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Abstract 
 

Suspected allelopathic activity of swine-cress (Coronopus didymus L.) was evaluated based on germination and early seedling 

growth of wheat (Triticum aestivum L.) in a laboratory bioassay. Aqueous root, leaf and whole plant extracts of swine-cress 

were applied at 0, 2.5, 5.0, 7.5 and 10% (w/v). Results revealed significant inhibition of germination and seedling growth of 

wheat for all extract sources and concentrations. Variable phytotoxicity was exhibited by different extract sources and leaf 

extract caused the greatest inhibition. Nonetheless, the degree of inhibition increased in a concentration dependent manner for 

all extract sources. Compared to the control all treatments increased the time to 50% germination, and mean germination time, 

with corresponding decreases in germination index and final germination percentage of wheat. Higher (10%) concentration of 

root, leaf and whole plant extracts reduced final germination by 36, 59 and 39%, respectively. Leaf extract caused more 

inhibition of wheat shoot length, root length and dry biomass than other extracts. Wheat seedling dry biomass was inhibited 

73% by leaf extract, 65% by whole plant extract and 12% by root extract at 10% concentration. All extracts reduced 

chlorophyll contents and increased phenolics in wheat seedlings. The results suggest that the inhibitory allelopathic activity of 

swine-cress against germination and seedling growth of wheat should be explored under field conditions. © 2013 Friends 

Science Publishers 
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Introduction 
 

Weeds compete with wheat crop for resources such as 

water, nutrients and sunlight. Moreover, weeds may cause 

inhibition of the growth of crop plants (Qasem and Foy, 

2001). Allelopathic activity of many weeds on wheat has 

been reported by several authors (Mishra et al., 2001; 

Dongre and Singh, 2007; Aziz et al., 2008; Xingxinag et al., 

2009; Farooq et al., 2011). 

Several putative allelochemicals have been isolated 

from Brassica species and their allelopathic potential has 

been demonstrated in bioassays (Turk and Tawaha, 2003; 

Turk et al., 2005; Norsworthy et al., 2005; Ercoli et al., 

2007; Matloob et al., 2010). Members of the Brassicaceae 

contain allelochemicals as glucosinolates that can be 

released into the environment, to affect seed germination 

and plant growth of neighboring species (Bones and 

Rossiter, 1996). Glucosinolates are degraded by the enzyme 

myrosinase, which results in the release of various 

hydrolysis products such as isothiocyanates, nitriles and 

others. These allelochemicals have been reported to 

interfere with basic physiological and biochemical processes 

of receiver plants (Weston and Duke, 2003). Release of 

these compounds into crop environment can have important 

implications for crop production (Qasem and Foy, 2001; 

Weston and Duke, 2003). This specific plant defense 

mechanism determines interactions with other organisms 

(Halkier and Gershenzon, 2006) and might be one of the 

key factors underlying the invasion success of Brassica 

species. 

Identification of weed species with allelopathic 

potential and characterization of their adverse effects on 

associated crops are essential to understand weed-crop 

interactions in agro-ecosystems. It is reasonable to suspect 

that allelopathy could be involved in the suppression of 

other plants in the vicinity of glucosinolate-producing 

species. Resource competition is difficult to separate from 

allelopathy under field conditions. To overcome this 

problem, various laboratory screening techniques have been 

developed to measure allelopathy without the interference of 

resource competition (Inderjit, 2001). Many authors have 

successfully demonstrated the allelopathic potential of 

invasive plants using tissue extracts (Turk et al., 2005; 

Ercoli et al., 2007; Dongre and Singh, 2007; Xingxinag et 

al., 2009). Considerable variation also occurs among weeds 

in their ability to produce and accumulate allelochemicals in 

different parts (Qasem and Foy, 2001). Moreover, 

allelopathic interactions are also dependent on the biological 

response capacity of donor and receiver species and the 

concentration of allelochemicals in the soil (Rice, 1984).  
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Swine-cress (Coronopus didymus L.) is an important 

component of the weed flora of family Brassicaceae 

infesting crop fields in Pakistan (Ahmad and Sheikh, 2003). 

