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Abstract 
 

The objective of this study was to determine the impact of allelopathic potentials of aqueous extract of 

Artemisia monosperma aerial parts on germination and metabolite accumulation in common bean seedlings. 

Artemisia monosperma collected from Al-Thomamah region, Saudi Arabia and the experimental design was a 

complete randomized with four replicates. The results showed that the quantitative analysis of aqueous 
extract of Artemisia contained the phenolic compounds and flavonoids that might be implicated as 

allelochemicals agents. The germinated seedlings after 8 days were inhibited with the increase in 

concentration of aqueous Artemisia aerial parts, but the phenolic compounds of the common bean seedlings 

had stimulatory effects with high level of concentration of Artemisia aerial parts extract. Degradation of 

storage carbohydrates of common bean seedlings was significantly retarded with increasing the concentration 

of Artemisia aerial parts extract. It seems that the retardation was attributed to the activity inhibition of 

amylase enzyme that reduced the contents of reducing and non-reducing sugars. However, the 

polysaccharides remained at high level when compared with those of the control. While, inhibition of 

protease activity led to accumulation of free amino acids and protein contents in germinated seedlings of 

common bean. Although aqueous extract of Artemisia shoots contain allelopathic chemicals and phytotoxic, 

this effect led to increase in unsaturated fatty acids than saturated fatty acids in germinated common bean 

seeds. 
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INTRODUCTION 
 
Plants may affect other plants growing in their vicinity in 
a stimulatory or inhibitory manner through released 
biologically active compounds often termed as 
allelopathics, allelocompounds or allelochemicals. This 
phenomenon is termed as allelopathy, receiving an 
increased attention recently and is considered to be 
applied in practice for weeds and pest managements 
(Prasanta et al., 2003). Allelopathic effects are common 
for many plant species and can be observed at any level 
of biological organization (Gawronska et al., 2000;  
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Gawronska, 2003; Chon et al., 2003; Gholami et al., 
2011; Al-Rabiah, 2012). Several Asteraceae species 
have been reported for having allelopathic effects on 
other plant species, reducing seed germination and 
emergence of subsequent small grain crops when grown 
in rotation (Miky, 2008; Abu-Romman, 2011). Plant 
extract that is not decomposed was thought to contain 
secondary compounds with allelochemical activity or 
phytotoxic which cause growth inhibition (An et al., 
1993). However allelopathy may alter the available 
resources in the environment (Wardle et al., 1998). 
Allelochemicals are believed to be a joint action of 
several secondary metabolites including phenolic 
compounds (Dalton, 1999), flavonoids (Berhow and 
Voughn, 1999), juglone (quinone) (Jose and Gillespie,  



 
 
 
 
1998), terpenoids (Langenheim, 1994) and non protein 
amino acids like alkaloids (Harborne, 1988). Many 
researchers have found that the inhibitory substances 
involved in allelopathy that are terpenoids and phenolic 
substances (Alexa et al., 2004; Chaves and Escudero, 
2006; Khanh et al., 2007) 

Phenolics are broad variety of compounds with a 
wide array of allelechemical activities and most 
important in allelopathy. Phenolic compounds are water 
soluble and leach from leaves, stem and roots into the 
soil solution (Katase, 1993; Zhu and mallik, 1994). 

A wide array of biologically active constituents is 
produced by plants in the genus Artemisia (Moussavi-
Nik et al., 2011; Lixf et al., 2010, Modallal and Al-
Charchafchi, 2006). The volatile oil of Artemisia ordosica 
resulted in inhibition the growth and photosynthetic 
activity of Palmellococcus miniatus (Yang et al., 2012). 

Artemisia monosperma is a common perennial shrub 
in deserts of Saudi Arabia (Chaudhary, 1999) and one of 
the most common medicinal species of Artemisia. It is 
widely used in folk medicines (Stavri et al., 2005). 
Artemisia monosperma contains bioactive compounds 
e.g. sterols, terpenes, flavonoids, saponins and tannins 
(Kanitah, 2011). 

The purpose of this study was to assess the 
allelopathic effects of Artemisia monosperma on seed 
germination characteristics, primary growth and 
biochemical changes associated with germinated 
common bean seeds. 
 
