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  Abstract 

 

Allelopathic effects of four crops including wheat, barley, canola, and safflower were studied on seed 

germinations and embryonic growth of wild mustard using different aqueous extract concentrations of the crops. 

The effects of wild mustard aqueous extracts were also studied on germinations and embryonic growth of the 

crops. Wild mustard germinations and embryonic growth were significantly affected by different crop aqueous 

extract concentration treatments. The germinations of wild mustard were terminated by 10w/v of all crop 

extracts. The allelopathic effect of barely on wild mustard germinations were more influential than wheat. 

Among examined crops, stronger inhibitory allelopathic effects were observed on wild mustard germination 

when aqueous extracts of safflower were applied. The germination of wild mustard were entirely failed to occur 

at 5 w/v concentration of safflower aqueous extracts. Crop species responded differently to allelopathic effects of 

wild mustard extracts as safflower was able to be more resistant. The more intensive inhibitory effects on wild 

mustard germinations due to the application of safflower aqueous extracts can demonstrate that they can be 

suggested as biological control agents in field management. It can be further suggested to use safflower in crop 

rotations because of the better performance of this species against alleclochemicals in areas that wild mustard is 

dominant. The future researches can be considered to find the exact components of allelochemicals in safflower 

and the target cells on which these substrates may influence in other plants. 
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Introduction 

The harmful effect of weeds on crops and 

horticultural plants which is called interference 

consists of parasitism, competition and allelopathy. 

The negative effects of weeds reduce the yield of 

commercial plants annually (Dawson et al., 1994). 

The reduction is estimated between 10-100% 

depending on weeds, crops, and field management 

(Montazeri, 2005). Some weedy and crop species are 

able to exude chemicals such as phenol, alkaloids, 

fatty acides and flavenoids into their rhizosphere that 

can motivate, decrease, or even terminate the 

germination and growth of vegetations growing in 

their vicinities (Rice, 1995; Nilsen et al., 1999; An et 

al., 2003; Verma and Rao, 2006; Aleksieva and 

Serafimov, 2008 ). The ability is known as 

allelopathic effect that can be used as a biological 

weed control method (Hussain et al. 2009; Iqbal et 

al. 2009). Indeed these biochemicals can function as 

natural pesticide agents to surpass weeds (Wu et al., 

1999). Crop and weed scientists traditionally have 

viewed allelopathic interactions as detrimental 

impacts in agricultural sciences (Putnam and Weston, 

1986). Many of the world's weeds have been reported 

to have allelopathic properties which reduce crop 

growth and yield. In fact, 13 of the world's 18 "worst 

weeds" have been reported to produce allelochemicals 

(Patterson, 1986). Allelopathic potential has been 

recently suggested for about 90 species of weeds 

(Putnam, 1988). The effect can negatively influence 

some growth indicators including radicle and 

coleoptiles growth of other species (Kurse et al., 

2000). 

 

Wild mustard (Sinapis arvensis) is one the most 

unfavorable weeds belonging to Brassicaceae family 

and growing in temperate to tropical regions. It is one 

the major broadleaf weeds in canola (Brassica napus; 

Brassicaceae), safflower (Carthamus tinctorius; 

Asteraceae), wheat (Triticum spp; Poaceae) and 

barely (Hordeum vulgare; Poaceae) cultivations in 

Iran particularly in agricultural areas of south west of 

the country (Zand et al., 2008). Studies showed the 

negative allelopathic effect of black mustard on 

different species of wheat (Al- Sherif et al., 2013), and 

wild mustard on physiological factors including 

chlorophyll content and other characteristics 

including radical length of canola (Hadadchi and 

Masoodi Khorasani, 2006).  

