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Figure 1. Variance analysis of different concentration aqueous extracts of saffron corm.
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saffron
corm)
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*Indicates that is significantly different at P< 0.05. ** Indicates that is significantly different at P<0/01. ns
indicates no significant.
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Table 2. Mean comparison of allelopathic effects of aqueous extracts of saffron corm in different concentration on
germination and seedling growth of lettuce.

obisj pasS lokas ()5 sl oloj oSk a2 ady) Job JosS s Jbo
(Aqueous extracts of  Mean germination time (2o o) o k)
saffron corm) (day) Radicle length  Hypocotyl length (cm)
(cm)
(e ) amls 1.38 bc 349a 1.13d
(Control)
Jlb 8 + e 1.33¢ 419a 1.49 be

(distilled water+
Activated carbon)

g+ phaie o 1.41 be 4.03a 1.77 ab
(distilled water+
Zeoite)
1/25% 1.66 ab 2.66b 1.51 bc
2/5% 1.89a 2.03 bed l44c
3/75% 1.95a 1.67d 1.35cd
5% 1.66 ab 1.74 cd 1.11d
5%+ b op)S 1.45 be 2.51bc 1.85a
(5%+ Activated
carbon)
5% +eug; 1.67 ab 4.46 be 1.85a

(5%+ Zeolite)

Al e (P<0.05) o sme B! s 5851 05T il g (g 2 p3 S jidie gy b slasl

Numbers followed by the same letter are not significantly different by Duncan range test. (P<0.05)
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Figure 1. Effect of different concentration of aqueous extracts of saffron corm with Activated carbon and Zeolite on
Radicle length/ Hypocotyl length of lettuce.
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Figure 2. Effect of different concentration of aqueous extracts of saffron corm with Activated carbon and Zeolite on
Hypocotyl length/ Radicle length of lettuce.
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Table 3. Variance analysis of different concentration of aqueous extracts of 9-years- saffron cultivated soils
and Non- saffron cultivated soils.

s gilee 33l 4 5 4l 2o ol oSl el b JSSee Jb ady) sk Jsb s
o &5 Vs> _ Job 4 & Jobo & U5 guen
(s.0.v) (df) (Germination) (Radicle  (Hypocotyl U5 g i Ay,
(Mean length ) length)
germination (Radicle (Hypocotyl
time) length/ length/
Hypocotyl Radicle
length) length)




Sk gy 1 0/008 ns 0/002 ns 0/248** 2/105 ns 0/206 ** 0/278**

(Soil)

chl 6 0/012* 0/175** 0/059** 0/067** 0/062**
0/005 ns
(Concentration)

cble #S6 g9 6 0/018 ns 0/002 ns 0/53* 0/007* 0/033* 0/043*

(Soil*
Concentration)

inlojl (sl 56 0/009 0/006 0/018 0/003 0/015 0/017

(Eror)

I gxe BB D g pae 5L NS choyd Vg duoyd & Jlas! zolaw 1 aivlojl Jole 51 pog )l dxe [S5LiS s )5 & e g
*Indicates that is significantly different at P< 0.05. ** Indicates that is significantly different at P<0/01. ns indicates no
significant.
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Figure 3. Effect of different concentration of aqueous extracts of soils with Activated carbon and Zeolite on mean
germination of lettuce.
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Table 4. Mean comparison of allelopathic effect of aqueous extracts of soils in different concentration on seedling growth
of lettuce

SB gy Sl ojlas d adyy Job JsSsmn Jsbo
(Soil) Aqueous extracts of  Radicle length (cm) Hypocotyl length
soil (cm)
(o ) 20Ls 1.08 bed 1.18 bc
control
2.5% 1.19 abc 113c¢
5% 1.23 abc llc
Olyiej as)ie LA S 7.5% 1.2 abc 113c

(9-year-saffron
cultivated soils)

10% 1.22 abc 1.16 be
Jus o8 +10% 1.48a 1.27 ab
Activated carbon+
10%
edg; +10% 1.3ab 1.33a
Zeolite+ 10%
(i ) sals 1.08 bed 1.18 bc
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cdg; +10% 1.33ab 1.35a

Zeolite+ 10%
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E saffron cultivated soil ) sie ) 4e 53 Sla

E Non- saffron cultivated soil ) e ) s2ds <ulS S

wld - 2.50% 5% 7.50%  10% dlad S+ )
% 10+ %10

§ 1> abc ab ab ab abc a a
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i Ei :E H :5 H 7EE
45 © ' ' ' : : - :
YN

- I~ °
(Concentration)

