yuls Sl o aias Ses ale jo s
Slr g bslie 0o b9, 2 0 00l cllop lyae s sla
SrSojlul Cuz 5 85 18 oslitul 5590 ales

A )5 solel pledign Slas

030 Olgo 9 lwadgn Olao pS ojluil
ol )

o sbas g 3Lwoolel

Slao s pSoslail cqa ojlac (gjlweslel jglaie 4
Voo o gl onds Sias aS 6,5 G olbondion
Laids Ve Saedy g ad Jo doys A Joill g ow
Crond 5l 9043, Soeha il aBBs )3 50 0 v s p
20,5 oolaul plyie; olas laie a4 Jolowo H5lids,
(Gholizade et al., 2017)

(DPPH) of3T Jaoly jlew olmo (50 3lul
ST Il Slee Olies et S 0l yhe; AN
5elS s pSelal hg, 5l olae; NS (DPPH)
FSe Y VY SaS Ly JGol, aus b
(Turkmen et w5 oolaewl (DPPH) Ljloue

Jsboee 51 sl oo ¥ jslaie ol ol 13 al., 2005)



VBV L0 e S0 sl ge 5 gliasdign Slio 25 88 5 als 358 Gl gl ST 101008 55 3 el

S 2 2loadign Olao g pSejlul

Ol e Sy G uwgid oo 155 (5 ol

5 05 Jdo)ls D@ Ldg)ls) (srimgd slaalas,
whul) g Jlo ad;y Jab by 5 (a8susl8
Ay al> e )0 allbdrwgd Gle> S, 5l (VWAA
@A b9 IS polie s peSojlal .ol ploxil ljie 5 (2,
05l Ghey 3l bl b absiis)lS g US Jds i b
SeS I yekaie (ol gl al sy (Arnon 1967)
wdmbo oo A giwl ) e Ve 0 Sy 5 cdl
oy e Vooar Gl b Joloe oo e
ey b alBo Ve Sae @y ol el
Toe Jsb 538 B9l (lie s 03,5 9 il
5 esill FYO (i b 3 D Jido IS agils £PY
s g 53l g 28,5 yragll ¥V il o aSgiiglS

)j‘) fooo

(0 akaly)

Chlorophyll a = (19.3 x A663 - 0.86 x
AB45) V/100W

(# alail))

Chlorophyll b = (19.3 x A645 - 3.6 x A663)
V/100W

(Y akayl))

Carotenoides = 100(A470) - 3.27(mg chl. a) -
104(mg chl. b)/227

(A akayl))

Total Chlorophyll = (20.2 x A645 + 8.02 x
A663) xVx1000/W

3 Jol> @Legs Jsloxe) oals Gl Joloe > Vv
FYO FPY Slagge Jsb jo 595 wdz A (Gous il

£ > 2 Wiged 5 (559 W esagili £V

SAS 94 )‘)3| 'D)J )‘ oolazwl l; ools ‘_g)l..o] 4

0905 3l 5 ools 1 SKilo auslae (gl ol plxl
A ookl wo o iy Jleixl e (o SSls

(¥ akayly)

-mg AX MW x DF x 1000
IS (s 55 —2 =
L

exd

AT00 DY+ zgo Jsb 0 i AmaX i A
£ (V) &8y az 0 DF Yoo zoe Jsb o0 Gi
VoS Jsslse 055 MW 0P

w9y 9 JUIBLw ((rwg S 98 (5 eIl
olyae; S

ST AN 53 05290 (05 Sl 5 (s S ojll Cur
(INSO 259-2, 2013) ol Lo ojlaibial s,
(95 9,50) Glyae s 0 55e dlge (liae 005 ooliul
5l Jol Slyess el slasy (GumsyS 9 JULSL
YOV slagse Jsb 0 ooy & sy &
(Ge9S) FFe 5 (JULALY) YT (955 ,50)
Oexs (0,80l 4z 0 YO) lawgio lod ;o jiegil
AU iged p)5 oo Do e o9y cnl bl 035 o
ol yod G pz 4y e O jloslatul b oo jog
O Sl 0 aade Ve Goe a4 oS 5 cpl e 0D
Ole 9 03 Jo (omrblise (500 Langle j90 S
TV YOV slacal )0 aoy S @.T Jole i
Joe ylegideiSwl ofiws lawgy egil FY.g
O o s esls (UNICO,2000,Germany)
Jlade cui A g ad ol J13) alal; o odel Caws
2 6 pSolal g yS g JUIRLe (g 59,8
(INS, 2006)