 

In recent years, more attention has been given to 

possible ways of exploiting allelopathic effects in 

weed management (Farhoudi and Lee, 2012; Oveysi 

et al., 2008). For instance, family Brassicaceace 

including canola contains allelochemical compound 

called glucosinolate (containing sulphur and 

nitrogen) which can be released by the plant and 

reduce the germination and growth of other plants 

growing in its vicinity (Abasi et al., 2007). The 

aqueous extract of canola decreased the emergence 

rate in some weedy species such as Amaranthus spp, 

Chenopodium album, and Avena fatua (Abassi et al., 

2003). Moreover, the allelopathic effect of safflower 

(Miri, 2009), barley (Kermer and Ben-Hammoud, 

2009) and wheat (Putnam and Weston, 1986) on wild 

mustard has been reported. In addition, cereals 

including wheat and barley are considered as 

allelopathic species. Different varieties of barley could 

reduce the germination rate, radical and coleoptile 

lengths of wild mustard by producing allelochemicals 

(Oveysi, 2007). Wheat also contains phenolic 

substrates (Wu et al., 1998), and hydroxamic acid 

(Perez and Ormenonunez, 1991), which can cause 

allelopathic effects on other weed plants.  

 

 Study of weed and crop allelopathic interactions is 

substantial to improve our knowledge in weed 

management and crop production. Thus, the purpose 

of the present study is to investigate and compare the 

allelopathic effects of four economically important 

crops including wheat, barley, canola, and safflower 

on wild mustard to probe which one of them has 

stronger allelopathic effects on the wild mustard. It 

may eventually lead us to understand better the 

interaction between plants and the environment and 

assist researchers in finding biological control 

methods to deal with this weed. Furthermore, the 

allelopathic effect of wild mustard will be discussed 

on these four crops to find proper plants in plant 

rotations.   
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Materials and methods 

Culture conditions and experimental design  

Allelopathic effects of four crops including wheat (T. 

aestivum L., cv. Atyila), barley (H. vulgare,  cv. 

Jonoob), canola (B. napus, cv. Hayola), and safflower 

(C. tinctorius,  line IL111)  were studied on seed 

germination and embryonic characteristics of wild 

mustard designed as separate completely randomized 

design (CRD) with three replicates. The allelopathic 

effect of wild mustard was also studied on 

germination rate and embryonic growth of the crops 

designed as four separate experiments based on CRD 

with three replicates. Examined aqueous extract 

concentrations of the crops and the weed were 0 

(control), 2.5, 5, and 10 w/v. To prepare the aqueous 

extracts, the crops and the weed were planted in the 

experimental field in blocks of 3x3. Plants were 

entirely harvested (root and shoot) 90 days after 

emergence (Farhoudi and Lee, 2012). Sampled plants 

were washed and dried at room temperature of 25 °C. 

Dried samples were powdered and sieved. The 

amount of 25, 50, and 100 g of powdered sample were 

mixed with 1000 ml of distilled water for 24 hours on 

a shaker. The mixture were filtered and centrifuged at 

3000×g for 45 min. 

 

 The crop and weed seeds were separately mixed with 

a fungicide (Mancozob) to avoid any contaminations. 

The seeds were sunk into distilled water for two 

hours. 20 seeds of each species were collected and 

placed on filter papers Whatman No.1 in sterile Petri 

dishes (9 cm diameter). 5ml of prepared solutions 

was added into each Petri dish containing the seeds. 

The Petri dishes were placed in a growth chamber 

with 25°C, 60% humidity and continuously dark. 

Germination was determined by counting the number 

of germinated seeds at 24-h intervals over a 5 (Mutu 

and Atici, 2009) and 12 (Moradi et al., 2011) day 

period for crops and wild mustard, respectively. After 

mentioned days, root and shoot length, dry matter 

weight of the seedlings, germination rate and 

percentage was measured and calculated. 

Germination percentage was calculated on the based 

of the equation 1 (Farhoui and Lee, 2012): 

 

PG=100(n/N)                                                                    (1)                                                                                                                             

Where, PG is the germination percentage, n is the 

number of germinated seeds, and N is total number of 

the seeds. The average time of germination was 

measured using equation 2 (Scott et al., 1984): 

MGT=Σfixi/N                                                                   (2) 

Where, fi is the number of days, xi is the number of 

germinated seeds at day f, and N is the total number 

of germinated seeds. To calculate the germination 

rate, the equation 3 was applied (Miri, 2009): 

RS=                                            (3) 

Where, RS is germination velocity (the number of 

germinated seeds per day), Si is the number of 

germinated seeds at per measurement, and di is the 

number of days until 1/n calculation. Five seeds were 

collected from each petri dish to measure the radicle 

and coleoptile lengths.  

