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Abstract

Considering the growth period of saffron, intercropping it with species that have similar needs could be a
favourable option for optimizing land use, provided that the allelopathic effects of saffron are taken into account.
In order to investigate the allelopathic effect of saffron on quantitative and qualitative traits of some medicinal
plants, an experiment was conducted under greenhouse conditions at Ferdowsi University of Mashhad, Iran.
Treatments were a combination of 4 species (Thymus vulgaris, Zataria multiflora, Ziziphora clinopodioides and
Teucrium polium and corm and leaf extracts in four levels (0, 3000, 6000, 9000 mg.kg?) arranged in a
completely randomized design with four replications. Measured parameters were the fresh and dry weight of root
and shoot, shoot-to-root ratio, stomatal resistance, SPAD reading and essential oil percentage and yield. Results
indicated that interaction of corm and leaf extract concentrations affected fresh weight of root and SPAD
reading. Four species showed different trends in different extract concentrations. In Thymus vulgaris and Zataria
multiflora, with increasing extract concentration, stomatal resistance initially increased and then decreased, but
other species did not follow this trend. By increasing extract concentration, SPAD reading initially increased
and then decreased. In all species studied, except Thymus vulgaris, an increase in extract concentration led to an
increase in the shoot-to-root ratio. Additionally, as extract concentrations rose, the percentage of essential oil
decreased. Overall, across all investigated species, the physiological and qualitative traits of the plants decreased
with the use of saffron leaf and corm extracts.
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Stock volume per liter of Stock solution concentration Molecular .
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solution (ml) (g.L Y weight
N, K 3 101.10 101.10 KNO3 b lis
Ca 2 236.16 236.16 Ca(NO?)2.4H:0 95 po
P 1 115.08 115.08 NH4HPO4 Macro
S, Mg 0.5 246.49 246.49 MgS04.7H20 elements
Cl 3.73 74.55 KCI
B 1.55 61.84 H3Bos
Mn 1 0.34 169.01 MnSQ4.H20 9,Sue yolic
Zn 0.57 287.55 ZnS04.7H20 Micro
Cu 0.12 249.71 CuS04.5H:0 elements
Mo 0.08 161.97 H2Mo0O4
Fe 1 6.92 346.08 Fe-EDTA
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Table 4- The interaction effect of plant species and saffron extract concentration on some physiological characteristics of four
medicinal plants

