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ABSTRACT 
The study was conducted to investigate the allelopathic effects of 

leaf powder of Rumex dentatus L., Euphorbia helioscopia L., Parthenium 
hysterophorus L. and Carica papaya L. on seed germination and seedling 
growth of Avena fatua L., R. dentatus, Helianthus annuus L., Triticum 
aestivum L. and Zea mays L. using a laboratory bioassay. Seed 

germination, radical and plumule length of T. aestivum were significantly 
suppressed by R. dentatus and P. hysterophorus leaf powder whereas 

these parameters were not suppressed by E. helioscopia and C. papaya 
leaf powder when compared to their control treatments. Euphorbia 
helioscopia and P. hysterophorus leaf powder application decreased the 
seed germination and subsequent seedling growth of A. fatua and R. 
dentatus. There was no effect on growth of Z. mays and H. annuus when 
the leaf powder of E. helioscopia was applied on their seedlings. Rumex 
dentatus exhibited auto-toxicity. 
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INTRODUCTION 

 In Pakistan the average annual growth rate of agriculture had 

decreased during 2004 to 2008 due to low production of major crops 

(Jabeen and Ahmad, 2009). The main reasons for this decline in the 

production of the major crops are the expensive inputs, shortage of 

irrigation water, low quality crop seed, use of conventional farming 

methods, non-availability of fertilizers and improper weed control 

(Nasir and Sultan, 2004). Weeds shares nutrients, moisture and 

sunlight with the crop plants and hence reducing the growth of the 

crop plants. Therefore, suppression of weeds is important to minimize 

production losses to the major crops (Norris, 1982). The is estimated 

losses to the major crops by weeds are ca. 20 to 30% in Pakistan 

(Anonymous, 2005). Herbicides generally affect environment by 

creating pollution, due to incessant use of herbicides and the remnant 

toxic elements of these chemicals remain in soil for a long time (Chung 

et al., 2003). Increasing concern against pesticides and herbicides has 
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compelled the scientists to explore environment friendly methods for 

controlling weeds, diseases and pests (Hussain et al., 2007). 

Allelopathy, an eco-friendly technique, has proved useful in weed 

control and raised crop productivity (Ridenour and Callaway 2001). 

Molish was the first scientist who introduced the science of allelopathy 

by conducting study about the effect of one plant on another by 

releasing chemicals into the environment (Molish, 1937). 

Allelochemicals are a sub-group of secondary metabolites not needed 

for metabolism such as growth, development and reproduction of the 

allelopathic plant. Growth-inhibiting allelochemicals are an important 

part of crop defense against weeds. Plant-based chemicals or 

allelochemicals have proved more eco-friendly (Sharma et al., 2000). 

Trees like Prosopis juliflora, Eucalyptus camaldulensis and Acacia 

nilotica have also been observed in reducing seed germination of 

Ipomoea sp., Asphodelus tenuifolius, Brassica campestris and Triticum 

aestivum and can prove very useful for pesticide industry (Khan et al., 

2005). 

The focus of present research was to investigate the effect of 

selected plants leaf powder on seed and seedling of A. fatua, R. 

dentatus and associated crops like H. annuus (KSE-7777), T. aestivum 

(Wafaq-2001), Z. mays (Islamabad Gold-2010) on filter paper, agar 

and soil in laboratory conditions. This work encompasses the possible 

use of allelochemicals to regulate growth and control weeds for 

sustainable agriculture. E. helioscopia (Euphorbiaceae) contains a 

series of diterpenes, the jatrophanes euphoscopin, euphoscopin, 

euphornin and the lathyrane euphohelioscopin (Barile et al., 2008). P. 

hysterophorus (Asteraceae) has secondary metabolites like alkaloids, 

parthenin, coronopilin, kaempferol, p-coumaric acid, caffeic acid (Patil 

and Hegde, 1988). The sesquiterpene lactones, coronopilin and 

parthenin have phytotoxicity for other plants including aquatic species 

(Batish et al., 2002a). R. dentatus (Polygonaceae) contains significant 

phytochemicals including emodin, aloe-emodin, chrysophanol, 

physocin, chrysophanol, parietin,  nepodine and anthraquinones 

(Choi et al., 2004; Liu et al., 1997).  

