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be utilized to produce new tools to combat the development of 
weedicide resistance in wild flora [11]. The usage of allelopathic 
plants extracts in weeds managment is promising way to use of 
natural products as weedkillers [12]. Because biosynthesized 
weedkiller chemicals are biodegraded easily, they are consider to 
be safer more than artificial herbicides [13]. Some authors noted 
many plants extracts for managment of weeds with variable 
success [14-16]. The aims of this work were to find out the effects 
of wheat root exudates on seeds germination and seedlings growth 
of Sinapis arvensis under lab conditions. 

MATERIAL AND METHODS

Experiment was conducted with three replications and different 
concentrations of the wheat root exudates (20, 40, 60, 80 and 100 
percent). Seeds of wheat were surface sterilized for 2 min with 2% 
sodium hypochlorite solution, cleaned with distilled water and 
germinated under sterile conditions [17]. Young seedlings at two 
leaf stage were transplanted into water pots and its exudates were 
collected after 7 days [18]. The exudates was diluted with distilled 
water to give the other concentrations of 0, 20, 40, 60, 80 and 100 
percent. In this experiment, 10 seeds of Sinapis arvensis were 
placed on Whatman filter paper in 9 cm petri dishes. Five ml of 
wheat root exudates concentrations were added to each petri dish 
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INTRODUCTION

Many crops have allelopathic potency or weed-controlling activity, 
also wheat have this type of ability [1]. Wheat seed water extracts 
were noted allelopathic to many weeds species germination and 
growth [2]. Sinapis arvensis interference effects the wheat spike 
number and decreased it to 18% and 30% respectively as compared 
to weed free condition whereas the grain yield was decreased by 
22.1 and 43.1% respectively at 15 plants per m2 of wild mustard 
density [3]. By unleashing several chemical compounds into the 
surrounding environment,  alleloathy was characterized as the 
totalitarian or stimulating effects of microbes or plants on others 
Nearly all allochemicals were classed as secondary metabolites of 
plants[4]. Moreover, all such stimulating or repressive implications 
depend on the densities of such releasing compounds [5]. 
Germination, development and growth were impressed when 
sensitized plants are exposed to these allelochemicals [6]. Haig [7] 
grouped allelochemicals into different classes [7]. Cereals crops 
allelopathy (wild and cultivated plants of the Graminaceae family) 
mostly produced hydroxamic acids [8]. Many of these non-artificial 
compounds were noted to be promising potential for natural 
pesticides development [9]. Natural-weedicides represent solution 
to artificial weedicides used on large scale which are disturbing 
human health and natural ecosystem [10]. Allelochemicals may 
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and were incubated at 20±ºC and germinated seeds and checked 
every day up to 10 days. The seeds germination percentage was 
calculated by GP = Nf ×100/ N. Where N are total number of 
seeds and Nf is number of seeds germinated [19]. The radicle, 
plumule and total seedling length were calculated with the help 
of measurement scale in centimeters while fresh weight and dry 
weight of seedling were calculated with digital balance in grams. 

All the collected data were analyzed with SPSS-16 software. 
The means of each trait were compared according to Duncan 
multiple range test at P < 0.05 and standard error values. Excel 
software was used to draw figures.