 

Statistical analysis 

All collected data were analyzed by SAS Ver.9.1 and 

mean comparisons were performed using Doncan’s 

multiple range test at α = 0.05.  

 

Results and discussions 

Allelopathic effects of wheat and barley on wild 

mustard 

Characteristics of wild mustard including germination 

rate, radicle and coleoptile lengths were significantly 

(α = 0.01) affected by different concentration of 

aqueous extracts of wheat and barley (Table 1). Mean 

comparisons showed that the wild mustard 

germination were reduced when 2.5 and 5 w/v  of 

wheat and barley were applied by 65 and 91 percent 

for wheat aqueous extracts; 80 and 96.6 percent for 

barely aqueous extracts. The effective surpass was 

reported in annual broadleaf weeds because of the 

allelopathic effects of wheat, barley and oats 

(Baghestani et al., 1999). The germination of wild 

mustard was terminated by 10w/v of both crops (Fig 

1). It can be noticed that the allelopathic effects of 

barley on wild mustard germination is more 

influential than wheat due to barley germplasm which 

contains higher allelopathic substances, such as 

phenolic acids, than wheat germplasm (Baghestani et 

al., 1999). Phenolic compounds have been reported in 
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barley with stronger allelopathic influences than 

those in wheat species (Ma et al., 1999). 

 

Embryonic characteristics including radicle and 

coleoptile lengths of wild mustard were remarkably 

reduced by increasing in the concentration of aqueous 

extracts. In such a case also the allelopathic effect of 

barley was noticeably stronger than wheat (Table 1). 

The lengths of coleoptiles were more affected than the 

length of radicle. Several chemicals including 

Alkaloides (Yoshida et al., 1993), Phenolic Acids (Yu 

et al., 2001), Flavonoides (Liu et al., 1995) and 

Polyamines (Walter and Wylie, 1986) have been 

identified as potential allelochemicals that contribute 

to barley allelopathic activities. Physiological effects 

of Alkaloids on susceptible plants include cell wall 

damage, increased cell vacuolation, damage to 

mitochondrial structure and disruption in cellular 

metabolism (Liu and Lovett 1993) can reduce the 

radicle and coleoptile length. Moreover, Worshan 

(1984) extracted chemical compounds from wheat 

with inhibitory effects on weeds. Several categories of 

allelochemicals for wheat allelopathy have been 

identified including phenolic acids, hydroxamic acids, 

and short-chain fatty acids which are toxic to seed 

germinations and root growth of some weed species 

(Wu et al., 1999).  

 
Table 1. Effect of wheat, barley, canola and safflower extracts on germination and seedling growth of wild 

mustard. 

SDM 
(mg) 

CL 
(mm) 

RL 
(mm) 

ATG 
(day) 

GR 
(Seed.day-1) 

GP Crops                                      
Extracts (%) 

      Wheat 

10.0a 41.5a 40.0a 2.8a 8.0a 100a 0 

2.0b 3.8b 3.6b 4.4a 1.7b 37b 2.5 

0.7c 1.3c 2.3c 3.2a 0.3c 8c 5 

- - - - - - 10 

      Barley 

10.0a 43.3a 39.0a 2.8a 8.1a 100a 0 

2.0b 2.3b 2.5b 3.8a 0.9b 20b 2.5 

0.8c 0.5c 2.0b 4.0a 0.1c 3c 5 

- - - - - - 10 

      Canola 

8.0a 36.7a 39.3a 3.3b 7.2a 100a 0 

2.0b 2.5b 3.0b 5.0a 0.8b 18b 2.5 

1.0c 0.8c 2.0c 6.5a 0.2c 7c 5 

- - - - - - 10 

      Safflower 

10.0a 40.6a 36.2a 3.0b 7.7a 100a 0 

1.0b 1.6b 2.2b 5.7a 0.5b 11b 2.5 

- - - - - - 5 

- - - - - - 10 

In each column, means which have similar letters do not have significant difference based on multiple-range test 
at 5% probability level.  GP, GR, ATG, RL, CL and SDM: germination percentage, germination rate, average time 
of germination, coleoptiles length and seedling dry matter, respectively. 