It grows profusely in cultivated as well abandoned fields, 

lawns, waste ground and vacant plots as a winter annual 

weed. Little information is available on the possible 

allelopathic interference of swine-cress on wheat. The 

objective of this preliminary investigation was to explore the 

ill effects of root, leaf and whole plant aqueous extracts of 

swine-cress on germination dynamics, early seedling growth 

and some biochemical attributes of wheat seedlings. 
 

Materials and Methods 
 

Extract Preparation 
 

Mature swine-cress plants were collected from Agronomic 

Research Area, University of Agriculture, Faisalabad, 

Pakistan and separated into different fractions (root, leaf and 

whole plant) and each fraction was separately ground with a 

sample mill (Cyclotec, Sweden). Ground samples were 

soaked in distilled water in 10 g/100 mL (w/v) ratio for 24 h 

at room temperature. The filtrate was passed through four 

layers of cheese cloth and was further filtered through a 

Whatman # 42 filter paper. The leachate was designated as 

stock solution of swine-cress having 10% concentration. It 

was used as such or diluted to make respective 

concentrations (2.5, 5.0 and 7.5%) as per treatment. The pH 

and electrical conductivity of these extracts were determined 

with the help of digital pH and conductivity meters (HI-

9811, Hannah, USA). The osmotic potential of different 

extract concentrations was determined using formula: 
 

Osmotic potential (-MPa) = EC (dS m
-1

) × -0.036 
 

Total water-soluble phenolics in each concentration 

and source were determined as per Swain and Hillis (1959) 

using Folin-cicalteu reagent and are expressed as gallic acid 

equivalents. The chemical characteristics of aqueous swine-

cress extracts of different plant parts are given in Table 1. 
 

Bioassay 
 

Seeds of wheat (cultivar “AARI-2011”) were obtained from 

the Wheat Research Institute, Faisalabad. Seeds were 

surface sterilized with fungicide prior to sowing. Fifteen 

seeds were uniformly placed between two layers of a 

Whatman # 42 filter paper in sterilized Petri dishes (9 cm 

diameter). Five mL of extract solution (of root, leaf, and 

whole plant each at 2.5, 5.0, 7.5 and 10%) was added to the 

Petri dishes, while the control treatment received equal 

volume of distilled water. Half of the aqueous extract was 

applied to bottom filter paper receiving the seeds while 

remaining was applied to the covering filter paper. 

Thereafter, Petri dishes were covered with lid and placed on 

a steel rack in a well illuminated room at temperature and 

humidity of 20±5ºC and 55±5%, respectively. Equal volume 

of distilled water was applied to all the Petri dishes when the 

moisture content of the filter papers declined. 

Inhibitory activity of aqueous swine-cress extracts was 

assessed in terms of germination dynamics, seedling 

growth, and biochemical attributes such as chlorophyll 

contents and total soluble phenolics. Germination counts 

were made on a daily basis according to AOSA (1990) until 

a constant count was achieved. Time to start germination 

(TSG) was recorded when the radicle and hypocotyl length 

of first seed was slightly above 2 mm. Mean germination 

time (MGT) was calculated according to Ellis and Robert 

(1981) as:  
 





n

Dn
MGT  

 

Where, n is the number of seeds emerging on day D, 

and D represents the number of days counted from the 

beginning of emergence. Time to 50% germination (T50) 

was calculated according to the modified formula of Farooq 

et al. (2005): 
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Where, N is the final number of germinated seeds; and 

ni and nj are the cumulative number of seeds emerged by 

counts at the times ti and tj where ni<N/2<nj. Germination 

index (GI) was calculated as described by AOSA (1983): 
 

countfinalofDays

seeds emerged ofNo.
-----

countfirstofDays

seeds emerged ofNo.
GI 

 

Final germination percentage was taken as the ratio of 

number of seeds germinated to the total number of seeds 

sown and is expressed as percentage. Shoot and root length 

of five randomly selected seedlings from each replication 

was measured using a measuring tape at 18 days after 

sowing. Seedling fresh and dry biomass was recorded using 

a digital balance. For dry biomass, seedlings were oven 

dried at 70ºC for 48 h. Seedling vigor index was calculated 

according to the formula of Abdul-Baki and Anderson 

(1973): 
 