 
MATERIALS AND METHODS 
 
Samples of Artemisia monosperma were collected from 
Al-Thomamah region, Saudi Arabia during April 2011 
and identified by plant taxonomist. A voucher specimen 
has been deposited at the Herbarium of Botany 
Department, Faculty of Science, King Saud University. 

Four different weights (1, 2, 3 and 4 grams) of dry 
Artemisia monosperma   aerial parts that each weight 
were separately soaked in 100ml of double distilled 
water for 48 hours at room temperature. The mixture 
was filtered through Whatmann paper No. 1 filter paper 
to obtained 1%, 2%, 3% and 4% w/v. Four levels beside 
the control were chosen for the germination experiments 
of this study.  

Seeds of common beans were obtained from the 
Agriculture Research Centre Giza, Cairo. Then, their 
surfaces sterilized with 5% aqueous solution of sodium 
hypochlorite for 2 minutes, rinsed five times with distilled 
water and dried between two paper towels. Twenty 
seeds were soaked in 50 ml of each level of Artemisia 
extract for 24 hours then washed with distilled water. 
These seeds were then placed in petri dishes on 
Whattman No.1 filter paper under laboratory conditions 
at 25

o 
C. Ten ml of solutions were added to petri dishes 

and germination was counted after 2, 4, 6 and 8 days 
from starting the experiment. Seeds were considered as 
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germinated when the radical extended through the seed 
coat. 

Phenolic content was estimated in the ethanolic 
Potassium hydroxide extract. Paper chromatography 
was carried out on Whattman No.1 filter paper using 
solvent systems H2O: HOAc (47:3) and BAW (4:1:5). 
Samples analyzed by using HPLC (Harborne, 1984). 

Total amino acids were hydrolyzed with 6N HCl in 
sealed tubes for 24 hours at 120

o
 C (Black burn, 1986). 

The samples were estimated using amino acid analyzer 
(Eppendorf). Fatty acids were extracted by petroleum 
ether (40-60

o
C), then saponification was done by 

alcoholic 40% NaOH, methylation with diazomethane 
and methyl esters then analyzed by using GLC 
(PYEUNICAM) (IUPAC, 1999). 

The total carbohydrate was determined according to 
the method of Nelson (1944) and Somogyi (1952). 
Protein content was estimated by Lowry et al., (1951). 

Amylase activities were assayed in the crude extract 
of fresh tissues using the method modified from that 
described by Afifi et al., (1986), whereas the estimation 
of protease enzyme was made using the method of Ong 
and Gaucher (1973).  

All samples estimated variability were treated with 
one way ANOVA test using Co stat 2.0 Statistical 
analysis software and the means were compared using 
Least significant difference (LSD).  
 
 
RESULTS AND DISCUSSION 
 
The results of mean comparisions for effect of aqueous 
extract of Artemisia monosperma aerial parts on 
germination percentage of common bean seeds 

 Shown in Table 1 clearly revealed that the two 
aqueous extracts of Artemisia monosperma aerial parts 
(1 and 2 %) stimulated the germination percentage of 
common bean seeds. On the other hand, the other two 
concentrations (3 and 4%) of aerial parts extract of 
Artemisia had great inhibitory effects on the germination 
percentage and early seedling growth of common bean 
seeds.  

This indicates that the aqueous extract contained 
growth inhibiting allelochemicals and their effects were 
dependent on the extract of Artemisia concentration. 
These results were in agreement with Abdel-Fattah et 
al., (2011) who observed that allelopathic effects can 
cause both stimulatory and suppressive effects at lower 
and higher concentrations respectively. 

The same results were obtained by Seyed et al., 
(2011) who showed that in different extract concentration 
of Artemisia annua, the most germination percentage is 
related to control and the least was related to 100 % of 
the extract. 

