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ABSTRACT 

Aqueous extracts of plants are used to control weeds being inexpensive and 

environment friendly. Present study was undertaken to investigate the effect of aqueous 

extracts of Sonchus oleraceus L. on the red rice (Oryza punctata Kotschy ex Steud.) 

emergence and initial seedling growth. Treatments included in the study were aqueous 

extract of leaves, stem and fruit of Sonchus oleraceus at varying concentrations 0.25, 0.50, 

1, 2, 4 and 8 % (w/v) along with distilled water as a control. The allelochemicals present in 

the aqueous extracts showed stimulatory, inhibitory and hormetic responses depending 

upon the concentration and the plant part used for extraction. Results depicted maximum 

mean emergence time (5.26 days) and minimum germination index (1.67), germination 

percentage (40%), seedling fresh weight (59 g) and dry weight (8 g) of red rice with 

application of 8% aqueous extract of S. oleraceus fruit. However, 4% aqueous extract of S. 

oleraceus fruit produced minimum root length (5.71). On the basis of this experiment, it is 

concluded that 8% aqueous extract of S. oleraceus fruit can be used for controlling red rice 

weed. 
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INTRODUCTION 

Rice (Oryza sativa L.) crop has a 

pivotal position in Pakistan’s economy 

(Memon, 2013). Increasing population of 

Pakistan has resulted in more demand of 

rice production but weeds compete with 

rice crop for basic resources and reduce 

its yield (Ziska et al., 2015). In Pakistan, 

weed intrusion in several ways badly 

lowers the production potential and yield 

of crops and responsible to cause about 

17-50% losses (Abbas et al., 2009). 

Weeds are harmful to rice crop, decrease 

grain production by 25-47% and straw 

yield by 13-38% through ways including 

interference with mineral uptake, their 

availability, changes in soil pH and hinder 

physiological processes in plants 

(Manandhar et al., 2007). 

Red rice (Oryza punctata Kotschy 

ex Steud.) is one of the major damaging, 

troublesome and dominant problem weed 

of rice crop worldwide. Chemical weed 

control is effective and time saving option 

but several weed species have developed 

resistance to herbicides and have become 

the root cause of ecological issues and 

selectivity of weeds growth (Kraehmer et 

al., 2014). Increasing herbicide resistance 

in weeds has made chemical weed control 

an unsuitable method to sustain crop 

production (Abbas et al., 2016a), 

allelopathy is quite effective to control 

resistant weeds (Abbas et al., 2016b). It 

is very important to give attention to 

adopt some alternative natural ways that 

are less expensive, ecofriendly and not 

dependent on application of synthetic 

herbicides (Abbas et al., 2016b). In this 

current scenario, allelopathically active 

plants should be tested for their herbicidal 

ability to suppress weed emergence and 

growth (Javaid and Khan, 2020; Javaid et 

al., 2020). Different allelopathic 

compounds released from plant species 

have different modes of action on weed 

growth (Xuan et al., 2005). Crops or 

weeds that release phenolic substances 

have the ability to suppress emergence 

and growth of weed specie (Fahmy et al., 

2012; Xu et al., 2013). By applying the 

aqueous extracts of several weeds or crop 

plants that release allelochemicals can 

help us in controlling weeds in crops 

(Javaid et al., 2020).  

Several studies revealed that the 

weeds or crop plants having growth 

suppressing allelopathic potential showed 

greater tendency to act as alternatives of 

synthetic herbicides (Gomaa and Abd 

Elgawad, 2012; Fernandez-Aparicio et al., 

2008). Phenolics, terpenoids, 

carbohydrates, alkaloids, jasmonates, 

flavonoids, amino acids, momilactones, 

brassinosteroids, glucosinolates, 

hormones and hydroxamic acid are the 

distinctive compounds that hinder plant 

growth and development by altering the 

biochemical and physiological processes 

(Adaramola et al., 2010; Asif, 2015). Plant 

growth, seedling emergence, germination, 

and biomass accumulation are slowed 

down by various allelochemicals by 

interference in physiological processes in 

plants (Zohaib et al., 2016). Sonchus 

oleraceus L. (milk thistle) is a weed of 

winter season in Pakistan. The 

allelochemicals present in parts of S. 

oleraceus have the ability to inhibit 

emergence and initial seedling growth of 

radish (Aljubory et al., 2010). The 

aqueous extract of S. oleraceus L. leaf 

exhibited a more inhibitory effect than 

those of other parts. Significant reduction 

was shown by 10% concentrated flower 

and fruit extracts (Aljubory et al., 2010). 

