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Abstract. ‘Yield maximization’ is the last word of modern agriculture for food security of ever-

increasing population of the world. Maximizing world’s agricultural efficiency depends largely on 

controlling pests and diseases. Although, demand for insecticides and fungicides by successful breeding 

for resistant cultivars has reduced, use of herbicides is still increasing globally. Application of heavy 

doses of herbicides is directly/indirectly causing negative impact on quality of produce, human health and 

environment. Allelopathic weeds and their allelochemicals have wide application prospects in increasing 

crop production, plant protection and biological control. This study was aimed at evaluating allelopathic 

activity of methanol extracts of Rhazya stricta (Harmal), Pinus roxburghii (Chir-Pine), Carica papaya 

(Papaw) and Lantana camara (Wild-sage) against selected weeds viz. Phalaris minor (Canary grass), 

Avena fatua (Wild oat), Chenopodium album (Goosefoot), Euphorbia helioscopia (Sun-spurge) and 

Rumex dentatus (Knotweed) on filter paper, soil and agar at 100%, 75%, 50% and 0% concentration. 

Germination percentage (%), radicle length (cm) and plumule length (cm) were parameters to assess 

allelopathic potential. The STATISTIX 9 software was used to analyse data. Based on results, it was 

concluded that methanolic extract of R. stricta, P. roxburghii, C. papaya and L. camara possess potential 

inhibitory effects amongst which L. camara showed most prominent inhibitory effects towards selected 

weeds. The germination and growth inhibition effects were found in order L. camara>P. roxburghii>C. 

papaya>R. stricta. Detailed field study is recommended to establish allelopathic potential of these species 

to be utilized as phytoherbicide. 

Keywords: third generation herbicides, ecofriendly weed management, bioassay screening, polar 

phytochemicals, seedling growth inhibition 
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Introduction 

Agriculture is the backbone of Pakistan’s economy. This sector gave 20.9% of the 

Gross Domestic Product (GDP) for the fiscal year 2014-15. Moreover, agriculture is a 

source of income for 43.5% of the village population of the country. Food security 

depends upon a sustainable agricultural production and higher levels of yield. It may 

also enable the agricultural sector less vulnerable to the threat of climate change (Shah 

et al., 2016). 

Wheat (Triticum aestivum L.), is one of the most important cereal crops of the world. 

Its role is quite important in the provision of human nutrition. It has been shown that 

wheat farmers are offering very little time and attention to the weed management 

practices, consequently, 15 to 25% wheat grain losses occur. Weeds are causing annual 

damage of about 10% in agricultural yields globally (Cavero et al., 2011). In Pakistan, 

weeds cause 45% loss in wheat production (Anwar et al., 2016). 

In Pakistan, however, annual economic loss, due to weeds in agricultural production 

is estimated around 18.2 billion dollars. Including, 3-6 billion dollars spent on weeds 

control methods. There are around 30 different weed species generally found in the 

wheat crop, becoming the sources of losses. As the smaller farmers lack related tact and 

necessary resources, it becomes quite impossible to remove these weeds from the 

cultivated field. Weed harms most of the crops and grain. Moreover, it remains as a 

perennial problem in Pakistan’s agriculture sector (Mubarik et al., 2015). Weeds are 

growing with cultivated crops and compete with crop for light, moisture, other vital 

elements of nutrition and space. The referred result cause low quality and less 

production of crops with raised costs of production. According to an estimate, grain 

produce in Pakistan can be enhanced by up to 41% if weeds are managed properly. The 

controlling of weeds through traditional methods is time consuming, weather hinged 

and exhibit more labour cost. While modern weed control techniques have not been up 

to the mark in solving this problem (Arafat et al., 2015). 

