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Abstract

Populus euphratica Olivier is frequently cultivated deciduous tree in Pakistan on agricultural land for its shade, fodder,
timber and fuel wood. A relatively reduced understorey is often observed below it. Therefore the present study was
conducted to assess the allelopathic potential of Popolus euphratica against some crop species. Plant material of Popolus
euphratica were collected from the agriculture fields of Lahor, District Swabi in 2008 and were dried at room temperature
(25°C-30°C). Allelopathic studies conducted by using aqueous extracts from various parts including young leaves, mature
leaves, bark, litter and mulching in various experiments invariably retarded the germination, plumule, radical growth, fresh
and dry weight of Sorghum vulgare Perse, Setaria italica (L.) P. Beauv and Triticum aestivum L., in laboratory experiments.
The aqueous extracts obtained after 48 h were more inhibitory than 24 h. Leaves were more toxic than bark. Litter and
mulching experiments also proved to be inhibitory. It is suggested that the various assayed parts of Populus euphratica have
strong allelopathic potential at least against the tested species. Further investigation is required to see its allelopathic
behavior under field condition against its associated species and to identify the toxic principles.

Introduction

The antagonistic effects of certain tree species such as
walnut tree (Juglan spp.) on understorey plants and nearby
crops were known to human centuries ago (Hussain et al.,
1991; Rizvi & Rizvi, 1992; Willis, 2000, 2004; Jabeen et
al., 2011). Allelopathy governs the community dynamics,
pattern and productivity in natural and agroecosystem
(Duke et al., 2001; Irshad & Cheema, 2004; Rice, 1984;
Willis, 2000 ;). Many trees such as Juglan regia (Hussain
et al., 1991), Broussonetia papyrifera (Hussain et al.,
2004), Melia azedarch (Hussain et al., 1987), Eucalyptus
Sp. (Malik & Shah, 1995; Gilani et al., 2002; Shah, 1991)
are known to exhibit allelopathy to preclude the associated
species by reducing their regeneration, growth and yield.
Aqueous shoot extracts of Imperata cylindrica is
responsible for observed reduced root and shoot growth,
yield, nodulation and VA mycorrhiza in Vigna radiata and
Phaseolus vulgaris due to its inhibitory effect (Bushra et
al., 2000). Allelopathic properties of Sorghum is used to
control weeds in irrigated wheat (Cheema & Khalig, 2000).
Experiments were conducted to evaluate the impact of
allelopathic potential of Parthenium hysterophorus on
germination, growth and yield of maize (Zea mays L.) as
well as the role of Vesicular Arbuscular Mycorrhiza
(VAM) in alleviating allelopathic stress (Rukhsna et al.,
2003). There are evidences of allelopathy as ecological
factor in plant invasion (Bias et al., 2002, 2003; Callaway
& Aschehoug, 2000; Vivanco et al., 2004).

Popolar (Popolus euphratica ) is frequently cultivated
deciduous tree in Pakistan on agricultural land for its
shade, fodder, timber and fuel wood. A relatively reduced
under storey is often observed below it. We suspected an
allelopathic mechanism in Popolus euphratica that might
affect the susceptible species. Therefore, the present study
was conducted to assess the allelopathic potential of
Popolus euphratica against some crop species.

Materials and Methods

Young and mature leaves and bark of Popolus
euphratica  were collected from the agriculture fields of
Lahor District Swabi and were dried at root temperature
(25°C-30°C). They were powdered and stored in paper bags.

Glassware, thoroughly washed with tap water, was sterilized
at 170°C for at least 4 hours. All the results were statistically
analyzed using Bartlett’s test in one-way ANOVA.

Effect of aqueous extracts: Five and 10 gm of each part of
plant was separately soaked in 100 ml distilled water at
25°C for 24 and 48 hours and filtered to get aqueous
extracts. These extracts were tested against Sorghum
vulgare, Setaria italica and Triticum aestivum on 2-folds of
filter paper in Petri dishes. The filter papers were moistened
with the respective extracts, while distilled water was used
as a control. For each treatment, five replicates, each with
10 seeds were made. The Petri dishes were incubated at
25°C. After 72 hours, % germination, growth of plumule
and radicle were noted. Twenty seedlings were randomly
taken out for fresh and dry weight determination. Seedlings
were dried at 65°C for 72 hours.

