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Abstract. To study the effect of Eichhornia crassipes and Pistia stratiotes on germination of wheat and 

its weeds, a lab experiment was laid out in Completely Randomized Design with 3 replications. The seeds 

of test species were soaked in respective concentrations of aquatic weeds’ aqueous extracts for 24 hrs 

before putting in Petri plates. E. crassipes extracts reduced wild oat germination to zero, milk thistle to 

10% and wheat to 20%. Similarly, P. stratiotes also reduced wild oat (6.7%) and wheat germination 

(26.7%). Shoot length is reduced to 2.57 cm in wild oat compared to milk thistle (6.06 cm) and wheat 

(9.08 cm). E. crassipes reduced wild oat shoot length weight to zero, while shoot weight of wheat is 

reduced (0.06 g), yet increased Silybum (0.08 g). P. stratiotes decreased shoot weight in all test species. 

At lower concentration E. crassipes enhanced root weight in wild oat and Silybum (7.7, 5.7g), while P. 

stratiotes reduced (0.01g each), yet enhanced it at higher concentration (7.7g each). The extracts 

negatively affected all test species, but the weeds performed well at lower concentration. These aquatic 

weeds can be used as mulch for weed management in wheat due to their allelopathy potential towards 

noxious weeds of wheat. 
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Introduction 

Allelopathy is an old concept but has recently received greater attention from 

researchers and farmers globally (De Albuquerque et al., 2010). The word allelopathy 

was first coined by Molisch (1937) to point at both the harmful and useful biochemical 

interactions among plants and even on microbes (Fareed et al., 2008; Bobbarala et al., 

2009). The allelochemicals produced escape into the environment is part of the plant 

defense mechanism, which might be harmful or beneficial nearby plants (Rice, 1984). 

The detrimental effect of weeds and crops is a complicated phenomenon and one cannot 

be 100 % accurate to separate physical competition than allelopathy (Batish et al., 

2007). However, in allelopathy allelochemicals are released to the plant environment 

which obstruct or favour the growth of associated plant while in competition substances 

are taken out of the plant environment (May and Ash, 1990). Most weeds have 

allelochemicals that adversely affect seed germination and seedlings growth of crop as 

well as other weeds (Mulatu et al., 2009; Shibu and Andrew, 1998; Rice, 1984; 

Delabays et al., 2004). So, knowledge about the nature of weeds is necessary in order to 

reduce their effects on crops. Usually, these allelochemicals are secondary metabolites 

released into the environment through leaching, root exudation, volatilization and 

decomposition of plant residues. These chemicals with allelopathic potential are present 
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in almost all plants in many tissues and are released in broad quantities that affect the 

neighbouring or successional plant under specific conditions (Putnam, 1988).  

In weed management, allelopathy is being utilized in different ways like stubble 

mulches, allelopathic crops in rotation and intercropping systems (Cheema et al., 1988; 

Narwal, 2000). As wheat is the staple food of the majority of the population in many 

regions of the world, grown on large land area than any other crop and is the most 

important food source for human beings. New approaches and sustainable production 

technologies are required for wheat to cope with the food scarcity and population 

pressure. Yield losses due to weeds must be minimized through sustainable and 

environmentally safe strategies. The plant with strong allelopathic potential might be 

used as a bioherbicide for weed control in order to decrease dependence on synthetic 

herbicides (Sodaeizadehet et al., 2009).  

Wild oat (Avena fatua) is among the worst grassy weeds of wheat in many countries 

including Pakistan, reducing crop yield by about 30% (Hobbs et al., 1998). According 

to Martin and Field (1988) wild oat is more competitive than wheat when sown 

simultaneously. While among the broad leaf weeds of wheat, milk thistle (Silybum 

marianum) is the most competitive, noxious and troublesome due to rapid growth, 

chocking rosette formation and thorny nature; hindering physical control, so milk thistle 

infested fields are left unharvested often. Both are winter annual with luxurious rapid 

growth (Young et al., 1978; Austin et al., 1988; Groves and Kaye, 1989). Being a major 

weed in wheat it causes considerable yield reduction (Omtvedt, 1984; Khan and 

Marwat, 2006; Shimi et al., 2006). Although its management through herbicides is 

easier than grassy weeds but species shift as well as herbicide-resistance may be created 