 

MATERIALS AND METHODS 

 Fresh leaves of R. dentatus, E. helioscopia, P. hysterophorus 

and C. papaya were collected, dried for 4 weeks in shade at room 

temperature. All samples were separately ground to fine powder (20 

mm mesh size) and stored in glass reagent bottles till further use 

(Jafariehyazdi and Javidfar, 2011). Avena fatua, R. dentatus, H. 

annuus, Z. mays and T. aestivum were used as test species. Seeds of 

the test species were sterilized with sodium hypochlorite for one 
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minute and then rinsed thoroughly with distilled water several times 

using the protocols of Jabeen et al. (2011).  

 Seed and seedlings were used separately. Ten sterilized test 

species seeds/seedlings placed in sterilized petri dishes having filter 

paper or soil (Rejila and Vijayakumar, 2011). 0.25g of plants powder 

was added on filter paper along with 5ml distilled water per petri dish  

while 0.25g of plants powder was also added to 25g soil along with 

15ml distilled water per petri dish Each treatment was replicated five 

times in completely randomized design (Zahedi and Ansari, 2011). The 

dishes were incubated in the growth chamber (Salam et al., 2011). 

After 15 days, the data was recorded on seed germination, radical and 

plumule length. 

 Statistical analysis performed by using the STATISTIX 9 

computer software and the means were separated by using Fisher‘s 

protected LSD test (Steel and Torrie, 1997). 

 

RESULTS AND DISCUSSION

Seed germination (%) 

Wheat seed germination was significantly reduced by the leaf 

powder of R. dentatus, and P. hysterophorus. Leaf powder of all of the 

R. dentatus, E. helioscopia, P. hysterophorus and C. papaya L. 

inhibited the seed germination of A. fatua and R. dentatus. Seed 

germination of Z. mays was not decreased when treated with E. 

helioscopia leaf powder. Rumex dentatus however exhibited auto-

toxicity (Fig. 1). Wheat germination was significantly suppressed by R. 

dentatus followed by P. hysterophorus correlating with the work of 

Umer et al., 2010 and Hussain et al., (1997) where wheat germination 

was reduced by R. dentatus and P. hysterophorus. The above study 

was also supported by work of Maharjan et al., (2007), Dhole et al., 

(2011) and Tanveer et al., (2007) that parthenin is highly toxic to 

wheat as compared to maize, E. helioscopia treatments showed no 

effect on wheat germination. In this study, P. hysterophorus decreased 

the germination of A. fatua and R. dentatus. Batish et al., (2002b) and 

Marwat et al., (2008) have also shown that P. hysterophorus 

decreased germination of A. fatua. 

Seed emergence (%) in soil 

Emergence of Z. mays and H. annuus was not suppressed by E. 

helioscopia and P. hysterophorus leaf powders, respectively. P. 

hysterophorus and C. papaya decreased the emergence of A. fatua 

and R. dentatus. Wheat germination was significantly suppressed by R. 

dentatus and P. hysterophorus while remained unaffected in E. 

helioscopia and C. papaya leaf powders (Fig. 2). 
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Radical length (cm) on filter paper (direct seeding) 

Radical growth of T. aestivum was significantly suppressed by R. 

dentatus and P. hysterophorus while remained unaffected in E. 

helioscopia and C. papaya leaf powders as compared to control (Table-

1). In direct seeding, radical length of wheat was suppressed by R. 

dentatus and P. hysterophorus. Mishra et al., (2011) studied that P. 

hysterophorus suppressed wheat radical length. Rumex dentatus was 

significantly suppressed by P. hysterophorus. Euphorbia helioscopia 

decreased the radical length of A. fatua and R. dentatus. Radical 

length of T. aestivum was significantly suppressed by R. dentatus and 

P. hysterophorus while remained unaffected by E. helioscopia and C. 

papaya treatments (Fig. 3. a. b). Tanveer et al., (2007), Oudhi (2001) 

and Maharjan et al., (2007) studied that E. helioscopia was non-toxic 

for wheat (Fig. 3. c, d). The work of Batish et al., (2002) and Hussain 

et al., (1997) supported that wheat seedling growth was reduced by P. 

hysterophorus (Fig. 4).  