SVI = radicle length (cm) × germination percentage 
 

Total soluble phenolics in wheat seedlings were 

determined as per Randhir and Shetty (2005) and expressed 

as gallic acid equivalents. Chlorophyll contents were 

extracted in 80% ice cold acetone and read out at 663 and 

645 nm wavelength in a UV spectrophotometer (UV-4000, 

ORI, Germany). These are expressed as mg g
-1

 fresh leaf 

weight (Lichtenthaler, 1987). Percentage change over 

control was computed as under: 
 

100
Control

 Control-Treatment 
controlover  changePercent   

 

The overall effect of swine-cress on the growth of 

wheat crop was determined on the basis of average percent 

inhibition (API) as: 
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parameters ofNumber 

 parameters allin reduction percent  of Sum
API  

 

The value of API was used as the indicator of 

allelopathic potentials of swine-cress. Higher value of API 

indicates higher allelopathic potential of respective extract 

source and concentration and vice versa. 
 

Statistical Analysis 
 

The experiment was replicated four times in a completely 

randomized design under factorial arrangements and 

repeated in time. Analysis of variance was carried out for 

the data and the mean differences were separated using 

HSD Tuckey’s test at 5% probability level (Steel et al., 

1997). Graphical representation of the data was made and 

standard errors were computed using MS Excel. 
 

Results 
 

Germination 
 

Aqueous extracts of swine-cress significantly inhibited 

germination of wheat over control (Fig. 1). Substantial delay 

in TSG, T50 and MGT was noticed for all extract sources 

(root, leaf, whole plant) of swine-cress. Increasing 

concentration of extracts markedly delayed TSG, T50 and 

MGT. At higher extract concentration (10%), delay in TSG 

was one day for root extract that was twofold for leaf and 

whole plant extracts. Likewise, T50 was prolonged to the 

tune of 12‒70%, 15‒88% and 12‒85% by root, leaf and 

whole plant extracts, respectively (Fig. 1). Inhibition in final 

germination of wheat was 36, 59, and 39% for 

aforementioned extract sources at 10% concentration. MGT 

was also higher for 10% concentration in all the extract 

sources. Significantly lower germination indices over 

control were recorded under the influence of all extract 

sources. Nonetheless, leaf extract with 78% inhibition stood 

at top than 52 and 58% inhibition realized for root and 

whole plant extract at 10% concentration. 
 

Seedling Growth 
 

Seedling growth of wheat was adversely affected by 

aqueous swine-cress extracts (Fig. 2) and increasing extract 

concentrations suppressed seedling growth so that a strong 

correlation was observed between level of suppression and 

concentration of the extracts (Fig. 4b, c). Increasing extract 

concentration from 2.5 to 10% inhibited the shoot length of 

wheat in the range of 7‒86%. Leaf extracts of swine-cress 

were more phytotoxic at 10% concentration, with 86% 

inhibition followed by whole plant (78%) and root (56%) 

extracts. The root length of wheat was inhibited to greater 

extent than shoot length (Fig. 2). Both leaf and whole plant 

extracts exhibited over 90% inhibition of root length of 

wheat seedlings over the control at the highest (10%) 

concentration. The respective inhibition for root extract was 

only 56%. Swine-cress extracts caused a marked reduction 

in fresh and dry biomass of wheat seedlings at all 

concentrations compared to control (Fig. 2). Seedling dry 

mass was decreased by 5‒73% with leaf extract. Seedling 

vigor index (SVI) also declined in response to increasing 

concentration of different extract sources (Fig. 3). All 

swine-cress aqueous extracts caused significant (p≤0.05) 

average percentage inhibition (API; 10‒78%) of wheat over 

control (Fig. 3). Leaf extract recorded highest API of 78% at 

10% concentration. 