(Bhowmik and Inderjit, 2003). Therefore cultural and ecological approaches are getting 

popularity and the global market of chemical free produce is increasing (Roseboro, 

2006). In the quest for new ecological and natural approaches for weeds management 

the use of allelopathic plants offers a promising option. Thousands of alien species like 

water hyacinth introduced intentionally or un-intentionally had become a threat as 

biological pollution to the natural environment and diversity of native species (Qureshi 

et al., 2014).  

Water hyacinth (E. crassipes) is an aquatic weed (Lalitha et al., 2012) and contains 

many phytochemicals (Nyananyo et al., 2007; Ndubuisi et al., 2007; Lata and Dubey, 

2010; Jayanthi and Lalitha, 2011; Greca et al., 2009). The novel 8-phenylphenalenone 

type compounds were isolated from its roots and leaves (Hölscher and Schneider, 2005). 

It is reported to have wound healing effect (Ali et al., 2010) as well as anticancer 

activity (Ali et al., 2009). The antioxidative property of E. crassipes makes this plant as 

an alternative and convenient antioxidizing agent (Bodo et al., 2004; Jayanthi and 

Lalitha, 2012) besides being the world worst weed. For the first time it was bio-

controlled through Eichhornia weevil (Adams et al., 2002). It has a potential to 

successfully control of the filarial vector Culex quinquefasciatus (Jayanthi et al., 2012). 

The plant also exhibited the antimicrobial and antialgal activities (Shanab et al., 2010). 

However, it is an efficient plant in taking up the toxic metals from water (Dandelot et 

al., 2008). Yet the infested water becomes more eutrophic due to water hyacinth 

biomass (Gao and Li, 2004). The increased water loss due to water hyacinth 

evapotranspiration, flow retardation, health hazards and the altered chemistry of the 

hydrosoil has created several key problems (Awad, 2008). It can strongly inhibit the 

biomass of weeds if applied to paddy rice at 1-2 tonne ha
−1

 of plant material to the field 

(Xuan et al., 2005). 
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Similarly water lettuce (P. stratiotes L) is another noxious free floating perennial fast 

growing weed (Sculthorpe, 1967; Holm et al., 1977) producing 60-110 tons ha
-1 

year
-1

 

(Gumbricht, 1993) due to its tremendous ability to extract nutrients from the waste or 

eutrophic water (Fonkou et al., 2002). Like water hyacinth it decreased the growth of 

some algae (Alliotta et al., 1991; Greca et al., 1992) as its extract contains many 

cytotoxic steroids (Ayyad, 2002). In our country it was first reported from South 

Waziristan in 1972, but now it is found everywhere in the whole country. Like 

duckweed it can be used for the purification of municipality water (Kesaano, 2011). The 

utilization of this plant for weed management due to its allelopathy on terrestrial weeds 

would prove a useful source for weed management (Khan, et al., 2014). The water 

extracts of allelopathic plants can be used at a minimum concentration like of 10 g L
-1

 

for the management of the weeds (El-Gawad, 2014). That is why the current experiment 

is designed to evaluate the allelopathic effect of E. crassipes and P. stratiotes on 

germination and growth of wheat and its associated troublesome weeds and to utilize 

the enormous biomass of aquatic weeds for the eco-friendly, organic and economical 

weed control in wheat.  

Materials and methods 

Collection of plant material 

The aquatic plants E. crassipes L. and P. stratiotes L. were collected from the local 

stream of Maini District Swabi. Both the plants were washed off mud, dried, ground to 

powder for extract preparation. Wheat, wild oat and milk thistle seeds were obtained 

from Malakandair farm, The University of Agriculture Peshawar and tested for seed 

germination prior to the conduction of experiment. Only healthy seeds were chosen.  