Effect of litter: Five gm litter from young and mature
leaves, and bark were crushed and spread on one fold of
filter paper in a Petri dish. The filter papers were
moistened with 5ml distilled water. In control treatment
fine pieces of filter paper were used. For each treatment,
five replicates, each with 10 seeds were made. The Petri
dishes were incubated at 25°C. After 72 hours, %
germination, growth of plumule and radicle were
recorded. Twenty seedlings were randomly taken out for
fresh and dry weight determination as earlier.

Effect of hot water extracts: Five gm dried plant parts
were separately boiled in 100 ml of water for 5 minutes
and filtered. The room cooled extracts were applied
against the same test species as before.

Effect of mulching: Five gm crushed dried young and
mature leaves, and bark were placed in plastic glasses
containing sterilized moist sand for test. Control consisted
of sand only. For each treatment five replicates, each with
10 seeds was made. The plastic glasses were incubated at
25°C and daily observed for germination. After germination
the glasses were transferred to light at room temperature
(25-30°C). Plumule and radicle growth were measured after
15 days. Twenty seedlings were randomly taken out for
determining fresh and dry weight and moisture contents.
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Results

Effect of aqueous extracts: The present study suggested
that all the tested parts of Popolus euphratica exhibited had
inhibitory effect against plumule and radicle growth.
However, the effect on germination was variable. Aqueous
extracts with 5 g concentration soaked for 24h from all the
three parts did not affect the germination of Sorghum
vulgare and Setaria italica while there was significant
reduction in the germination of Triticum aestivum. Aqueous
extracts with 5 g concentration soaked for 48 hours reduced
germination of Triticum aestivum. Bark did not reduce the
germination of Sorghum vulgare and Setaria italica. Young
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leaves significantly reduced the germination in Sorghum
vulgare and Setaria italica. Aqueous extracts with 10 g
concentration soaked for 24 and 48 h of all the three parts
significantly reduced the germination of Sorghum vulgare
and Setaria italica while completely inhibited the
germination of Triticum aestivum. Fresh and dry weights of
all the test species were significantly reduced by aqueous
extracts. However, aqueous extracts with 5 g concentration
soaked for 24h from bark stimulated fresh and dry weight
of Setaria italica. Moisture contents of the seedlings
increased in Setaria italica but decreased in Sorghum
vulgare. Inconsistent results observed for Triticum aestivum
(Table 1).

Table 1. Effect of aqueous extract on germination, plumule & radical growth, fresh and dry weight and moisture

contents of the test species. Each value is a mean of 10 replicates each with 10 seedlings.

