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The percentage and rate of seed germination are critical factors leading to high yield in
agriculture, but it has a diminishing effect on environmental stress. Seed pretreatment is one
of the ways to increase the strength and velocity of seed germination to deal with salt stress.
The purpose of this study was to investigate the effect of seed pretreatment by peppermint
(0.5, 1, and 2%) and seaweed extract (0.5, 1, and 2%) with control on the growth and
biochemical traits of Thymus daenensis seedling under salinity stress (0, 50, 100, and 150
mM NaCl) conditions. This experiment was conducted as a factorial as a completely
randomized design in four replications at the seedling growth stage. The results showed that
seed pretreatment with peppermint and seaweed extract increased the percentage, velocity,
and time of germination as well as the number of germinated seeds, in the absence of salinity
stress. In seedling growth characteristics, although they were better in the absence of salinity
stress, the pretreatment of the seeds significantly reduced the effects of salinity stress
compared to the control conditions. The highest amount of chlorophyll in this condition was
obtained in seeds treated with 2% seaweed extract. The highest activity of catalase enzyme
and polyphenol oxidase enzyme was obtained in 100 and 150 mM salinity stress conditions
and seeds treated with 1 and 2% seaweed extract, respectively. Salinity stress had caused a
decrease in growth parameters, but seaweed extract pretreatment had improved the
conditions.
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EXTRACT ABSTRACT

Introduction

The presence of weeds in fields is one of the basic and
permanent problems for agricultural products. These
plants are successful in competing with crops to obtain
light, water, food, carbon dioxide, etc., and cause a
quantitative and qualitative decrease on the vyield of
agricultural products. Consecutive use of chemical
herbicides cause some problems such as environmental
pollution, retention of herbicides in the soil, high cost of
production, damage to agricultural products, reduction of
biodiversity and increase of species resistant to chemical
herbicides. Therefore, it is important and necessary to use
new methods to prevent and reduce the population of
weeds. Allelopathy is defined as the
inhibitory/stimulatory effect(s) of one plant on other
plants through the release of chemical compounds into
surrounding environment by exudation from roots,
leaching from shoot or decomposition of plant materials.
These chemical materials are called allelochemicals that
may affect the growth and development of neighboring
plants.

Materials and methods

In order to study the allelopathic effects of aqueous
extracts of different parts (root and shoot parts,
separately) of Artemisia aucheri. Boiss. on the
germination indices and growth parameters of Brassica
napus L. plant and Goldbachia laevigata L., two separate
experiments (laboratory and greenhouse) were carried
out based on completely randomized design with three
replications and a complete randomized block design
with four replications, respectively. The experimental
treatments including 7 concentrations of aqueous extract:
zero (water as control), 5, 10 and 15% of aerial parts
(stems and leaves) and 5, 10 and 15% of root. The data
for all measured parameters were analysed using the
analysis of variance procedure of Statistical Analysis
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System (SAS), version 9.1. Means were compared by
Duncan’s multiple range test at the 0.01 probability level
for all comparisons.

Results and discussion

The results showed that with increasing extract
concentration, the germination and growth traits and total
chlorophyll of both investigated plants significantly
decreased. The highest and lowest inhibition rates were
associated with 15% root extract and 5% aerial organs
extract, respectively. The level of 15% Artemisia root
extract in Brassica decreased the germination percentage
by 37.1% and in Goldbachia by 48.5% compared to the
control. Increasing of extract concentration from zero to
15% of arial parts decreased stem length by 30.3% in
Brassica and 56.3% in Goldbachia compared to the
control. Most of the examined traits in Goldbachia weed,
were more sensitive to the allelopathic effects of
Artemisia extract compared to Brassica. Researchers
stated that the presence of artemisinin bioactive
compounds, which have toxic and inhibitory effects,
decreases the germination percentage. The results of
laboratory experiments showed that aqueous extract of
Artemisia decreased germination rate of B.oleracea and
G.leavigata. The reduction in germination rate increased
along with the increasing concentration of Artemisia
extracts. The germination delay is probably due to the
release of some chemicals compounds from root and
shoot of Artemisia, which affects germination

