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Abstract

Introuduction: Saffron (Crocus sativus L.), belonging to the family Iridaceae, is‘a perennial plant with unique
ecological adaptations. This plant is native to the Iranian Plateau and exhibits'good compatibility with its specific
climatic conditions, especially warm, dry, and moderate regions. This is.a perennial crop with a longevity up to
12 years but the stands start self thinning after 5 or 6 years, therefore after 5-6 years the economic yield start
reducing. It is well known that saffron leaves and corms produce bioactive compounds. Some of these compounds
have arole in inhibition of plant growth and seed germination intheir vicinity. The present research was conducted
with the aim of evaluating the allelopathic and antifungaleffect of extraction solution of leaves and corms of

saffron on milk thistle and Aspergillus sp.

Materials and Methods: In order to evaluate the allelopathic and fungicidal properties of saffron leaf and corm
extracts on the germination and'growth characteristics of milk thistle and Aspergillus, three separate experiments
were conducted as factorials in a completely randomized design with three replications in the Seed Research
Laboratory, Research. Greenhouse, and Plant Disease Laboratory of the Faculty of Agriculture, University of
Birjand in 2021. The treatments for the inhibitory effect of saffron extract on the germination characteristics of
milk thistle seeds (first experiment) included two types of saffron organs (leaf and corm) and seven extract
concentrations (0, 0.0625, 0:125, 0.25, 0.5, 1, and 2% w/v). The treatments for the inhibitory effect of saffron
extract on the.germination characteristics of milk thistle in pots (second experiment) were similar to the first
experiment, and the treatments for the inhibitory effect of saffron extract on the growth of Aspergillus sp. (third

experiment) were similar to the previous two experiments.

Results and Discussion: The results of the first experiment showed that the interaction effect of extract type and
extract concentration on germination percentage, allometric coefficient and stem dry weight was significant, and
the lowest of the mentioned traits was obtained from the 2% concentration of leaf extract. The results of the
analysis of variance of the second experiment showed that the simple effect of extract type on germination
percentage, allometric coefficient and root length was significant, and the lowest of the mentioned indices was
obtained from the leaf extract. The simple effect of extract concentration on germination percentage, germination

rate and root length was significant, and the 2% concentration of extract had the lowest values of the mentioned



traits. The interaction effect of treatments on stem length, stem dry weight and root dry weight was significant.
The lowest stem length was obtained from the 0.5% concentration of corm extract. The 2% concentration of leaf
extract had the lowest stem dry weight. The results of the antifungal experiment showed that the diameter of the
Aspergillus fungus colony on the sixth and ninth days was affected by the interaction effect of extract type and
extract concentration. The lowest fungal colony diameter on the sixth day was obtained from a concentration of
2% leaf extract, which had no statistically significant difference with a concentration of 1% leaf extract and
concentrations of 1 and 2% corm extract. The concentration of 2% corm extract had the lowest colony diameter
on the ninth day.

Conclusion: Finally, the results of these experiments showed that the antifungal effect and also the effect of
inhibiting the germination and growth of milk thistle in saffron leaf extract are greater than in corm extract.
Therefore, by considering the results of this study and conducting more research.in the field of fungicidal-and

allotoxic effects of saffron organ extracts, it is possible to produce natural fungicides and;herbicides.
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Table 1. Analysis of variance results of germination and seedling characteristics of milk thistle under the
effect of leaf and corm saffron extracts (lab conditions)

| b 42y 050 e g oles buugie b Jo® g R TR
Source of &olsT Siule sl ‘SI:/I);T S gl Azl ) d;: azdd
variance DE Germinatio  Germinatio germinatio Allometric Radicle weight of Dry weight
n percent n rate A time coefficient length plumule of radicle
o,lac 5
e & 1 1281.52 ™ 033" 1.24 ™ 0.008 " 282.88 ™ . 0.0004™ . 0.000003 "™
Extract type (E)
o)La.c cdale
Extract 6 754704 10.96 ™ 6.68 0.65 ™ 677.20™ ,0.0008 ™ 0.000007 *
concentration
©)
R E)CL“ & 6 149.96 * 0.72 2321 0.30." 61093  0.0002™  0.0000007 ™
X
alojl las
s 28 56 0.61 2 0.088 171.45 0.00004 0.000002
Error
(0o ) - 14.93 37.70 35:35 19.48 21.15 18.54 29.35
C.V (%)
sl 30 S5 g gty Jlei] e ,30s l ins g (60 sixe pae sdimo LS cad gl g NS