Allelopathic effect of canola on wild mustard 

The data showed that allelopathic effects of different 

aqueous extracts concentration of canola had 

significant effects on germination and embryo growth 

of wild mustard. Increasing in the extract 

concentrations of canola caused drastic reductions in 

wild mustard germinations from 100% germination 

in control treatment to 7% and 18% in 5 and 2.5 w/v 

of canola, respectively (Fig 1). The reduction can be 

because of the inhibitory effects of Brassica spp. on 

germination of some weed species has been reported 

due to isothiocyonamatic compounds which can block 
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the germination mechanism (Peterson et al., 2001). 

The germination of wild mustard was terminated by 

10w/v of canola extract (Fig 1). Embryo 

characteristics including radicle and coleoptiles 

lengths were also negatively affected in germinated 

seeds of wild mustard from 39.3 and 36.7 mm in 

control treatment to 2.0 and 0.8 mm in 5% treatment, 

respectively. 

 

Allelopathic effect of safflower on wild mustard 

A stronger inhibitory effect was observed on 

germination rate and embryo growth of wild mustard 

due to the application of safflower aqueous extracts. 

While reductions were reported in germination and 

embryo growth of wild mustard affected by 

allelopathic effects of safflower (Miri, 2009; Farhoodi 

and Lee, 2012) our findings indicated that 

germination of wild mustard seeds were entirely 

failed at 5% w/v concentration of safflower aqueous 

extract (Table 1 and Fig 1). Dramatic reduction 

occurred in wild mustard germination rate and 

embryo growth indicators including radicle and 

coleoptiles length even in lower extract concentration 

(2.5 w/v) compared to canola while germination 

timing were increased by 47% (Table 1). As Bonamigo 

et al. (2013) demonstrated that allelopathic effect of 

safflower aqueous extracts detrimentally affected the 

seedling emergence and early growth of canola, the 

same phenomenon occurred in wild mustard on basis 

of our findings. Farhoodi and Lee (2012) showed that 

the Safflower extracts inhibited the induction of α-

amylase in wild mustard seeds and the inhibition 

increased in higher extract concentrations.

 
Table 2- Effect of wild mustard extracts concentrations on germination and seedling growth of wheat, barley, 

canola and safflower. 

SDM 
(mg) 

CL 

(mm) 
RL 

(mm) 
ATG 
(day) 

GR 

(Seed.day-1) 
GP Extract concentrations 

(%) 

      Wheat 

0.32a 130.4a 124.3a 2.5c 8.7a 100a 0 
0.21b 55.1b 18.7b 3.6b 3.0b 43b 2.5 

0.14c 16.3c 2.0c 3.9a 0.9c 15c 5 
- - - - - - 10 

0.05** 10095.9** 10545.4** 8.99** 46.1** 5835.4** MS 
      Barley 

0.46a 122.3a 128.8a 2.6c 8.4a 100a 0 
0.25b 94.7b 22.93b 3.6b 3.9b 63b 2.5 

0.16c 29.6c 4.6c 4.4a 0.8c 17c 5 
- - - - - - 10 

0.11** 9592.4** 11026.5** 11.06** 43.21** 6188.9** MS 

      Canola 
0.11a 46.3a 63.8a 2.6c 8.2a 100a 0 

0.07b 5.6b 4.5b 6.1b 1.1b 33b 2.5 
0.06b 3.1b 1.9b 7.2a 0.5c 18c 5 

- - - - - - 10 

0.006** 1431.3** 2860.4** 32.8** 44.6** 5696.5** MS 

      Safflower 

0.47a 59.0a 29a 2.3d 9.2a 100a 0 
0.39b 25.7b 10b 2.9c 6.4b 82b 2.5 

0.23c 15.6c 6c 3.7b 4.3c 70c 5 
0.17d 3.4d 2d 4.4a 1.0d 22d 10 

0.06** 1707.9** 419.0** 2.65** 35.8** 3661.1** MS 

In each column, means which have similar letters do not have significant difference based on multiple-range test 
at 5% probability level.  **: significant at the 1% probability level.  
GP, GR, ATG, RL, CL and SDM: germination percentage, germination rate, average time of germination, 
coleoptiles length and seedling dry matter, respectively.  