Conclusion

It can be concluded that aqueous extract of Artemisia
decreased germination and seedling growth of
B.oleracea and G.leavigata. However, the inhibitory
effect was concentration-dependent. Root extracts of
Artemisia were more inhibitory effect than shoot extracts.
Sensitivity of G. laevigata to aqueous extracts was more
than B.oleracea.
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Ao )3 M Oljn 4 Aol Hlas 4 by o &L 0 e
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iy oyl Ao )3 10 CLle &S 5 e w0 .oils G alale
o (F J ) Gl ls dald 4 Sl 2alS Ao 55 FA/FA
(s oyluae l osliul &8 513 9Lis Sliw 1 S0ke 4 e
L OT Olge 50305 4135 30 s 1, 1S S5l Co
Jbes 4 b e (S5l Lo i & i 13 Al
S g 5aS 9 585 53 0354 g 5 ds A/FF Ol e 4 dal
OT Ol aS 390 atayd adsyojlias o 3 VO Chle w by e
Oty () 5 8 5,557 5 55 55 S5l VIOV il
@ by S8l Aoy Lles $SKEL G4l o
AL 935 595 53 0354l e 5y PIAY Ol e 4 dald L
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Table 2- Variance analysis of the measured traits of Brassica napus and Goldbachia laevigata under the influence of
Artemisia aucheri extract treatment in laboratory

S0l e e
Germination rate

S8l ey
Germination Percentage

walS oo 0,
Seedling dry wight

elS Jsb
Seedling length

oka e ls
Seed germination index

R g 4?): 3 « 3 « 3 < 3 « 3 <
5.0V @al3T & = 53 = & 8 & = & £
0. [ 2 O ®© < 2 O < 2 O« < 2 O < 2 O ®©
© © © N [+ ©
“oorE 4E2 BE 4SS 2E JS2 28 4o 2E ¢ S8
[aa] [aa] o [a2] o
Ly * - - - - - - o - -
o 6 391.87 671.49 11.08 10.40 0.000032 0.000044 540.48 1607.88 1143.91 1678.65
Treatment
s
E 14 18.92 33.39 1.04 0.36 0.000001 0.000001 52.09 51.70 49.86 54.80
rror
(1) Ol s g 5
S 5.51 8.45 16.09 13.23 13.58 19.43 8.39 15.29 10.22 21.09

CV (%)

.w;:éiuw):@dub\cla.«p SI3 e Gl gme b L S g NS

ns, * and ** are non-significant, significant at the five percent and one percent probability levels, respectively
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Table 3- Comparison of the mean measured traits of Brassica napus and Goldbachia laevigata under the
influence of Artemisia aucheri extract treatment

(1) G54 s Ao 53
Germination Percentage (%)

GaofV) 5410 L
Germination rate (1/day)

(05 eSS 035
Seedling dry wight (g)

(insle) alE J5b
Seedling length (mm)

oy el
Seed germination index

s s s 8 L.
4 g Q g « g [%] g n g
Extract \—’Lé -‘-‘—‘: \4\2 -'-‘_‘: \_Ikz -v‘_‘: Ai g% \&E ;.f_c:
28 g 28 ¢dg 285 g 25 g 25 g
g g S g 8 B 8 B < b
o =} () =} o =} o =] o =}
o o o o o
(O] (O] (O] (O] (O]
Lo
- 93.33a 88.00a 9.34a 6.91a 0.014a  0012a 102232 84.11a  9543a  74.28a
Control
5%  86.66b 82.66ab 7.32bc 6.39 0.011b  0.010ab  94.90a 67.66b  82.42b  56.87b
| Ry
wla el 10%  84.00b 73.33bc 7.48b 5.10b 0.010b  0.008b  87.63bc  56.19b  73.44b  41.23c
Aerial organ
15%  74.66C 65.33c 5.63cd 3.52¢ 0.007c  0.004cd 74.13de  32.79c  55.30c  21.39de
5%  82.66b 69.33c 6.28bcd 5.14b 0.010b  0.005c 96.90ab  36.84c  80.17b  27.27de
:*’t 10%  72.00c 54.66d 4.80de 2.73cd 0.007c  0.003d  81.13cd 2862cd 58.65c  15.58de
00!
15%  58.66d 45.33d 3.51e 1.93d 0.004d  0.002d  64.73e  19.87d  37.86d 9.0le