(Y alal))
1% _ AX100
lem ™ pm(100-H)

S oole u*‘L“" oA Al i )“)‘5"' : E11C0/79n

Job 53 S3le 323, 5l (0o ol i e TA

2y sbzse
Fogl YOV zge Jsb )3 @i Iimmws)SsSy
iegyS gl YV zge Jsb )0 ode Ul
Ol diged oy Mgl 1Y+ zge Jobo )0 i
AV e o Yoare o5 S Cugby oliee H (o))

Mbso M)\)



\F ¥ QL‘@.{U)JL& A aJLe.i c“‘.ﬂe-c[}l}é&j L;LAJ.A;}; 4.1'}2.; \FA

NCRER [
lite 5 ool Sl a8 ols les il s 432 zuls
DI Job Glyme 9595 5 sabwsS slassS
S Blite OIS0 y50 50 (Y Jga) 050 lo sne
(S 539 p)5 wo 59 05 ko PYIVA) Jgib elans
55 s PYIVE) s 2y 5 ol Jlacs 4 g o
GgS 395 5 P Bran b (S (35 0,5 o )0
J992) ad Jol> 5,595 095 LS 0 0 Soks e - L

(F
el g 0l bl ol mlb alie
as wis,S 5,5 (Aminifard & Ahmadi, 2018)
Jsd ol p o s il sals 055 5l ool
5 sk ol Ghaleil pgs Jlo ps (e SIS
3,5 L s (Pérez-Lopez et al., 2007) ., Ken
Josi b o oy S e Gl (T 0
(o GlPl pegas 0 wsged )15 Cote wals
as axsls bl (Toor et al., 2006) ) Koo 4 545
2 05 998 e o JT slaogS i salanul b5 4
RWICINIC SN S T VT RVEPR IR [ IR 4
SlaS 5 ek a9l slacdslio Hlisle )3 web
e bt el Cales 5o 45 958 oo osliiul Joid
S o pldé jolie 38l 00,5 o olS o Jgib
Ol il 4 i lo sloogS L oads jlens
Cudled goli8l a0 9 oS o alls jriegsd

P 3 oo 5 amltd Fisn b 550 slam s
Ghasemzadeh et al., ) 55 o 4l oloSy

oyl Koo B,k 51 .(2011; Miller et al., 2013
olS yo ool joieg S ol ol L Ld wlus s
Sl (S laljoue a5 LT 51 s pudiiee bLS )|
A wloads axslisy s SlaS 5 s lo sl 5L 3500
@lp Lz Gl Glsie @ Lol jlaie o nal3dl
O Sl (San ol oplas allbe S8 olS s
Sl SeoSed e 4 ()5 i L olais]

(Nguyen et al., 2010) sl Ly

NS il gyl jno
AN Geilomsgtl Gl Guilyly iz Joor Bl
5 ool @l b cou g lsme ok 4 ol
B 0565 9 cabwsS 995 Bras slajles Jli
Ol 3 Sl benSiles anlie gl (Y Jguz) &858