Allelopathic effect of wild mustard on crops 

germination 

 The germination rates and embryo growth indicators 

such as radicle/coleoptiles lengths of all examined 

crops were influenced by wild mustard aqueous 
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extracts although their responses were somehow 

different (Table 2). The radicle length, coleoptiles 

length, germination percentage, and average time of 

germination of wheat were significantly affected by 

the aqueous extracts of wild mustard (Table 2). 

Increasing in concentration of aqueous extract of wild 

mustard caused a remarkable reduction in all 

measured characteristics compared to the control 

treatment. The wheat germination percentages were 

significantly reduced by 57, 85, and 100 percent at 

concentration of 2.5, 5, and 10 respectively (Fig 2). 

The same reduction pattern were occurred in radicle 

and coleoptile length; the embryo failed to grow when 

the aqueous extract with 10 w/v concentration were 

applied. Earlier work has also indicated marked 

reductions in growth of wheat following the 

application of aqueous extracts of a range of Brassica 

species (Manson-Sedum et al., 1986). 

 

Fig . 1. Seed germination reduction of wild mustard 

at different crop species extract concentrations . 

 

Fig. 2. Seed germination reduction of crop species at 

different wild mustardextract concentrations.  

 

Aqueous extracts of wild mustard significantly (α = 

0.01) reduced embryonic characteristics and 

germination related factors in barely (Table 2). 

Gradual increase in concentration of the extracts 

cause a decrease in germination percentage by 37, 83 

and 100 percent compared to control which had 100% 

germination rate (Fig 2). The germination rate also 

reduced from 8.4 at control treatment to 0.8 at 

concentration of 5w/v (Table 2).  Serious reductions 

were observed in lengths of radicles and coleoptiles; 

the embryo growth was terminated by concentration 

of 10 w/v. Other studies showed the same results in 

reduction of germination in barely after applying 

allelopathic substances extracted from Brassicaceae 

family (Shaji et al., 2007). 

 

Fig. 3. Trend of regression changes of crop species 

germination at different wild mustard extract 

concentrations. 

 

Embryo growth and germination rate of canola and 

safflower were significantly affected by aqueous 

extracts of wild mustard (Table 2). In the preset 

study, germination rate was entirely failed in canola 

at 10% w/v of wild mustard aqueous extracts while 

safflower germination were more resistant as it could 

geminate even at the highest concentration of 

aqueous extracts by 22%;  however, it was a dramatic 

reduction compared to the control treatment (Table 

2). Canola embryo growth reductions affected by 

extracts were not significant between 2.5 and 5% of 

extracts. Hadadchi and Masoodi Khorasani (2006) 

stated that physiological characteristics and growth 

indicators of canola embryo were significantly 

reduced by allelopathic effects of wild mustard. The 

lowest length of safflower radicles and coleoptiles 

were achieved by 2.0 and 3.4 mm at 10w/v 

concentration of wild mustard extracts.  
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The investigated characteristics of crops exhibit that 

the variation of seed germination and embryo growth 

were less affected in safflower than canola, barley and 

wheat meaning that safflower is less susceptible to the 

allelochemicals produced by neighbouring plants (Fig 

3).  In all plants, the radicles showed more sensitivity 

than the coleoptiles to allelopathic substances 

although both had dramatic reductions. Studied 

showed that radicles is more susceptible than 

coleoptiles to the growth inhibitors (Burgos and 

Talbert, 2000).The influential allelopathic effect of 

wild mustard can be justified due to the existence of 

glocosinolates especially isotyocianates which can be 

found in Brassicaceae family (Yamane et al., 1992 

and Peterson et al., 2001). 

 

Conclusion 

In general, the study of germination and embryo 

growth of economical crops affected by different 

concentrations of wild mustard aqueous extracts and 

vice versa showed that factors such as species and 

genetic variations can be involved in allelopathic 

effects (Wu et al., 1999) since it can be seen safflower 

which is more resistant among the other crops. It has 

been reported that seed germination of different 

species such as wheat, barley and canola response 

differently to the allelopathic effects of Nepeta meyeri 

aqueous (Mutlu and Atici, 2009). In addition to the 

better performance of safflower against 

alleclochemicals, the allelopathic effects of this 

species are positively more effective on germination 

and embryo growth of wild mustard.  Thus, the 

aqueous extract of safflower can be suggested as a 

biological control agent in field management 

methods. It can be further suggested to use this 

species in crop rotations due to its better performance 

against allelopathic effects. The future researches can 

be considered to find the exact components of 

allelochemicals in safflower and the target cells on 

which these substrates may influence. These findings 

may help researchers to have better understanding 

the mechanism of plant-environment interactions to 

find a new weed control method for this problematic 

weed and protect the environment while the 

applications of chemical agents which are hardly 

decomposable will be reduced.  