 

Extract preparation 

100 grams of powder was taken from the dried mass of E. crassipes L. and P. 

stratiotes L each and were dissolved in one Liter of tap water, to get 10% solution of 

both the plant extracts. The extracts were diluted to 5% by mixing the extract with an 

equal amount of tap water for both the species. The mixtures were kept in the laboratory 

at room temperature. After 24 hrs the extract was filtered through Muslin cloth and 

transferred into a flask and tied with cork and labeled the flask with plant name and 

extract concentration. The extracts were prepared in hygienic environment and 

cleanliness was also kept in mind in order to avoid every kind of contamination. The 

petri dishes were sterilized in the autoclave so that it becomes free of germs and other 

pathogens. The filter paper (whatman filter paper) was put into them in order to keep the 

seeds moist during germination process and protect the seeds from drying. The diameter 

of the petri dishes was 9 cm in size.  

 

Seed soaking 

10 seeds of each wheat, wild oat and Silybum were put and soaked in the 10% 

concentration solution of E. crassipes L. and P. stratiotes L., respectively. Similarly 10 

seeds from each of species were also soaked in 5% concentration solutions of both the 

plants. For the purpose of comparison a 10 seeds from wheat, wild oat and Silybum 
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were soaked in tap water. After the completion of this process all the Petri dishes with 

soaked seeds were kept at room temperature.  

 

Arrangement of experiment 

This experiment was conducted in the Lab at the Department of Weed Sciences, The 

University of Agriculture Peshawar Pakistan during May 2014, for the evaluation of the 

effect of E. crassipes and P. stratiotes on the growth and germination of wheat and its 

associated weeds. This experiment was designed in a Completely Randomized Design 

(CRD) with 15 treatments replicated three times.  

 

 

Test species (the species with allelopathic potential) 

 Eichhornia crassipes 

 Pistia stratiotes 

 

Target species (the species to be tested against allelopathy) 

 Wheat (Triticum aestivum) 

 Wild oat (Avena fatua) 

 Milk thistle (Silybum marianum) 

 

Arrangement of treatments 

Ten seeds from each target species (wheat, oat and Silybum) were put in first petri 

dish. The seeds were soaked in the respective petri dish with 10 % and 5% 

concentrations of each test species extracts (E. crassipes and P. stratiotes), respectively 

according to the mentioned plan of work. A control treatment where seeds were soaked 

in tap water was included for comparison.  

 

The data was recorded after 20 days on the following parameters: 

1. Germination (%): By counting the number of germinated seeds in each treatment 

and divided the number by the total seeds in each treatment, percent germination 

was recorded.  

2. Fresh root weight plant
-1

 (g): With the help of electronic balance fresh root weight 

was measured of five representative plants in grams and converted it to average 

fresh root weight.  

3. Shoot length plant
-1

 (cm): Through the measuring tape, shoot lengths of test 

species were measured and average lengths were determined in cm.  

4. Fresh shoot weight/plant (g): With the help of electronic balance fresh shoot 

weight was measured of five representative plants in grams and converted it to 

average fresh shoot weight.  

Results and discussion  

Germination (%) 

Statistical analysis of the data showed that both the allelopathic plants’ (water 

hyacinth and water lettuce) aqueous extracts have affected the germination of the test 
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species (wheat, wild oat, & milk thistle) as shown in Table 1. Wild oat has been greatly 

affected than milk thistle while their effect on wheat has been very little. However by 

increasing the concentration of water hyacinth from zero to 5 and 10% wheat 

germination was decreased from 43.33% to 26.70% and 20.00%, respectively. Yet, the 

wheat still germinated while the germination of other species was almost completely 

inhibited as shown in the Figure 1b. The same trend is found for the increase in 

concentration of water lettuce for the germination of wheat (Table 1). At 5 % 

concentration the germination was 36.70%, while at 10% the germination was 

decreased up to 26.70%. But in case of wild oat, the highest concentration (10%) of 

water hyacinth decreased the germination of wild oat to zero (0.00%) i.e. there was no 

germination at all (Fig. 1a), while at 5 % its germination was very nominal i.e. only 

