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Abstract:

The allelopathic effects of the aqueous extracts of aerial parts of Artemisia herba-alba
at different concentrations ( 20, 40, 80%) were evaluated on germination and seedling
growth of Raphanus sativus (Radish) and Trigonella foenum-graecum (Fenugreek)
after 7 days in vitro. Artemisia had strong allelopathic effects, it prevented the
germination and seedling growth of Radish seeds, at highest concentrations (80%).
Results obtained showed significant inhibition in germination percentage (GP),
plumule length (PL) and radicle length (RL) of both Radish and Fenugreek seeds, and
the degree of inhibition was concentration dependent. At 20 and 40% the germination
percentage of Radish seed was reduced to (56.67%) and to (40%), while the
germination of Fenugreek seeds was reduced to (80 %) and to (63.33 %) respectively.
This inhibition was markedly in obvious Radish than in Fenugreek, indicating that is
Raphanus sativus more sensitive, to the allelophahtic effect of the different
concentrations of the aqueous extract of the A. herba alba plant.
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1. Introduction:

Allelopathy as an ecological phenomenon, has been defined as any direct or indirect
effects of one plant, including micro-organisms, on another through the release of
phytochemical compounds into the environment, these biochemical materials are
called allelochemicals that may affect the physiological processes of the plants such
as respiration, cell division, water and nutrient uptake, oxidative stress and others.
Most plant species, including wild plants, crops and trees are capable of producing
such molecules into the environment to inhibit the development of neighboring plants.
[1,2,3]. the term allelopathy refers to any method involving secondary
metabolites(allelochemicals) created by plants, or microorganisms, bacteria, viruses
and fungi that influence the growth and development of agricultural and biological
systems as well as positive and negative effects. Allelochemicals from plants are
produced by any organ of the plant and discharged into the environment by
volatilization, exudation from roots, leaching  from stems and leaves or
decomposition of plant material [4,5]. Allelochemicals are mainly secondary
metabolites which usually associated with plant defense against herbivores and
pathogens, these distinctive compounds may be linked to wide range of ecological
functions [6]. Phenolic compounds are one in every of the biggest group of secondary
metabolites including flavonoids, phenolic acids tannins, saponins, cinnamic acid
coumarins, terpenoids, quinones, and lignans [7]. Allelopathic effects can be
stimulatory or inhibitory, depending on the identity of the active compound on the
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static and dynamic availability, persistence and fate of organics in the environment
and on the particular target species [8]. Also, allelopathy is generally accepted as a
significant ecological factor in determining the plant growth, succession, dominance,
distribution, species diversity, structure and composition of plant communities [9].
Artemesia herba-alba Asso. (Asteraceae.), which recently classified as subgenus
Seriphidium [10], commonly known as the desert wormwood, is a dwarf , semi shrub
growing widely in Al-Gabal Al-Akhdar in Libya and in, Northern Africa (Morocco,
Tunisia Algeria), the Middle East Western Asia (Arabian Peninsula) and
Southwestern Europe. The plant is a perennial, strongly aromatic herb, with many
basal, erect and leafy stems covered with woolly hairs [11]. It is widely used as folk
medicine and in particular for common uses such as relief of coughing, intestinal
disturbances, colds and muscle tensions by the local population in different countries
[12]. The allelopathic consequences of the genus Artemisia have been broadly
investigated [13,14,15]. Artemisia herba-alba grown in Libya was observed as
dominant species in its natural micro habitat in Al-Gabal Al-akhdar area and prevents
growth of another plant species those grow closely to it. Therefore, we hypothesed
that this species has allelopathy effects and can be used as determination factor for the
growth of some plants. Therefore, the study was aimed to evaluate the Allelopathic
Effect of Artemisia herba-alba ( Artemisia) on Germination and Seedling Growth of
Raphanus sativus( Radish) and Trigonella foenum-graecum (Fenugreek) .

2.Material and Methods:

2.1. Sources of the seeds:

The seeds of Radish and Fenugreek were obtained from local market. And were kept
in the containers which they were supplied, then stored in the laboratory at room
temperature until required for sowing.