AW il T 6T e

555 5 9,555 oslu Sl Luilly arse mbs elel 5
A 53 35750 T T ke 59y 2 gatnssS
ST i G eS (¥ Jgaz) o Jloisime ok
g a2l sl ;0 (Quo,0 YYIVY) oliacy NS - las]
SLSa jo o5 Fe s 50 (do,o YoIFP) ] cp S i
OeSlee dglite gl (F Jguz) wd ovalive (guiinss
Gl Hlade o iy as ol lid 50 0,568 colw i
3 a5 slS Fee a5 (0o Yo IFY) oS ]
0als w3 (Aoys YY) e o yieS 5 LS
oS ol JT 8lge (g9l (530hwsS 355 (O Jgox) o9
axsl (0 g S gdae slge il cel Wil o
Gne Slge (b 098 lalS lawgs jolie Qi il
Aol asls s me)l..\,:.MSlG:.;T adgi yo ailes o
Sl cel ailg o S o JT olge Jlie lgie
Mg Glp 90 p AT Wed hud g gy @i
JURPR SEWINE X SRS NIV e
sk Fi )3 g Sl QoS Sl me 2l
5 a1 5T 5 e abar 31 JT S 5
Sy el el wlgoe 355 dgeS )b
RS IRNPIR RSN VUG L RV I PSR RV (Bt
OIS e bawgi g Lo Ghagh b (stelie s
Reganold etal., ) o, 5en § agl5 , Mo sl o0is
S8 Al b (pleos 0 )5 @S oS (1)155 (2010
i 1 oLS anSI T Jlsde s (D LS
colaa b Lolul HlS o oi5e olse sl )l
oo 5155 5 lom 5l 5l con 5 (S slaan] b
b 2o 55k ek Ll cale Jy wigh oo asl
Jolse cnl S5 9boas 05 (o0 )13 5 (anme Jalge
Slye CodeS 5 o)l GLLS Wb, ) (Sl o
(Omid Beygi et al., 2000) 55,5 o Wil 0,550
9 S ol a5 0,5 5,155 (Rimmer, 2006) ,.eu,
Ol Gl el Wl oo S o (éﬂ Slge S92
o ol 055 a5l 4y azgi b 5 990 oS (lagenST ]
sl e GBI ol gl 1) 285 ol Wil oo
g0 B84 il olyae olaS]



VA L0l e S0 sl ge 5 gliasdign Slio 25 88 5 als 358 Ll g ST 1018008 55 3 el

aS ol 5l caioren g 098 co HlalS o o pilowgis]
5 039 alie WS 5 J1d (ouliwgtl s e
— s el el Glgp b SLaS B 5l oaewg il
SlaS 5 ole Lial381130 «(Jeong et al., 2004) s .5
Otemsl lia ial33l 50 (oo 355 5l o5 Josd
Sl Ssrer Gk nl @l b o5 cul Jge 5
A3 g2y 45 At (63555l Sl 5 Loyl gi]
1o slaagS 5l ooliiwl ol (5,90 Ll s sl
ol lpl S (S0 Sleogad dedp o
gl g s sy S odg dediy; bug ol
Coles ,0 g i Slhowag S oy YL (grawgd
Hapkins, ) s0,5 oo Guilawss] adg iolbl o

(1999

Fo Bpan o 9 uibiwsil Glime (i a5 g
S )3 )5l Fee g guidngS 355 LS o 05
355 Byas pas Jlagd ;5 ol (liee 1S 5 0,555

(F Jgaz) o8 Jol> (aall) 5,555 5 (gasiuss
Gendy et) ;e § 505 iulosl ol gl ali
2 s 058 5 JTosS b 0 e @l 2012
oS amils bl 5 sl olherdnn Sloyas
Cosd & 055 B 3l ileanstl liee ST
Olee Gl 5 Oelime (S Geizes ol
S rasS 5l eolaiul aseas o 1y olS piliwgs]
5 o9 (Gharib et al., 2011) ws,s 5,158
as &s,S ko (Theunissen et al., 2010) ., Ken
Sl 5 6V olie alauly 4 JT sbosgS 5l ool
5 loasssisds Jio Jsib SLiS 5 it el ( Saagen

Ol e NS 0 5350 Slgo 9 (o1 broudigm Cluogas (gl (Glapo (uSSLo) (il ylg 2 32 @l Y Jgur
Table 3. Results of analysis of variance (mean square) for biochemical properties and active
ingredients of saffron stigma

o ] ‘ ]
Ol i o Jul,8le OGS OesS s Sw O] Jod OldeST (5]
S OV df ol Safranal Crocin  Picrocrocin  Anthocyanins  Phenols  Antioxidants
Sk 2 18.200™  20.801"™ 8.97" 5.200"™ O'On(304 0.177"
Block

SsS

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

manure

5y 2 168.578™  479.12" 35.406™ 158.408™ 0.1121™ 25.32™
Sulfur

GthugS

355 x 6 8.070™  251.172™ 4.894" 20.801™ 0.0072™ 12.93™
Sheep x

Sulfur

Uas

-- 2.478 35.11 7.515 4.9073 0.00123 2.13

Error

A, -- 3.92 16.10 6.21 12.10 0.07 52.6

C.V.