(Radicle length/ Hypocotyl length)
o
(9]

l5 2l JisSsun 4 4 ady) Job Cund 2 g g Jub S olan 4 S il ojlas Gilisee (sl clalé 3 S g Sl lize S1F S

Figure 4. Effect of different concentration of aqueous extracts of soils (9-year-saffron cultivated soils- Non-saffron
cultivated soils) with Activated carbon and Zeolite on Radicle length/ Hypocotyl length of lettuce.
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Figure 5. Effect of different concentration of aqueous extracts of soils (9-year-saffron cultivated soils- Non-saffron
cultivated soils) with Activated carbon and Zeolite on Hypocotyl length/ Radicle length of lettuce.
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Table 5. Variance analysis of aqueous methanol extracts of saffron corm, 9-years- saffron cultivated soils and
Non- saffron cultivated soils

Sluye (1:ke
(Mean
Square)
Sl glie @l e Gialesop Gl oSle 4l b Jsb ady) Job s Jsb o
.. .l - .
(s.0.v) (df) (Germination) SEAed Radicle ) S J% e “ "Lﬂsw
(Mean (length  Hypocot St s Job
germination yl length) (Radicle (Hypocotyl
time) length/ length/
Hypocotyl Radicle
length) length)
Lges £95 2 0.543 ** 0.331 ** 0.06 * 0.001 ns 0.294 ns 0.381 **
(sample)
cdale 3 2.231 ** 2.37 ** 11,525 ** 5562 ** 2.072 ** 0.87 **
Concentration
Ll #5905 £o5 6 0.107 ** 1.988 ** 0.455 ** 0.012 ** 1.076 ** 0.493 **
(Sample*
Concentration))
odabost oLzl 24 0.013 0.023 0.013 0.002 0.184 0.021

(Eror)
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*Indicates that is significantly different at P< 0.05. ** Indicates that is significantly different at P<0/01. ns
indicates no significant.

o) Jliie 1 g cdale odlu Sl ((ylyaej oaiis cuiS S g olyaej asyi0 S () yae; £355) dges £o5 ool il
(B Jgia) 298 4l bze 928 0lS S5 dilgy b)) ke o yd V Jlois] o o b

o Ve 9 (39) VIAY) gliies pygS oslas )5 (oo Ve sla o 42 bignyo (55 Al loj (S0le oy
Clale ol o wcuils baylos oo b (6l ine glis 45 309 (50, V/0R) Shyias alls & deyi0 S ojlac o5
PF e Ve ads CuiS dejfe S p)S (o Ve g Ve oliie) dlo @ dyie SB oS (L Ve o
LD )15 (gine glis Sald b Lol w3 50080 b (6l gine gl (55 Wl ey Solee J5 ) e g8
5 2255 gy ojlas &5 aay (oo LS bS5 el (55 Wl i) pysS oS (e Ver Lo 5
cuiS asyie SB g sald 4 Cond (G alx o) (10le Cdo ()0 gl Glide ) Al A as 30 S

(5 JSs) a5 aileys le; Sl yiol38l el g asly siuis
&) Al oloj (Nle 132 9

B saffron corm o _ge ) a)sS
Flsaffron cultivated soil o) _ie ) 4e ) e Sl&

O Non- saffron cultivated soil o) e ) s2di CuiS Sla

___ C bc
10 mg 30 mg 100 mg
(5 (ko fojliae Sis (g ) o) ke

(Concentration)

d d d

ElZIn

o R, N W b

(395) 55 Slgz oloy pSikee
Mean germination time (day)

9ol axalS 5 ailgr loj (pSke p calizee (clo cdale ) (olhae oads culS S8 g (liiej as 50 S (ylhis; p)oS)ige g95 blite S5 JS5

Figure 6. Effects of aqueous methanol extracts of sample (saffron corm, 9-year-saffron cultivated soils and Non- saffron
cultivated soils) under different concentration on Mean germination time (day) of lettuce.
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Table 6. Effects of aqueous methanol extracts of sample (saffron corm, 9-year-saffron cultivated soils and Non- saffron
cultivated soils) under different concentration on the germination and seedling growth of lettuce.