Test species

Sorghum vulgare

Setaria italica

Triticum aestivum

Conceptration (_g) & | Young | Mature Bark Young | Mature Bark Young | Mature Bark
soaking duration leaves | leaves leaves leaves leaves leaves
Germination %
Control 100 100 100 94 96 94 94 94 94
5g/24h 92 90 98 90 88 100 *80 *86 *72
5g/48h *72 92 98 *78 *78 100 *84 *78 *80
10g/24h *66 *86 *88 *68 *82 *72 0 0 *80
10g/48h *72 *76 *70 *70 *76 *76 0 0 *74
LSD value 13.71 9.873 8.550 13.45 9.695 7.917 8.550 5.277 11.50
Radical growth (mm)
Control 56.50 57.90 62.50 50.36 48.14  49.64 24.76 24.86 25.68
5g/24h *21.04 *14.40  *25.12 *8.94 *9.02 *5496  *0.96 *0.92 *8.84
5g/48h *7.62  *2242  *27.28 *7.56 *6.92  *16.62  *3.94 *4.46 *3.9
10g/24h *7.70  *10.38  *28.52 *4.16 *7.20  *12.92 0 0 *2.08
10g/48h *5.64 *5.64 *11.76 *1.38 *5.16  *11.12 0 0 *2.16
LSD value 10.44 17.36 8.58 4915 2.838 3.959 5.894 4.987 4.549
Plumule growth (mm)
Control 59.16 55.96 57.2 36.78 36.02 31.54 36.26 33.72 32.38
5g/24h *8.82 *6.8 50.04 *1.14 *1.48 34.02 *0.18 *8.84 *22.3
5g/48h *1.68 *7.12 *40.18 *1.86 *1.60 *2156  *1.30 *1.72 *9.8
10g/24h *0.60 *4.08 *19.72 *0.02 *0.94  *10.46 0 0 *5.54
10g/48h *2.78 *1.76 *16.04 0 *0.42 *1.52 0 0 *6.86
LSD value 3.859 6.006 8.930 3.540 2.790 5.079 3.275 3.042 4.230
Fresh weight (% of control)
5g/24h 48.57 56.81 88 85.71 93.33 11176  75.86 86.20 75.86
5g/48h 54.28 62.50 80 85.71 93.33 94.11 82.75 82.75 68.96
10g/24h 34.28 51.13 88 78.57 100 88.23 0 0 65.51
10g/48h 40 34.09 72 71.42 93.33 82.35 0 0 62.06
Dry weight ((% of control)
5g/24h 56 67.46 87.50 79.36 92.30 106.66 103.44 1375 82.35
5g/48h 64 71.42 81.25 79.36 100 86.66  114.94 125 70.58
10g/24h 40 55.55 100 71.42 100 80 0 0 64.70
10g/48h 44 39.68 75 63.49 84.61 86.66 0 0 58.82
Moisture contents ((% of control)
5g/24h 53.55 44.45 101.58 180.01 108.32 140.66  33.33 16.76 80.95
5g/48h 39.45 55.99 95.71 180.01 500 173.06 30 24.61 94.44
10g/24h 50 72 66.66 200 100 187.54 0 0 103.03
10g/48h 68.17 50.40 88.88 225.02 177.30 576.89 0 0 113.34
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Effect of litter: The germination, plumule and radicle
growth of all test species significantly declined when
grown on litter beds (Table 2). Except the dry weight of
Triticum aestivum, the fresh and dry weight of all the test
species was also retarded. Moisture contents of Setaria
italica and Triticum aestivum declined while that of
Sorghum vulgare were increased (Table 2).

Effect of hot water extracts: The germination and
seedling growth of all test species was inhibited by hot
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water extracts from all parts. It appeared that hot water
extracts had more inhibitory effect than cold water
extracts. Furthermore, hot water extracts from leaves were
more toxic than bark. Fresh weight of all the test species
declined and dry weight of Setaria italica and Triticum
aestivum decreased. Moisture contents of Sorghum
vulgare declined while that of Setaria italica and Triticum
aestivum increased (Table 3). It was concluded that hot
water extracts exhibited more inhibitory effects on test
species than cold water extracts.

Table 2. Effect of litter on germination, plumule and radical growth, fresh and dry weight and moisture
contents of test seedlings. Each value is a mean of five replicates each with 10 seedlings.

Test species Sorghum vulgare

Setaria italica Triticum aestivum

Germination %

Control 84 88 84
Test *76 80 74
LSD value 7.988 11.30 10.82
Plumule growth (mm)
Control 67.74 69.04 8.1
Test *19.02 *16.5 *2.16
LSD value 8.898 10.71 2.586
Radical growth (mm)
Control 44.3 23.2 15.94
Test *12.3 *7.26 *6.94
LSD value 12.36 4.127 4.275
Fresh weight (% of control)
Test 85.71 73.17 96.15
Dry weight (% of control)
Test 76.92 76.92 105.88
Moisture contents (% of control)
Test 260.01 76.48 73.44

Effect of mulching: The added plant materials
significantly reduced the germination in all the test
species except the germination of Sorghum vulgare by
mature leaves and bark (Table 3). Plumule and radicle
growth is significantly declined. Fresh and dry weight,
and moisture contents of all the test species decreased in
all the treatments (Table 3).