Therefore, the present study was planned 

to evaluate the allelopathic potential of 

aqueous extracts of S. oleraceus at 

varying concentrations to manage O. 

punctata. 

MATERIALS AND METHODS 

An experiment was performed 

during summer 2017 to investigate the 

effect of water extracts of root, stem, fruit 

and flower of S. oleraceus (milk thistle) on 

O. punctata (red rice) in the Weed Science 

Laboratory, Department of Agronomy, 

University of Agriculture, Faisalabad, 

Pakistan. Completely randomized design 

(CRD) was followed with factorial 

arrangements having three replications of 

each treatment. Seeds of O. punctata 

weed were collected from the weed seed 

bank of the Department of Agronomy, 

University of Agriculture Faisalabad. The 
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experiment comprised of aqueous extracts 

of leaves, stem and fruit of S. oleraceus at 

varying concentrations of 0.25, 0.50, 1, 2, 

4 and 8 % (w/v) along with a control 

(0%). 

Fully mature healthy plants of S. 

oleraceus were collected from Agronomic 

Farm of the University. The collected 

plants were washed and air dried under 

shade for two to three weeks until 

absolute drying was ensured. By using 

manual chopper, leaves, stem and fruits 

of the plants were chopped into small 

pieces and preserved at room 

temperature. Plant aqueous extracts were 

prepared in 1:10 w/v (weed part: distilled 

water) ratio. The dry chopped plant parts 

were dipped in distilled water at room 

temperature for overnight. Filter paper 

and manual sieve (3 mm) was used to 

separate the filtrate of these extracts and 

all the required concentrations were 

prepared by proper dilution. All the 

extracts were stored in bottles and then 

tagged by mentioning weed extract names 

and their concentrations on the bottles. 

These prepared weed aqueous extracts 

were preserved at room temperature in 

laboratory for further use in the 

experimental study. Ten seeds of red rice 

were placed in 9 cm diameter petri plates 

lined with double layer of Whatman filter 

paper. Initially, 7 ml of aqueous extract of 

each treatment was applied in petri plates. 

One treatment was maintained as control 

and only distilled water was applied during 

the whole study. The petri plates were 

sealed with paper tape to prevent them 

from dehydration. When the moisture 

content of filter paper was reduced, equal 

volumes of weed aqueous extracts and 

distilled water were added in petri plates 

as per treatment. Standard procedures 

were followed to record data regarding 

seed germination, time to 50% 

germination (Coolbear et al., 1984; 

Farooq, 2004), mean germination time 

(Mordi Dezfuli et al., 2008) and 

germination index (Association of Official 

Seed Analysis, 1990). The root and 

seedling biomass were recorded two 

weeks after germination. All the seedlings 

were oven dried at 60 ⁰C for 48 hours to 

record seedling dry weight by following 

the formula proposed by Abdul-baki and 

Anderson (1973). The collected data were 

analyzed by using Statistics software 

(version, 8.1Statistix, Tallahassee, FL, 

USA) and least significant difference test 

(LSD) was used to compare the means of 

treatment at 5% probability level (Steel et 

al., 1997). 

RESULTS 

Mean germination time (days) 

Mean germination time of O. 

punctata was significantly influenced by 

the allelopathic influence of S. oleraceus 

weed organs (Table-1). The maximum 

value for mean emergence time (5.26 

days) was noted with fruit aqueous 

extracts while the minimum value (2.21 

days) was examined in stem extracts. The 

interaction effect of plant organs and 

concentration of aqueous extracts was 

significant, while, the results regarding 

varying concentrations were non-

significant. The highest mean emergence 

time (5.26 days) was illustrated at 8% 

concentration by treating with fruit 

aqueous extracts while the lowest (2.21 

days) was observed at 8% concentration 

by applying the stem aqueous extracts. 