0\.99‘5-0 J@g)ls das J.ﬁﬁg)-'s das J@,,.IS das J.ﬁﬁs)-'s das

woS Slowd &l 49, So So So 7o
Species Treatment Stomatal SPAD SPAD SPAD SPAD
resistance reading reading reading reading
(s.cm™) (stage 1) (stage 2) (stage 3) (stage 4)
Controlsls 3.563 47.000 45.350 49.500 43.075
Leaf 3000 mg.kg? «5 5518 47.425 43.100 44.775 51.575
_ Leaf 6000 mg.kg? «5 9.900 49.850 46.925 43.150 48.800
Thymus (£, o) Leaf 9000 mg.kg! o5 9.228 42,025 50.200 30.933 45.050
vulgaris Corm 3000 mg.kg™ s 13.169 46.900 39,650 42.825 43325
Corm 6000 mg.kg™? 7.338 48525 40.425 44.950 42.775
Corm 9000 mg.kg™? 15.266 53.100 42.250 45.450 43.200
Controlwsls 5.112 45.100 42.025 43.875 42.600
Leaf 3000 mg.kg? «5 14.133 47.300 50.550 47525 49.175
_ _ Leaf 6000 mg.kg? «5 4811 50.275 50.575 48.425 50.750
Zatarnia s ot Leaf 9000 mg.kg™ «5 6.403 50.750 48.550 47.725 47.900
multifiora Corm 3000 mg kg™t s 16,651 44.450 50.225 47.850 44.150
Corm 6000 mg.kg™? 9.983 43.300 48.225 44.475 42,550
Corm 9000 mg.kg™? 14.725 46.050 39.800 47.325 44.850
Controlsls 8.727 41.450 29.750 40.525 38.900
Leaf 3000 mg.kg™? «5 , 4,655 39.200 40.000 34.375 30.950
B Leaf 6000 mg.kg™? «5 3.520 41875 37.350 38.500 44.500
i:?;‘;;i;ﬁoﬁf: Leaf 9000 mg.kg™ «s,, 6.289 41.200 28.325 39.875 34.750
Corm 3000 mg.kg? 2.807 46.025 42.950 42.050 43975
Corm 6000 mg.kg™? 9.557 45.125 41.950 40.650 46.975
Corm 9000 mg.kg™? 12.826 38.900 35.925 36.350 45.950
Controlsls 5.444 44.350 41.650 47.550 41.275
Leaf 3000 mg.kg? «5 5.413 38.575 41.300 38.950 40.275
_ Leaf 6000 mg.kg™? «5 6.466 39.800 137.350 34.975 35.775
Te”C”IL_‘m 2585 Leaf 9000 mg.kg™ «s,, 8.556 22.725 28.200 30.200 41.125
POt Corm 3000 mg.kg™ 4.232 41375 38.975 35,650 32.775
Corm 6000 mg.kg™? 4119 37.450 39.925 35.125 37.125
Corm 9000 mg.kg™? 4.443 38.300 38.575 35.375 44.225
LSD (0.05) 9.875 9.138 57.579 10.437 10.096
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Table 5- The interaction effect of plant species and saffron extract concentration on the fresh and dry weight of the organs of
the four investigated medicinal species

whyy pojy BRI e gy el SS9 S
Species 4igS Treatment oy Fresh weight g Drn;weight‘-:))fs g s a4 lop gl
of "005 Fresh weightof oot (gplant?) ~ Dry weight of Dry weight ratio of
(9.plant™) shoot (g.plant™) shoot (g.plant™) shoot to root
Controlaals 0.323 1.495 0.140 0.539 3.529
Leaf 3000 mg.kg?! «5 ,, 0.333 0.589 0.252 0.339 1.713
b g Leaf 6000 mg.kg! .5, 0.169 0.675 0.092 0.301 3.777
Thymus Leaf 9000 mg kg™ «5, 0.224 0.701 0.122 0.272 2.450
vulgaris Corm 3000 mg.kg? «x 0.220 0.654 0.178 0.314 2.571
Corm 6000 mg.kg? «x 0.349 0.555 0.166 0.324 2.251
Corm 9000 mg.kg? « 0.190 0.585 0.142 0.236 1.969
Controlsls 0.713 1.837 0.360 0.429 1.229
Leaf 3000 mg.kg? .5, 0.378 1.631 0.193 0.538 2.496
Sl cyizg] Leaf 6000 mg.kg? .5, 0.374 0.753 0.182 0.302 1.749
Zataria Leaf 9000 mg.kgt o5, 0.338 0.717 0.177 0.366 2.128
multiflora Corm 3000 mg.kg? 0.161 3.133 0.485 1.190 2.701
Corm 6000 mg.kg™? 0.683 1.475 0.437 0.644 1.699
Corm 9000 mg.kg? s, 0.803 2.388 0.396 0.972 2.551
Controlaals 0.386 3.215 0.134 1.199 9.813
Leaf 3000 mg.kg?! 5, 0.187 2.379 0.090 1.344 30.618
55 Leaf 6000 mg.kg™ «s . 0.414 2.338 0.096 1.242 12.738
Ziziphora ~ Leaf 9000 mgkg? s, 0.124 2333 0.058 0.914 15,512
clinopodioides  Corm 3000 mg.kg?* s, 0.176 1.005 0.089 0.488 8.090
Corm 6000 mg.kg™? 0.577 2.417 0.074 0.918 13.403
Corm 9000 mg.kg™? 0.140 3.845 0.082 1.981 27.924
Controlals 1.207 3.185 0.419 1.069 4.876
Lleaf 3000 mg.kg! .5, 0.394 2.458 0.211 1128 5.796
oS Leaf 6000 mg.kgs 0.446 2.030 0.289 1.240 4.222
Teucrium Leaf 9000 mg.kg™ «5 . 0.323 1.821 0.929 0.975 1.778
polium Corm 3000 mg.kg? 0.450 2.038 0.230 0.893 4.429
Corm 6000 mg.kg? 0.369 2.363 0.219 1.069 5.096
Corm 9000 mg.kg™? 0.338 2.122 0.187 1575 8.036
LSD (0.05) 0.581 1517 0.345 0.833 11,503
5 ) Slg Gy g do)d il g i) Gig 5 Jsb 55 g9yl (o2axte Jolge 4 ol Sy Syl 51
=l Gob el adllas dyg0 4355 93 yb ,h Ay Sl Singhetal., )b S 2LS plil g5 9 (1) db> yo
Wy o)las 8o )3 Vo g Ve (gln clale 3,8 ¢ ol sy b (MUSAV et al., 2018) :,Sas o souse (2003
oo > S (phgegr g eiSE adgl 9ei g A8 RS Ayl dby yo ol ol cilisee (glaplil o] S5 il 5l
caliseo pL3,| o olyde; (oo lS 9 Sy L ojlas S g (Hordeum  murinum  L.) — Ggegs>
Cs g doyd ol yhe§ oylias a5 WS saalie 15 p55 yem Olytej ojlas &5 5,8 45135 (Descurainia sophia L.)
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W odnlie (gldijey Cuglio )
= d=89)1 dae 50l Syt (Sgu )5y Mgy b alaly
SblE &S )3 a8 05 sanlie 55 oylas cdale il b e
e ool ybej ojluas Clile 5l gohaw )3 (w0 2)90
aylme CBle iy L Jp il i e S lS