Discussion

Allelopathy involves the addition of some toxic
substances into the habitat to render it unfavorable. The
present study shows that the germination and seedling
growth of the tested species was significantly arrested by
the aqueous extract obtained from various parts of
Popolus euphratica. Similar trend was observed for
Prosopis juliflora, Eucalyptus camaldulensis, Acacia
nilotica and Euclyptus (Gillani et al., 2002; Marwat &
Azim, 2006; Rukhsana & Iffat, 2005). These findings are
also in line with the results for Broussonetia papyrifera
(Hussain et al., 2004) and Artemsia iwayomogi (Yoo et
al., 2000). These results suggest that toxicity of various
parts depended upon the part assayed, concentration,
soaking time and sensitivity of test species.

Litter generally increase the soil fertility but might
also exhibit toxicity during decomposition (Saxena, 2000;
Jabeen & Ahmed, 2009). Broussonetia papyrifera reduced

germination and growth of Pennisetum americanum,
Setaria italica and Lactuca sativa (Hussain et al., 2004).
Toxic substances released by the plants accumulate in the
soil to physiologically active level (Hussain et al., 2004:
Fujii, 2001; Jefferson & Pennacchio, 2003; Startsev et al.,
2008). Since hot water extracts inhibited the germination
and seedling growth of test species, therefore it appeared
that hot water extracts retained phytotoxicity and that they
were more inhibitory than the cold water extracts. Our
findings agree with other workers in this respect (Hussain
et al., 2004; Jefferson & Pennacchio, 2003; Startsev et al.,
2008; Hussain et al., 1987; Tseng et al., 2003).
Allelochemicals may inhibit plant growth by
affecting the division, elongation and ultra-structure of
cells or by altering the normal physiological processes
such as photosynthesis, respiration, mineral uptake and
enzyme activity (Tseng et al., 2003). Toxins might affect
chlorophyll contents of susceptible plants that also lead to
reduction of growth. The poor moisture contents of
seedlings might be due to some disorders in the water
absorption mechanism by roots or the toxins might have
created physiological drought for the affected seedlings
and this could be true for Popolus euphratica that has
reduced the moisture contents of susceptible species. Low
moisture contents imbalance physiological functions
leading to adverse effects on growth of plants. The
findings suggested that Popolus euphratica exhibits
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strong allelopathy through the release of some water
soluble allelochemicals from the live parts and litter into
the immediate soil (Barkatullah et al., 2010; Hussain et
al., 2010). It is suggested that the various assayed parts of
Populus euphratica have strong allelopathic potential at
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least against the test species. Further investigation is
required to see its allelopathic behavior under field
cultivation against its associated species and to identify
the toxic principle.

Table 3. Effect of hot water extract and soil intoxication on germination, plumule and radical growth, fresh and
dry weight and moisture contents of test seedlings. Each value is a
mean of five replicates each with 10 seedlings.

Parameters Hot water extract Soil intoxication
Test species Sorghum S_eta}ria Trit!cum Sorghum S_etqria Triti_cum
vulgare italica aestivum vulgare italica aestivum
Germination %
Control 96 94 94 60 60 70
Young leaves *82 *78 *74 *14 0 0
Mature Leaves *80 *78 *46 *54 *38 0
Bark *80 *70 *64 *50 0 *10
LSD value 8.210 8.741 9.943 22.33 20.33 20.11
Plumule growth (mm)
Control 61.60 50.26 24.78 89.70 47.28 94.58
Young leaves *16.52 *7.8 *1 *7.8 0 0
Mature Leaves *18.86 *6.38 *0.56 *40.88 *16.54 0
Bark *13.28 *12 *0.9 *31.8 0 *8
LSD value 6.360 5.188 6.590 27.79 15.30 23.73
Radical growth (mm)
Control 39.50 36.14 36.44 28 235 45.06
Young leaves 5.04 *0.38 *3.56 *2.4 0 0
Mature Leaves 4.96 0 *0.84 *12.24 *8.98 0
Bark 40.24 *5.16 *3.3 *7.66 0 *10
LSD value 5.018 4.061 3.660 9.565 6.177 17.78
Fresh weight (% of control)
Young leaves 88 94.11 80 60 0 0
Mature Leaves 92 94.11 68 80 80 0
Bark 88 94.11 48 77.5 0 34.52
Dry weight (% of control)
Young leaves 94.11 87.5 68.42 88.23 0 0
Mature Leaves 105.88 93.75 63.15 94.11 94.11 0
Bark 105.88 93.75 52.63 88.23 0 45.16
Moisture contents (% of control)
Young leaves 79.70 228.48 169.40 44.34 0 0
Mature Leaves 59.02 106.56 131.96 73.91 73.91 0
Bark 47.22 106.56 63.35 78.83 0 62.66