Germination index 

The leaf, stem and fruit of S. 

oleraceus import imparted a statistically 

significant impact on red rice seeds 

germination index (Table-2). Maximum 

germination index (4.01) was produced by 

leaf extract while minimum (2.97) 

germination index was recorded in fruit 

extract. Among various concentrations of 

aqueous extract, the highest value of 

germination index (4.39) was noted at 

control (0%) while the lowest (2.12) at 

8% concentration. Interaction effect of S. 

oleraceus parts and different 

concentrations produced significant 

influence on germination index of red rice. 

Maximum germination index (4.86) was 

observed at 0.25% under the influence of 

leaf aqueous extracts which was at par 

with distilled water control. While, 

minimum (1.69) germination index was 

recorded at 8% concentration with the 

application of fruit aqueous extracts. 
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Germination percentage 

Red rice germination percentage 

was affected by the water extracts of S. 

oleraceus (Table-3). The highest 

(83.81%) germination percentage was 

noted with leaf aqueous extract which was 

statistically at par with stem aqueous 

extract, while the lowest mean value 

(68.571) was recorded with fruit aqueous 

extracts. Different concentrations of S. 

oleraceus significantly affected 

germination percentage of red rice. The 

maximum germination percentage (100 

%) was recorded in the untreated check 

while, the minimum (46.67%) 

germination was recorded in 8% 

concentration. This showed that increase 

in concentration of weed aqueous extract 

was responsible for inhibition of seeds 

germination. The outcome of statistical 

analysis of interaction among the plant 

parts and concentration of extracts was 

also significant. The highest germination 

percentage (100%) was observed at 

control with leaf, stem and fruit aqueous 

extracts at par with 0.5% and 1% 

concentration with the application of leaf 

aqueous extracts. The minimum 

germination percentage (40.00 %) was 

noted at 8% concentrations with fruit 

aqueous extracts. 

Time take to 50% germination (days) 

The perusal of data given in table-4 

indicated that S. oleraceus aqueous 

extracts imparted a significant allelopathic 

effect on time to 50% germination of red 

rice seeds. Seed of red rice not treated 

with water extract (0%) took least time 

(2.86 days) to complete 50% germination 

as compared with seed received 8% 

aqueous extract concentration (3.23 

days). Parts of S. oleraceus produced non-

significant effect on time to complete 50% 

germination of red rice.  Interaction of 

plant parts and different concentrations 

produced significant impact on time taken 

by red rice to complete 50% germination. 

As compared to control, the highest 

significant mean value (2.91) was 

recorded at 8% concentration with the 

application of fruit aqueous extracts. 

Seedling root length (cm) 

Allelopathic effect posed by water 

extracts of S. oleraceus on the root length 

of red rice seedlings was found significant 

(Fig. 1). Seedling with highest length of 

root (5.93 cm) was examined under leaf 

aqueous extract of sow thistle and lowest 

root length (2.81 cm) seedlings was 

examined under fruit aqueous extract of 

weed. Among different concentrations of 

weeds extracts, the highest length of root 

(4.83 cm) was examined at concentration 

1% while lowest length of root (3.94 cm) 

was recorded at concentration 0.25%. The 

interactive effect of plant part and 

concentration was more significant on root 

length of red rice seedlings as shown in 

Fig. 1. The maximum length of root (6.86 

cm) was observed at 4% concentration by 

applying leaf aqueous extract of weed 

while the minimum length of root (2.04 

cm) was examined at 4% concentration 

with fruit aqueous extract. 