NS, * and **: non-significant and significant at 5% and 1% probability levels, respectively

(2o 3Tk 50) o2 yo JlBazols g Jailsar Slao p ojlac Cdilé oobw T (il dulio guls ¥ Jour
Table 2. Mean.comparisons of simple effect of extract concentration of saffron on germination and seedling
characteristics of milk thistle (lab conditions)

o)lac cdals ) dlgr Ce pw Si4le ploj bwgio (p,5) Az din y i (339
(ox=539) (393 3 y) (39 y® ) Dried weight of radicle
Extract concentration (M.V) Germination rate (seed/d) Mean germination time (seed/d) (9)
0 99.332 3.37°P 0.0068 @
0.0625 77.33°P 2.88° 0.0055 @
0.125 81.33b 3.17b 0.0074 2
0.25 36°¢ 3.91b 0.0056 abe
0.5 32¢ 4.42 @ 0.0054 abe
1 16 ¢ 6.08 2 0.0053 be
2 8.66 9 4200 0.0040 ©
LSD (5 %) 8.85 1.67 1.99

I ()10 e BB subcdislxe HIo e BB JBlus (yg0 3T (wlwl y cdidimd O pie By S 0 SBlas 4 (gt o LSl
Means in each column, followed by similar letter are not significant based on FLSD (Fisher less significant difference) test.
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Table 3. Mean comparisons of interaction effects of extract concentration and type extract of saffron on
germination traits and seedling characteristics of milk thistle (lab conditions)

N S yagll g 2 el So2 03
e o (o= 5)9) oylas wlale ST (oshoo) azaiy ) Job _
) &y Iy o) . )
. Allometric .
Extract tvoe Extract concentration Germination percent Radicle . .
yp (M.V) P coefficient length (mm) Dried weight of
plumule (g)
0 1002 1.70 ac 71.33 abcd 0.0552
0.0625 64°¢ 1.86 2 65 abed 0.046 ®
0.125 80°b 1.56 abe 71.66 abcd 0.035 be
S pojlas
0.25 28 ¢f 1.7 abe 73.33 3¢ 0.035 bc
Extract leaf
0.5 2419 2.022 76.662 0.035 bc
1 14.66 9 1.32¢ 70 abed 0.033°¢
2 13.33" 0.384 23.33¢ 0.001 ¢
0 98.96 2 1.75 ac 78.333 0.054 2
0.0625 90.66 ® 1,65 ac 63.33 abcd 0.049 2
0.125 82.66 2 1.58 abe 58.33 abcd 0.048 2
4.;.3 o)l..a.c
0.25 444 1.57 abe 504 0.034¢
LExtract corm
0.5 40 de 1.44 be 55 bed 0.033¢
1 17.33 T 1.47 be 53.33 0.034¢
2 13.33h 1.27¢ 56.66 abcd 0.033°¢
LSD (5 %) 12.51 0.49 21.89 1.17

555 (6 o ggine Mz sadliilre o e B! JBlas yge3] Lulul y cdiius i By G o JBlas a5 gt e sla Sike
Means in each column, followed by similar letter are not significant based on FLSD (Fisher less significant difference) test.
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Vochle g ol auls Siaile asyo jlojlas cdale wuli8l b (0 Jau) 05 Jailex do o (S glils Sy o)lac
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o)las & by Sy gl o ninS (F Jguz) 951 o gine auoyo Sy Jlool s 53 S yiagll 0 20 lae 05l