Acknowledgements

The principal author is HEC scholar under indigenous
PhD program, therefore we are very thankful to Higher
Education Commission Islamabad, Pakistan to sponsor
this study.

References

Bais, H.P., R. Vepachedu, S. Gilroy, R.M. Callaway and J.M.
Vivanco. 2003. Allelopathy and exotic plant invasion: from
molecules and genes to species interactions. Science, 301:
1377-1380.

Bais, H.P., T.S. Walker, F.R. Stermitz, R.A. Hufbauer and J.M.
Vivanco. 2002. Enantiometric-dependent phytotoxic and
antimicrobial activity of (+/-)-Catachine. A rhizosecreted
racemic mixture from spotted knapweed. Plant Physiology,
128: 1173-1179.

Barkatullah, F. Hussain and M. Ilbrar. 2010. Allelopathic
potential of Dodonaea viscosa (L.) Jacq. Pak. J. Bot., 42(4):
2383-2390.

Bushra, A., R. Bajwa and J. Arshad. 2000. Allelpathy and VA
Mycorriza VII: Cultivation of Vigna radiata and Phaseolus
vulgaris under allelopathic stress caused by Imperata
cylindrica. Pak. J. Biological Sciences, 3(11): 1926-1928.

Callaway, R.M. and E.T. Aschehough. 2000. Invassive plants
versus their new and old neighbors: a mechanism for exotic
invasion. Science, 290: 521-523.

Cheema, Z.A. and A. Khalig. 2000. Use of Sorghum allelopathic
properties to control weeds in irrigated wheat in a semiarid
region of Punjab. Agriculture Ecosystem and Environment,
79(23): 105-112.

Duke, S.O., B.E. Scheffler, F.E. Dayan, L.A. Weston and E. Ota.
2001. Strategies for using transgenes to produce
allelopathic crops. Weed Technol., 15: 826-834.

Fujii, Y. 2001. Screaning and future exploitation of allelopathic
plants as alternative herbicides with special refrence to
hairy vetch. J. Crop Production, 4(2): 257-275.

Gilani, S.S., U. Khan, M.A. Khan and S.D.M. Chaghtai. 2002.
Allelopathic potential of Eucalptus microtheca F.Muell.
Scientific Khyber, 15(1): 53-63.



ALLELOPATHIC POTENTIAL OF POPULUS EUPHRATICA OLIVIER

Hussain, F., B. Ahmad and I. llahi. 2010. Allelopathic effects of
Cenchrus ciliaris L., and Bothriochloa pertusa (L.) A.
Camus. Pak. J. Bot., 42(5): 3587-3604.

Hussain, F., F. Niaz, M. Jabeen and T. Burni. 2004. Allelopathic
potential of Broussonetia papyrifera Vent. Pak. J. PI. Sci.,
10(2): 69-77.

Hussain, F., I. llahi and B.S. Kil. 1991. Allelophatic effect of
Walnut plants (Juglans regia L.) on four crop species.
Korean Journal of Botany, 34(2): 93-100.