 

Table-1. Radical length (cm) as suppressed by the leaf powder 

when germinated in filter papers in direct seeding. 

Treatments 
Test species 

T. aestivum A. fatua Z. mays H. annuus R. dentatus 

R. dentatus 8.05b 5.04c 5.03c 1.49d 4.22c 

E. helioscopia 12.9a 2.03d 7.26b 6.48b 3.06c 

C. papaya 13.1a 1.01e 3.23d 4.25c 5.49b 

P. hysterophorus 4.26c 7.02b 2.14e 2.02d 0.49d 

Control 14.3a 9.34a 9.01a 8.49a 7.07a 
1LSD 3.2679 0.5692 0.6136 1.4388 1.203 

F-value 22.22* 485.76* 279.70* 56.00* 56.71* 

1Means followed by different letters within one column differ significantly at α = 0.05 
* = Significant at α = 0.01 

 

Radical length (cm) in soil (direct seeding) 

R. dentatus and P. hysterophorus leaf powders suppressed 

radical length of all test species as compared to control. R. dentatus 

exhibits auto-toxicity and significantly suppressed by P. hysterophorus 

leaf powder. E. helioscopia decreased the radical length of A. fatua and 

R. dentatus. Radical length of T. aestivum was significantly suppressed 

by R. dentatus and P. hysterophorus while remained unaffected in E. 

helioscopia and C. papaya leaf powders as compared to control (Table-

2). 

Radical length (cm) on filter paper (seedlings) 

P. hysterophorus significantly suppressed all the test species. 

There was no effect of C. papaya and E. helioscopia on wheat while 
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these inhibited A. fatua. Radical length of both Z. mays and H. annuus 

was unaffected by E. helioscopia leaf powder (Table-3). 

 

Table-2. Radical length (cm) in leaf powder in soil in direct 

seeding. 

Treatments 
Test species 

T. aestivum A. fatua Z. mays H. annuus R. dentatus 

R. dentatus 6.36b 6.02b 7.28c 3.10d 5.01c 

E. helioscopia 9.45a 3.22c 9.28b 7.31b 3.19d 

C. papaya 10.3a 2.47c 4.31d 6.06c 6.45b 

P. hysterophorus 3.47c 5.32b 3.45d 2.48d 1.45e 

Control 9.49a 8.05a 11.1a 9.30a 8.46a 
1LSD 1.540 0.999 1.1125 1.0662 1.320 

F-value 45.47* 66.33* 111.84* 95.32* 56.72* 
1Means followed by different letters within one column differ significantly at α = 0.05 
* = Significant at α = 0.01 

 

Table-3. Radical length (cm) in leaf powder of seedlings on 

filter paper. 

Treatments 
Test species 

T. aestivum A. fatua Z. mays H. annuus R. dentatus 

R. dentatus 9.13b 9.48b 5.12b 6.25b 4.05b 

E. helioscopia 12.1a 5.17d 7.41a 9.03a 2.44a 

C. papaya 1.9a 2.07e 3.30c 2.08c 2.10cd 

P. hysterophorus 6.18c 7.12c 2.23c 3.45c 1.38d 

Control 13.4a 12.3a 8.07a 9.45a 6.07a 
1LSD 2.4770 0.9870 1.4150 1.1352 0.9713 

F-value 18.01* 209.06* 41.84* 110.25* 49.22* 
1Means followed by different letters within one column differ significantly at α = 0.05 
* = Significant at α = 0.01 

 

Table-4. Radical length (cm) in leaf powder of seedlings in soil. 

