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ABSTRACT: Natural compounds are excellent alternatives for presently used chemical herbicides in 
agriculture. In order to examine the possibility of using plant extracts in weed control, growth inhibiting 
activity of six plant water extracts include camel thorn (Alhagi camelorum Fisch), annual sage brush 
(Artemisia annua L.), Inula (Inula graveolens L.(Desf.)), cocklebur (Xanthium strumarium L.), hairy 
fleabane (Conyza bonariensis L.(Cronq.)) and Black nightshade (Solanum nigrum L.) at doses of 25%, 
50%, 75%, 100% (1:10 w/v) was determined on Abutilon theophrasti Medicus. This experiment was 
conducted as a factorial design with 3 replications in laboratory of Agricultural Research Centre of 
Golestan Province, Iran in 2013. Another similar experiment was conducted with the same plant material 
that had been frozen for four years. The results showed that stem length of A. theophrasti was 
decreased by all extracts but there was no difference between all concentration levels in this case. Same 
result was observed in A.theophrasti germination, however in this regard, inhibitory effects increased as 
extract concentration increased. Except A. camelorum extract that stimulated the root length of 
A.theophrasti, all extracts reduced its root length. Among different extracts, highest inhibitory effect on 
stem and root length of A.theophrasti was observed in Petri dish treated with A. annua followed by X. 
strumarium and C. bonariensis, and the lower germination caused by X.strumarium followed by A.annua 
respectively. Therefore, A.annua and X.strumarium may be useful as alternative materials of biological 
weed control. However, comprehensive studies are necessary for demonstrating their herbicidal 
potential. 
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INTRODUCTION 
 

 Application of artificial herbicides more than 5 decades ago has caused a pressure on human health and 
environment, and the evolution of resistant weeds. For reducing reliance on synthetic herbicides in weed control, 
natural compounds are excellent alternatives. Golestan province due to its climatic conditions has many valuable 
plants that their importance as medicinal plant has been understood but their effect as allelopathic resources was 
not demonstrated. Some of the plant products have an important role in allelopathy and their inhibitory effects on 
the other plants growth and germination have been reported (Benyas, 2011; Younesabadi, 2005), but more 
comprehensive studies are necessary for demonstrating their herbicidal potential. The object of this project is to 
evaluate some plant (dominant weeds existed at field margins or road sides) extracts effects on growth and 
germination of Abutilon theophrasti that is one the most troublesome weeds in summer crops such as soybean and 
cotton in Iran as well as in Golestan province. In addition to screening plant material for their herbicidal effects we 
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want to know whether plant material can maintain their allelopathic potential in ideal condition (in refrigerator at 4 
◦
c 

temperature) over a period of time. 
MATERIALS AND METHODS 

 
Plant Extracts  
 In order to find an allelopathic plant as inhibitor of A. theophrasti early growth and germination, at first above 
ground plant materials were collected from roadsides or agricultural field margins of Golestan province during July 
to November in 2007. This province is located in the northern east of Iran (Lat 28

◦
, 23'-36

◦
, 15'N, Long 56

◦
, 30'-54

◦
, 

15'E) between Atrak boundary river in the north and Alborz mountain chain in the south. Because of changes in the 
altitude and closeness to the sea its climate is highly varied and its flora diversified. After separating clay and sand 
particle, the plant material were dried in 40 

◦
c oven, for 72 hours and then dried sample grounded and passed 

through 2 millimeter sieve. Ten gram of each powder was extracted with 100ml of distilled water (1:10W/V) and 
placed in an incubator at 20 

◦
c in darkness for 3 days (Cheema, 2005). The bottles were shaken several times 

during incubation and then the solution filtered in a Buchner funnel lined with a double layer of muslin cloths after 3 
days. Prepared extracts were located in 4

◦
c refrigerator for subsequent process. These extracts were considered 

as the stock solution (100 % concentration) that was diluted with distilled water for preparing 25, 50 and 75% 
extracts. Same procedure was used for second experiment (2013) but the plant material in the second experiment 
was the powders that had been preserved in freezer for four years.  
 