Synthetic chemicals are in wider use for controlling weeds. These chemicals may 

enhance crop production, but concurrently these may have a negative effect on the 

environment as well as upon human health. In addition to these, the heading up of 

synthetic herbicides resistant weeds is another major area of concern. Excessive use of 

herbicides for controlling weeds during the last few years is becoming one of the 

noteworthy ecological and environmental threats for the world. Herbicide remnants in 

crops, soil and underground water, which cause an evolution of various resistant weed 

biotypes and linked health threats, are some of the huge dangers that scientists are 

facing these days in devising various weed management techniques. Due to the negative 

effect of using synthetic chemicals, one may highly be in demand the new classes of 

chemicals, especially, biodegradable products such as those originating from plants, 

which have the potential of being developed as herbicides (Aryakia et al., 2015). This 

guides us forward for searching new weed management strategies, which may be cost 

effective, easy and eco-friendly. 

Allelopathy is a natural and eco-friendly technique. This strategy might be one of the 

very efficient tools for weed management and thereby increasing crop production 

(Kamran et al., 2017). An Austrian Professor Hans Molisch first used the term 

allelopathy in 1937. He got it from two Greek roots: allelon (of each other) and pathos 

(to suffer). It can be translated as the harmful effect of one organism upon any other. In 

the beginning, allelopathy referred to both killing and favorable interactions between 
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any species. However, lately allelopathy is being used for only harmful plant 

interactions, rather for the both. 

In 1996, the International Allelopathy Society defined allelopathy in the following 

words “The science that studies any process involving secondary metabolites produced 

by plants, micro-organisms, viruses, and fungi that influence growth and development 

of agricultural and biological systems” (Kong et al., 2006). Natural herbicides obtained 

from allelopathic plants can help in reducing usage of synthetic herbicides for weed 

control that will cause less pollution as well as alleviate human health concerns. The 

most commonly available allelochemicals are cinnamic and benzoic acids, alkaloids, 

flavonoids, phenolics, glucosionates and various terpenes (Khan et al., 2014). 

Keeping all this in view, the present study was performed for evaluating Rhazya 

stricta (Harmal), Lantana camara (Wild-sage), Carica papaya (Papaw) and Pinus 

roxburghii (Chir-Pine), for their allelopathic activity against major weeds viz. Phalaris 

minor (Canary grass), Avena fatua (Wild oat), Chenopodium album (Goosefoot), 

Euphorbia helioscopia (Sun-spurge) and Rumex dentatus (Knotweed) of wheat 

(Triticum aestivum). 

Materials and methods 

Allelopathic potential of leaves of selected plants viz., R. stricta, P. roxburgii, C. 

papaya and L. camara was evaluated. Fresh leaves (~50 g) for each species were 

collected (73°02’ E longitude and 33°36’ N latitude) during March-April 2018 (Fig. 1). 

Collected plant material was washed under running tap water and dried at 30 °C in 

laboratory that was crushed using heavy duty blender to make fine powder (mesh size 

2 mm) and preserved in air tight plastic zip lock bags (Ramsumair et al., 2014; Anwar et 

al., 2016). Seeds of test weeds viz. Phalaris minor, Avena fatua, Chenopodium album, 

Euphorbia helioscopia and Rumex dentatus were procured from the Barani Agricultural 

Research Institute (BARI), Pakistan. Seeds were surface sterilized by 2% solution of 

Sodium hypochlorite (NaOCl) (Biljana and Kragujevac, 2015). 

 

 

Figure 1. Illustrations of plants studied for their phytotoxic activity (a) Rhazya stricta, (b) Pinus 

roxburghii, (c) Carica papaya (d): Lantana camara (Pakistan eflora; 

http://www.efloras.org/flora) 

 

 

Dried leaf powder of each plant species (40 g) was soaked in 400 ml methanol and 

agitated for 24 h (25 °C) at 160 rpm on orbital shaker. The filtrate was obtained through 

b a c d 
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Whatman filter paper No. 1. The final volume of filtrate was adjusted to 400 ml that 

gave 10% methanol extract as stock solution. Three concentrations i.e. T1 (100%), T2 

(75%), T3 (50%) while T4 (0%) were further prepared. 