2.2. Plant Material Collection

Artemisia. herba-alba samples were collected from the south of Al-Jabal Al-Akhdar
EL-Byda city — Libya ( Marawa region) , in October 2018, collected only areal parts.
The plant were classified and authenticated according to [16]. In Department of
Botany, Faculty of Science, Omar Al-Mukhtar University, EL- Byda, Libya.

2.3. Preparing the aqueous extract of Artemisia herba-alba

Anumber of fresh samples from the aerial shoots of the donor species were collected
from the natural habitats in the study area during the vegetative stage. The samples
were air- dried then after ground in a Wiley Mill to fine uniform texture and stored in
glass jars until use. Stock aqueous extract was obtained by soaking 50 g air-dried
plant material in 500 ml of cold distilled water (10% w/v) at room temperature (20+2°
C) for 24 hours with occasional shaking. the mixture was left on shaker for 24 h in
room temperature at speed of 120 rpm four-folded cotton fabric was used as filter to
separate rough solid particles from solution. The contents were then filtered with
Whatman filter paper and then it was centrifuged with the speed of 2000 rpm for 15
minutes [17].

2.4. Preparing the aqueous extract concentrations

Three concentrations of solutions (20, 40, and 80 %) were prepared from the stock
solution based on volume/volume percent(v/v.%) [18]. in addition to the distilled
water as control. To prepare solutions of different concentrations, doses of A. herba-



alba aqueous extract (20, 40 and 80 ml) were taken. Then, volume was completed
t0100 ml by adding distilled water to obtain (20, 40, and 80 %).

2.5. Treatment of seeds with plant extracts:

Sixty seeds of each species( Radish and Fenugreek) were distributed in 12 petri dishes
( 5 seed in each dish) on two layers of Whatman No.l. Five ml of each prepared
aqueous extract (20, 40, and 80 %) or distilled water as control (0%) were added in
petri dishes (added daily). Three replicates were incubated in randomized complete
block design at 20° C in an incubator. Before sowing, the seeds were surface sterilized
with 2% sodium hypochlorite for 2 minutes then rinsed four times with distilled
water. The sterilized seeds were soaked in aerated distilled water for 24 hours. The
germination percentage (GP), plumule length (PL) and radicle length (RL) were
recorded after one week at the end of the experiment [19]. A variety of parameters
were used in this work to assess the effects of extracts on seed germination and
seedlings development of test species. These parameters include:

1. Germination percentage (GP): was calculated according to the following
equation [20].

%Germination = Number of germinated seeds x 100
Total number of seeds

2. plumule length (PL) and radicle length (RL):
Length of plumule and radicle system were measured in cm using a ruler.

Statistical Analysis:

Statistical analysis was performed using a computer run program (Minitab software).
One way ANOVA followed by Tukey, s HSD test was performed to show the
statistical significance among the means of the groups. Results were expressed as
mean + Standard Division (SD). P-value below 0.05 was considered to be statistically
significant [21].

3.RESULTS:
3.1. The allelopathic effect of Artemisia on Radish seeds:

1. Germination percentage (GP): The germination percentage of Radish seeds was
significantly affected by the increase at different concentration levels of Artemisia
aqueous extract after seven days of germination. Artemisia herba-alba extracts have
inhibitory effect on germination and early growth of Raphanus sativus and
considerably suppressed the germination compare to control treatment. The total
percentage of Radish seeds germination was decreased by increasing the
concentration of Artemisia aqueous extract, at control (0%) GP value was about
(93.33 %). While the percentage was reduced to (56.67%) and to (40 %), at
concentrations 20 and 40% Artemisia herba-alba aqueous extract, respectively. The
maximum allelopathic effect was recorded in 80% Artemisia aqueous extract
concentration, which completely inhibited Radish seed germination . (Tablel).

2. Plumule length (PL): Findings of PL of Raphanus sativus imply the inhibitory
effect of the allelopathic substances on seedling stage. Evidently, PL was significantly



reduced due to each main effect as treatment Additionally, the value of PL was 4.2 cm
at control level. Afterward, it reduced to 2.7cm at 20 %, and to 2.2 cm at 40 %, the
maximum allelopathic effect was recorded in 80% Artemisia aqueous extract
concentration, which completely inhibited PL. (Tablel).