 

References 

Abasi F, Jalili A, Bazobandi M. 2007. Canola 

allopathic effects on some physiological growth traits 

of Foxtail, Secale, Common lambsquarter and wild 

oat. 2th Iranian Weed Sci. Conference, Mashhad, 

Iran, 215-219 p. 

 

An M, Liu DL, Johnson IR, Lovett JV. 2003. 

Mathematical modeling of allelopathy: II.The 

dynamics of allelochemicals from living plants in the 

environment. Ecological modelling 161, 53–66. 

http://dx.doi.org/10.2201/nonlin.003.02.001  

 

Aleksieva A, Serafimov. 2008. A study of 

allelopathic effect of Amaranthus retroflexus (L.) and 

Solanum nigrum (L.) in different soybean genotypes. 

Herbologia 9(2), 47-58. 

 

AL-Sherif E, Hegazy AK, Gomaa  NH,  Hassan  

MO. 2013. Allelopathic  effect of black mustard 

tissues and root exudates on some crops and weeds. 

Planta Daninha, Viçosa-MG 31, 11-19.  

 
Baghestani A, Lemieux C, Leroux GD, 

Baziramakenga R, Simard RR. 1999. 

Determination of allelochemicals in spring cereal 

cultivars of different competitiveness. Weed Science 

47, 498-504.  

 

Bonamigo T, Fortes A, Buturi CV, Pinto TT, 

Gomesm FM, Silva J. 2013. Allelopathic 

interference of safflower leaves with oilseed species. 

Biotemas 26 (2), 1-8.   

http://dx.doi.org/10.5007/2175-7925.2013v26n2p1  

 

Burgos NR, Talbert RE. 2000. Differential activity 

of allelochemical from secale in seedling bioassay. 

Weed Science 48, 302-310. 

 

Dawson JH, Musselman LJ, Walswinkel P, 

Darr, I. 1994. Biology and control of Cuscuta. Rev. 

Weed Science 6, 265-317. 

http://dx.doi.org/10.2201/nonlin.003.02.001
http://journaldatabase.org/database/search.html?search_type=Author&search_inp=Thaliny%20Bonamigo
http://journaldatabase.org/database/search.html?search_type=Author&search_inp=Andr%C3%A9a%20Maria%20Teixeira%20Fortes
http://journaldatabase.org/database/search.html?search_type=Author&search_inp=Camila%20Vanessa%20Buturi
http://journaldatabase.org/database/search.html?search_type=Author&search_inp=Tassiane%20Terezinha%20Pinto
http://journaldatabase.org/database/search.html?search_type=Author&search_inp=Fernanda%20Melo%20Gomes
http://journaldatabase.org/database/search.html?search_type=Author&search_inp=J%C3%A9ssica%20da%20Silva
http://journaldatabase.org/journal/issn0103-1643
http://dx.doi.org/10.5007/2175-7925.2013v26n2p1


 

219 Modhej et al. 
 

Int. J. Biosci. 2013 

Farhoudi R, Lee DJ. 2012. Evaluation of safflower 

(Carthamus tinctorius cv. Koseh) extract on 

germination and induction of α-amylase activity of 

wild mustard (Sinapis arvensis) seeds. Seed Science 

and Technology 40(1), 134-138. 

 

Haddadchi G, Massoodi Khorasani F. 2006. 

Allelopathic Effects of Aqueous Extracts of Sinapis 

arvensis on Growth and Related Physiological and 

Biochemical Responses of Brassica napus. Journal of 

Science University of Tehran 32(1), 23-28 p. 

 

Hussain S, Siddiqui S, Khalid S, Jamal A, 

Qayyum A, Ahmad Z. 2007. Allelopathic potential 

of Senna (Cassia angustifoliaVahl.) on germination 

and seedling characters of some major cereal crops 

and their associated grassy weeds. Pakistan Journal 

of Botany 39, 1145-1153. 