Treatments 
Test species 

T. aestivum A. fatua Z. mays H. annuus R. dentatus 

R. dentatus 7.17b 8.14b 5.25b 4.14b 3.45b 

E. helioscopia 11.3a 4.24d 7.00ab 7.49a 1.10d 

C. papaya 11.8a 3.38d 1.49c 1.17c 2.17c 

P. hysterophorus 3.28c 6.25c 2.39c 3.28b 1.12d 

Control 13.4a 10.05a 8.14a 8.00a 5.21a 

1LSD 3.1490 0.8763 1.7841 1.2929 0.8953 

F-value 22.59* 129.81* 34.17* 66.06* 50.17* 

1Means followed by different letters within one column differ significantly at α = 0.05 
* = Significant at α = 0.01 
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Radical length (cm) in soil (seedlings) 

P. hysterophorus leaf powder significantly suppressed all the 

test species. There was no effect of C. papaya and E. helioscopia on 

wheat seedlings. Radical length of A. fatua and R. dentatus was 

decreased by E. helioscopia (Table-4). 

Plumule length (cm) on filter paper (direct seeding) 

Plumule growth of T. aestivum was significantly suppressed by 

R. dentatus and P. hysterophorus while there was no effect in E. 

helioscopia and C. papaya treatments as compared to control. Plumule 

length of A. fatua was suppressed in E. helioscopia treatments. C. 

papayas treatment decreased plumule growth of Z. mays, H. annuus 

and R. dentatus (Table-5). With the application of leaf powders on 

seedlings, plumule growth of T. aestivum was significantly suppressed 

by R. dentatus and P. hysterophorus. Mishra et al. (2011), Dhole et al. 

(2011), Sajjan and Pawa (2005) and Singh and Sangeeta (1991) 

studied that maize was suppressed by P. hysterophorus. Carica papaya 

treatments equally suppressed the plumule growth of A. fatua and R. 

dentatus seedling on filter paper and soil. Carica papaya and E. 

helioscopia had no effect on wheat. Rumex dentatus and P. 

hysterophorus treatments were most toxic for wheat so these weeds 

need to be eradicated from the wheat crop. Euphorbia helioscopia 

treatment was found toxic for the growth of Z. mays and H. annus in 

direct seeding while non-toxic to the seedlings. Rumex dentatus 

exhibited auto-toxicity and P. hysterophorus has the ability to replace 

R. dentatus. 

Plumule length in soil (direct seeding) 

 In this study, leaf powders in soil decreased the plumule growth 

of A. fatua, R. dentatus, Z. mays and H. annuus. Plumule growth of T. 

aestivum was significantly suppressed by R. dentatus and P. 

hysterophorus (Table-6). 

Plumule length on filter paper (seedlings) 

Wheat was not affected by C. papaya and E. helioscopia 

treatments while these acts as inhibitor for A. fatua. Plumule growth of 

seedlings of both Z. mays and H. annuus remained unaffected by E. 

helioscopia treatments showings that it did not suppress plumule 

growth of seedlings (Table-7). 

Plumule length in soil (seedlings) 

C. papaya and E. helioscopia treatments had no effect on wheat. 

The growth of the crops in this study was not reduced by E. 

helioscopia while P. hysterophorus treatment was most inhibitory to 

crops. C. papaya treatment inhibited the plumule growth of A. fatua 

and R. dentatus seedlings (Table-8). 
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Table-5. Plumule length (cm) in leaf powder in direct seeding 

on filter paper. 

Treatments 
Test species 

T. aestivum A. fatua Z. mays H. annuus R. dentatus 

R. dentatus 6.31bc 6.12b 3.32c 1.22c                                                                    2.20c 

E. helioscopia 8.48ab 3.09cd 5.02b 3.08b 4.60b 

C. papaya 7.65ab 2.47d 4.09bc 2.23b 0.02e 

P. hysterophorus 4.49c 4.39c 2.14d 0.98c 0.70d 

Control 9.48a 8.49a 7.46a 5.42a 7.96a 

1LSD 2.7846 1.2971 0.9640 0.8718 0.0182 

F-value 6.44** 46.74* 57.31* 55.81* 14.11* 

1Means followed by different letters within one column differ significantly at α = 0.05 
* = Significant at α = 0.01 
 

Table-6. Plumule length (cm) in leaf powder in direct seeding 

in soil. 