Bioassays  
 In order to examine the effect of prepared extracts on growth and germination of A. theophrasti this experiment 
was conducted as factorial in randomized complete block design with three replications in 2007. The first factor had 
seven levels including: water extract of camel thorn (Alhgi camelorum Fisch), annual sage brush (Artemisia annua 
L.), Inula (Inula graveolens L.(Desf.)), cocklebur (Xanthium strumarium L.), hairy fleabean (Conyza bonariensis 
L.(Cronq.)) and Black nightshade (Solanum nigrum L.) and distilled water, and the second factor (different doses of 
these extracts) had 4 levels including: 25%, 50%,75% and 100% concentration of extracts. Fifty (25 two floret 
spikelet) sterilized A. theophrasti seeds were placed evenly on a filter paper in 9 cm petri dishes. Five milliliters of 
extract solution from each concentration was added to each petri dishes and distilled water was used as a control 
treatment. Preventing evaporation, petri dishes caps were closed and all petri dishes covered with polyethylene 
bag. Petri dishes were placed in the germinator in darkness at 20

◦
c temperature. Then seed germination 

percentage was calculated by counting the number of germinated seed daily during one week, and after 9 days, 
some of seedlings characters such as rootlet and stem let length were measured. Finally reduction percentage in 
growth and germination as compared to the control was calculated.  
 
Statistical analysis 

 Data were transformed through square-root ( ) method before statistical analysis. All data were 
subjected to analysis of variance (ANOVA) using the PROC GLM procedure of SAS (2003) to evaluate differences 
among treatments and least significant difference (LSD) at P= 0.05 were worked out for each parameter for 
comparing the treatment means 
 

RESULTS AND DISCUSSION 
 

 The results of this study showed that the stem let (plumule) length of A.theophrasti were decreased by different 
treatments significantly (Table 1). However this decrease was more at higher concentrations (75% and 100%) than 
lower concentrations (25% and 50%). These results are in agreement with the literature in the fact that the 
inhibitory effect is dependent on the extract concentration (AL-Sherif, 2013; El-Darier, 2002 and Ghareib, 
2010).The results of Benyas, (2011) studies also showed that low concentrations of X. strumarium shoot extracts 
had no significant effect on the plumule length of lentil, however, treatments with higher concentrations had 
negative effects on this trait. Our data indicated that except A. camelorum extract, all treatments caused reduction 
in rootlet length of A. theophrasti (Table1). Inhibitory effect of A. annua, I. graveolens, X. strumarium, C. 
bonariensis and Solanum nigrum on rootlet growth of different plants has already been reported by (Moussavi-Nik, 
2011; Omezzine, 2011; Benyas, 2011; Economou, 2002 and Marinov-Serafimov, 2010). A. camelorum not only did 
not cause any decrease in rootlet length of A. theophrasti  but also lead to a little increase on it, however, this 
increase was not significant statistically (Table 1).This result about stimulatory effect of Alhagi camelorum is similar 
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to Saleh and Madany (2013) studies that stated the lowest concentration (2.0%) of the aqueous extract of Alhagi 
graecorum stimulated elongation of radicle and plumule as well as seedling biomass of bean and corn, while the 
highest concentration (6.0%) was inhibitory. Reduction in growth may be attributed to water stress that reduces cell 
expansion or due to structural changes in membranes of the cells including alteration in membrane portions 
(Einhellig, 2004), or due to the suppression for cell division. Moreover, Einhellig (2004) stated that the early stage 
of seedling growth is very sensitive to allelochemicals (quoted by AL-Sherif, 2013). The result on A. theophrasti 
germination percentage was similar to rootlet length (Table1) but no significant difference and no stimulation was 
observed between A. camelorum and control treatment in case of germination percentage (Table 1). In case of 
other treatments, the highest growth inhibitory effect was observed in X. strumarium followed by A.annua and C. 
bonariensis so that A. theophrasti germination was decreased 85.71 %, 77.99 %and 66.64 % by X. strumarium, 
A.annua and C. bonariensis treatments, respectively (Table 2). These reductions were more in higher 
concentrations than lower concentrations (Table 2). Benyas, (2011) also showed a reduction in mean germination 
rate of lentil (Lens culinaris Medic.) with increasing the extract concentration of X. strumarium. Germination 
inhibition at higher concentrations could result from death of embryos in seeds since such concentrations can be 
fatal (AL-Sherif, 2013). Stem let length of A. theophrasti were decreased 97.36, 94.91 and 94.72% by A. annua, C. 
bonariensis and X. strumarium, and rootlet length of A. theophrasti were decreased 95.65, 89.91and 85.04 by A. 
annua, X. strumarium and C. bonariensis respectively (Table2). These results are in conformity with Benyas, 2011; 
Moussavi-Nik, 2011and Economou, 2002. The results showed that the stem let length was more sensitive to 
different extracts treatment compared to rootlet length. This result is in conformity with El-Darier (2002). It seems 
that the biomass of root increased at the expense of that allocated to shoot indicating an environmental stress 
resulting from the release of allelochemicals. Einhellig and Leather (1988) declared that the storage of excess 
biomass in the root might be considered as conservative strategy to manage allelopathy. However our result is in 
contrary with Qasem, 1993; Qasem, 1995; Turk, 2005; Ghareib, 2010; Hassan and Ghareib, 2009; AL-Sherif, 
2013; Zahedi and Alemzadeh Ansari, 2011 that concluded the radicle growth was more sensitive than plumule and 
more affected by allelopathic negative effects. Except A. camelorum extract at 25% concentration that it was 
stimulator of A. theophrasti germination, all concentrations of different treatments caused decrease in A. 
theophrasti germination. However there was no significant difference between different doses of allextracts but 
higher doses were more inhibitors than lower doses for growth and germination of A.theophrasti. Rootlet length/ 
stem let length ratio of A. theophrasti recorded the highest in C. bonariensis treatment and lowest in Distilled water. 
In contrast stem let length/ rootlet length was highest in Distilled water and lowest in C. bonariensis treatment. 
Rootlet length/ stem let length ratio of A. theophrasti in 25%, 50% and 100% concentrations was similar while it 
showed the highest reduction in 75% concentration. 
 