(Y JS8) o s dals 8y, Cas oy
cdale Gl L oad o sdalin ¥ S oS 46Slar
o5k 42 ol sy ()32 3)90 55 Moz Ay S 3
e (pyieS g aald 4 boype iy (g e cpyide &S
33 e g0 hyae; o,laemgkg Av e 4 basye o
ol Ll o) slismal & (g0 0590 QoS S
039 2 Syt (Bl (Sgr)S ) g 0jluas clale
a lon slapll (S5 550 Canms g 2lon slopli] Sis

(89 slo Jsb) 3 oanliie (gnejn;

2 gl 3y Slos ¢yt 0)las clale il 3l L
4S9l 3,55 Cans (olidia X9 Sl o0y 2)90 495 e
568 93 3 (g il Ll s 5 il 1) o oyl
(5 JS8) 1 oamlitio olyie

SalS S 5 casl saanlie LB Y S 5 o wisSilan
walize elyi slaogls jo S ded o blosuwl (s dais
b g adgl slacdplio 1 5 e ol 55 dlse
9 xSy 3lge ol L5 U0l g A3l 5o gl lalS

Dy )13 i e el g w29yl lalS cuss

PoS sgw SIS 9 5 (1jg 9 S 9 Al iy Job (55 Sl
OSen 5 3= 3e (Taheri et al,, 2011) b ials'|,
&S = olyie; ol 55 51wy b (AZiZi et al., 2013)
Rapistrum ) Sl i 4 (Gipophylla pilosa) cwgs
doyd (e ojlas clale yiul8l L oS aizdly s rugosum
OEomen L8l Ll ey 3)90 0l 93 (9 Ay Casp
Asgarpour et al., ) ,LSen g 53 s g 4 I g
sy dile 465w olyie; gl ojlas ST gy L (2015
Cardaria ) <jl (Amaranthus reroflexus) g, zU
Lol slis (Descurainia Sophia) oly! is's o (draba
Jsb 55 il oy g a0y i ojlae b 48
S sk 4 092 > (dxe LS 5 ()9 9 drddles 5 dxady,
Syogdiodwoy Ver cble @y baye S)biL oy i
D9 ol yde