Al e Gyl gme Ml BB Ao )5 O (gl sme cla.» 23 5SSl 09031 plal &S 2 o5 > (gl ‘51.&&:@\._.4
Means with common letters according to Duncan test at a significant level of 5% have no significant difference.

LS e 15 0T (sl o 5T Edlab 5 0387y o 5 oot OalS
Jlisay (3 Ao o 3 1) laamalS i) alS Sulgi p3
S5 Bl T o)las Sl (o b (Rdond 53 Lo dal
lamalS ui, 5 Sjals> , (Nicotiana plumbaginifolia)
33 e IS T 8" s 7 Lis bl (Cassia tora) L
Ay s S5l 3l e Jobw e ST Ll e T
Slivo Kk 4 lie .(Mushtaq et al., 2019) & 5i s 4alS
ujbo)l_ﬁjggbgs\}lf@\:f&:"oj}abol_&}
sadoyoslas ChE j5 LIBIL S g sba (L Al
Solssme Al IS amal S oSt 05 Ol jn ¢ 258 ol
oylas oy Vb 50 5 aks;oslae Aoy 0 Chle Iyl
(F Jgdr) 215 (gl gme oslas KaS L glsn ey
o )lae )3 V0 hale 4 by e (S isla5k Ol e o YL

aomalS oSt (335 o s VV/FY 2alS o S 34 4ty
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oAl A RS o (S 15 SalS dali 4 S
.\;;M‘c)LAPW‘TJfJJbﬁJ;E(;:JJ:L:{aJSMM M&L-A-MJ

.(Rezvani & Dadkhah, 2023) =5 S ,I 3

(5 52 9 Blo) (2gaplnl g ady s 0 las w575 1
M) S gelil g (B doyd (29518 ol

alS e 3T cpl y3 a8 sl Ol byl 4 2 b
S ﬁgﬁagf,|}L§6cb,~,g?w)ﬁ>mou_.p
a3 olS ST o)l ae lajlas 3U Comi (g)l5 gme ysba
aiy Jgb o it o 5ls 0Lt gl (F ) w3 8513
FOAY Ole 4 (T ST L (il slows) dalds les ) 137
a5 40> adhis y Ao 5310 ojlias Hlad 53 0T o S 5 e Sl
AY/D als Hlad & S &S s sdalia e Sl VY Ol
Cale s aisy dsb op S (0 Jsd) il Jials upe s
S 3 (e L MFV) iy Loy 10 o)luae ¢S50 2
b ls rallae 55 Y (e sle YY) dals Hles 4 S
A IS @l Job o miis a8 dd dalis uoman (O Jgua)
4 by o 5 G Sl FUMY) 0 2S5 oo sl Vo
(0 Jsdr) g aivy oyl w3 V0 Chle s dalis Ly
Slag & b g S p ale Sl Jsb o it e
WIAY) dals a5 Cand S Lo y3 OF/Y L 0T o 28 5 dals
Sy aiyyoylae dw )3 V0 CLlE 4 by e (e Slw
2 23 s 2 S 3503 Oy Gellime (S (0 i)
OT 85 55,8 (o 3 T 85 sl p0 3T s Sl
23 S hadsy Jsb s ) 28l 0T aei a5 558 o a8 520
3 eS| A5 (a0 30y 8 Cled 5> IDtl sl | (i
i s |y (b ) Sl Cmilan (o e U
.(Omidpanah et al., 2011)

oylas ChE 53 2l sl Ol Sliv 580k 4wy lie
ﬂ&\}kfal:fei_;:,'g)}g\}:ﬁcuﬁd\ﬁr\.\suL:.i)
Lg o SXI35b Ol g 2 sVL &S (6 sy Bl (g ,l5 gime
o S S 45 s aday oslas A3 V0 5V Chle g