Treatments 
Test species 

T. aestivum A. fatua Z. mays H. annuus R. dentatus 

R. dentatus 7.39b 5.49b 2.07d 3.44bc 6.39b 

E. helioscopia 10.9a 4.32bc 6.35b 4.05b 2.09d 

C. papaya 11.25a 3.00cd 5.45b 2.12d 2.12d 

P. hysterophorus 4.37c 2.45d 3.12c 2.34cd 4.14c 

Control 12.15a 7.44a 8.07a 6.40a 9.07a 

1LSD 2.2332 1.4091 0.9679 1.1428 0.7297 

F-value 28.95* 26.83* 83.03* 29.95* 221.41* 

1Means followed by different letters within one column differ significantly at α = 0.05 
* = Significant at α = 0.01 

Table-7. Plumule length (cm) in leaf powder of seedlings on 

filter paper. 

Treatments 
Test species 

T. aestivum A. fatua Z. mays H. annuus R. dentatus 

R. dentatus 6.10b 7.31b 7.26b 6.35b 3.13d 

E. helioscopia 8.19a 3.11d 10.2a 8.32a 6.32b 

C. papaya 9.35a 2.13d 5.30b 4.09c 2.00e 

P. hysterophorus 4.39c 6.18c 2.27c 3.39c 4.05c 

Control 9.35a 9.45a 11.4a 9.45a 8.12a 
1LSD 1.8694 0.9834 2.1870 1.2510 0.6111 

F-value 17.04* 124.10* 37.65* 57.71* 216.40* 
1Means followed by different letters within one column differ significantly at α = 0.05 
* = Significant at α = 0.01 
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Table-8. Plumule length (cm) in leaf powder of seedlings in soil 

Treatments 
Test species 

T. aestivum A. fatua Z. mays H. annuus R. dentatus 

R. dentatus 4.13b 7.34ab 7.14b 5.48b 2.05d 

E. helioscopia 7.48a 4.33c 9.30a 7.00a 5.48b 

C. papaya 7.01a 3.31c 2.14c 3.25c 2.13d 

P. hysterophorus 2.00b 6.30b 2.34c 1.49d 3.32c 

Control 8.45a 8.07a 10.05a 8.06a 7.10a 
1LSD 2.1252 1.0523 0.8164 1.1964 0.9823 

F-value 70.87* 48.12* 280.93* 66.81* 66.95* 

1Means followed by different letters within one column differ significantly at α = 0.05 
* = Significant at α = 0.01 
 

 
Figure 1. Seed germination (%) when treated with the leaf 

powder and grown in filter papers under room 

temperature. 

 

CONCLUSIONS 

 Carica papaya and E. helioscopia treatments had shown no 

effect on wheat seed germination and seedlings growth while 

significantly inhibited seed germination and suppressed the radical and 

plumue growth of A. fatua. R. dentatus and P. hysterophorus 

treatments were most toxic for wheat so these weeds need to be 
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eradicated from the wheat crop. E. helioscopia treatment was found 

toxic for the growth of Z. mays and H. annuus in direct seeding while 

non-toxic to the seedlings. R. dentatus exhibited auto-toxicity and P. 

hysterophorus has the ability to replace R. dentatus. 

 

 
Figure 2. Seed emergence (%) in leaf powder in soil. 

 

 
Figure 3a. Triticum aestivum in leaf powder on filter paper Fig. 

3b. A. fatua in leaf powder on filter paper (1-Control, 

2-C. papaya, 3-R. dentatus, 4-E. helioscopia, 5-P. 

hysterophorus) 
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Figure 3c. Zea mays in leaf powder on filter paper Fig. 3d. 

Helianthus annuus in leaf powder on filter paper 

(A-Control, 1-C. papaya, 2-R. dentatus, 3-P. 

hysterophorus 4-E. helioscopia. 

 

 

 
Figure 4. Triticum aestivum seedling in leaf powders in soil. 
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