Seedling fresh weight (mg) 

Leaf, stem and fruit aqueous 

extracts of S. oleraceus produced 

significant impact on red rice seedlings 

fresh weight (Fig. 2). Among the different 

plant parts aqueous extracts, leaf extracts 

produced maximum (110.94 mg) while 

minimum (75.21 mg) fresh weight was 

estimated with fruit extracts. Different 

concentration of water extracts of S. 

oleraceus produced significant influence 

on fresh weight of red rice. Seedlings with 

highest fresh weight (114.94 mg) were 

recorded at 0.25% concentration, while 

lowest fresh weight of seedlings (74.37 g) 

at 8% concentration of aqueous extracts 

of S. oleraceus. Plant parts × 

concentration also imparted significant 

effect on fresh weight of red rice. More 

fresh weight of seedling (158.67 mg) was 

recorded at 0.25% concentration with 

stem aqueous extracts while the lowest 

(59.00 g) was observed at 8% 

concentration by applying the fruit 

extracts. 

Seedling dry weight (mg) 

Red rice seedlings dry weight was 

significantly affected by the application of 

leaf, stem and fruit of S. oleraceus Fig. 3. 

The highest dry weight (12.51 mg) was 

obtained with stem water extract while 
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the lowest (6.63 mg) was recorded when 

fruits extracts were applied. Among the 

different weed extract concentrations, the 

minimum dry weight (7.63 mg) was 

recorded at 4% concentration while the 

maximum dry weight was observed at 

0.25%. The interactive effects of plant 

part and concentrations were not found 

significant. 

DISCUSSION 

The data showed that leaf and 

stem aqueous extracts were responsible 

for the reduction in time of emergence 

with increasing concentrations of extracts, 

while the fruit extracts promoted the seed 

germination at higher concentrations. This 

might be due to the presence of strong 

phytotoxic chemicals in the leaf and stem 

water extracts that reduced the mean 

germination time of seeds.  These 

significant inhibitory results are analogous 

to Tanveer et al., (2008, 2010) who 

reported noticeable inhibitory effects of 

water extracts of different parts of 

Alternanthera species. The leaves of 

Alternanthera species contain more 

inhibitory chemicals than any other plant 

part. Higher concentrations of weed 

aqueous extracts showed inhibitory effects 

towards germination index and 

significantly inhibit the germination of red 

rice. Our findings are also in line with the 

results of Kadioglue et al. (2005) and 

Tanveer et al. (2008, 2010) who revealed 

that the decrease in germination index of 

rice seeds by the application of aqueous 

extracts of two weeds namely 

Alternanthera sessilis and Alternanthera 

philoxeroides. Maximum inhibition of 

germination index and increase in 

emergence time of rice seeds was 

recorded in the aforesaid experiments. 

The higher concentrations of all the plant 

parts showed inhibitory effects towards 

germination percentage. Dongre and 

Yadav (2005) and Tanveer et al. (2010) 

also reported similar inhibitory special 

effects posed by water extracts of 

different parts of Alternanthera species. 

The leaves of Alternanthera species 

contain more inhibitory chemicals than 

any other plant part. Our results are in 

line to the findings of Dongre and Yadav 

(2005) and Tanveer et al. (2008 and 

2010) who reported evident inhibitory 

effects posed by the water extracts of 

different parts of Alternanthera species. 

The leaves of Alternanthera species 

contain more inhibitory chemicals than 

any other plant part. This phytotoxic 

behavior of weeds was responsible for 

maximum delay in germination of seeds. 

Results showed that overall, more 

inhibitory effects wereshown by fruit 

extracts comparatively while leaf and 

stem extracts on root length. This might 

be possible due to the presence of more 

phytotoxic substances in fruit extracts as 

compared to leaf and stem. The results 

regarding the allelopathic behavior of 

aqueous extract different parts of sow 

thistle on the root length were analogous 

obtained by Aljubory et al. (2010). These 

results are however contradictory to those 

of Park et al., 2011 who reported the 

negative effects of higher concentrations 

of S. oleraceus stem extracts on root 

length. This contradiction in results can be 

attributed to the differences in the test 

crop, conditions from where samples were 

collected for preparation of extracts. 