 

Biochemical Attributes 

 

Significant (p≤0.05) differences in biochemical attributes of 

wheat seedlings were recorded by aqueous extracts of 
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Fig. 1: Effect of different extract sources of swine-cress 

applied at different concentrations on (a) time to start 

germination, (b) time taken to 50% germination, (c) mean 

germination time, (d) final germination percentage and (e) 

germination index of wheat. Vertical bars above mean 

denote standard error of four replicates. Means with 

different letters differ significantly at 0.05 probability level 

by HSD Tuckey’s Test 
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swine-cress (Fig. 3). Total chlorophyll content in wheat 

seedlings declined by 25‒49, 50‒74 and 29‒66% over 

control for root, leaf and whole plant extracts, respectively 

(Fig. 3 and 4e). Wheat seedlings developing under 

increasing stress of swine-cress aqueous extracts showed 

more water soluble phenolics (Fig. 3). Root, leaf and whole 

plants extracts at 10% concentration recorded an increase of 

85, 363 and 241% total soluble phenolics in wheat 

seedlings.  

 

Discussion 
 

Reduced seed germination is the most obvious allelopathic 

effect observed in bioassays (Khan et al., 2005; Turk et al., 

2005; Samreen et al., 2009; Alagesaboopathi, 2011). 

Retarded germination might be an outcome of interference 

of allelochemicals with the processes of cell division and 

elongation (Al-Wakeel et al., 2007). In this study, the 

concentration effect was highly pronounced and inhibition 

in germination attributes was intensified with increasing 

extract concentration (Fig. 1). Final germination inhibition 

was enhanced with increase in extract concentration and 

regression analysis revealed 82, 89 and 94% variability in 

germination percentage of wheat due to root, leaf and whole 

plant extracts of swine-cress, respectively (Fig. 4a). More 

pronounced inhibition at higher extract concentration is due 

to greater fraction of allelochemicals in concentrated 

extracts (Turk and Tawaha, 2003; Javaid et al., 2005). Chon 

and Kim (2004) concluded that higher extract concentration 

contains more quantity of allelochemicals, which enhance 

inhibitory activity of an extract. Our data depicted that that 

leaf extract had the strongest allelopathic effect on seed 

germination. Tefera (2002) found that the inhibitory 

allelopathic potential of parthenium leaf extract was more 

pronounced than other plant parts. Qasem and Foy (2001) 

stated that qualitative and quantitative differences in 

allelochemicals exist among different species and their 

parts.  

Decrease in shoot and root length might be due to the 

inhibitory action of allelochemicals, either by creating 

physiological drought (Samreen et al., 2009), with 

prevention of cell division and elongation (Al-Wakeel et al., 

2007). Barkosky et al. (2000) reported alterations in the cell 

membranes as one of the foremost effect caused by 

allelochemicals, which provoke several other cross-stresses 
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Fig. 2: Effect of different extract sources of swine-cress 

applied at different concentrations on (a) shoot length (b) 

root length (c) fresh biomass and (d) dry weight of wheat. 

Vertical bars above mean denote standard error of four 

replicates. Means with different letters differ significantly 

at 0.05 probability level by HSD Tuckey’s Test 
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Fig. 3: Effect of different extract sources of swine-cress 

applied at different concentrations on (a) total soluble 

phenolics (b) chlorophyll contents (c) seedling vigor index 

and (d) average percent inhibition of wheat. Vertical bars 

above mean denote standard error of four replicates. Means 

with different letters differ significantly at 0.05 probability 

level by HSD Tuckey’s Test 
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due to secondary effects like ROS damage to cell ultra-

structures (Khaliq et al., 2011, 2012) and lipid peroxiadation 

(Zeng et al., 2001). Allelochemical activity of plants is 

measured by the sensitivity of roots in the bioassay 

(Alagesaboopathi, 2011). Root length of wheat appeared 

more sensitive to swine-cress allelochemicals than shoot 

length. Several other studies demonstrated that roots were 

more sensitive to allelochemicals than aerial parts of 

seedlings (Rahman, 2006; Punjani et al., 2006; Ercoli et al., 

2007). This may be explained by the fact that after the seed, 

roots are the first to come in direct contact with 

allelochemicals, especially in bioassays. Stunted vegetative 

growth of seedlings due to phytotoxic activity of 

phytochemicals present in aqueous extracts of swine-cress 

resulted in lower fresh and dry weight of seedlings. 