Sl 4 s 518 olS St (335 Lo, OF/V 5 FAD jalS”
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S0 2 e (NP 58 D o s 03 5 Sl Al
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Slag & o 5 558 DlalE oSt e3le pad 5 A, ol
55 el onls ralS s K5 15 sl g0 ol ST Cow oS sl
28 @l T eslae ol 85 51 gy 2 L lanlllne
=k e Cale ('45 oS sy 58l sl el
A3 V0 4 i jloslas Chle 51IL AT L5 sal p3le!
eSast asle 0y ey b 5310 5 (5 5 al) sl m plt
Sa e 53 5 o)y VVAF S Y84 LS S C.ufagf);
bl rals dald 4 Gl Lo 3 YA/FF 5V o0 (S 4l
i 55 ks 4wylie s (Esfandiari et al., 2023)
53 oslae Sl 1L e sl Ol Hd 4 b el
A 5y 4y (Jsb et Ol e catays (ol g gl 5 4ty
Sl 5o sdsay Job jestli o il (Sls (ghla e A
Db 53 ok 4y (Jsb et (S 5 A0/FY Ol pe 4 el
& Cnd S W33 8 5,51 L YVIAS Ol oo 4 4y 5 )Lz Ao y310
plas 5 aa (¥ Jgds) 3L L2alS do s 94 /1Y dals
S cale shan Job e le OT ke 5l 5 anys olS
S Gosh ol 0Lt g it 2l S 4 s &S5
SYFYA Ol & da s jles 55 Laslod ol Ol e o 5L
35 43 oS aiyy oslae 403 V0 Sl 4 bgy e OT oy a8
05,5 500 0T 55 &Sl Job asls oS
53.(F Jsd) Sl ials s o AV Ul Hlas 4 G &S
2Ll oS T eslas (T8 1 2 b 053,
s slaiadle g Sy 5 Sl gl el s
o ySamad—n 5 (Amaranthus retroflexus) . ,=rLs
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Db e ahs oyl do 3 V0 Chle LA IW (g5l sae

(0 Jsidsr) A dals s 4 o 1S 5 elans o 55 FF/E

5o S b acale eSas 0y o p (0 Jsds) ws dals
oS g il oslas Ao 5310 Hled oS als OLAS
Slesd S |y J2alS do J3 OF/A oS 55k s e 0
S35 aria a8 Sy ST (0 Jads) Soils dali
A AT o leST 3,50 olE 53 8 05 ola g 5 s
J\,;m,a&,Juogféuﬂ.\;bwﬁfdw&:‘s,m
Sy S oLE Sl hn oSl e ke 0T S 5 8
AR G Sl s S el T 8 LS 5
ol ladjg) Od atms Giyb SIL 5 OT UK s 5 J5 087
qu&k&@ﬁaqatﬁjsth‘)%Aﬁ;Jlﬁnﬁlf
3> .(Bond & Turner, 2006) 1 j a glacae ¢S i o3l

OIS 55wy T ojlae Hlas 3b o Kb 5 13I8 ous (6,8 0 5101 Slis uil s 40 20 —F S
Table 4- Variance analysis of the measured traits of Brassica napus and Goldbachia laevigata under the influence of
Artemisia aucheri extract treatment in pot

adyy b Sl Jsb J5 S 05
. o2 Root length Stem length Stem dry weight
g’:)(‘:\‘/‘ @sl5T s el 1S el 1S el
o df Brassica Goldbachia Brassica Goldbachia Brassica Goldbachia
napus laevigata napus laevigata napus laevigata
Y
> 3 10.31"™ 0.17m™ 3.75™ 0.25™ 0.74.ns 0.0003ns
Block
les
. 6 555.19** 85.43** 208.30** 239.00** 10.03** 4.5434**
Treatment
153
18 15.65 1.12 81.33 6.08 0.97 0.0383
Error
(1) S s s o
e - 17.75 6.72 15.04 8.50 17.68 4.88
CV (%)
Continued table 4 F U aals!
d?};.cl:m JfJ:s}jlf Sy
=S 35T ey leaf area Total chlorophyl content
S.0.vV df 1518 S 1518 &Sl
Brassica napus Goldbachia laevigata Brassica napus Goldbachia laevigata
oS sk
3 16.90ns 0.55ns 0.28ns 14.90**
Block
B
6 88.52** 43.94** 6.26** 13.21**
Treatment
s
18 10.22 2.31 0.50 0.49
Error
(1) O s s o
e - 13.11 11.69 13.66 9.46