3. Radicle length (RL): decreased was observed among Radish RL assessment in
seeds culture (table 1). The control value was 6.1cm . Elevated A. herba-alba aqueous
extracts concentrations have possessed a significant inhibitory effect on radical
growth. At 20 % A. herba-alba aqueous extracts concentration, it was 2.3cm. Upon
applying the highest A. herba-alba aqueous extracts concentration (80%), it was
completely inhibited RL. (Tablel).

Tablel. Allelopathic effect of different concentrations of aqueous extractof Artemisia herba-alba on
germination percentage(GP) and radicle (RL)and plumule(PL) length (cm) of Raphanus sativus L. (after 7
days).

Extract Seed germination GP % RL(cm) PL(cm)
concentration Mean + SD Mean + SD Mean + SD
%
0 18.67% +0.47 93.33 6.17+ 0.09 42%+ 0.16
20 11.33° +0.94 56.67 2.3+ 0.08 27°+ 0.14
40 8° +0.82 40 15+ 0.05 2.2°+ 0.12
80 0 0 0¢ 0¢

Data are expressed as mean + SD of three replicate. Within each row, means with different superscript (a, b, ¢ or d)
were significantly different at p<0.05. Where means superscripts with the same letters mean that there is no
significant difference (p>0.05).

3.2. The allelopathic effect of Artemisia on Fenugreek seeds:

1.Germination percentage (GP): The allelopathic effects of A. herba-alba aqueous
extracts on Fenugreek seeds were also was evaluated, the total percentage of
Fenugreek seed germination was decreased by increasing the concentration of
Artemisia aqueous extract, at control (0%) GP value was about (98.33%) .The
percentage was reduced to (80 %) at 20 % and to (63.33 %) at 40%, while recorded
(46.67%) at (80% v/v) A. herba-alba aqueous extracts concentration. (Table 2).

2. Plumule length (PL): Evaluation of PL correlated with higher Artemisia aqueous
extract concentrations has demonstrated their inhibitory influence on Trigonella
foenum-graecum growth process(Table 2).The plumule elongation was not completely
inhibited by the extract but it was less at higher concentration levels. Obviously, all
allelopathic concentrations have reduced PL. at control level PL of Fenugreek was 5.9
cm. On the other hand, 20, 40 and 80 % concentrations were considered as inhibitory
concentrations (the values about 4, 3.6 and 2.1cm) respectively.

3.Radicle length (RL): Compared to control, a gradual decrease in RL of Fenugreek
seed was observed along gradual increase in A. herba-alba aqueous extracts
concentrations. RL implication was significantly affected by the treatment. At control,
the values of RL were 4.4 cm. higher concentrations of A. herba-alba aqueous
extracts were notably active inhibiting radicle emergence. at 20, and 40 %
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concentrations, RL decreased to 3.5 and 3.2 cm respectively. Constantly, it continues
reduction till it attained a value of about 1.8 cm at 80 % concentration level. (Table 2).

Table 2. Allelopathic effect of different concentrations of aqueous extractof Artemisia herba-alba on
germination percentage(GP) and radicle (RL)and plumule(PL) length (cm) of Trigonella foenum-graecum.

(after 7 days).

Extract Seed germination GP % RL(cm) PL(cm)
concentration % Mean + SD Mean +SD Mean + SD
0 19.67% +0.47 98.33 4.4%+0.24 5.9+ 0.09

20 16° + 0.82 80 35°+ 0.05 2L+ 0
40 12.67°+ 1.2 63.33 3.2°+0.12 3.6° +0.21
80 0.339+0.94 46.67 1.8°+0.16 2.1°+0.14

Data are expressed as mean + SD of three replicate. Within each row, means with different superscript (a, b, ¢ or d)
were significantly different at p<0.05. Where means superscripts with the same letters mean that there is no
significant difference (p>0.05).