Table 1.The effect of plant extracts (prepared from fresh and preserved plant materials in freezer for four years) on growth and 

germination of Abutilon theophrasti 
Rootlet 
length/Stem let 
length 

Rootlet length Stem let length Germination% 

Plant extract(treatments) 
Fresh materials Four years 

old materials 
Fresh 
materials 

Four years 
old materials 

Fresh 
materials 

Four years 
old materials 

Fresh  
materials 

1.91 - 6.1 - 3.2 - 35.0 Alhagi camelorum Fisch 
1.79 0.0 0.25 0.0 0.14 10.00 12.33 Artemisia annua L. 
1.53 0.0 3.1 0.0 2.03 7.67 30.33 Inula graveolens L.(Desf.) 
2.07 0.0 0.58 0.0 0.28 15.00 8.00 Xanthium strumarium L. 
3.19 0.0 0.86 0.0 0.27 11.67 18.67 Conyza bonariensis L.(Cronq.) 
2.27 - 2.07 - 0.91 - 20.00 Solanum nigrum L. 
1.08 5.53 5.75 2.53 5.31 24.00 56.00 Distilled water 
- 0.36 1.44 0.19 1.01 11.64 21.83 LSD 
       Dose 
1.59 - 3.05 - 1.92 20.00 36.19 25% 
1.60 - 3.20 - 2.01 19.73 28.38 50% 
1.34 - 2.06 - 1.54 9.33 20.76 75% 
1.60 - 2.40 - 1.5 5.6 17.71 100% 
- - 1.09 - 0.77 10.41 16.50 LSD 

 
 Results of second experiment (that was conducted with preserved plant material in freezer about four years) 
(Table1) showed that among plant extracts, I. graveolens was more inhibitor of A. theophrasti germination than the 
other extracts and it caused the highest reduction (68 %) in germination of A. theophrasti while in the first 
experiment A. annua and X. strumarium were more inhibitor for growth and germination of A. theophrasti (Table 1). 