Nadeem et al.(2020b) studied the effect of 

aqueous extracts of various parts of C. 

tinctorius on the root length of barnyard 

grass. Results revealed that minimum root 

length of barnyard grass was produced by 

produced by safflower leaves aqueous 

extract whereas, seedlings with lengthiest 

roots were noted by application of stem 

aqueous extracts of C. tinctorius. 

Our results showed that fruit 

aqueous extracts act as inhibitory agents 

that causes reduction in fresh weight. The 

reduction in seedling growth might be the 

cause of reduction in fresh weight of 

seedlings. These findings are also 

supported by the experiments of Hassan 

et al. (2014) who confirmed that S. 

oleraceus exhibited strong allelopathic 

behavior towards the crops and weeds by 

decreasing the germination and seedling 

growth of test plants through the action of 

allelochemicals and phenols. According to 

Nadeem et al.(2020a) who reported that 

all the concentrations of C. tinctorius 

enhance the time to complete 50% 

emergence of O. punctata with 8% 

concentration. 
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Present findings revealed that S. 

oleraceus fruit extracts contain more 

phytotoxic substances that reduced red 

rice seedling shoot and root length and 

subsequently causes reduction in seedling 

dry weight. In agreement with these 

results are those of Hu and Zhang (2013) 

who reported that leaf extracts of 

Chromolaena odorata posed a more 

pronounced inhibitory effects on seed 

germination and seedling growth of 

different herbaceous plants as compared 

to root extracts. 

 

 

 

CONCLUSION 

It is concluded from this research 

that leaf, stem and fruit water extracts of 

S. oleraceus possess intrinsic phytotoxic 

potential against red rice weed 

germination and seedling growth. Higher 

concentration of all plant part extracts was 

more inhibitory than their low 

concentration. The overall inhibition in the 

germination and seedling growth of red 

rice was highest by fruit water extract at 

8% concentration. The phytoregulatory 

substances in S. oleraceus aqueous 

extract could be exploited as a potential 

bio-herbicide for the eco-friendly 

management of red rice; one of the most 

troublesome weeds of the world. 

 

Table-1. Allelopathic effects of aqueous extracts of S. oleraceus weed on mean 

emergence time (MET) of red rice seeds. 

 

Plant 

parts 

Mean emergence time 

Concentration Mean 

Control 0.25% 0.5% 1% 2% 4% 8% 

Leaf 3.98def 3.91d-

g 

3.95def 3.84e-h 3.75e-i 3.68e-i 3.56f-j 4.12b 

Stem 4.06cde 3.92d-

g 

3.45hij 3.24jk 3.61f-j 2.87k 2.21l 3.81c 

Fruit 3.36ij 3.50g-j 3.45hij 4.50b 4.29bcd 4.47bc 5.26a 4.12a 

Mean 3.80NS 3.77 3.61 3.86 3.88 3.67 3.68  

LSD (5%): Concentration =0.25, Plant parts = 1.65, Concentration × plant parts = 0.438 

Mean sharing the same letter did not differ from each other at 5% probability level 

 

Table-2. Allelopathic effects of aqueous extracts of S. oleraceus weed on 

germination index of red rice seeds. 

 

Plant 

parts 

Germination index 

Concentration Mean 

Control 0.25% 0.5% 1% 2% 4% 8% 

Leaf 4.80a 3.86a-

e 

4.86a 4.27a-d 3.97a-e 3.52a-f 2.77e-

h 

4.01a 

Stem 4.47abc 3.39b-f 3.59a-f 3.11c-h 3.00d-i 2.36fgh 1.91gh 3.12b 

Fruit 3.88a-e 3.33c-

g 

2.94d-h 2.97d-h 2.42fgh 3.58a-f 1.69h 2.97b 

Mean 4.39a 3.52b 3.80ab 3.45b 3.13b 3.15b 2.12c  
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LSD (5%): Concentration = 0.823, Plant part = 0.539, Concentration × plant parts = 1.42 

Mean sharing the same letter did not differ from each other at 5% probability level 

Table-3. Allelopathic effects of aqueous extracts of S. oleraceus weed on 

germination percentage of red rice seeds. 