3.33%. Similarly, high concentration of water lettuce (10%) also decreased wild oat 

germination up to 6.7% as compared to 5% (13.33%) and control (10.00%). In case of 

milk thistle at 5% concentration of water hyacinth the germination 20%, while 

increasing the extract concentration to 10% the germination decreased to 10% as 

compared to control where the germination is 50%. In contrast, the milk thistle seed 

germination was 10% at 5% aqueous extract of water lettuce and the germination 

increased to 20% when the concentration increased to 10% (Fig. 1c), whereas the 

germination of milk thistle was 50% in the control treatment (Table 1). These findings 

are in line with the work of Chai et al. (2013) who also reported that water hyacinth 

extract reduced the total percentage and speed of germination, yet the mode of action of 

the extracts is still unknown.  

 

 

a) 

 

b) 
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c) 

Figure 1. Show the significant allopathic effect of various concentrations of the aqueous 

extracts of water hyacinth and water lettuce on the test species i.e. a. wild oat & milk thistle, b. 

wheat & milk thistle and c. wild oat and wheat. 

 

 
Table 1. Germination (%) of wheat, wild oat and milk thistle as affected by various 

concentration of the aqueous extracts of water hyacinth and water lettuce 

Target plant species 

Allelopathic plants used (water extracts) 

Species 

means 

Water hyacinth  

(E. crassipes L.) 

Water lettuce  

(P. stratiotes L.) 
Control 

treatment 

0% conc. 
10% 

conc. 

5% 

conc. 

10% 

conc. 

5% 

conc. 

Wheat (Triticum 

aestivum L.) 
20.00 cde 26.70 bcd 26.70 bcd 36.70 abc 43.33 ab 30.68 a 

Wild oat (Avena 

fatua L.) 
0.00 e 3.33 e 6.7 de 13.33 de 10.00 de 6.67 b 

Milk thistle (Silybum 

marianum L.) 
10.00 de 20.00 cde 20.00 cde 10.00 de 50.00 a 22.00 ab 

Concentration 

means 
10.00 b 16.70 ab 17.80 ab 20.01 ab 34.44 a  

LSD value: 21.670 

 

 

Root weight (g) 

Statistical analysis of the data showed that aqueous extracts from both the 

allelopathic plants (water hyacinth and water lettuce) have affected the test species i.e. 

wheat, wild oat, and the milk thistle significantly (Table 2). Both the extracts greatly 

affected wheat than milk thistle while wild oat has been less affected. On the basis of 

the statistical analysis it was shown that by using increased concentration of E. 

crassipes the root weight of wheat decreases. At zero concentration the root weight of 

wheat was 0.10% while at 5% concentration the root weight of wheat was up to 0.08%, 

while at 10% concentration root weight was decreased to 0.07%. The same trend is 

found for the increase in concentration of P. stratiotes for the root weight of wheat 

(Table 2). Of water lettuce was taken up to 10% the root weight of wheat has decreased 

up to 0.04%. The concentration being up to 5%, so the root weight of wheat increased 

up to 0.07%. But in case of control, the highest increase in root weight was recorded for 

wheat at 0% concentration up to 0.10%. Increased concentration of E. crassipes up to 

10% decreased the root weight of wild oat up to 0.00%. Also, by using the 
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concentration of this plant up to 5% increased the root weight of wild oat up to 7.7%. 

Likewise, increased concentration of P. stratiotes up to 10% increased root weight up 

to 7.7%, while at 5% concentration the root weight of wild oat decreased up to 0.01%. 

Also, in process of control the root weight of wild oat up to 0.01%. Similarly, the E. 

crassipes produced the result up to 0.01% at 10% concentration in case of milk thistle. 