4. Discussion:

Environmental and non-environmental stresses lead to the interactions in plants. Some
of environmental stresses are allelopathic compounds which secrete by some plants
and cause disturbance in life cycle and activate a series of biochemical reactions [22].
The present work was carried out as a study to investigate any possible allelopathic
activity A. herba alba agueous extract on germination and seedling growth of
Raphanus sativus and Trigonella foenum-graecum, the results showed severe toxicity
at high extract concentration and moderate toxicity at low concentration . The highest
germination rate of Radish and Fenugreek seeds was obtained from distilled water
treatment and the lowest rate was obtained from treatments lead to lack of
germination, respectively. In general the results showed that when concentration of
extract increases, traits significantly decrease, this can result from the increase in
amount of allelochemicals and the toxicity characteristics [23]. A. herba alba aqueous
extract may contain some phytotoxic substances that inhibits germination and growth
of Radish and Fenugreek. These results correlated with the findings that
Allelochemicals presented in the aqueous extracts of different plant species
commonly identified as allelopathic agents, which have inhibitory and/or lethal
effects on seed germination growth and development , reduction in seedling growth
and have been reported to effect on different physiological processes through their
effects on enzymes responsible for phytohormone synthesis and were found to
associate with inhibition of nutrients and ion absorption by affecting plasma
membrane permeability [24,25]. Aqueous extract of plants may contain phenolics
such as ferulic acid P-coumaric, vanillic, caffeic, chlorogenic and others [26,27].
These phenolics inhibit the germination process [28,29]. which was due to their
interference with indol acetic acid metabolism, or synthesis of protein and ion uptake
by the plants [26]. Therefore, A. herba alba might release some soluble phenolic
allelochemicals to the environment [30], which has a growth inhibitory effect on new
seedling of both Raphanus sativus and Trigonella foenum-graecum or other plant
species. Our results are agreed with [31,32] who reported that seeds of some species
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can be suppressed using water extracts from Artemisia plants or another species and
theses extracts can effect on germination behavior too. The results of this study
showed that Artemisia extracts had deterrent effects on the germination and growth
indices of Raphanus sativus and Trigonella foenum-graecum. The seed germination
traits and seedling growth were decreased by increasing the extract concentration.[18]
concluded that A. herba alba aqueous extract at different concentrations suppressed
the germination of monocot (wheat) and dicot (tomato) seeds. And this suppression
was possibly due to the presence of allelochemicals in this plant. There are some
reports about the inhibitory effects of different species of Artemisia on seed
germination traits of Triticum aestivum L., Brassica napus, Sinapis arvensis L. [33]
Amaranthus retroflexus L, and Convolvulus arvensis L. [34] Atriplex canescens,
Agropyron elongatum and Agropyron desertorum [35]. According to above
researches, it can be firmly concluded that genus Artemisia forms the plants whose
allelopathic ability is proved between different species. In this genus, a wide range of
active biological compounds are produced which included artemisinin, tannin,
flavonoids, sesquiterpene lactone and other secondary metabolites such as coumarin,
camphor and bornyl acetate which their toxicity for some other plants is proved
[36,37,38] Coumarin prevents the cell from entering the as the first group of
mitochondrial mitosis. Flavonoids have been introduced absorption inhibitor that may
stop ATP production in mitochondria and affect the breathing [39]. Through
preventing from the cell division and cell elongation in the germination stage,
flavonoids and coumarin deter germination and reduce the length of root and shoot of
the seeds.

5. Conclusion:

It can be concluded that Artemisia herba alba water extract at different concentrations
suppressed the germination of Raphanus sativus and Trigonella foenum-graecum
seeds. And this suppression was possibly due to the presence of allelochemicals in
this plant. Based on the results of this study: Artemisia herba alba species have
strongest allelopathic potential must be examined for their selective action on other
specific plants including weeds and crops under field conditions, their allelopathic
activity will be much more detailed. Analysis of possible allelochemicals in this plant
is also required. The isolation and characterization of growth inhibitors, which might
be responsible for the strong allelopathic potential of this species is needed. There is
possibility of using these allelochemicals directly or as structural leads for the
discovery and development of environment friendly herbicides to control weeds.

6. References :
1.Rice, E.L. Allelopathy. 2nd. edn. Orlando, Academic Press.1984 ; pp. 422.

2.Weir TL, Park SW, Vivanco JM. Biochemical and physiological mechanisms
mediated by allelochemicals. Current Opinion in Plant Biology. 2004; 7:472-479.