Also, other scientists such as Adrian et al., (2000); 
Lixf et al., (2010) and Yang et al., (2012) revealed that 
the inhibitory effect of Artemisia water extract was 
directly related to the allele chemical concentration. 
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 Table 1. Effect of aqueous extract of Artemisia monosperma aerial parts on germination 
percentage of common bean seeds 

 

Extract Concentration 

(w/v) 

Germination time (days) % 

2 days 4 days 6 days 8 days 

Control 46.5 57.0 80 86.6 

1% 50.1 79.0 85.7 93.0 

2% 54.0 85.6 93.5 100 

3% 45.5 69.5 68.5 80 

4% 20 39 51 70 

LSD 1% 

LSD 5% 

2.110 

1.43 

2.520 

1.82 

2.543 

1.75 

2.962 

1.98 

 
 

Table 2. Chemical content of 1% aqueous Artemisia monosperma aerial parts 

extract 
 

 Costituents ug/ml extract 

1 Quercetin 3-O-glucoside 8.39 
2 Quercetin 3-O-galactoside 8.35 
3 Quercetin 3-O-glucosylgalactoside 6.21 
4 Quercetin 3-O-rutinoside 9.31 
5 Isorhamnetin 3-O-rutinoside 4.51 
6 1,3,6  tri-O-galloyl-β-glucopyranose 5.93 
7 1,6  di-O-galloyl-β-glucopyranose 4.98 
8 1-O-galloyl-β-glucopyranose 3.39 
9 Reducing sugars 200.9 

10 Free amino-N- 0.85 
11 Free ammonia 20.95 

 
 

Table 3. Effect of aqueous extract of Artemisia monosperma aerial parts on the phenolic 

contents of germinated common bean seeds 
 

 Phenolic contents Control 2% 4% 

1 Quercetin 3-O-glucoside 0.17 2.45 3.75 
2 Quercetin 3-O-galactoside 0.19 2.12 3.43 
3 Quercetin 3-O-glucosylgalactoside 0.20 1.6 2.1 
4 Quercetin 3-O-rutinoside 0.97 1.97 2.25 
5 Isorhamnetin 3-O-rutinoside 0.47 1.03 1.98 
6 1,3,6  tri-O-galloyl-β-glucopyranose 0.85 1.03 2.95 
7 1,6  di-O-galloyl-β-glucopyranose 0.18 0.81 1.96 
8 1-O-galloyl-β-glucopyranose 0.17 0.45   1.65 

 
 
Analysis of 1% aqueous extract of Artemisia showed that 
the presence of five known flavanol glycosides and three 
galloylglucose in different concentrations, in addition to 
reducing sugars, free ammonia and free amino N (Table 
2). In this respect, flavanoids may leach from shoots, 
leaf litter or roots into the soil solution and inhibit seed 
germination and radical elongation (Berhow and 
Voughn, 1999). The flavanoids also show antagonistic 
properties with plant hormones Indol Acetic Acid (IAA) 
metabolism, or protein synthesis and ion uptake by the 
plants (Hussain and Khan, 1988). 

Interestingly the present results revealed that shoot 
aqueous extract was more capable for inhibiting root 
length of common bean than shoot length. This may be 
due to the direct contact between the roots and phenolic 

compounds of the aqueous extract which may in turn 
inhibit cell division (Rietjens and Alink, 2003) which is 
highly active in meristematic tissues for the growing 
roots. The phenolics were the responsible agents for 
allelopathic effects of Artemisia monosperma extracts on 
common bean. Phenolic compounds exist as free forms 
esters or as glycosides when combined with sugars and 
is water soluble that may be indirectly related to 
chemicals that are finally responsible for the observed 
allelepathic effects (Seal et al., 2004). Table  2. 

Table 3 showed that the decreasing of total phenolic 
compounds for common bean at 2 % concentration of 
Artemisia shoots rather than increasing at the 4 % 
concentration of Artemisia.  These phenolic compounds 
are water soluble and leach from shoots and roots into  
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Table 4.Effect of aqueous extract of Artemisia monosperma aerial parts on the carbohydrate and protein contents (mg/g dry wt.) of 
growing common bean.  

 

Content/ 

Concentration 

Soluble sugars Total soluble 
sugar 

Polysaccha
rides 

Total 
carbohydrates 

Protein 

Reducing Non-Reducing 

Control 20.31 + 

0.32 

35.28 + 

0.27 

55.59 + 

0.04 

125 + 

0.80 

180 + 

0.79 

160.2 + 

0.91 

2% 15.41 + 

0.12 

30.35 + 

0.31 

45.76 +  

0.24 

143.1 + 

0.88 

188.8 + 

0.98 

190.4 + 

2.3 

4 % 10.43 + 

0.23 

26.2 + 

0.25 

36.63 + 

0.28 

156.1 + 

0.47 

192.7 + 

0.51 

195.4 + 

0.35 

LSD at 1% 2.32 2.69 3.12 2.14 2.62 3.52 

LSD at 5 % 1.51 1.58 1.87 1.39 1.65 1.98 
 

Note: All units are mg/g 

 
 
Table 5.Effect of aqueous extract of Artemisia monosperma aerial parts on the activities of 
amylase and protease enzymes (mg/g dry wt.) of growing common bean. 