But at 5% concentration the root weight increased up to 5.7%. Likewise, by using 10% 

concentration of P. stratiotes, the root weight of milk thistle increases surprisingly up to 

7.7%. But at 5% concentration the unexpected result was shown by water lettuce on 

milk thistle on 5% concentration produced 0.01% decrease in root weight. The effect on 

control was 0.05% on milk thistle. These results are in conformity with the work of 

Chai et al., (2013), who reported that water hyacinth extract reduced the plant 

germination and fresh weight and induced similar biochemical responses in the root 

tissues of seedlings of both test species.  

 

 
Table 2. Root weight (g) of wheat, wild oat and milk thistle as affected by various 

concentration of the aqueous extracts of water hyacinth and water lettuce 

Target plant 

species 

Allelopathic plants used (water extracts) 

Species 

means 

Water hyacinth  

(E. crassipes L.) 

Water lettuce  

(P. stratiotes L.) 
Control 

treatment 

0% conc. 
10% 

conc. 

5% 

conc. 

10% 

conc. 

5% 

conc. 

Wheat (Triticum 

aestivum L.) 
0.07abc 0.08 ab 0.04 cde 0.07abc 0.10 a 0.07c 

Wild oat (Avena 

fatua L.) 
0.00 f 

7.7*10
-3

 f 

means 0.007 
7.7*10

-3
 f 0.01 def 0.01 ef 3.08a 

Milk thistle 

(Silybum 

marianum L.) 

0.01 ef 5.7*10
-3

 f 7.7*10
-3

 f 0.01def 0.05 bc 2.69b 

Concentration 

means 
0.02c 4.49b 5.14a 0.03c 0.05c  

LSD value: 0.0381 

 

 

Shoot length (cm) 

The peer review of the data revealed that shoot length of all the tested species 

(wheat, oat and milk thistle) were significantly affected by the extracts of E. crassipes, 

P. stratiotes and their corresponding concentrations (Table 3). The statistical analysis of 

the data shows, that shoot length of all the verified species inversely proportional to the 

different extracts concentration. Wild oat has been more effected than rest of wheat and 

Silybum, while milk thistle less effected than oat and more than wheat.  

By using 10% extract concentration of E. crassipes tremendously increased the shoot 

length of wheat up to 8.44%, while at 5% concentration slightly decreasing was 

recorded up to 8.33 %. By applying 10% and 5% extracts concentration of P. stratiotes 

on wheat, same results were recorded 7.88%. Data regarding to shoot length of wheat, 

significantly increased was found at the rate up to 12.88% in case of control by using 

distilled water. Using 10% extract of E. crassipes, the shoot length of wild oat 

decreased to 0.00%, and magnificently increased up to 0.88% by applying 5% extract 

concentration. Similarly, increasing the concentration of Pistia up to 10%, decreased the 

shoot length of wild oat up to 2.77%, while the shoot length marvelously increased up 
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to 5.55 % by applying 5% concentration. Also, in case of control the shoot length of 

wild oat increased up to 3.65%, by utilizing 10% aqueous extract of E. crassipes 

showed surprising increase in shoot length of milk thistle at rate of 4.33%, while at 5% 

concentration revealed the impressive decrease up to 1.11 %. By the same way, 

increasing the concentration of E. crassipes up to 10% enormously increased the shoot 

length of milk thistle up to 17.77%, while at 5% concentration the shoot length rate 

wonderfully decreased up to 1.77%. Furthermore, in case of control by using distilled 

water, data concerning to shoot length of milk thistle increased up to 5.33% (Table 3). 

Similar results have been reported by Chai et al., (2013) who stated that water hyacinth 

water extracts reduced root length and fresh weight of germinating seeds which might 

be due to the H2O2 increase production and peroxidase activity in the root tissues. So, 

the shoot might have been affected by the same process.  

 

 
Table 3. Shoot length (cm) of wheat, wild oat and milk thistle as affected by various 

concentration of the aquas extracts of water hyacinth and water lettuce 

Target plant 

species 

Allelopathic plants used (water extracts) 

Species 

means 

Water hyacinth  

(E. crassipes L.) 