6



3.Inderjit, Callaway RM, Vivanco JM. Can plant biochemistry contribute to
understanding of invasion ecology. Trends Plant Sciences. 2006; 11:574-580.

4. JV. Lovett and M.Y. Ryuntyu . In "Allelopathy: Basic and Applied Aspects"
Edited by S.J.H. Rizvi, V.Rizvi Chapman & Hall, London. 1992 ; pp. 11-20.

5.Rizvi, SJ.H. and Rizvi, V. (Eds.). "Allelopathy: Basic and Applied Aspects".
Chapman & Hall, London. 1992; pp. 480.

6. Hussain I.M and Reigosa J.M. Allelochemical stress inhibits growth, leaf water
relations, PSII photochemistry, non-photochemical fluorescence quenching and heat
energy dissipation in three C3 perennial species. Journal of Experimental Botany.
2011; 62(13): 4533-4545.

7. Balasundram N, Sundram K, Samman S. Phenolic compounds in plants and agri-
industrial by products: antioxidant activity, occurrence and potential uses. Food
Chemistry. 2006; 99: 191-203.

8. Inderjit, K. and 1. Keating. Allelopathy: principles, procedures, processes, and
promises for biological control . Advances in Agronomy.1999 ; 67:141-231.

9. L.R. Scrivanti, M.P Zunino, J.A. Zygadlo. Tagetes minuta and Schinus areira
essential oils as allelopathic agents. Biochemical Systematic and Ecology. 2003;
31:563-572.

10. Torrell, M. Cerbah, M., Siljak-Yakovlev, S. And Vallés, J. Molecular cytogenetics
of the genus Artemisia (Asteraceae Anthemideae) fluorochrome banding and
fluorescence in situ hybridization. I. Subgenus Seriphidium and related taxa. Plant
Systimatic and evolution. 2003 ; 239, 141- 153.

11. Alavi, S. A. Elfateh university, Tripoli, Libya, FI. Lib. 1983 ; 107, 180-180.

12. Oran, S. A. and D.M. Al-Eisawi. Check-List of Medicinal Plants in Jordan.
Dirasat Medicine and Biology Science. 1998 ; 25(2), 84-112.

13. Barney, JN., Hay, AG. and Weston, LA () Isolation and characterization of
allelopathic volatiles from mugwort (Artemisia vulgaris), Journal of Chemistry and
Ecology.2005 ; 31(2), 247-65.

14. Delabays, N. Artemisia annua L. a traditional Chinese medicinal plant for a
modern weed management. Report, Swiss Federal Research Station for Plant
Production, Switzerland. 2001;

15. Simon, J.E., Charles, D., Cebert, E., Grant, L., Janick, J. And Whipkey, A.
Artemisia annua L.: A promising aromatic and medicinal, In: J. Janick and J.E Simon
(eds.), Advances in new crops. Timber Press Portland, OR, 1990; p. 522-526.



16. Jafri , S. and El-Gadi , A. Asteraceae . In flora of Libya , 1978; 107. Al-Fateh
University Press, Tripoli, Libya.

17. Bajalan I., Zand M., and Rezaee S. Allelopathic effects of aqueous extract from
Salvia officinalis L. on seed germination of barley and purslane. International
Journal of Agricultural Crop Sciences ., 2013; 5(7): 802-805.

18. Elshatshat S. A. Allelopathic Effects of Artemisia Herba-Alba Aqueous Extracts
on Germination of Tomato and Wheat Seeds. Journal of Science and Its Applications.
2010; 4(1): 1-6.

19. Salhi, N., El-Darier ,S. M. and Halilat M. T. Allelopathic Effect of some
Medicinal Plants on Germination of two Dominant Weeds in Algeria. Advances in
Environmental Biology. 2011; 5(2): 443-446.

20. Scott, S.J., Jones R.A. and Williams W.A. Review of data analysis methods for
seed germination. Crop Science. 1984 ; 24: 1192-1199.

21. Ross SM. Introduction to probability and statistics for engineers and scientists .3rd
ed. USA: Elsevier. 2004,

22. Saberi, M., Tavili, A. and Shahriari, A. R.,. The influence of chemical stimulators
on decrease of Thymus kotschyanus allelopathic effect on Agropyron elongatum seed
germination characteristics. Watershed Management Research (Pajouhesh&
Sazandegi . 2012 ; 95: 45-54. (In Persian).