 

Plant 

parts 

Germination percentage 

Concentration Mean 

Control 0.25% 0.5% 1% 2% 4% 8% 

Leaf 100.00a 86.67abc 100.00a 100.00a 66.67c-f 80.00a-

d 

53.33efg 83.81a 

Stem 100.00a 93.33ab 90.00abc 80.00a-

d 

73.33b-

e 

60.00d-

g 

46.47fg 77.61a 

Fruit 100.00a 86.67abc 66.67c-f 73.33b-

e 

53.33efg 60.00d-

g 

40.00g 68.57b 

Mean 4.39a 3.52b 3.80ab 3.45b 3.13b 3.15b 2.12c  

LSD (5%): Concentration = 12.50, Plant part = 4.84, Concentration × plant parts = 20.39 

Mean sharing the same letter did not differfrom each other at 5% probability level 

Table-4. Allelopathic effects of aqueous extracts of S. oleraceus weed on time to 

50% germination of red rice seeds. 

Plant 

parts 

Time to 50% germination (T50) 

Concentration Mean 

Control 0.25% 0.5% 1% 2% 4% 8% 

Leaf 3.33a 1.41g 2.27def 2.66a-f 2.50b-f 2.87a-d 2.91a-

d 

2.67NS 

Stem 3.25ab 2.91a-

d 

1.91fg 2.42c-f 2.65a-f 2.67a-f 2.87a-

d 

2.48 

Fruit 3.11abc 1.41g 2.50a-f 2.41c-f 2.25def 2.76a-e 2.91a-

d 

2.35 

Mean 2.86ab 2.61bc 1.58d 2.39c 2.47bc 2.87ab 3.23a  

LSD (5%): Concentration = 0.45, Plant parts = 0.29, Concentration × plant parts = 0.78 

Mean sharing the same letter did not differ from each other at 5% probability level 
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Fig. 1. Effect of aqueous extracts of S. oleraceus on root length of O. punctata. 

 

 

Fig. 2. Effect of aqueous extracts of S. oleraceus on fresh weight of O. punctata. 
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Fig. 3. Effect of aqueous extracts of S. oleraceus on dry weight of O. punctata. 

 

  



10     Muhammad Ather Nadeem , Bilal Ahmad Khan et. al. assessing the allelopathic  … 

REFERENCES CITED 

Abbas, S. H., M. Saleem, M. Maqsood, M. 

Y. Mujahid and R. Saleem. 2009. 

Weed density and grain yield of wheat 

as affected by spatial arrangements 

and weeding techniques under rainfed 

conditions of Pothowar. Pak. J.  Agric. 

Sci., 46(4): 242-247. 

Abbas, T., M. A. Nadeem, A. Tanveer and 

R. Ahmad. 2016a. Evaluation of 

fenoxaprop-p-ethyl resistant littleseed 

canarygrass (Phalaris minor) in 

Pakistan. Planta Daninha, 34(4): 833-

838. 

Abbas, T., M. A. Nadeem, A. Tanveer, N. 

Farooq and A. Zohaib. 2016b. 

Mulching with allelopathic crops to 

manage herbicide resistant little seed 

canary grass. Herbologia, 16(1): 31-

39. 

Abdul‐Baki, A. A. and J. D. Anderson. 

1973. Relationship between 

Decarboxylation of Glutamic Acid and 

Vigor in Soybean Seed 1. Crop 

Sci., 13(2): 227-232. 

Acciaresi, H. and C. Asenjo. 2003. 

Allelopathic effects of Sorghum 

halepense (L.) Pers. on Triticum 

aestivum (L.) seedlings growth and 

above-ground and below-ground 

biomass. Ecol. Austral, 13(01): 049-

061. 

Adaramola, B., A. Onigbinde and O. 

Shokunbi. 2016. Physiochemical 

properties and antioxidant potential of 

Persea americana seed oil. Chem. 

Int., 2(3): 168-175. 

Anaya, A. L. 1999. Allelopathy as a tool in 

the management of biotic resources in 

agroecosystems. Crit. Rev. Plant 

Sci., 18(6): 697-739. 