 

Content/ 
Concentration 

Amylase Protease 

Control 2.46 + 0.03 0.81 + 0.02 

2% 2.31 + 0.02 0.61 + 0.02 
4 % 0.76 + 0.02 0.42 + 0.02 

LSD at 1% 1.03 0.21 
LSD at 5 % 0.11 0.14 

 

Note: All units are mg/g 

 
 

the soil solution and are taken by the roots and 
translocated through the plants (Seal et al., 2004). 
Fordonski and Rutkowski (1988) declared that common 
bean contain the antioxidant activity such as Flavanoids, 
Phenolic acids and other phenols. 

The early seedling of the plant contains complex 
compounds of carbohydrates, proteins and lipids. When 
seed germination starts, the stored compounds in the 
cotyledons are broken down by hydrolytic enzymes 
activities. As shown in Table 4, the aqueous extract of 
Artemisia aerial parts inhibited the amylase activity, an 
effect which increased with the increase in the extract 
concentration. This reduction caused decrease in the 
level of the total soluble sugars (reducing and non-
reducing) and the increase in the level of 
polysaccharides as compared with the corresponding 
control values (table 5). The same findings were 
obtained by El- Darier (2002), Pandey and Mishra 
(2005), El- Khawas and Shehata (2005). 

In this investigation, proline and phenyl-alanine 
contents were increased by raising the extract 
concentration as compared with control treatment (Table 
6). This concept was confirmed in the present study 
where the biosynthesis of phenolics released from the 
aqueous extract of Artemisia monosperma is derived 
from the shikimic acid pathway. Also, flavanoids contains 
structural groups originated from both the Shikimic 
Phenylalanine (El-Khatib et al., 2004). Thus a higher 
level of amino acids was assumed for the increasing in 

protein contents (Table 5). The high level of protein 
content was accompanied by a great decline in the 
protease activity that plays an important role in the 
hydrolysis of reserve proteins during germination of 
common bean seeds. Similar results were observed by a 
number of investigators (El- Khatib and Hegazy, 1999; 
El- Khawas and Shehata, 2005). 

Results in Table 7 showed that at every reduction in 
saturated fatty acids, there was a regular increasing in 
unsaturated one, especially those treated with aqueous 
extract of Artemisia aerial parts with concentration (4%). 
The previous increasing may be related to the 
accumulation of Myristic acid (14:0), Palmitic acid (16:0), 
Oleic acid (18:1), Linoleic acid and linolenic acid (18:2, 
18:3) in 2% concentration of Artemisia aerial parts. The 
absence of Erucic acid (22:0) is a typical characteristic of 
control samples and 2% concentration shoots extract of 
Artemesia.   

Also Barat et al., (2011) showed that the highest 
germination percentage of seed weeds occurred in 
control which was decreased with increasing extract 
concentration. 

These results are in agreement with An et al., 
(1993).They showed that any secondary compound with 
allelochemical activity can cause both stimulatory and 
inhibitory effects. This pattern is common and it related 
to concentration: stimulation at low concentrations and 
suppression for higher concentrations. 

It is familiar  that  both  biotic  and  abiotic  stresses 
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Table 6. Effect of aqueous extract of Artemisia monosperma aerial parts on the total amino acids (mg/g dry wt.)of germinated common bean. 

 

Contents/ 

Concentrati
on 

Amino Acids 

Glu. Arg. Prol. Orn. His. N-
Le
u. 

Asp
. 

Threo. Lys. Iso 
Leu. 

Meth. Gly. Ser. Cyst. Ala. Val.  

Shikmic acid 
family 

Total 
amino 
acids 

Ph.ala Tyr. 