RESULTS

Germination percentage of Sinapis arvensis seeds in control (wheat 
root exudates concentration of 0%) were significantly higher 
than that of wheat root exudates treatments. While, its seed 
germination was not significantly effected upto 40% concentration 
of WRE. However, high concentration of this extract (60%) has 
inhibitory effect on it, means that with increasing the exudates 
concentrations its inhibitory effect also increased. Sinapis 
arvensis was proved susceptible to wheat root exudates showing 
significantly reduced seed germination in presence of 60% wheat 
root exudates and other higher concentrations. As well as, at 
100% wheat root exudates concentration its seed germination 
recorded, reduced upto 67.3% comparing to control which was 
the highest of the observed effects (Figure 1). the plumule, 
radicle and total Sinapis arvensis seedlings length were drastically 
decreased upon exposure to wheat root exudates. However, 
relatively higher concentration of wheat root exudates was needed 
to significantly inhibit growth of this weed. For instance, 60% 
or more concentration of exudates was needed to cause visible 
reduction in the growth of S.arvensis. The higher concentration 
of 100% exudates reduced plumule, radicle and total seedling 
length of Sinapis arvensis seedlings by 35.23%, 51.8% and 57.8% 
respectively while the 80% exudates reduced the plumule, radicle 
and total seedling length by 50.03%, 50.02% and 42.% respectively 
compared to control (WRE concentration of 0%) (Figure 2). Fresh 
weight of Sinapis arvensis seedlings were reduced by increasing of 
WRE concentrations. Fresh weight of seedling was also reduced by 
even 20% of root exudates treatment also dry biomass inhibition 
was recorded in S. arvensis seedlings exposed to 20% of exudates. 
Increasing concentration to 60% or above effectively reduced fresh 
and dry weight of this weeds below the control. Further increase 
in exudates concentration amplified it effect peaking at 100%. 
The higher concentration of 100% and 80% wheat root exudates 
reduced dry weight of Sinapis arvensis of seedlings by 50% and 
50.07% respectively compared to control (Figure 3).

DISCUSSION

Different dilutions of wheat root exudates were tested against 
S. arvensis by recording its germination percentage and growth 
parameters of the exposed seedlings. A clear concentration 
dependency was observed in inhibitory effect of wheat root 
exudates. For instance, 60% or above concentration of wheat 
root exudates effectively inhabited seed germination of this 
weed. Contrary to this, it was previously shown that roots 

of wheat genotype Azar-2 (Iran) contained phenols, which 
effectively suppressed the growth of Secale cereale exhibiting 
its allelopathic activity [20]. Paying attention to the allelopathic 
interactions Movaghatian and Khorsandi [21] determined that 
different concentrations of wheat allelochemicals suppressed 
and decreased growth and germination rate of Sinapis arvensis 
seeds [21]. As well, sprouting of Amaranthus albus was 
significantly reduced by action of 3 and 4% of wheat residues 
extracts [22]. The sprouting and seedling development of the 
targeted weed species treated wheat seeds extracts significantly 
reduced as compared with the control. This is in agreeing with 
the findings of other researchers [23,10]. Also a significant 
reduction in radical, plumule length fresh and dry weight of 
S. arvensis was recorded. These findings also match with the 
work of Chaves et al. [24]. 

Observed that, through boosting intensity of Cistus ladanfer 
aqueous extracts, the proportion of seed sprouting as well 
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Figure 1: Effect of wheat root exudates concentrations on germination 
percentage of Sinapis arvensis seeds; Bar = ±SE, P<0.05
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Figure 2: Effect of wheat root exudates concentrations on shoot, root 
and total length of Sinapis arvensis seedlings; Bar = ±SE, P<0.05
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Figure 3: Effect of wheat root exudates concentrations on Sinapis 
arvensis seedlings fresh and dry weight; Bar = ±SE, P<0.05
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as the root and cotyledon length of Rumex crispus were 
reduced[24]. Mlakar et al.[25 ] found that weed extracts have 
a better totalitarian effect on germination behavior and root 
propagation[25]. 

In addition, Lai et al. (2012) also observed the impact on tobacco 
seeds[26]. Nikneshan et al. [27] noted that the repressive 
impression on germination was exaggerated by increasing 
extract concentrations from 25% to 100%, but 25% of extract 
concentration had stimulating effects on seed sprouting[27]. 

Boz[28] also found that allelopathic wheat material has no impact 
on certain plants, but could suppress germination of some of 
their most important annual weeds [28]. Wheat roots exudated 
a number of phytochemicals including phenols, flavonoids, 
terpinoids, sugars, ammino acids and tannins. Among which 
phenols were the most abundant. Plant secretes compounds 
of various nature that help in physiological and environmental 
stresses, pests affliction and diseases, solar radiation, help in less 
than optimum conditions of nutrient, moisture, and temperature 
levels and also effect allelopathic weed control [29].