Anjum, T., R. Bajwa and A. Javaid. 2005. 

Biological Control of Parthenium I: 

Effect of Imperata cylindrica on 

distribution, germination and seedling 

growth of Parthenium hysterophorus 

L. Int. J. Agric. Biol., 7(3): 448-450. 

Anonymous. 1998. Agricultural statistics 

of NWFP. Bureau of statistics. 

Planning and development, Govt. of 

NWFP, Pakistan. 

Asif, M. 2015. Anti-neuropathic and 

anticonvulsant activities of various 

substituted triazoles analogues. 

Chem. Int., 1(4): 174-183. 

Association of Official Seed Analysis 

(AOSA). 1990. Rules for testing 

seeds. J. Seed Tech., 12: 1–112. 

Coolbear, P., A. Francis and D. Grierson. 

1984. The effect of low temperature 

pre-sowing treatment on the 

germination performance and 

membrane integrity of artificially aged 

tomato seeds. J. Exp. Bot., 35(11): 

1609-1617. 

Dezfuli, P. M., F. Sharif-Zadeh and M. 

Janmohammadi. 2008. Influence of 

priming techniques on seed 

germination behavior of maize inbred 

lines (Zea mays L.). J. Agric. Biol. 

Sci., 3(3): 22-25. 

Dongre, P. N. and B. Yadav. 2005. 

Inhibitory allelopathic effects of weed 

leaf leachates on seed germination of 

pea (Pisum sativum L.). Crop 

Res., 29(3): 458-461. 

Fahmy, G. M., N. A. Al-Sawaf, H. Turki 

and H. I. Ali. 2012. Allelopathic 

potential of Pluchea dioscoridis . J. 

Appl. Sci. Res., 8: 3129-3142. 

Farooq, M. 2004. Influence of high and 

low temperature treatments on seed 

germination and seedling vigor of 

course and fine rice. Int. Rice Res. 

Notes, 29: 69-71. 

Fernández-Aparicio, M., A. A. Emeran and 

D. Rubiales. 2008. Control of 

Orobanche crenata in legumes 

intercropped with fenugreek 

(Trigonella foenum-graecum). Crop 

Prot., 27(3-5): 653-659. 

Gomaa, N. H. and H. R. AbdElgawad. 

2012. Phytotoxic effects of 

Echinochloa colona (L.) Link. 

(Poaceae) extracts on the germination 

and seedling growth of weeds. Span. 

J. Agric. Res., (2): 492-501. 

Hassan, M. O., N. H. Gomaa, G. M. 

Fahmy, L. González, O. Hammouda 



Pak. J. Weed Sci. Res., 27(1): 1-12, 2021                               11 
 

and A. M. Atteya. 2014. Influence of 

Sonchus oleraceus L. residue on soil 

properties and growth of some plants. 

Philipp. Agric. Sci., 97(4): 368-376. 

Hu, G. and Z. Zhang. 2013. Allelopathic 

effects of Chromolaena odorata on 

native and non-native invasive herbs. 

J. Food Agric. Environ., 11(1): 878-

882. 

Javaid, A. and I. H. Khan. 2020. Potential 

use of Coronopus didymus L. in 

parthenium management. Pak. J. 

Weed Sci. Res., 26(1): 37-45. 

Javaid, N., M. H. Shah, I. H. Khan, A. 

Javaid and S. M. Waleed. 2020. 

Herbicidal activity of Ageratum 

conyzoides against parthenium. Pak. 

J. Weed Sci. Res., 26(2): 137-146. 

Kadioglu, I., Y. Yanar and U. Asav. 2005. 

Allelopathic effects of weeds extracts 

against seed germination of some 

plants. J. Environ Biol., 26(2): 169-

173. 

Kiemnec, G. L. and M. L. McInnis. 2002. 

Hoary cress (Cardaria draba) root 

extract reduces germination and root 

growth of five plant species. Weed 

Technol., 16(1): 231-234. 