Decrease in chlorophyll contents is a common 

phenomenon of plants subject to allelochemicals, and this 

might be a subsequent response to these chemicals beside 

cellular damage. Huang (2010) stated that such a 

biochemical response occurs either by interference of 

allelochemicals with biosynthesis of photosynthetic 

pigments or their enhanced degradation by inducing 

oxidative stress via ROS, or through the integration of both. 

Reduction in chlorophyll was associated with higher total 

phenolics in wheat seedlings (Fig. 3) and is in line with 

Khaliq et al. (2011, 2012). 

In conclusion, aqueous extracts of different parts of 

swine-cress were inhibitory to wheat germination and 

seedling growth, suggesting a possible allelopathic 

interference under field conditions. This provides a 

justification for its removal of this weed to ensure 

satisfactory wheat germination and seedling growth for a 

good stand establishment. Field studies under varying 

moisture regimes, nutrient levels and soil types need to be 

conducted to measure such effects in realistic conditions in 

wheat and possibly other crops. 
 

References 
 

Abdul-Baki, B.A.A. and J.P. Anderson, 1973. Relationship between 

decorboxylation of glutamic acid and vigor in soybean seed. Crop 

Sci., 13: 227‒234 
Ahmad, R. and A.S. Sheikh, 2003. Common weeds of wheat and their 

control. Pak. J. Water Resources, 7: 73‒74 

Alagesaboopathi, C., 2011. Allelopathic Effects of Andrographis paniculata 
Nees on Germination of Sesamum indicum L. Asian J. Exp. Biol. 

Sci., 2: 147‒150 

Al-Wakeel, S.A.M., M.A. Gabr, A.A. Hamid and W.M. Abu-El-Soud, 
2007. Allelopathic effects of Acacia nilotica leaf residue on Pisum 

sativum L. Allelopathy J., 19: 411‒422 

Association of Official Seed Analysts (AOSA), 1983. Seed vigor Testing 
Handbook. Contribution No. 32 to the handbook on Seed Testing. 

Association of Official Seed Analysts. Springfield, Illinois, USA 

Table 1: Chemical properties of different concentrations of aqueous swine-cress extracts 

 
Extract source Concentration (%) pH EC (dS m-1) Osmotic potential (-MPa) Total soluble phenol (µg mL-1 extract) 

Root 2.5 5.8 2.8 0.10 116 

5.0 5.6 3.9 0.14 295 
7.5 5.4 4.6 0.17 432 

10 4.9 6.0 0.22 439 

Leaf 2.5 5.1 4.6 0.17 353 
5.0 4.9 5.4 0.19 426 

7.5 4.7 6.8 0.24 486 

10 4.6 9.2 0.33 930 
Whole plant 2.5 5.7 3.2 0.12 249 

5.0 5.2 4.8 0.17 420 

7.5 5.1 6.2 0.22 598 
10 5.0 7.8 0.28 679 

 
a) 

 

G
er

m
in

at
io

n
 

b) 

 

S
h
o
o
t 

le
n
g
th

 

c) 

 

R
o
o
t 

le
n
g
th

 

d) 

 

D
ry

 b
io

m
as

s 

e) 

 C
h
lo

ro
p
h
y
ll

 c
o
n
te

n
ts

 
 Extract concentration 

Fig. 4: Relationship of different aqueous extract concentrations of different parts of swine-cress to various 

germination and seedling growth attributes expressed as percentage inhibition over control. 

root = 10.5x - 9.0879 R
2
 = 0.8158

leaf= 17.045x - 15.905 R
2
 = 0.8993

whole plant  = 10.318x - 7.9515 R
2
 = 0.9449

0

20

40

60

80 root leaf whole plant
Linear (root) Linear (leaf) Linear (whole plant)

root = 5.9861x + 4.1697 R
2
 = 0.8358

leaf = 22.78x - 1.5097 R2 = 0.9808

 whole plant= 18.136x - 0.5032 R
2
 = 0.9255

0

25

50

75

100

root= 17.109x - 2.2901 R
2
 = 0.7309

leaf = 18.891x + 31.043 R
2
 = 0.7693

whole plant= 19.099x + 26.743 R
2
 = 0.8529

0

30

60

90

120

root= 8.0556x - 5.1587 R2 = 0.927

leaf= 19.96x - 3.373 R
2
 = 0.9674

whole plant= 16.19x - 0.9921 R
2
 = 0.9907

0

25

50

75

100

root = 7.9483x + 22.829  R2 = 0.7678
leaf = 14.029x + 16.984 R2 = 0.9933

whole plant = 12.118x + 18.747  R2 = 0.9856

0

20

40

60

80

2.5% 5.0% 7.5% 10%

 
 