Hussain, F., R. Nasrin and T.W. Khan. 1987. Allelopathic effect
of Melia azedarch Linn. Sarhad. J. Agri., 3(4): 523-531.
Irshad, A. and Z.A. Cheema. 2004. Influence of some plant
water extracts on the germination and seedling growth of
Barnyard Grass (Echinochola crus-galli (L.) Beave.). Pak.

J. Sci. & Ind. Res., 47(3): 222-226.

Jabeen N. and M. Ahmed. 2009. Possible allelopathic effects of
three different weeds on germination and growth of maize
(Zea mays) cultivars. Pak. J. Bot., 41(4): 1677-1683.

Jabeen, N., M. Ahmed and S.S. Shaukat. 2011. Interactive
activity of Asphodelus tenuifolius on germination and
growth of wheat (Triticum aestivium L.) and sorghum
(Sorghum bicolor L.). Pak. J. Bot., 43(1): 325-331.

Jefferson, L.V. and M. Pennacchio. 2003. Allelopathic effects of
foliage extracts from four Chenopodiaceae species on seed
germination. J. Arid Environments, 55(2): 275-285.

Malik, F.B. and B.H. Shah. 1995. Allelopathic effect of
Eucalyptus species on legume vegetations. Pak. J. Forestry,
45(2): 65-72.

Marwat, K.B. and M.A. Khan. 2006. Allelopathic proclivities of
tree leaf extracts on seed germination and growth of wheat
and wild oats. Pak. J. Weed Sci. Res., 12(4): 265-269.

Mattner, SW. and D.G. Parberg. 2001. Rust-enhanced
allelopathy of perennial ryegrass against white clover. J.
Agronomy, 93 (1): 54-59.

1903

Rice, E.L. 1984. Allelopathy. Academy Press, New York.

Rizvi, S.J.V. and V. Rizvi. 1992. A discipline called allelopathy.
In ‘Allelopathy: Basic and Applied Aspects’ (Eds.): S.J.V.
Rizvi, V. Rizvi. pp. 1-8, Chapman and Hall: London.

Rukhsana, B. and N. Iffat. 2005. Allelopathic effect of
Eucalyptus cirtiodora on the growth, nodulation, and AM
colonization of Vigna radiata (L.) Wilczk. Allelopathy
Journal, 15(2): 237-246.

Rukhsna, B., B. Jabeen and J. Arshid. 2003. Role of VAM in
alleviating allelopathic stress of Parthenium hysterophorus
on maiz (Zea mays L.). Mycopath., 1(1): 15-30.

Saxena, M.K. 2000. Aqueous leachate of Lantana camara Kkills
water hyacinth. J. Chemical Ecology, 26(10): 2435-2448.

Shah, B.H. 1991. Some observations on the effect of forest tree
species on ground vegetation at Pabbi Forest, Kharian. Pak.
J. Forestry, 41(4): 173-177.

Startsev, N., V.J. Lieffers and S.M. Landhausser. 2008. Effects
of leaf litter on the growth of boreal feather mosses:
implication for forest floor development. Jour. Vegetation
Science, 19(2): 253-260.

Tseng, M.H., Y.H. Kuo, Y.M. Chen and C.H. Chou. 2003.
Allelopathic potential of Macraranga tanarius (L.). J.
Chemical Ecology, 29(5): 1269-1286.

Vivanco, J.M., H.P. Bais, T.R. Stermitz, G.C. Thelen and R.M.
Callaway. 2004. Biogeochemical variation in community
response to root allelochemistry: novle weapons and exotic
invasion. Ecology Letters, 7: 285-292.

Willis, R.J. 2000. Juglans spp., juglone and allelopathy.
Allelopathy Journal, 7: 1-55.

Willis, R.J. 2004. Justus Ludewig von Uslar, and the first book
on allelopathy. Springer, NY

Yoo, H.G., B.S. Kil and F. Hussain. 2000. Allelopathic effect of
essential oil from Artemsia iwayomog. Pak. J. PI. Sci., 6(1-
2): 119-130.

(Received for publication 28 August 2009)