Aoy w5 S Jleixl e 10 (glo S g o 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 S o Jslre i) (g )S's,S

(LS ;5 () addss 355 (agil YOV zge (32;9) OS5l
Sheep manure (t. ) Picrocrocin (absorption of 1% aqueous solution at Antioxidants (%)
257 nm)
0 19.874 27.244
20 23.37°¢ 29.25°¢
40 25.34b 29.97°
60 33.002 30.462

5,105 0,0 B mhaw 40 (6 s e (5 kel BB S e B> S JBlas gl slo Kk gt B 00
In each column, means with the same letter are not different significantly at 5% probability level.

Ol e AN 0,550 Slg0 9 (o1 boowdign Cloogas 119,595 395 1 (1Sl dlin B Jgux
Table 5. Comparison of the average effect of sulfur fertilizer on biochemical properties and active
ingredients of saffron stigma

&l Jolore ©32) (g 89S
YOV oo Jsb jo oy S
(egll
Picrocrocin (absorption of 1%
aqueous solution at 257 nm)

(3o,0) Glawus] G’;fl
Antioxidants (%)

(S )0 p,55LS) 9,565
Sulfur (kg. h?)

0 23.81° 27.13°
200 27.40° 28.25P
400 31.182 30472

5,105 0,0 B mhaw 40 (6l sre (5 lel BB S e B> S Blas gl sla Sk gt o 0
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

wiz) Jul L

CA2) awg,S

S 2l Jaloxe VRN B NES o
o ;055 - - _gsj"-‘)u*-’b-“‘}*-" M)o‘a)f
Toe dsb o ey ze Jsb o ae e £y do e S 38 0,5
GESe 5> o) (agls V¥ (oglls FF- il
Sheep r“";* | el (s )9 (s
manure (abigrri?:n of (abs(;:ofilgn of Anthocyanins Phenols
(t. h) P P (mg.100gdry  (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 24.879 192.009 12.19% 62.469
0 9.20f 266.00% 11.969 62.57¢
20 22.62" 137.33" 11.769 62.45"
20 31.23¢ 242.00¢f 14.96%f 62.47¢f
20 32.78% 258.00% 15.42% 62.54%
40 27.54f 197.33¢9 12.99¢fo 62.41N
40 32.70d 290.00° 18.60°¢ 62.519%
40 33.64% 335.33° 20.92° 62.49¢f
60 27.75° 255.33% 15.99 « 62.57°¢
60 36.50° 272.00% 19.52° 62.64°
60 38.81° 287.332 29.63° 62.73°

35,105 0 )0 O gl 40 (g ylo cme g ylel M| S i B> G Bl gl s slo il Gygiw o 50

In each column, means with the same letter are not different significantly at 5% probability level.
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(F Jgoz) ol Lol 5,55 LS o
wl)é g Sk Lyli ooy cow @ QT sleogs
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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

JS Jedsyl5

Sheets o @bl ez S5 Total b sl a Jedgls
S.0.V. - ot
df Carotenoids chlorophyll Chlorophyll b Chlorophyll a
Block <,k 2 0.097" 1.834" 0.610" 1.504m
(st 555 3 6.302" 1,682 14779 4512
Sheep manure
255 2 2.792" 24.284" 13.419™ 4.554"
Sulfur
S5 sk 6 2.483" 7.501** 13.465™ 8.958"

Sheep x Sulfur

Aoy iy 5 S Jleis] mhaw 1o (6518 g 5 (5 lo cixe e g4t 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

BRI Jeds 5 b Juds,ls a s 5
GhesS 55 eSS e s PRIS peSded ek
(LS s o) (LS o s G oigesS GosesS  GowesS
Sheep manure  Sulfur (kg. h" Carotenoids Total Chlorophyll ~ Chlorophyll
-1 1 chlorophyll b(mg.g a(mg.g
(t.h?) ) (mg. g fresh
weight?) (mg.'g fr-esh fresh- 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¢ 1.1493%¢ 0.038%¢ 0.10%
20 200 0.781¢ 1.098 0.034¢ 0.12¢
20 400 0.910%° 1.3032 0.0322 0.12¢
40 0 1.006° 1.254% 0.038%¢ 0.14%
40 200 0.981% 1.260% 0.0322 0.13b¢
40 400 0.842% 0.842¢ 0.035% 0/13%
60 0 1.007% 1.009% 0.0322 0.13b¢
60 200 1.007% 1.009% 0.0352 0.152
60 400 1.026° 1.0262 0.035% 0.13

D5l o0 B s 10 (55l0 sre (5 ko] BT S i B> S Blos s 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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