 

Iqbal Z, Hiradate S, Noda A, Isojima S, Fujii, 

Y. 2003. Allelopathic activity of buckwheat: isolation 

and characterization of phenolics. Weed Science 

51(5), 657-662.  

http://dx.doi.org/10.2307/4046543  

 

Kruse M, Strandberg M, Strandberg B. 2000. 

Ecological Effects of Allelopathic Plants–A Review. 

National Environmental Research Institute - NERI 

Technical Report, No. 315. Silkeborg, Denmark. 

 

Kremer RJ, Ben-Hammoud M. 2009. 

Allelopathic Plants. 19. Barley (Hordeum vulgare L.). 

Allelopathy Journal 24(2), 225-242. 

 

Liu L, Gitz DC, McClure JW. 1995. Effects of UV-

B on flavonoids, ferulic acid, growth and 

photosynthesis in barley primary leaves. Physiologia 

Plantarum 93, 725-733.   

http://dx.doi.org/10.1111/j.1399-3054.1995.tb05123.x  

 

Liu DL, Lovett, JV. 1993. Biologically active 

secondary metabolites of barley. II. Phytotoxicity of 

barley allelochemicals. Journal of Chemical Ecology 

19, 2231-2244.  

http://dx.doi.org/10.1007/BF00979660  

Ma SY, Kim JS, Ryang HS. 1999. Allelopathic 

effect of barley to red rice and barnyardgrass. Korean 

Journal of Weed Science 19, 228–235. 

 

Manson-Sedum W, Jessop RS, Lovett JV. 1986. 

Differential phytotoxicity among species and cultivars 

of the genus Brassica to wheat. Plant and Soil 93, 3-

16.  

 

Miri HR. 2009. Effect of safflower residue on seed 

germination of corn, wild mustard and wild safflower. 

Journal of Ecophysiology 2, 81-90. 

 

Montazeri M. 2005. Biological weed control. 

Agricultural Research. And Education Press, 207 p. 

(In Farsi). 

 

Moradi R, Rezvani Moghaddam P, Ali Zadeh 

Y, Ghorbani R. 2011. Study of Seed Germination 

and Morphological Characteristics of Wild Oat 

(Avena ludoviciana) and Mustard (Sinapis arvensis) 

Seedling, Affected by Aqueous Extracts of Black 

Cumin (Bunium persicum L), Chickpea (Cicer 

arietinum L.) and Mixed of Extracts. Iranian Journal 

of Field Crops Research 8(6), 897-908. 

 

Mutlu S, Atici O. 2009. Allelopathic effect of 

Nepeta meyeri Benth. extracts on seed germination 

and seedling growth of some crop plants. Acta 

Physiologiae Plantrum 31, 89–93.  

http://dx.doi.org/10.1007/s11738-008-0204.0  

 

Nilsen ET, Walker JF, Miller OK, Semones 

SW, Lei TT, Clinton BD. 1999. Inhibition of 

seedling survival under Rhododendron maximum 

(Ericaceae): could allelopathy be a cause? American 

Journal of Botany  86, 1597–1605.  

http://dx.doi.org/10.2307/2656796  

 

Oveysi M, Mashhadi HR, Baghestani MA, 

Alizadeh HM, Badri S. 2008. Assessment of the 

allelopathic potential of 17 Iranian barley cultivars in 

different development stages and their variations over 

60 years of selection. Weed Biology and Management 

8, 225–232.  

http://www.ingentaconnect.com/content/ista/sst;jsessionid=41mvbcu9pnule.victoria
http://www.ingentaconnect.com/content/ista/sst;jsessionid=41mvbcu9pnule.victoria
http://dx.doi.org/10.2307/4046543
http://dx.doi.org/10.1111/j.1399-3054.1995.tb05123.x
http://dx.doi.org/10.1007/BF00979660
http://dx.doi.org/10.1007/s11738-008-0204.0
http://dx.doi.org/10.2307/2656796


 

220 Modhej et al. 
 

Int. J. Biosci. 2013 

http://dx.doi.org/10.1111/j.1445-6664.2008.00301.x  

 

Patterson DT. 1986. Allelopathy. In "Research 

methods in Weed Science” (Camper, N.D., Ed.); 3rd 

ed., Weed Science Society, Champaign, IL.111-134.  