(a Jj..\>) »)9.3 ajj._s

G558 LS 55 ol oyl a0 lac 4 Cawl oals Coll conl sastie 59,10 5 sirio o )L o)l (2LS lyac)
9skesS da S anle Ssleg,l LS 5 o JISaS 5T L o (Goli et al., 2012; Goupy et al., 2013) col s 4
Ol 2 ogdle gl o a8 S 55 0 SlysllT Slse (et s 4 05S 5 Sl sl Sl ol dausgigdlé
(Kohlietal., 2001) wgi oo 48,5 Lo jo S3ailgm 005,l05b GluS 5 lere 4 ooy ;35S 5 oyl daoSeigdls da Jg:d
Wl asile el 53 Joss lapyl ool 2ol & by je Ylainl oo Siallyz (281 4 yzie 45 connilse
ool ym il 9o Siailgm s 2l o a5 el aS wisls lis pusise (VAVIAN,2002) el L]
(Alimoradi et al., 2008) .. (Gypsophilla pillosa L.) cusssz8 4 (Rapistrum rogosum L.)

Sg g ada; sk ae )y S Jleisl maw )3 0jlas ke 5 ojlas ggioslu Sl aS sls las Guilyly e s
slocdile b aS sg yio cbale & bgy o 4ty Job 00 5 G0 (B J992) 35 4l sl o oS sl S 0jlas (¥ Jgux)
Vel b as ael cavots a0 ¥ ocdale 51 ol o e g coilas S o e Solel WS /0 g /YO /YD o /-£YD
22,0 S Jloil mlaws 10 0 )lae cdalé gojlac g5 blitarg ool SES1 (5 Jgaz) Coilai ,lo e (5 Lol S asyo
S ojlas doys /0 cdale aS ols lis b yles blite Sl dwslio @bt (F o) og o cne aile Job 5
Cos Bl S y3e (Y Jgon) culuinslo s (s bl BWS] ao s VYO cdale b aS sy ale Jobo o 3t sl
OGR4 ol ol b yles blite gl (0 Jouz) cd,5 15 ojlas cdak 5o lac g5 blite 5 ool il L5
S olas yio cdale g alio,lac 4N YO) PV slacdale L aS ui Jol> an o)lac jho cbale ) asle s )
iy, Sis (59 2 ojbae il gojlac o Blite 5l g o lac cdale ool 1Y Jguo) cudlas ()l gime (5 Lol D5
909 dday SUSG59 (o hls Spelas jhe clile oS obs plis bl Blite S amls (F Jguz) 092 s e
Y Jgaz) axils )bl o sae S po b zghans poles

Olybe; S p g adioglac Sboll Wl o 5 s a5 wisls 5,135 (Alipoor & Mahmoodi, 2015) ssgeme 5 jgude
Descurainia sophia (L.) Webb ex Prantl I, 3 55 s,lac & b o Bromus tectorum L. jails> 5 o, 5
g a8l yin CuiS e 4y Slioy olyie) S Gblh 4z oS Coslond (5155 (eizren g a ojlas 4 bgyje
sloaiy,; Job wsd alol uiS bume 4 i olie) an Gbli 4z 0 5 wbie (20U i ps5 o slaalle Jsb
Slye F y> 5 4 bli 53938 5l Bl IR Sl addlas ul 53 K o | bbige (281 i paiS oS

(Carvalhoa et al., 2020) sl Sge,90 &l 515l slailis a5 0,5 cvalin )y sblas 0953
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Table 4. Analysis of variance germination and seedling characteristics of milk thistle under the effect saffron extract

(Greenhouse conditions)

Stigla P " ST ade by .
Source of sl ""?"’7 "”?"’7 S keg! ‘ root shoot “tjw )
variance DE Germination ~ Germination Allometric length length Dry weight of  Dry weight of

percent rate coefficient shoot root
2lee &5 1 877.71 ™" 0.58"™ 498" 372.02™ 201.52 " 0.0000018 ** 0.035™
Extract type (E)
o)La.c clale
Extract 6 6717.71" 14,74 0.096 ™ 186.60 ™ 100.99 ™ 0.0000028 * 0.034 ™
concentration
©
x c)La.c &9.\
- Lale 6 109.71 ™ 0.66 ™ 0.38"™ 20.85™ 62.24 ™ 0.00000058 ™ 0.033™
ExC
2oyl slas
RS 28 77.33 0.66 0.23 23 15.04 0.000000079 0.008
Error
(32,9) - 15.13 28.05 29.52 16.49 19.96 7.30 2648
C.V (%)