23. Kohli, R.K., H.P. Singh and D.R. Batish,. Allelophaty in Agroecosystems. Journal
of Crop Production. 2008; 4(2):1-41.

24. Daizy R.; B. K. Manpreet; P. S. Harminder and K. K. Ravinder . Phytotoxicity of
a medicinal plant, Anisomeles indica, against Phalarisminor and its potential use as
natural herbicide in wheat fields. Crop Protection. 2007; 26( 7): 948-952.

25. Fateh E, Sohrabi SS, Gerami F. Evaluation of the allelopathic effect of bindweed
(Convolvulus arvensis L.) on germination and seedling growth of millet and basil.
Advances in Environmental Biology. 2012; 6:940-950.

26. Hussain, F. and T.W. Khan,. Allelopathic effects of Pakistani weed cynodon
dactylon L. Journal of Weed Science Research. 1988; 1:8-17

27. Habib, S.A. and A.A. Abdul Rehman,. Evalution of some weed extract against
dodder on alfalfa (Medicago sativa). Journal of chemical Ecology.1988 ;14:443-452.

28. Williams, R.D. and R.E. Hoagland,. The effect of naturally occurring phenolic
compounds on seed germination. Weed Science.1982 ; 30:206-212.



29. Al-Charchafchi, F.M.R., F.M.J. Redha and W.M. Kamal. Dormancy of Artemisia
herba alba seeds in relation to endogenous chemical constituents. Journal of
Biological Science Research. Baghdad/lraq. 1987; 2:1-12.

30. Xu, Z., D. Yu, L. Guo, M. Zhao, X. Li.D.Zhang, K. Ye and Y., Zheng,. Molecular
biological study on the action mechanism of rice allelochemicals against weed Ying
Yong Sheng Tai Xue Bao. 2003; 14:829-833.

31. Escudero, A., Albert, M., Pita, J. M. and Pérez-Garcia, F. Inhibitory effects of
Artemisia herba-alba on the germination of the gypsophyte Helianthemum
squamatum. Vegetation. 2000; 148 (1): 71-80.

32.Periotto, F., Juliano, S., C., Gualtieri, M., Lima, S., and Perez, A. Allelopathic
effect of Andira humilis Mart. ex Benth in the germination and growth of Lactuca
sativa L. and Raphanus sativus L. Acta Botanica Brasilica. 2004; 18 (3) .

33.Akramghaderi, F., Zeinali, E. and Farzaneh, S. Allelopathic effects of annual
wormwood Artemisia annua L on seedling emergence and growth of wheat, oil seed
rape, wild mustard and wild oat. Journal of Agricultural Sciences and Natural
Resource. 2001; 8(3): 113-121 .

34.Tabatabaee = Zade, M.S., Pajouhan, M., Soltani M., Tajamolian, M. and
Shahbandari, R. Allelopathic Effects of Artemisia aucheri boiss Essential Oils on
Seed Germination and Early Seeding Growth of Red-root Amaranth,( Amaranthus
retroflexus L.) and Field Bindweed (Convolvlus arvensis L.) Knowledge of
sustainable agricultural production. 2014; 24(3): 87- 95. (In Persian).

35. Bagheri, R. and Mohammadi, S. Allelopathic effects of Artemisia sieberi Besser
on three important species (Agropyron desertorum), (Agropyron elongatum ) and
(Atriplex canescens) in range improvement. lranian Journal of Range Desert
Research. 2011; 17(4): 538-548. (In Persian).

36.Lydon J., Teasdale, J.R. and Chen, P.K. Allelopathic activity of annual
wormwood (Artemisia annua) and role of artemisin. Weed Science.1997 ; 45:807-
811..

37. Klyman, D.L.,. Qinghaosu (artemisin): an antimalaria drug from china. Science.
1985; 228: 1049-1055.

38. Macro, J.A. and Babera, O.,. Natural products from the gents Artemisia | stud.
Natural Products . 1990; 7: 201-264.

39. Maighany, F.,. Allelopathy: From concept to application. Parto e Veghe Tehran
Iran. 2003; 256 pp. (In Persian).