Control 4.35 0.73 0.85 - 0.12 - 2.11 0.15 0.25 0.75 0.13 0.11 0.45 0.62 0.81 0.73 0.53 0.12 12.81 

2% 14.12 1.89 0.63 - 0.16  1.61 0.95 0.99 2.60 0.16 0.41 1.53 0.51 2.42 2.12 1.65 0.56 32.31 

4% 17.0 5.31 3.0 - 0.31 - 5.91 1.35 1.38 2.10 0.39 1.63 2.43 2.40 1.34 1.25 1.93 1.19 48.9 
 

Note: All units are mg/g 

 
 
Table 7. Effect of aqueous extract of Artemisia monosperma on the total fatty acids (%) of germinated common bean.  

 

Contents/ 

Concentration 

Saturated (%) Unsaturated (%) 

Caprylic 

(8:0) 

Capric 

(10:0) 

Louric 

(12:0) 

Myristic 

(14:0) 

Palmatic 

(16:0) 

Streric 

(18:0) 

Arachidic 

(20:0) 

Erucic 

(22:0) 

Total Oleic 

(18:1) 

Linoleic 

(18:2) 

Linolenic 

(18:3) 

Total 

Control 0.33 0.01 0.08 - 14.0 7.5 2.13 - 24.05 41.5 32.0 - 73.5 

2% 0.66 - 1.02 19.10 18.95 - 1.28 - 41.01 90.80 70.9 23.2 184.9 

4% 0.25 0.78 1.45 0.91 15.4 0.04 2.25 0.82 21.65 37.11 37.6 - 74.71 

 
 
 
during growth period often cause to increase 
production of secondary metabolites (Einhelling, 
1996 ; Weir et al., 2004) and other metabolic 
compounds as free amino acids, proline, sugars, 
organic solutes (Ercisli et al., 2005). The common 
bean in this study tended to accumulate amino 
acids, proline and unsaturated fatty acids which 
may be considered an adaptive mechanism to 
increase stress tolerance. 
 
 
ACKNOWLEDGEMENT 
 
This research was supported by a grant from the 
"Research Centre of the center for Female  
 

 
Scientific and Medical Colleges", Deanship of 
Scientific Research, King Saud University. 
 
 
REFERENCES 
 
Abdel- Fattah RI, Abou – Zeid AM, Atalhi AD (2011). 

Allelopathic effects of Artemisia priceps and Launae 
sonchoids on rhizospheric fungi and Wheat growth. Afri. J. of 
Micro. Res., 5(4):419–424. 

Abu-Romman S (2011). Allelopathic potential of Achillea 
biebersteinii Afan. (Asteraceae). World Appl Sci J. 
15(7):947–952. 

Adrian E, Maria JA, Jose MP, felix PG (2000). Inhibitory effects 
of Artemisia herba-alba on the germination of Gypsphyte 
Helianthemum squamatum. Plant Ecology, 148:71-80.  

Afifi  WM,  Ahmad MI,  Zeinab A, Abdul-Hamid  MF (1986). 
Effect of Gamma irradiation and GA3 on amylase activity of  
 

 
pea seedlings. Annals of Agri. Sci., Moshtohor, 24(4):2047-
2057. 

Alexa N,  seal JE, Terry HL, Lewin G (2004). Screening rice 
varieties for an aquatic weed infesting Australian Riverina 
rice crops. Austral. J. Agric. Rec., 55: 673-679.  

Al-Rabiah  HK (2012). Allelpathic effects of Citrullus colocynthis 
L. extracts on the germination and grwth of sme plants. MSc 
Thesis, Bot. Deptt., Fac. Sci., King Saud Uni., Saudi Arabia. 

An M, Johnson IR, Lovett IR (1993). Mathematical modeling of 
allelopathy: biological response to allelochemicals and its 
interpretation. Journal of chemical Ecology, 19:2379–2388. 

Berhow MA, Voughn SF (1999). Higher plant flavanoids: 
biosynthesis and chemical ecology: 423– 438. In: Inderjit, K.; 
Dakshini, M.M.  and Foy, C. L. (Eds), Principles and 
practices in plant Ecology: Allelochemical Interactions. 

Blackburn S (1986). Amino acids determination (Methods and 
techniques). Edward Arnold. Ltd., London, Marcel, dakker, 
Inc., New York. 

Chaudhary SA (1999). Flora of the Kingdom of Saudi Arabia. 
Ministry of Agriculture and Water. Riyadh. 