Wged 58 cdals ) Sler Loy a adyy Jsb J5sS o Jsb
(Sample) (Concentration) (Germination % Radicle length (cm) (Hypocotyl length)
of control)
(o f) anlis 100 a 272 a 171a
(Control-Distilled
water)
10 mg 8l6a 1.79b 1.37b
Olyis; pysS 30 mg 60 b 0.47 de 0.26d
Saffron corm
100 mg 0d 5 dlgs pas & lgx pac
(Non- germination)  (Non- germination)
(e f) anls 100 a 272 a 171a
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Control-Distilled )

water)
10 mg 100 a 0.64 cd 12¢c
Olyis; 4eie LA S5 30 mg 98.33a 081lc 0.31d
(9-year-saffron
cultivated soils)
100 mg 30c 0.31 def 0.08 e
(haie o) anls 100 a 272a 171a
Control-Distilled )
water)
10 mg 100 a 1.69b 1.23¢
Olie ) oads cuiS S 30 mg 83.33a 0.41 de 0.32d

(Non- saffron
cultivated soils)
45 bc 0.14 ef 0le

A3L wP<0.05) ) I gme OS] eyl gy 1 S o gy b dlael

Numbers followed by the same letter are not significantly different (P<0.05)
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Figure 7. Effects of aqueous methanol extracts of sample (saffron corm, 9-year-saffron cultivated soils and Non- saffron
cultivated soils) under different concentration on radicle length/ hypocotyl length of lettuce.
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Figure 8. Effects of aqueous methanol extracts of sample (saffron corm, 9-year-saffron cultivated soils and Non- saffron
cultivated soils) under different concentration on hypocotyl length/ radicle length of lettuce.
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Study of Allelopathic Properties of Saffron Fields and Methods of Its Ameliorate

Introduction: Saffron (Crocus sativus L.) is the most expensive spice in the world. An
important problem with saffron production is replanting problem after a few years of
cultivation. Allelopathy is defined as interference to plant growth caused by chemical
interactions between plants and other organisms by the release of secondary metabolites
called allelochemicals. Allelochemicals are released through mechanisms from various plant
tissues such as evaporation and leaching of aerial parts, root exudates and decomposition of
plant residues in soil.

Materials and Methods: The allelopathic potential of saffron in three experiments were
investigated. In this study we examined the aqueous and aqueous methanol extract of saffron
corms, 9-year-saffron cultivated soils and non-saffron cultivated soils. Activated carbon and
Zeolite were used to ameliorate allelopathic activity. In the first experiment, different
concentration (5, 3.75, 2.5 and 1.25%) of aqueous extract of saffron corms were tested. To
eliminate allelopathic activity, activated carbon and zeolite powdered were added to 100 ml
of aqueous extracts of corms and 100 ml of distilled water. In the second experiment, aqueous
extract of 9-year-saffron cultivated soils and non-saffron cultivated soils at different
concentrations (10, 7.5, 5, 3.75, 2.5%) were prepared. To mitigate allelopathic activity,
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activated carbon and zeolite powdered were added to 100 ml of 9-year-saffron cultivated
soils and non-saffron cultivated soils. In the third experiment, aqueous methanol extract of
saffron corms, 9-year-saffron cultivated soils and non-saffron cultivated soils at different
concentration (10, 30 and 100 mg dry weight equivalent extract mL™) were investigated.
Lettuce (Lactuca sativa L.) was used as a test plant and the percentage of germination, Mean
germination time, hypocotyl length, radicle length, radicle length/ hypocotyl length and
hypocotyl length/ radicle length were evaluated. This study was carried out in a completely
randomized design in the Laboratory of Horticultural Sciences, Faculty of Agriculture,
Ferdowsi University of Mashhad in 2018- 2019.

Results and Discussion: The results of this study showed that the allelopathic effect of
aqueous and methanol extract of the saffron corm was more effective on germination and
seedlings growth of lettuce than 9-year-saffron cultivated soils. The aqueous extract of the
corm increased mean germination time and inhibited the root length by 50% (compared to
the control). The aqueous extract of 9-year-saffron cultivated soils caused a growing
imbalance between the hypocotyl and radicle of lettuce. The aqueous methanol extract of
saffron corm and 9-year-saffron cultivated soils significantly decreased germination
percentage and increased mean germination time of lettuce seeds. Lettuce seeds germination
in the highest concentration of aqueous methanol extract of corm was completely stopped.
The allelopathy activity of aqueous methanol extracts were dependent manner and
significantly effect on radicle and hypocotyl length of lettuce. The use of activated carbon
and zeolite adsorbents was effective in improving and mitigating the allelopathic activity and
increased the growth of lettuce seedlings (an increase of 30-26% on average).

Conclusions: the results of this study indicated that it is possible to inhibit allelopathic
activity in saffron fields and this study should be repeated in field conditions in order to
recommend a practical solution for this purpose.

Keywords: Activated carbon, Adsorbent, Extract, Germination, Zeolite.
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