1wy b (Shakeri et al., 2019) l,Sen 4 5)SLs
5 5 0ig 5 Sl Glss A g Sy olas el 55
Avena ) Y4 4 (Secale cereale) jlogls axals Sus
o)las i liee slaclale a5 15,8 5l (ludoviciana
OLBLS 53 iy 2390 Slio oy (gl ime 13 cilyie
@ bgiye olS 93 po 3 (S350 S o iy wiomen
Dy u]).t&) 3)g a)La.c

clale I3l b dgu o sanline ) SG p oaS 65Slen
5 Silyd gl 695 93 5> (glijgy Cuaglia o yie o)las
4555 93 3 (Grgme 3 g (Al e g (Sl Ll (2L
2 4S5 6o o b osalie ugSas L9y (S5 g 0)0lS
Cdl il sl Cunglie (lie ojlas (ol slacdals
—ial38l 59, MG.Kgt Qe e U ojlac clale ol L Jg
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16 -

14 -

Stomatal resistance (s.cm?)

y(thymus) = -1E-07%% + 0.001x +4.316 R>=0.353

y(Zataria)=-3E-07x? + 0.002x + 7.407 R*=0.396
y(Ziziphora)=2E-07x? - 0.001x + 8.004 R*=0.408

Ay(Teucrium):lE—07x2 - 0.000x +5.599 R*=0.725

¢  Thymusvulgaris
u Zataria multiflora
A Ziziphora clinopodioedes

X Teucrium polium

Poly. (Thymusvulgaris)
— - — Poly. (Zataria multiflora)
------- Poly. (Ziziphora clinopodioedes)

— — — Poly. (Teucrium polium)

3000

Saffron extract concentration (mg.kg™!)

6000

9000

Olej o las CBLE (RI33I L 145, Cuoglie Ol et (Joaw S ) Mgy =) JSG
Figure 1- Regression trend of stomatal resistance with increasing saffron extract concentration.

65 -
y(Thymus) =-7E-08x2 + 0.000x + 46.10 R2=0.635
X
60 - y(Zataria) = -2E-07x2 + 0.002x + 43.14 R?=0.651
y(Ziziphora)=-2E-07x* + 0.001x + 37.03 R=0.318

35 v (Teucrium}= -6E-07x2 + 0.005x + 39.43 R2=0.304
w0 s ¢ Thymusvulgaris
5 50 4 7 T —
s i ‘.ix _— B Zataria multiflora
- o ~.,
o) ‘m A Ziziphora clinopodioedes
<451 o \ T e P
“ w / & A X Teucrium polium

A
40 v o AT \\\ " Poly. (Thymus vulgaris)
A f i — . — . Poly. (Zataria multiflora)
3 e Poly. (Ziziphora clinopodioedes)
— — — Poly. (Teucrium polium)
30 : X
0 3000 6000 9000

Saffron extract concentration (mg.kg™)

Oliej o las CBIE (RI581 bt Jadg IS dae Ol pudl (Jgum )5y N9, —T JSWo
Figure 2- Regression trend SPAD reading with increasing saffron extract concentration.
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0.45
y(Thymus)=8E-10x2 - 2E-05x + 0.247 R%=0.684
0.4 y(Zataria)=1E-09x% - 2E-05x + 0.358 R%=0.647
0.35 N\ N y(Ziziphora)=8E-10x? - 1E-05x + 0.131 R2=0.845
o ~ ]
i s y(Teucrium)=4E-09x? - 5E-05x + 0.402 R*=0.793
AN 3
£ 03
o ¢ Thymusvulgaris
= 0.25
< B Zataria multiflora
; 0.2 A Ziziphora clinopodioedes
> ; :
s 0.15 X Teucrium polium
8 P Poly. (Thymus vulgaris)
@ 017 T y — . — Poly. (Zataria multiflora)

-------------- Poly. (Ziziphora clinopodioedes)

— — = Poly. (Teucrium polium)

Saffron extract concentration (mg.kg™)

olyte; o)las e Wil381 b duiy ) SUis (39 O pmdd (Sgmw )5y Mgy - IS
Figure 3- Regression trend of root dry weight with increasing saffron extract concentration.