 
 
 
 

                                            Al-Watban and Salama, 163 
 
 

Chaves N, Escudero C (2006). Effect of allelopathic compounds 
produced by Cistus ladenifer on germination of 20 Mediterranean 
taxa. Plant Ecol., 184:259- 272. 

Chon SU, Kim YM, Lee JC (2003): Herbicidal potential and 
quantification of causative allelochemicals from several compositae 
weeds. Weeds Res., 43: 444-450. 

Dalton BR (1999). The occurrence and behavior of plant phenolic acids 
in soil environment and their potentials involments in allelochemical 
interference interactions: methodological limitations in establishing 
conclusive proof of allelopathy, pp. 57-74 In: Inderjit, K. M.; Dakshini 
M. and C.L Foys (Eds.), principles and practices in plant Ecology: 
Allelochemical interactions. 

El-Darier SM (2002). Allelopathic effects of Eucalyptus rostrata on 
growth; nutrient uptake and metabolite accumulation of Vicia faba L. 
and Zea mays L. Pak. J. of Biol. Sci., 5(1):6-11. 

El-Khatib AA,  Hegazy Ak (1999). Growth and physiological responses 
of wild oats allelopathic potential of whaet. Acta Agro. Hung., 47(1): 
11–18.  

El-Khatib AA, Hegazy AK, Galal  HK  (2004). Allelopathy in the 
rhizosphere and amended soil of Chenopodium murale L. weed Biol. 
and Management, 4:35-42. 

El- Khawase  SA,  Shehata  MM (2005). The allelopathic potentialities 
of Acacia nilotica and Eucalyptus rostrata on monocot (zea mays L.) 
and dicot (Phaseolus vulgaris L.) plants. Biotech. 4(1):23–34. 

Einhelling FA (1996). Interaction involving allelopathy in cropping 
systems. Agron J. 88:886–893. 

Ercisli S,  Esitken A, Turkkal  C, Orhan E (2005). The allelopathic 
effects of juglone and walnut leaf extract on yield, growth, chemical 
and PNE composition of strawberry cv. Fern. Plant Soil 
Environment, 6:283–287.  

Fordonski G,  Rutkowski M (1988). Cultivation of legumes and oats on 
poor cereal complex soil. Acta. Acedemic. Agriculture- actechnica-
Olstenensis, Agriculture, 46:103–111. 

Gawronska H, Burza W, Bolesta E, Malepszy S (2000). Zygote and 
Somatic embryos of cucumber (Cucumis sativus L.) substantially in 
their levels of abscisic acid. Plant Sci., 157:129-137. 

Gawronska SW (2003). Allelopathy as a strategy for weed control in 
organic farming. Acta Physiol., 25:24-30. 

Gholami BA, Faravani M,  Kashki MT (2011). Allelopathic effect of 
aqueous extract from Artemesia kopetdaghensis and Satureja 
hortensison growth and seed germination of weeds. J. Appl. 
Environ. Biol. Sci., 1(9): 283–290. 

Harborne, J. B. 1984. Phytochemical methods. Chapman and Hall. 
New York. 2

nd
 Ed: 287. 

Harborne JB (1988). The co-evolutionary arms race: Plant defense and 
animal response. pp. 235 – 236 In: J. B. Harborne (Ed.) The 
Introduction to Ecology Biochemistry, 3

rd 
Ed. Acedemic press, 

London. 
Hussain F, Khan TW (1988). Allelopathic effects of Pakistani wed 

Cynodon dactylon L. J. weed sci. Res., 1:8–17. 
International Union of Pure and Applied Chemistry (IUPAC) (1979). 

Standard methods for the analysis of oils, fats derivates. 6
th
 Eds. 

Part I, Section 1 and 2. Method 2301 and 2401 Pergamen Press, 
Oxford. 

Jose S, Gillespie A (1998). Allelopathy in black walnut (Juglans nigral) 

allely cropping. II. Effects of Juglone on hydoponically grown corn 
(Zea mays L.) and soyabean (Glycine max L. Merr.) growth and 
Physiology. Plant and Soil, 203:199–205. 

Kanitah BI (2011). Ecophysiological and Phytochemical changes of 
some wild plants in Saudi Arabia. Msc. Thesis Bot. Dept. Fac. Sci., 
King Saud University. 