Water lettuce  

(P. stratiotes L.) 
Control 

treatment 

0% conc. 
10% 

conc. 

5% 

conc. 

10% 

conc. 

5% 

conc. 

Wheat (Triticum 

aestivum L.) 
8.44 bc 8.33 bc 7.88 bc 7.88 bc 12.88 ab 9.08 

Wild oat (Avena 

fatua L.) 
0.00 c 0.88 c 2.77 c 5.55 bc 3.65 c 2.57 

Milk thistle 

(Silybum 

marianum L.) 

4.33 c 1.11 c 17.77 a 1.77 c 5.33 bc 6.06 

Concentration 

Means 
4.25 3.44 9.47 5.06 7.28  

 

 

Shoot weight (g) 

The statistical analysis of the data showed that both the allelopathic plants (water 

hyacinth and water lettuce) water extracts have affected the test species I. e wheat, wild 

oat, and the milk thistle (Table 4).wheat and milk thistle has been greatly affected while 

wild oat has been less affected by the both allelopathic plants comparatively. On the 

basis of the statistical analysis it was shown that the increase in the concentration of E. 

crassipes decreased the shoot weight of wheat. At zero concentration the shoot weight 

of wheat was 0.11% while at 5% concentration the shoot length of wheat has increased 

up to 0.09% while at 10% concentration shoot length has slightly decreased up to 

0.06%. The same trend is found for the increase in concentration of water lettuce for the 

shoot weight of wheat (Table 4). Of P. stratiotes was taken up to 10% the shoot weight 

of wheat has decreased up to 0.05%. But if the concentration being up to 5% so the 

shoot weight of wheat increases up to 0.076%. But in case of control, the shoot weight 

was recorded for wheat at 0% concentration up to 0.11%. Increased concentration of E. 

crassipes up to 10% decreased the shoot weight of wild oat up to 0.00%. Also, by using 

the concentration of this plant up to 5 % slightly increased the shoot weight of wild oat 

up to 0.01%. Likewise, by increasing concentration of P. stratiotes up to 10%, 
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decreased shoot weight up to 0.01%, while at 5% concentration the shoot weight of wild 

oat increase up to 0.02%. Also, in process of control the height increase was recorded 

for shoot weight of wild oat up to 5.33%. Similarly, the E. crassipes produced the result 

up to 0.08% on 10% concentration in case of milk thistle. But at 5% concentration the 

shoot weight decreases up to 0.05%. Likewise, by using 10% concentration of P. 

stratiotes, the shoot weight of milk thistle decreases up to 0.05%. But at 5% 

concentration the result was shown by P. stratiotes on milk thistle on 5% concentration 

produced 0.07% increase in shoot weight. The effect on control was 0.19% on milk 

thistle. As the water extracts affected the root weight so, it can be expected to have a 

negative impact on the shoot weight also (Chai et al., 2013).  

 

 
Table 4. Shoot weight (g) of wheat, wild oat and milk thistle as affected by various 

concentration of the aqueous extracts of water hyacinth and water lettuce 

Target plant 

species 

Allelopathic plants used (water extracts) 

Species 

means 

Water hyacinth  

(E. crassipes L.) 

Water lettuce  

(P. stratiotes L.) 
Control 

treatment 

0% conc. 
10% 

conc. 

5% 

conc. 

10% 

conc. 

5% 

conc. 

Wheat (Triticum 

aestivum L.) 
0.06 bcde 0.09 b 

0.05 

bcdef 
0.076 bcd 0.11 b 0.07 b 

Wild oat (Avena 

fatua L.) 
0.00 f 0.01 def 0.01 def 0.02 cdef 5.33 ef 1.07 a 

Milk thistle 

(Silybum 

marianum L.) 

0.08 bc 0.05 bcdef 
0.05 

bcdef 
0.07 bcd 0.19 a 0.08 b 

Concentration 

means 
0.04 b 0.05 b 0.03 b 0.05 b 1.87 a  

LSD value: 0.0671 
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