Fig. 4: Relationship of different aqueous extract 

concentrations of different parts of swine-cress to various 

germination and seedling growth attributes expressed as 

percentage inhibition over control 



 

Khaliq et al. / Int. J. Agric. Biol., Vol. 15, No. 4, 2013 

 748 

Association of Official Seed Analysts (AOSA), 1990. Rules for testing 

seeds.  J. Seed Technol., 12: 101‒112 
Aziz, A., A. Tanveer, A. Ali, M. Yasin, B.H. Babar and M.A. Nadeem, 

2008. Allelopathic effect of cleavers (Galium aparine) on 

germination and early growth of wheat. Allelopathy J., 22: 25‒34 
Barkosky, R.R., F.A. Einhellig and J.L. Butler, 2000. Caffeic acid induced 

changes in plant-water relationships and photosynthesis in leafy 

spurge Euphorbia esula. J. Chem. Ecol., 26: 2095‒2109 
Bones, A.M. and J.R. Rossiter, 1996. The myrosinase glucosinolate system. 

An innate defense system in plant. Physiol. Plant., 97: 194‒208 

Chon, S.U. and Y.M. Kim, 2004. Herbicidal potential and quantification of 
suspected allelochemicals from four grass crop extracts. J. Agron. 

Crop Sci., 190: 145‒151 

Dongre, P.N. and A.K. Singh, 2007. Inhibition effects of weeds on growth 
of wheat seedlings. Allelopathy J., 20: 387‒394 

Ellis, R.A. and E.H. Robert, 1981. The quantification of ageing and survival 

in orthodox seeds. Seed Sci. Technol., 9: 373‒409 
Ercoli, L., A. Masoni, S. Pampana and I. Arduini, 2007. Allelopathic effects 

of rye, brown mustard and hairy vetch on redroot pigweed, common 

lamb squarter and knotweed. Allelopathy J., 19: 249‒256 
Farooq, M., S.M.A. Basra, K. Hafeez and N. Ahmad, 2005. Thermal 

hardening: a new seed vigor enhancing tool in rice. J. Integr. Plant 

Biol., 47: 187‒193 
Farooq, M., K. Jabran, Z.A. Cheema, A. Wahid and K.H.M. Siddique, 

2011. The role of allelopathy in agricultural pest management. Pest 

Manage. Sci., 67: 493–506 
Halkier B.A. and J. Gershenzon, 2006. Biology and biochemistry of 

glucosinolates. Annu. Rev. Plant Biol., 57: 303‒333 
Huang, J.H., 2010. Allelopathic effects of cassava (Manihot esculenta 

crantz.) on radish and rye grass (Lolium perene L.). Allelopathy J., 

25: 155‒162 
Inderjit, 2001. Soils: environmental effect on allelochemical activity. Agron. 

J., 93: 79‒84 

Javaid, A., T. Anjum and R. Bajwa, 2005. Biological control of Parthenium 
II: Allelopathic effect of Desmostachya bipinnata on distribution and 

early seedling growth of Parthenium hysterophorus L. Int. J. Biol. 

Biotechnol., 2: 459‒463 
Khaliq, A., A. Matloob, F. Aslam, M.N. Mushtaq and M.B. Khan, 2012. 

Toxic action of aqueous wheat straw extract on horse purslane. 

Planta Daninha, 30: 269‒278 
Khaliq, A., A. Matloob, M. Farooq, M.N. Mushtaq and M.B. Khan, 2011. 