2.5 y(Thymus)=4E-09x - 7E-05x + 0.526 RZ=0.924
y (Zataria)=1E-08x? - 6E-05x + 0.453R?=0.658
2 - y(Ziziphora)= 3E-08x? - 0.000x + 1.146 R%=0.373

y(Teucrium)=1E-08x? - 6E-05x + 1.072 R*=0.844

¢ Thymusvulgaris
B Zataria multiflora
Ziziphora clinopodioedes

A
X Teucrium polium

Poly. (Thymus vulgaris)

Shoot dry weight (g.plnat?)

— - — Poly. (Zataria multiflora)
------- Poly. (Ziziphora clinopodioedes)

— — = Poly. (Teucrium polium)

O I T T T
0 3000 6000 9000

Saffron extract concentration(mg.kg™)

olyde o las Chile Ll L olod oWolwl SWis (59 Ol pdd Sgmw S ) g, —£ JSU
Figure 4- Regression trend of shoot dry weight with increasing saffron extract concentration.
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shoot to root ratio

y(Thymus)=4E-08x2 - 0.000x + 3.472 R%=0.780
y(Zataria)=-3E-08x? + 0.000x + 1.396 R?=0.401
/"‘ y(Ziziphora) = 1E-07x - 0.000x + 9.504 R?= 0.846
y(Teucrium)=8E-08x2- 0.000x + 5.091 R2=0.675

*

Thymus vulgaris
B 7Zataria multiflora
Ziziphora clinopodioedes

A
X Teucrium polium

Poly. (Thymusvulgaris)
— - — - Poly. (Zataria multiflora)
------- Poly. (Ziziphora clinopodioedes)

— — — Poly. (Teucrium polium)

Saffron extract concentration(mg.kg™)

olyde o las Chile (il b dda, & (2led W elwl SUWid (59 Cumd Ol pudi  Fogaw S ) Mgy —0 JSU0
Figure 5- Regression trend of shoot to root ratio with increasing saffron extract concentration.

y (Thymus ) = 6E-08x2-0.001x + 12.09 R?=0.989
y (Zataria)= -1E-06x2 + 0.009x + 21.09 R2?=0.970

y (Ziziphora) = 7E-08x2- 0.001x + 13.89 R?=0.5

y (Teucrium)= -8E-08x2 + 0.000x + 0.816 R? =0.604

. ¢ Thymus vulgaris
™\ . m  Zataria multifiora
b N A Ziziphora dinopodioedes

X Teucrium polium

Poly. (Thymus vulgaris)

- —.—— Poly. (Zataria multiflora)

essential oil yield(g.m?)

--------------------------- *
--------------------- ey e POy Ziphoracinopodioede)
Sy — Poly. (Teucrium polium)
______________ —
- e 9000

Saffron extract concentration (mg.kg™!)

olsde; o las Chile Wil U uilu! 3,Sdes Hgaw,S ) g, — 1 JSUS

Figure 6- Regression trend of essential oil yield with increasing saffron extract concentration.
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0.8 1

essential oil percentage (%)

04 f o

*
* X
0.6 _\x\.

y (Thymus)= -0.082x + 0.822 R?=0.736
y (Zataria)= -0.175x + 1.797 R?*=0.834

y (Ziziphora)= -0.074x2 + 0.33x + 0.083 R2=0.504
y (Teucrium)= -0.037x2 + 0.170x - 0.097 R? = 0.448

+ thymus vulgaris
Zataria multifiora
A Ziziphora dinopodioedes

Teucrium polium

Linear (thymus vulgaris)

— ——— Linear (Zataria multiflora)

A
02 ¥ TR e Poly. (Ziziphora clinopodioedes)
0 .‘f ----- T Poly. (Teucrium polium)
0 3000 6000 9000

Saffron extract concentration (mg.kgl)

olyde o lac Chile Ll b bl Moy Semw S ) Wigy -V S0
Figure 7- Regression trend of essential oil percentage with increasing saffron extract concentration.
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