Bioassays were carried out using soil and filter paper as medium. An aliquot (15 ml) 

of extract for each of three concentrations was added on 25 g soil per petri dish while 

5 ml extract on filter paper per petri dish. Ten seeds of weed test species were used per 

petri dish. Each treatment was replicated three times. The petri dishes were wrapped 

with aluminium foil and incubated in growth chamber (NTS Model MI-25S set at 

28 °C) for 15 days. 

The germination percentage (%), lengths of radicle and plumule (cm) were 

calculated by comparing with control (Maharjan et al., 2007; Anwar et al., 2017). The 

statistical analysis was carried out using STATISTIX 9 and means were separated by 

Fisher‘s protected LSD test (Nekonam et al., 2014). 

Results and discussion 

Allelopathic potential of R. stricta 

The results obtained in indicated that R. stricta methanolic extract significantly 

inhibited germination of C. album (42%) followed by P. minor (41%) and R. dentatus 

(37%) on filter paper, whereas, no significant effect on germination of A. fatua and E. 

helioscopia showing resistance against extract. Similarly, R. stricta methanolic extract 

on soil significantly suppressed seed germination of C. album (47%) followed by P. 

minor (43%) and R. dentatus (42%). Maximum (95%) germination was observed for A. 

fatua and E. helioscopia. It was recognized that minimum germination was noted for C. 

album i.e. 68% and 53% on filter paper and soil, respectively. The results revealed that 

germination reduction for C. album, P. minor and R. dentatus was concentration 

dependent (Fig. 2a). 

The statistical data revealed that R. stricta methanolic extract significantly inhibited 

radical length of R. dentatus (45%) and A. fatua (44%) on filter paper, whereas, no 

significant effect was noted for P. minor, E. helioscopia and C. album showing 

resistance against extract. Similarly, the applications of extract into soil significantly 

suppressed radical length of R. dentatus (51%) and A. fatua (50%) as compared to 

control. The maximum (96%) radical length was observed for P. minor, E. helioscopia 

and C. album. The final data concluded that minimum radical length was noted for R. 

dentatus i.e. 55% and 49% on filter paper and soil, respectively (Fig. 2b). 

Analysis of the data revealed that R. stricta methanolic extract significantly 

suppressed the plumule length of A. fatua (33%) and R. dentatus (28%) as compared 

control on filter paper. Interestingly, there was no significant effect on plumule 

elongation of P. minor, E. helioscopia and C. album. Likewise, R. stricta methanolic 

extract significantly inhibited plumule length of A. fatua (55%) and R. dentatus (34%) 

in soil. The statistical figures also proposed that maximum plumule length (96%) was 

noted for P. minor, E. helioscopia and C. album (Fig. 2c). 

The plumule, radicle length and germination of cowpea and rice were significantly 

reduced with increasing concentration of R. stricta leaf extract (Jadhar and Gayanar, 

1992). Moreover, inhibitory potential of different plants had pointedly checked seedling 

growth and seed germination of different crops and weed (Lisanework and Michelson, 

1993; Khan et al., 2004) and their results exposed that extract of R. stricta inhibited 

plumule length of weed species. Similar results were also explained by Tefera, 2002 and 
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Siddiqui et al., 2009. They noticed a suppressive effect on plumule length and seed 

germination. These findings were in accordance to Kaul and Bansal (2002) who stated 

that R. stricta leaf extract reduced growth of weeds species. Likewise, Maciel et al. 

(2003) also observed the same findings. The differences in germination response of 

tested species were expected and agree with those of Patil (1994) who reported 

variations in germination response of various field crops in the presence of R. stricta 

leaf extract. Some current revisions demonstrate the allelopathic potential of 

Parthenium hysterophorus (Tawaha and Turk, 2003), Brassica nigra (Singh et al., 

2003) and Raphanus raphanistrum (Batish et al., 2002). All these revisions designate 

the production of allelochemicals during the preparation of extract. Likewise, results 

had been noted by Norsworthy (2003) while studying the inhibitory potential of 

different plants. They noticed that the leaf extracts had been more allelopathic in nature. 