CONCLUSION

Results from this experiment demonstrated that wheat root 
exudates can potentially act as an alternative weedicide against 
S. arvensis. Weeds control through chemical herbicides can 
pollute the environment and also having health hazards. In 
present research the allelopathic materials from the wheat 
root exudates had significant phytotoxic impact on S. arvensis 
seeds germination and growth and hence it can control this 
weeds in safe way. However, additional work is needed to check 
the allelopathic potential of wheat root exudates in field for 
optimized used. More experimentation in the allelopathic 
effects of wheat root exudates for weed control is needed in 
real greenhouse and field conditions.

AUTHORS CONTRIBUTION

We are grateful to Dr. Anwar hussain Associate Professor of 
Botany Department Abdul Wali Khan University Mardan, 
Pakistan for offering the concepts for the work being done.

REFERENCES

1.	 Wu H, Pratley J, Lemerle D, Haig T. Crop cultivars with allelopathic 
capability. Weed Research. 1999.

2.	 Liebl RA, Worsham AD. Inhibition of pitted morning glory (Ipomoea 
lacunosa L.) and certain other weed species by phytotoxic 
components of wheat (Triticum aestivum L.) straw. Journal of 
Chemical Ecology. 1983; 9:1027-43.

3.	 Behdarvand P, Chinchanikar GS, Dhumal KN, Baghestani MA. Effects 
of wild mustard (Sinapis arvensis L.) and wild oat (Avena ludoviciana L.) 
densities on grain yield and yield components of wheat in response 
to various levels of nitrogen. Advances in Environmental Biology. 
2013; 1:1082-8.

4.	 Kruse M, Strandberg M, Strandberg B. Ecological effects of 
allelopathic plants-a review. NERI Technical Report. 2000; 315

5.	 Bhowmik PC. Challenges and opportunities in implementing 
allelopathy for natural weed management. Crop protection. 2003; 
22:661-71.

6.	 Xuan TD, Shinkichi T, Hong NH, Khanh TD, Min CI. Assessment of 

phytotoxic action of Ageratum conyzoides L. (billy goat weed) on 
weeds. Crop protection. 2004; 23:915-22.

7.	 Haig T. Allelochemicals in plants. InAllelopathy in sustainable 
agriculture and forestry 2008 (63-104). Springer, New York, NY.

8.	 Sánchez-Blanco MJ, Rodríguez P, Olmos E, Morales MA, Torrecillas A. 
Differences in the effects of simulated sea aerosol on water relations, 
salt content, and leaf ultrastructure of rock-rose plants. Journal of 
environmental quality. 2004; 33:1369-75.

9.	 Ma L, Wu H, Bai R, Zhou L, Yuan X, Hou D. Phytotoxic effects of 
Stellera chamaejasme L. root extract. African Journal of Agricultural 
Research. 2011; 6:1170-6.

10.	 Asghari J, Tewari JP. Allelopathic Potentials of Eight Barley Cultivars 
on Brassica jucea (L) Czern. and Setaria viridis (L) p. Beauv. Journal 
of Agricultural Science and Technology. 2010; 9:165-76.

11.	 Anjum T, Bajwa R. A bioactive annuionone from sunflower leaves. 
Phytochemistry. 2005; 66:1919-21.

12.	 Pimentel D, editor. Encyclopedia of pest management. CRC Press; 
2002 May 9.

13.	 Duke SO, Dayan FE, Romagni JG, Rimando AM. Natural products 
as sources of herbicides: current status and future trends. Weed 
Research (Oxford). 2000; 40:99-111.