Katase T (1993). Phenolic acids in tropical peats from peninsular 
Malaysia: Occurrence and Possible Diagentic behavior. Soil Sci., 
155:155-165. 

 
 
 
 
 
 
 

Khanh D,  Xuan TD,  Chung  IM  (2007). Rice allelopathy and the 
possibility for weed management. Annals of Appl. Biol., 151:325-
339. 

Langenheim JH (1994). Higher Plant terpenoids: a phytocentric 
overview of their ecological roles. J.of Chem. Ecolo., 20:1223-1280. 

Lixf Wang J, Xu WB,  Wang  K (2010). Allelopathic effects of Artemisia 
frigid on three Poaceae plants seed germination and seedling 
growth. Ying Yong Sheng Tai Xue Bao., 21(7):1702-8. 

Lowry  OH, Rosebrough NF, Furr AL,  Randell  RF (195). Protein 
measurement with folin Phenol reagent. J. Biol. Chem., 193:265-
275. 

Miky MS (2008). Allelopathic effects of blue gum (Eucalyptus 
globules), sweet basil (Oscimum Basilicum), wormwood (Artemisia 
annua) and sweet potato (Ipomea batatas) extracts on seeds 
germination and seedling development of some weed species. 
Egypt. J Appl Sci. 23(1): 95-106. 

Modallal  NM,  Al- Charchafchi FM. (2006). Allelopathic effect of 
Artemisia herba alba on germination and seedling growth of 
Anabasis setifera. Pakistan Jour. of Biol. Sci., 9(9): 1795-1798. 

Moussavi-Nik S,  Bijeh Keshavarzi  MH, Gharibdosti AB (2011). Effect 
of aqueous extracts of allelopathic Artemisia annua on germination 
and early growth of Ispagol (Plantago ovate).Annals of Bio. Res., 
2(6):687-691. 

Nelson N (1944). A phytometric adaptation f the Somogyi method for 
the determination of Glucose. J.Biol. Chem., 153: 375 – 380. 

Ong  PS,  Gaucher  GM (1973). Protease production by thermophilic 
fungi. Can. J. Microb., 19: 129 – 133. 

Pandey DK, Mishra N (2005). Relative phytotoxicity of an 
allelochemical hydroquinone to coontail (Ceratophyllum demersum 
L.) and rice (Oryza sativa L. var. Kranti). In: proceding and selected 

papetrs of the fourth world congress on Allelopathy, Charles Sturt 
University. Wagga NSW, Australia. 

Prasanta C, Bhowmik C, Inderjit A (2003). Challenges and 
opportunities in implementing allelopathy for natural weed 
management. Crop prot., 22:661-671. 

Rietjens IM,  Alink GM  (2003). Nutrition and health- toxic substances 
in food. Ned. Tijdschr Geneeskd. 147:2365–2370. 

Seal AN, Haig T,  Partley JE  (2004). Evaluation f putative 
allelochemicals in rice rot exudates for their role in the suppression 
of arrowhead rot growth. J. Chem. Ecol., 30:1663–1678.  

Somogyi M (1952). Note on sugar determination. J. Biol. Chem.,:19–
25. 

Stavri  M,  Ford CHJ,  Bcar F, Streit B, Hall ML, Williamson RT, 
Mathew KT, Gibbons S (2005). Bioactive constituents of Artemesia 
monosperma. Phytochemistry, 66(2):233-239. 

Wardle DA,  Nilsson M,  Gallet C,  Zackrisson O (1998). An ecosystem 
– level perspective allelpathy. Biol. Review,73: 305–319. 

Weir TL, Park SW, Vivanco JM (2004). Biochemical and physiological 
mechanisms mediated by allelochemicals. Current opinion. Plant 
Biol., 7:472– 479. 

Yang  X,  Deng  S,  De philippic R, Chen L,  Zhang W (2012). 
Chemical composition of volatile oil from Artemesia ordosica and its 

allelopathic effects on desert soil microalgae, Palmellococcus 
miniatus. Plant Physiol. Biochem., 51:153-158. 

Zhu H, Mallik AU (1994). Interactions between Kalmia and black 
spruce: isolation and identification of allelopathic compounds. J. of 
Chem. Ecol., 20:407 -421. 