The current results agree with the earlier findings described by Bora et al. (1999) who 

noticed the suppressive potential of R. stricta extract. 

 

 

 

 

Figure 2. Allelopathic potential of R. stricta methanol extract on (a) germination (%), (b) 

radicle length (cm) and (c) plumule length (cm) against weed test species on filter paper (FP) 

and soil (S) where; T1 (100%), T2 (75%), T3 (50%) and T4 (control)  
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Allelopathic potential of L. camara 

The statistical data exposed that L. camara methanolic extract significantly inhibited 

germination of R. dentatus (68%), A. fatua (66%), E. helioscopia (63%) and P. minor 

(62%) on filter paper, whereas, no significant effect on germination of C. album 

showing resistance against extract. Similarly, L. camara methanolic extract on soil 

significantly suppressed seed germination of A. fatua (76%), E. helioscopia (73%), R. 

dentatus (70%) and P. minor (69%). It was noted that maximum (95%) germination was 

observed for C. album. In the present study, it was recognized that minimum 

germination percentage was noted for R. dentatus (32%) followed by A. fatua (24%) on 

filter paper and soil, respectively. The results revealed that germination reduction of the 

R. dentatus, A. fatua, E. helioscopia and P. minor were concentration dependent 

(Fig. 3a). 

 

 

 

 

Figure 3. Allelopathic potential of L. camara methanol extract on (a) germination (%), (b) 

radicle length (cm) and (c) plumule length (cm) against weed test species on filter paper (FP) 

and soil (S) where; T1 (100%), T2 (75%), T3 (50%) and T4 (control)  
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The results obtained in the study indicated that L. camara methanolic extract 

significantly inhibited radical length of C. album (40%), P. minor (37%) and A. fatua 

(34%) on filter paper, whereas, no significant effect was noted for R. dentatus and E. 

helioscopia showing resistance against extract. Similarly, the applications of extract into 

soil significantly suppressed radical length of A. fatua (68%), P. minor (66%) and E. 

helioscopia (63%) as compared to control. The maximum (96%) radical length was 

observed for R. dentatus and E. helioscopia. The final data concluded that minimum 

radical length was noted for C. album (60%) and A. fatua (32%) on filter paper and soil, 

respectively (Fig. 3b). 

The data obtained exhibited that L. camara methanolic extract significantly 

suppressed the plumule length of R. dentatus (63%), A. fatua (62%), C. album (60%) 

and E. helioscopia (61%) as compared control on filter paper. Interestingly, there was 

no significant effect on plumule elongation of P. minor. Likewise, L. camara 

methanolic extract significantly inhibited plumule length of E. helioscopia (67%), R. 

dentatus (66%), A. fatua (65%) and C. album (64%) in soil. The statistical data 

concluded that minimum plumule length was noted for R. dentatus (37%) and E. 

helioscopia (33%) on filter paper and soil, respectively. The statistical figures also 

proposed that maximum plumule length (96%) was noted for P. minor (Fig. 3c). 

The results revealed that maximum germination was observed for C. album. The 

results further revealed that minimum germination was noted for R. dentatus and A. 

fatua showed being most susceptible to L. camara methanolic extract on filter paper and 

soil respectively. The data suggested that the maximum radical length was observed for 

R. dentatus and E. helioscopia showed most tolerance to allelopathic L. camara 

methanolic extract. The results indicated that minimum radical length was noticed for A. 

fatua. The study indicated that maximum plumule length was measured for P. minor. 

However, the lowermost plumule length was noticed for R. dentatus and E. helioscopia 

on filter paper and soil respectively. Mishra (2015) stated similar results that growth 

inhibitory effect of plants was concentration dependent. These results stated that L. 

camara has allelopathic effect on Lepidium sativum germination and growth. Ahmed et 

al. (2007) described the inhibitory potential of L. camara in different crops. Mishra 

(2012) stated that L. camara extract checked Parthenium hysterophorus seed 

germination demonstrating that the presence of inhibitory phytochemicals. Oudhia 

(2000) noticed germination of Melilotus alba was significant inhibited by extract of L. 

camara. 