14.	 Hussain S, Siddiqui SU, Khalid S, Jamal A, Qayyum A, Ahmad Z. 
Allelopathic potential of senna (Cassia angustifolia Vahl.) on germination 
and seedling characters of some major cereal crops and their 
associated grassy weeds. Pakistan Journal of Botany. 2007; 39:1145.

15.	 Iqbal J, Cheema ZA, Mushtaq MN. Allelopathic crop water extracts 
reduce the herbicide dose for weed control in cotton (Gossypium 
hirsutum). Int J Agric Biol. 2009; 11:360-6.

16.	 Naseem M, Aslam M, Ansar M, Azhar M. Allelopathic effects of 
sunflower water extract on weed control and wheat productivity. 
Pak. J. Weed Sci. Res. 2009; 15:107-16.

17.	 Umehara M, Hanada A, Yoshida S, Akiyama K, Arite T, Takeda-Kamiya N, 
Magome H, Kamiya Y, Shirasu K, Yoneyama K, Kyozuka J. Inhibition 
of shoot branching by new terpenoid plant hormones. Nature. 2008; 
455:195.

18.	 Bacilio-Jiménez M, Aguilar-Flores S, Ventura-Zapata E, Pérez-Campos E, 
Bouquelet S, Zenteno E. Chemical characterization of root exudates 
from rice (Oryza sativa) and their effects on the chemotactic response 
of endophytic bacteria. Plant and Soil. 2003; 249:271-7.

19.	 Ebrahimi M, Miri E. Effect of humic acid on seed germination 
and seedling growth of Borago officinalis and Cichorium intybus. 
Ecopersia. 2016; 4:1239-49.

20.	 Mardani R, Yousefi AR, Fotovat R, Oveisi M. New bioassay method 
to find the allelopathic potential of wheat cultivars on rye (Secale 
cereale L.) seedlings. Allelopathy Journal. 2014; 33:53.

21.	 Movaghatian A, Khorsandi F. Received: 5 th May-2014 Revised: 26 
th May-2014 Accepted: 7 th June-2014 Research article Allelophatic 
effects of extracts from two growth stages of wheat on wild mustard 
germination characteristic

22.	 Inderjit, Nilsen ET. Bioassays and field studies for allelopathy in 
terrestrial plants: progress and problems. Critical Reviews in Plant 
Sciences. 2003; 22:221-38.

23.	 Wu H, Haig T, Pratley J, Lemerle D, An M. Allelochemicals in wheat 
(Triticum aestivum L.): variation of phenolic acids in shoot tissues. 
Journal of Chemical Ecology. 2001; 27:125-35.

24.	 Chaves, N., Sosa, T., Alias, J.C. and Escudero, J.C. Identification and 
effects of interaction phytotoxic compounds from exudate of Cistus 
ladanifer leaves. Journal of chemical ecology.2001; 27:611-621.

25.	 Mlakar SG, Jakop M, Bavec M, Bavec F. Allelopathic effects of 
Amaranthus retroflexus and Amaranthus cruentus extracts on 
germination of garden cress. African Journal of Agricultural Research. 
2012; 7:1492-7.

26.	 Lai R, You M, Chen S, Gu G, Gang WA, Lai C. Allelopathic influence of 
leek (Allium porrum) seeds on germination and radical growth of flue-
cured tobacco of different cultivars. African Journal of Agricultural 
Research. 2012; 7:2553-9.

27.	 Nikneshan P, Karimmojeni H, Moghanibashi M, al Sadat Hosseini N. 
Allelopathic potential of sunflower on weed management in safflower 
and wheat. Australian Journal of Crop Science. 2011; 5:1434.

28.	 Boz O. Allelopathic effects of wheat and rye straw on some weeds 
and crops. Asian Journal of Plant Sciences. 2003; 2:772-8.

29.	 Ferguson JJ, Rathinasabapathi B. Allelopathy: How plants suppress 
other plants. University of Florida Cooperative Extension Service, 
Institute of Food and Agricultural Sciences, EDIS; 2003.