Kraehmer, H., B. Laber, C. Rosinger and 

A.  Schulz. 2014. Herbicides as weed 

control agents: state of the art: I. 

Weed control research and safener 

technology: the path to modern 

agriculture. Plant Physiol., 166(3): 

1119-1131. 

Manandhar, S., B. B. Shrestha and H. D. 

Lekhak. 2007. Weeds of paddy field at 

Kirtipur, Kathmandu. Sci. World, 5(5): 

100-106. 

Memon, N. A. 2013. Rice: Important cash 

crop of Pakistan. Pak. Food J., 21-23. 

Nadeem, M.A., B.A. Khan, S. Afzal, A. 

Aziz, R. Maqbool, M.M Amin, A. Aziz, 

A. Ali, M. Adnan and Durrishahwar. 

2020b. Allelopathic Effects of aqueous 

extracts of Carthamus tinctorius L. on 

emergence and seedling growth of 

Echinochloa crus-galli L. Pak. J. Weed 

Sci. Res., 26(3): 365-379. 

Nadeem, M.A., B.A. Khan, S.A fzal, M.A. 

Khan, T. Abbas, M.M. Javaid, M.M. 

Amin, N. Farooq and A. Aziz. 2020a. 

Effect of aqueous extract of 

Carthamus tinctorius L. on 

germination and initial seedling 

growth of Oryza punctata L. Pak. J. 

Weed Sci. Res., 26(3): 331-342. 

Park, K. A., K. C. Shim, J. H. Kil and S. H. 

Yeau. 2011. Allelopathic effects of 

aqueous extracts from Eupatorium 

rugosum Houtt. and Erigeron annus L. 

on radicles growth of Lactuca sativa 

and Raphanus raphanistroides. 

Alleopathy J., 27(1): 65-74. 

Petersen, J., R. Belz, F. Walker and K. 

Hurle. 2001. Weed suppression by 

release of isothiocyanates from turnip‐
rape mulch. Agron. J., 93(1): 37-43. 

Steel, R. G. D., J. H. Torrie and D. A. 

Dickey. 1997. Principles and 

Procedures of Statistics. A Biometrical 

Approach 3rd ed. McGraw Hill Book 

Co., Inc., Singapore, p. 172-177. 

Tanveer, A., A. Rehman, M. M. Javaid, R. 

N. Abbas, M. Sibtain, A. U. H. Ahmad 

and A. Aziz. 2010. Allelopathic 

potential of Euphorbia helioscopia L. 

against wheat (Triticum aestivum L.), 

chickpea (Cicer arietinum L.) and 

lentil (Lens culinaris Medic.). Turk J. 

Agric. For., 34(1): 75-81. 

Tanveer, A., M. Tahir, M. A. Nadeem, M. 

Younis, A. Aziz and M. Yaseen. 2008. 

Allelopathic effects of Xanthium 

strumarium L. on seed germination 

and seedling growth of 

crops. Allelopathy J., 21(2): 317-327. 

Xu, Q., H. Xie, H. Xiao and X. Wei. 2013. 

Phenolic constituents from the roots 

of Mikania micrantha and their 

allelopathic effects. J. Agric Food 

Chem., 61(30): 7309-7314. 

Xuan, T. D., T. Shinkichi, T. D. Khanh and 

I. M. Chung. 2005. Biological control 

of weeds and plant pathogens in 

paddy rice by exploiting plant 

allelopathy: an overview. Crop 

Prot., 24(3): 197-206. 



12     Muhammad Ather Nadeem , Bilal Ahmad Khan et. al. assessing the allelopathic  … 

Ziska, L. H., D. R. Gealy, N. Burgos, A. L. 

Caicedo, J. Gressel, A. L. Lawton-

Rauh and F. Vidotto. 2015. Weedy 

(red) rice: an emerging constraint to 

global rice production. Adv. Agron., 

129: 181-228. 

Zohaib, A., T. Abbas and T. Tabassum. 

2016. Weeds cause losses in field 

crops through allelopathy. Not. Sci. 

Biol., 8(1): 47-56. 

 