http://www.cabdirect.org/search.html?q=au%3A%22Qasem%2C+J.+R.%22
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Reduction percentage in A. theophrasti germination increased as extract concentrations increased and this result is 
similar to first experiment. Treated seeds in the second experiment didn’t show any growth after germination, 
therefore measuring rootlet and stem let length were not possible. Comparing two experiments (Table 2) indicated 
that inhibitory effect of all extracts decreased after four years preserving except I. graveolens that its effect 
increased after preserving. In lower concentrations allelopathic effect were decreased more than 60 % after 
preserving but in higher concentrations particularly in 100% concentration inhibitory effect not only decreased but 
also increased (Table 2). Freeze may lead to higher extraction efficiency of secondary metabolites, because 
freezing can lead to the development of ice crystals within the plant matrix. Ice crystals can result in a greater 
rupturing of plant cell structure, which may allow for better solvent access and extraction. With air-drying there is 
little or no cell rupture and there is the added effect of heat, which can cause losses in phenolics and ascorbic acid 
(Asami, 2003). Therefore increasing allelopathic effect of some plant extract prepared from frozen material at 
higher doses may be related to mentioned reason. However chemical analysis has not been done in this 
experiment but literature reviews showed that, among the allelochemical products the predominant are the 
alkaloids, phenols, terpens and glycosids. Most of the allelochemical substances are initially found in the plants 
body, in inactive form. Following some subsequent transformations like hydrolisis, oxidoreduction, methylation or 
demethylation, etc. there are generated new products, with specific allelopathic properties (Corbu, 2007 quoted by 
Hodişan, 2009). Allelopathic effect of Solanum nigrum is due to steroid glycosides content of plant in form of 
glycoalkaloids. They are widely regarded as defensive allelochemicals of the plants against pathogens and 
predators. The main steroid alkaloids are Solanin and Solasonine. The total contents of steroid alkaloids in 
solanum genera differ from 0.1 up to 0.5 % depending from the species and from the plant part investigated. The 
highest amounts are in the fruits and seeds. The content of solasodine is 0.17 % in S.nigrum young leaves (Ikeda, 
2000; Zhou and Wang, 2006 and Yogananth, 2012). There is also evidence of allelopathy such that Conyza 
canadensis roots release phenolic compounds which inhibit the germination of many other plant species (Xu, 
2007). Therefore, allelopathic effect of Conyza bonariensis in this study might have been due to phenolic 
compound. The presence of some chemical compounds with allelopathic character in Xanthium strumarium L. 
manifested during several experiments made with water extracts on some species of cultivated plants and weeds 
(Tanveer, 2008). This led to the isolation and identification of a phytotoxin—Xanthinosin—a known sesquiterpene 
lactone. Xanthinosin significantly affected seedling growth of all target species (Shao, 2012; Tanveer, 2008; Sinha 
and Samar, 2004; Sondhia and Saxena, 2003). Omezzine, (2011) showed that Inula species biomasses are rich in 
phytotoxic substances that could be the cause of their invasiveness. Reduction of seedlings length of tested  plant 
may be attributed to the reduced of cell division rate and cell elongation due to the presence of an allelochemical, 
eudesmane-type sesquiterpeniod, 3beta-caffeoxyl-beta1,8alpha-dihydroxyeudesm-4(15)-ene(1), in the aqueous 
extracts that have been identified through bioassay guided isolation from Inula  species (Javaid and Anjum, 2006; 
Khan, 2010). Lydon, (1997) (quoted by Abate, 2011) reported that chloride methylene extract of Artemisia annua L. 
includes artemisinin, sesquiterpene lactone and this extract’s impact on growth and germination of target plants 
has been demonstrated (Moussavi-Nik, 2011). 1,8 coneole, a monoterpene, also has been identified as one of the 
most potent allelochemicals released by Artemisia spp., and a synthesize analog, cinmethylin is being sold as a 
herbicide in Europe (Duke,1987and Duke, 2002 quoted byJavaid and Anjum, 2006).  
 

Table 2. Reduction percentage in germination and growth of Abutilon theophrasti affected by plant extracts treatments 
Reduction in rootlet length %  than 
control 

Reduction in stem let length %  
than control 

Reduction in germination%  than 
control 

Plant extracts(treatments) 
Four years old 
material 

Fresh 
material 

Four years old 
material 

Fresh 
material 

Four years old 
material 

Fresh 
material 

- -6.08* - 39.73 - 37.5 Alhagi camelorum Fisch 
100 95.65 100 97.36 58.33 77.98 Artemisia annua L. 
100 46.08 100 61.77 68.04 45.83 Inula graveolens L.(Desf.) 
100 89.91 100 94.72 37.5 85.71 Xanthium strumarium L. 
100 85.04 100 94.91 51.37 66.66 Conyza bonariensis L.(Cronq.) 
- 64 - 82.86 - 64.29 Solanum nigrum L. 
0 0 0 0 0 0 Distilled water 
      Dose 
- 47.65 - 63.84 16.66 35.37 25% 
- 44.34 - 62.14 17.79 49.32 50% 
- 64.17 - 70.99 61.13 62.92 75% 
- 58.26 - 71.75 76.66 68.37 100% 

* Minus symbol show the increasing % than control treatment 

 
 

http://www.ncbi.nlm.nih.gov/pubmed?term=Khan%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=20336000
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CONCLUSION 
 
 However this study showed the inhibitory effects of water extracts of A. camelorum, A. annua, I. graveolens, X. 
strumarium, C. bonariensis and S. nigrum on A. theophrasti growth and germination, more comprehensive studies 
are necessary for demonstrating their herbicidal potential and inhibitory effects persistence under different storage 
condition.  
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