Effect of crop residues applied isolated or in combination on the 

germination and seedling growth of horse purslane (Trianthema 
portulacastrum). Planta Daninha, 29: 121‒128 

Khan, M.A., K.B. Marwat, G. Hassan and Z. Hussain, 2005. Bioherbicidal 

effects of tree extracts on seed germination and growth of crops and 
weeds. Pak. J. Weed Sci. Res., 11: 179‒184 

Lichtenthaler, H.K., 1987. Chlorophyll and carotenoids: pigments of 

photosynthetic bio-membranes. In: Methods in enzymology, pp: 
350‒382. Packer, L. and R. Douce (eds.). Academic Press, San 

Diego, California, USA 

Matloob, A., A. Khaliq, M. Farooq and Z.A. Cheema, 2010. Quantification 

of allelopathic potential of different crop residues for the purple 
nutsedge suppression. Pak. J. Weed Sci. Res., 16: 1‒12 

Mishra, J.S., D. Swain and V.P. Singh, 2001. Allelopathic effect of 

Asphodelius tenuifolius on wheat, mustard, lentil and chickpea. 
Pestology, 25: 48‒50 

Norsworthy, N.S., L. Bradenberger, N.R. Burgos and M. Riley, 2005. Weed 

suppression in Vigna unguiculata with a spring-seeded brassicaceae 
green manure. Crop Prot., 24: 441‒447 

Punjani, B.L., K.M. Patel and U.A. Patel, 2006. Allelopathic influence of 

Prosopis cineraria leaf extracts on germination and seedling growth 
of rice. Allelopathy J., 18: 339‒344 

Qasem, J.R. and C.L. Foy, 2001. Weed allelopathy; its ecological impact 

and future prospect. J. Crop Prod., 4: 43‒120 
Rahman, A., 2006. Allelopathic potential of Parthenium hysterophorus L. 

on Cassia spp. Allelopathy J., 18: 345‒354 

Randhir, R. and K. Shetty, 2005. Developmental stimulation of total 
phenolics and related antioxidant activity in light and dark 

germinated maize by natural elicitors. Process Biochem., 40: 

1721‒1732 
Rice, E.L., 1984. Allelopathy, 2nd edition, p: 353. Academic Press, New 

York, USA 

Samreen, U., F. Hussain and Z. Sher, 2009. Allelopathic potential of 
Calotropis procera. Ait. Pak. J. Plant Sci., 15: 7‒14 

Steel, R.G.D., J.H. Torrie and D. Dickey, 1997. Principles and procedures 

of Statistics: A Biometrical Approach, 3rd edition, pp: 172‒177. 
McGraw Hill Book Co. Inc. New York 

Swain, T. and W.E. Hillis, 1959. The phenolic constituents of Purmus 
domestica. The quantitative analysis of phenolic constituents. J. Sci. 

Food. Agric., 10: 63‒68 

Tefera, T., 2002. Allelopathic effects of Parthenium hysterophorus extracts 
on seed germination and seedling growth of Eragrostis tef. J. Agron. 

Crop Sci., 188: 306‒310 

Turk, M.A. and A.M. Tawaha, 2003. Allelopathic effect of black mustard 
(Brassica nigra L.) on germination and growth of wild oat (Avena 

fatua L.). Crop Prot., 22: 673‒677 

Turk, M.A., K.D. Lee and A.M. Tawaha, 2005. Inhibitory effects of 
aqueous extracts of black mustard on germination and growth of 

radish. Res. J. Agric. Biol. Sci., 1: 227‒231 

Weston, L.A. and S.O. Duke, 2003. Weed and crop allelopathy. Crit. Rev. 
Plant Sci., 22: 367‒389 

Xingxinag, G., M. Li, G. Zongjung, L. Changsong and S. Zuowen, 2009. 

Allelopathic effects of Hemisterpa lyrata on the germination and 
growth of wheat, sorghum, cucumber, rape and radish seeds .Weed. 

Biol. Manage., 9: 243‒249 

Zeng, R.S., S.M. Luo, Y.H. Shi, M.B. Shi and C.Y. Tu, 2001. Physiological 
and biochemical mechanism of allelopathy of secalonic acid of 

higher plants. Agron. J., 93: 72‒79 

 

(Received 12 December 2012; Accepted 03 February 2013) 

 