CV (%)

Ao y3 8 5 Loy o Jlaz>| Cla.»); Dl gme Gld gme 8 L ay g x NS

ns, * and ** are non-significant, significant at the five percent and one percent probability levels, respectively.
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Table 5- Comparison of the mean measured traits of Brassica napus and Goldbachia laevigata under the influence of
Artemisia aucheri extract treatment in pots

oSes 03y &, el JS Jss k8
() ey b (i) Sl d o W50 ) (e foostls) G033 5 o5 ko)
length of the main Stem length (cm) #2t or st FO59eS 2R ke
root (cm) 9 Dry weight leaf area Total chlorophyll
(g per plant) (cm?) (mg /g FW)
o] [ [ o] o]
> = > = > = > = > =
28 dg 23 gg B g 2E Jg 35 g¢
A S ] S A S A S A S
g 8 © S S S S S s 8
o = m = m = m = m =
o o o o o
O O O] O O
L
Cuut | 40.83a 22.13a 70.81a 40.84a 8.16a 5.5% 32.55a 17.62a 7.28a 11.01a
ontro
5% 23.28c 15.36d  61.25abc  26.48d 5.21cd 4.02c 23.96bc  11.72bc 5.10cd 6.71c
55 pll
"‘_’A £ 10% 13.11d 12.28e 54.95bc 22.63e 4.20de 3.13e 20.30cd 10.27¢ 4.15de 6.79c
Aerial organ
15% 7.14e 8.61f 49.31c 17.87f 3.53e 2.41f 18.07d 9.31c 3.81e 5.58d
5% 33.00b 20.32b 66.11ab 35.51b 6.98ab 4.91b 27.13b 17.44a 6.29ab 8.50b
:’t 10% 23.82¢c 17.08c  61.02abc  31.38c 5.88bc 4.26¢ 25.29hc 13.19b 5.48bc 6.91c
00l
15% 14.74d 14.48d 56.00bc  28.33cd 5.18cd 3.68d 23.35bc  11.56bc 4.33de 6.31cd

R P ST LA VRN, L PRL LR WS Y éjbhf.'uch")b Qg}l: Q}U'Twl.»ljdf);.ﬁ.a oy shls 61-’“;;:&\-:‘
Means with common letters according to Duncan test at a significant level of 5% have no significant difference.

ﬂ;obrﬁ,;rﬁgﬁww ) dals jles 53 IS Lo K
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Gl gme sl (FOjs (.Jf I Cfdp PV alsr el
Lo PN fals o ales) oyl s Ao 5030 Hlas i I
.m;(,y;\@ﬁwss.j.(adjk)UMuJuﬁ:@;ﬂ_@
3 0dd 05uST I (5w 8 A 5 g ST 5150 o
SIS e b St a3 IS e 55 el G b ol
Il Ll o g 5T Skl oy 5 5 bapis ot |
e ol (Farhhodi & Lee, 2013) & 53 o 3l 50 Jlasl s
b sl @50, Ol b @ b ol en L35 (gl g
Shals g osls mals COoda 0lalE js 1y g da JSCaS WT
%f\,oug&;suu@;uus,uglj,a,aﬁ;)m
> Saraei et al. (2012) .(Bond & Turner, 2006) & 55
Sl goen oS Bl > o 5 A ST S p Glalde (g3 p (Slalllas
5l 5 oS 6E g wls T ojlae b o IS Js 88
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