] duo 30 S g gy Jleso | g 50 (6,10 Sme g (5410 e pus i Ay 1T g " NS

NS, * and **: non-significant and significant at 5% and 1% probability levels, respectively

0 )l azelS g (Jjdilgar Glao pojlac g9 0dlw Fl (il o b5 .0 Jgux

Table 5. Mean comparisons of simple effect of extract type of saffron on germination and seedling
characteristics of milk thistle

o las g &) dlgz wweyo S yogll o pb (o silw) e Job
s Allometric Radicle
Extract type Germination percent cosfficient length (cm)
Sy 53.52b 1.28° 26.09 b
A 62.66 2 1.972 32.04¢
LSD (5 %) 5.55 0.30 3.03

I 6 IS e M subcdiblne Yo gire BB Bl yg03T (bl y cdidud O e By S 50 JBlas 4T (gt yo (b Siluo
Means in each column, followed by similar letter are not significant based on FLSD (Fisher less significant difference) test.
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Table 6. Mean comparisons of simple effect of extract concentration of saffron on germination
and seedling characteristics of milk thistle

) dlg woyd

(o= (539) o)las cdalé o &) wlgz sy (o i) iy Job
Extract concentration (M.V) Ge;r;lcr;?]ttlon Germination rate Radicle length (cm)
0 98.66 2 4732 3553
0.0625 94 4612 32.832
0.125 85.33° 4152 328
0.25 42°¢ 2.45° 30¢
05 38 « 1.94 be 30°
1 31.33d 143¢ 23.66°

2 17.33¢ 1.0005 ¢ 195°




LSD (5 %) 10.40 0.96 5.67
5yl (5,10 e BB saubedidlne o Swo IS JBlas 903 (bl 1 cdidimd S e By S50 JBlos 4F (g 3 L pSilue
Means in each column, followed by similar letter are not significant based on FLSD (Fisher less significant
difference) test.
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Table 7. Mean comparisons of simple effect of extract concentration of saffron on germination and
seedling characteristics of milk thistle

ojlas g9 (oz=(5)9) ojlas cdale Al Jsb () alo Sz (34 (p5) adoy K3 (339

Extract type Extract concentration (M.V) Shoot Length (cm)  Dried weight of shoot (g) Dried weight of root (g)

0 2533 0.0049 0.405 2
0.0625 21.66 acd 0.0036 ® 0.0055 °
0.125 26.66 2 0.0035%¢ 0.0051
Sy ojlac

0.25 16.33 defg 0.0035b¢ 0.0201 b
Earact leaf 05 27332 0.0035b¢ 0.0051 °
1 21.66 acd 0:0033 b 0.0053
2 1233 0.0031 ¢ 0.0028 °
0 2433 %c 0.0052 # 0.0061°
0.0625 27 abed 0.0049 @ 0.0055
aiy olas 0.125 19.33bcde 0.0048 @ 0.0075°
Extract corm 0.25 18.66'<f 0.0034 be 0.0062 °
05 129 0.0033 be 0.0053
1 12.33 0.0034 be 0.0047
2 13¢f9 0.0033 be 0.0051°

LSD (5 %) 6.48 4.72 0.15

5,05 (68 B sadcdablne o e B Jlos 05905 ol ks S ie By oo JBlas a5 gt o sla Sl
Means in each column, followed by similar letter are not significant based on FLSD (Fisher less significant difference) test.