 

Peterson J, Belz R, Walker F, Hurle K. 2001. 

Weed suppression by release isothiocynamates from 

Turnip-rape mulch. Agronomy Journal 93, 37-43. 

http://dx.doi.org/10.2134/agronj2001.93137x  

 

Perez FJ, Ormenonunez J. 1991. Difference in 

hydroxamic acid content in roots and root exudates of 

wheat (Triticum aestivum L.) and rye (Secale cereale 

L.): Possible role in allelopathy. Journal of Chemical 

Ecology, Vol 17, Issue  6, 1037-1043 p.  

http://dx.doi.org/10.1007/BF01402932  

 

Putnam AR. 1988. Allelopathy: problems and 

opportunities in weed management. In Weed 

Management in Agroecosystems: Ecological 

Approaches, (Eds., Altieri, M. A. and Liebman, M) 

CRC Press, Inc., Boca Raton, FL. 77-88.  

 

Putnam AR Weston LA. 1986. Adverse impacts of 

allelopathy in agricultural systems. In The Science of 

Allelopathy (Eds., Putnam, AR., and Tang, C H)  John 

Wiley and Sons, New York,  p. 43-56. 

 

Shajie A, Gavahi M, Safari M. 2005. Effect of 

aqueous extracts Xanthium strumariu  on canola and 

corn germination and seedling growth. 1th Iranian 

Weed Science Conference. Tehran, Iran. 345-349. 

 

Rice EL. 1995. Biological control of weeds and plant 

diseases. University of Oklahoma Press: Norman and 

London. 

Scott JM. 1989. Seed coatings and treatments and 

their effects on plant establishment. Advances in 

Agronomy 42, 43-83. 

 

Verma M, Rao P. 2006. Allelopathic effect of four 

weed species extracts on germination, growth and 

protein in different varieties of Glycine max (L.) 

Merrill. Journal of Environmental Biology 27(3), 

571-577. 

 

Walters DR, Wylie MA. 1986. Polyamines in 

discrete regions of barley leaves infected with the 

powdery mildew fungus,  Physiologia Plantarum 67, 

630-633.  

 

Worsham AD. 1984. Crop residues kill weeds: 

allelopathy at work with wheat and rye. Crops Soils 

37, 18-20. 

 

Wu H, Pratley J, Lemerle D, Haig T. 1999. Crop 

cultivars with allelopathic capability. Weed Research 

39, 171-180.  

http://dx.doi.org/10.1046/j.1365-3180.1999.00136.x  

 

Yoshida H, Tsumuki H, Kanehisa K, Corcuera 

LJ. 1993. Release of gramine from the surface of 

barley leaves. Phytochemistry 34, 1011-1013. 

http://dx.doi.org/10.1016/S0031-9422(00)90704-0   

 

Yu J, Vasanthan T, Temelli F. 2001. Analysis of 

phenolic acids in barley by high-performance liquid 

chromatography. Journal of Agricultural and Food 

Chemistry 49, 4352-4358.  

http://dx.doi.org/10.1021/jf0013407  

 

Yamane A, Fujikura J, Ogawa, H, Mizotani J. 

1992. Isothiocyanates as allelopathic compounds 

from Rorippa indica Hiern. (Cruciferae) roots. 

Journal of Chemical Ecology 18, 1941-1949. 

 

Zand E, Makenali A, Jamali M, Yonesi M. 

2006. Investigation resistant weed to the common 

herbicides in wheat fields. Final report, Iran Plant 

Protection Research Institute. N.86/941. 

  

http://dx.doi.org/10.1111/j.1445-6664.2008.00301.x
http://dx.doi.org/10.2134/agronj2001.93137x
http://link.springer.com/journal/10886
http://link.springer.com/journal/10886
http://link.springer.com/journal/10886/17/6/page/1
http://dx.doi.org/10.1007/BF01402932
http://dx.doi.org/10.1046/j.1365-3180.1999.00136.x
http://dx.doi.org/10.1016/S0031-9422(00)90704-0
http://dx.doi.org/10.1021/jf0013407