 

Allelopathic potential of C. papaya 

The data illustrated that C. papaya methanolic extract significantly inhibited 

germination of P. minor (41%), E. helioscopia (37%) and A. fatua (36%) on filter paper, 

whereas, no significant effect on germination of R. dentatus and C. album showing 

resistance against extract. Similarly, C. papaya methanolic extract on soil significantly 

suppressed seed germination of E. helioscopia (50%), P. minor (45%) and A. fatua 

(41%). It was noted that maximum (95%) germination percentage was observed for R. 

dentatus and C. album. In the present study, it was recognized that minimum 

germination was noted for P. minor (59%) and E. helioscopia (50%) on filter paper and 

soil, respectively. The results revealed that germination reduction of the P. minor, E. 

helioscopia and A. fatua were concentration dependent (Fig. 4a). 

The data revealed that C. papaya methanolic extract significantly inhibited radical 

length of P. minor (47%), R. dentatus (45%) and A. fatua (42%) on filter paper, 
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whereas, no significant effect was noted for C. album and E. helioscopia showing 

resistance against extract. Similarly, the applications of extract into soil significantly 

suppressed radical length of R. dentatus (50%), P. minor (49%) and A. fatua (46%) as 

compared to control. The maximum (96%) radical length was observed for C. album 

and E. Helioscopia (Fig. 4b). 

 

 

 

 

Figure 4. Allelopathic potential of C. papaya methanol extract on (a) germination (%), (b) 

radicle length (cm) and (c) plumule length (cm) against weed test species on filter paper (FP) 

and soil (S) where; T1 (100%), T2 (75%), T3 (50%) and T4 (control)  

 

 

The data obtained exhibited that C. papaya methanolic extract significantly 

suppressed the plumule length of P. minor (41%) and C. album (36%) as compared 

control on filter paper. Interestingly, there was no significant effect on plumule 

elongation of A. fatua, R. dentatus and E. helioscopia. Likewise, C. papaya methanolic 



Anwar et al.: Comparative allelopathic potential of selected plants 

- 7183 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(3): 7175-7187 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1703_71757187 

 2019, ALÖKI Kft., Budapest, Hungary 

extract significantly inhibited plumule length of C. album (49%) and P. minor (48%) in 

soil. The statistical data concluded that minimum plumule length was noted for P. minor 

(59%) and C. album (51%) on filter paper and soil, respectively. The statistical figures 

also proposed that maximum plumule length (96%) was noted for A. fatua, R. dentatus 

and E. helioscopia (Fig. 4c). 

The data also suggested that the maximum germination was observed for R. dentatus 

and C. album. The statistical results recommended that minimum germination 

percentage was noted for P. minor and E. helioscopia on filter paper and soil 

respectively. The highest radical length inhibition was measured for C. album and E. 

helioscopia. The statistical data concluded that maximum plumule length was measured 

for A. fatua, R. dentatus and E. helioscopia. The statistical results of the data showed 

that lowermost plumule length was noticed for C. album and P. minor on soil and filter 

paper respectively. Likewise, observations were also reported by Turk and Tawaha 

(2003) showing negative germination effects by C. papaya extract of on Avena fatua. 

According to observations of Bajwa et al. (2013) different types of plant extracts were 

observed to be completely inhibitory on germination of A. fatua. Likewise, finding was 

also reported by Oudhi (2001) and Maharjan et al. (2007). 

 

Allelopathic potential of P. roxburghii 

P. roxburghii methanolic extract on filter paper showed significant inhibitory activity 

on seed germination of C. album (49%) and A. fatua (46%), respectively as compared to 

control. Likewise, P. roxburghii methanolic extract on soil exhibited the highest degree 

of inhibition germination for C. album (52%) and A. fatua (49%) respectively as 

compared to control. The statistical data also suggested that the there was no significant 

effect on germination percentage of P. minor, R. dentatus and E. helioscopia. The 

maximum (98%) germination was observed for P. minor, R. dentatus and E. 

helioscopia. The statistics recommended that allelopathic inhibitory effect was 

concentration dependent for C. album and A. fatua (Fig. 5a). 