oLt il g 43575 s J(ASPETGIlIUS sp.) ugly T )8 &5 3 Shd 2 oyl yhe j oo sliae Jlipgu iyloj]
oylac gg5 blite 5 ool IST(A Jgaz) <d,5 1,8 0 lac cdale ool il )...'l.‘ Cou L pgw jg, g8 A Hhad as ol
aS ol (Ll bajless Jlie ST (aSiloe anylite gulis (A Jgo2) 392 55 cne w5 5 i 39, 435yl ojlas cdile
clale g Spojlac dwoyo ) clale L aS 09 S auo,0 ¥ ojlac 4y b o micds 9, 50 ool (g S ojlail Sy dad -y aS
4 Loy il 595 40 0 (g S ojlil Sy Jlad 1 e (A Jgua) Sl (6510 gixe Solel Bl an o)lac woys ¥ g )
slcdbale a5 wols oLzs (Tavakoli et al., 2023) | Kee 5 LS55 (uls 10 .3 Jgaz) g0 4 ojlac sy ¥ cdale
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ok o 7B porkincs dnngi g oy alS cely (ylhac o )lae clale olidlas cnload 3,155 a5 (Alternaria sp)
o (Penicillium sp) podew oo 7,8 poadonas 0, in SWloil il el Sy ojlac 44 coes 4y ojlas 5 0
Rubi-Moraga et al., ) cosl oiis (555 (2 )Bus @luS 5 d9n5 Jubday olyaej an > Bus 31 .(Hammami et al., 2020)
clab b b slocalplio gyl Waojlas o casl S5 cpl 4y e (o sloojlas Loy (oS (i lass Jolge 15, Jloe .(2011

(Milajerdi et al., 2015; Mardani et al., 2015) swn basen 5 <5 9 b L JUlblo asle >, s

ok 5 sbaolas 55l o ASPRrGillus Sp g, ais y b il fy 42525 gl A Jgor
Table 8. Analysis of variance Aspergillus fungus colony diameter of under the effect saffron extracts

Oy gulio 92 ¥ 59y &Sy b5 P 59y 4S5y b5 3 59, aSglhs
Source.;f va'riance o3 Colony diameter in  Colony diameter insix ~ Colony. diameter'in
DF three day day nine day
o,lac £4
i 1 0.021 48.21™ 40.02"
Extract type (E)
o, lac clale
J . 17.85" 114.10 ™ 135.190 ™
Extract concentration (C)
cdale x olac £4
el 6 1.30 721" 530"
ExC
e sl 28 0.64 2.5 2.07
Error
(20,2) Syl oo 2 - 15.95 10.13 7.98
f‘ \/ /0 \

prﬁlglllub N Y C)lﬁ :LJ).:JJQS)JQI)AL) o)wmgzyd.xm,\umu dwuLn.n @Lu A dj.)..>

Table 9. Mean Compq\gs*oann§ Q‘ﬁﬁtjgm ic aﬁ% ngm i:;ndtfa@tné(ﬁfﬁn %wpﬂﬁ\t/(le shregprgc |v<>()pe extract interaction

ron on cnnrm ungus rn nn\/ lamete

oylas g9 (o ($9) o las il (oo shoe) ol 5o, )6 auSy o (oshee) o6 595 @8 435 5 ,lad
Extract type Extract concentration (M.V) Colony diameter in six day (mm) Colony diameter in nine day (mm)
0 21.66° 25.33°
0.0625 18.33° 24.33%
0.125 14.66 ¢ 20.00°
L;?e;:::ct 0.25 1350 1650 ¢
0.5 11.75% 17.50 «
1 8.66f 15.33 %
2 7.33f 13.66 ¢
0 17.66° 24.66°
0.0625 15.33°¢ 20.66°
0.125 14.33°¢ 19.66 b
a0 lac 0.25 15.00 ¢ 16.50¢
Corm extract 05 11.25°¢ 16.50 ¢
1 8.33f 11.337
2 8.00f 109
LSD (5 %) 2.20 2.40

RCH RGPS S EPRE N EZA PRI E PR TR W EZ I E RCERVS| W W SURRECI-JE JCTPRU JERE TR L REPUIRNCINET I PRy P

Means in each column, followed by similar letter are not significant based on FLSD (Fisher less significant difference) test.
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