The data revealed that the highest radical length inhibition activity exhibited by R. 

dentatus (47%) followed by C. album (43%) in P. roxburghii methanolic extract on 

filter paper. Likewise, methanolic extract on soil caused significant radical length 

reduction of R. dentatus and C. album measuring 50% and 48%, respectively as 

compared to control, while P. minor, E. helioscopia and A. fatua remained unaffected. 

The maximum radical length was noted for P. minor, E. helioscopia and A. fatua (98%). 

The results also illustrated that minimum radical length was noted for R. dentatus i.e. 

53% and 50% on filter paper and soil, respectively. The results revealed that 

allelopathic inhibitory effect was concentration dependent for R. dentatus and C. album 

(Fig. 5b). 

P. roxburghii methanolic extract on filter paper significantly inhibited plumule 

length of R. dentatus (46%) and A. fatua (42%). Likewise, the highest degree of 

inhibition in plumule length was measured for R. dentatus (49%) and A. fatua (45%) in 

methanolic extract applied into soil. The data further suggested that there was no 

significant effect on germination of P. minor, E. helioscopia and C. album. The 

statistical results recommended that highest plumule length (98%) was exhibited by P. 

minor, E. helioscopia and C. album. The results further indicated that minimum 

plumule length noticed for R. dentatus i.e. 54% and 51% on filter paper and soil, 

respectively. The statistics also recommended that allelopathic inhibitory effect was 

concentration dependent for R. dentatus and A. fatua (Fig. 5c). 
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Figure 5. Allelopathic potential of P. roxburghii methanol extract on (a) germination (%), (b) 

radicle length (cm) and (c) plumule length (cm) against weed test species on filter paper (FP) 

and soil (S) where; T1 (100%), T2 (75%), T3 (50%) and T4 (control)  

 

 

It was revealed that maximum germination was observed for P. minor, R. dentatus 

and E. helioscopia. The results recommended that the maximum radical length was 

noted for P. minor, E. helioscopia and A. fatua. The results illustrated that minimum 

radical length was noted for R. dentatus. It was observed that P. minor, E. helioscopia 

and C. album exhibited highest activity for plumule length. The results further indicated 

that minimum plumule length noticed for R. dentatus. The black pine was shown to 

inhibit the growth of Phalaris canariensis, Trifolium campestre and Sinapis arvensis 

seeds (Amri et al., 2013). Different pinene isomers exhibited allelopathic potential 

against Zea mays seed germination (Areco et al., 2014). The leaf methanolic extract 

from P. nigra suppressed the seed germination of perennial ryegrass and tall fescue 

(Robert, 1986; Terzi et al., 2013). Valera-Burgos et al. (2012) noticed inhibitory 
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potential of Pinus pinea needles extract on seedling growth and seed germination of 

three Mediterranean shrub species. 

Some recent studies indicating the phytotoxic/allelopathic effect of weeds include 

Raphanus raphanistrum (Ali, 2016), Brassica napus (Rodriguez et al., 2016), Ageratum 

conyzoides (Kumar et al., 2018) and Parthenium hysterophorus (Saranya et al., 2019). 

All these studies indicate the release of phototoxic chemicals. Based on this, studies 

were further extended to explore the impact of selected species, as they possessed 

greater phytotoxicity on the emergence and growth of weed plants in wheat crop. 

Conclusions 

Experiments showed that methanolic extracts of selected plants at higher 

concentrations reduce the seed germination, radicle and plumule length of weeds 

associated with the wheat crop. Results provided evidence about herbicidal potential of 

tested plant species viz. L. camara, P. roxburghhii, C. Papaya and R. stricta against 

weeds of wheat crop (Avena fatua, Phalaris minor, Chenopodium album and Rumex 

dentatus). Further work is recommended to appraise the potential inhibitory effects of 

allelochemicals from these plants. 
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