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LLELOPATHY has become a much more important phenomenon in 

biological control method of weeds in any kind of agricultural practices. 
So, the present study has been carried out to evaluate the allelopathic influence 

of the Lupinus leaf extract on biochemical constituents and enzymatic activities 

of the Portulaca oleracea L. plant. The obtained results indicate that induction 
of calmodulin (CaM), abscisic acid (ABA) and indole acetic acid (IAA) levels 

in the P. oleracea plant under the effect of Lupinus leaf extract. Also, seed 

germination, total soluble sugars, total lipids, total amino acids and total 
protein contents were reduced in P. oleracea under treatment with Lupinus leaf 

extract. The extract induced the activities of both α-amylase and IAA oxidase 

but inhibited the activities of nitrate reductase (EC, 1.7.1.3), glutamine 
synthetase (EC, 6.3.1.2) and pyruvate dehydrogenase (EC, 1.2.4.1). Thus, 

allelopathic extract of the L. termis may be used as eco-friendly natural 

herbicide for management of the P. oleracea. 
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Allelopathy is a valuable source for natural herbicides discovery, as many 

allelochemicals exhibit phytotoxic effects against weeds (D'Abrosca et al., 

2013). Knowing the effects of a chemical on plant metabolism (receiving plant) 

is very important both in order to suggest its role in a natural context. The 

allelopathic effect on the germination and seedling growth of various plant 

species (both weeds and crops) have been investigated (El-Rokiek and Eid 

2009), while few studies deal with the effect on plant metabolism (Weir et al., 

2004; Hussain et al., 2010; Gürsoy et al., 2012; Ullah et al., 2013). It plays an 

important  role in the evolution of plant communities, exotic plant invasion and 

replant failure (Inderjit 2003). The impact of weed allelochemicals on crops has 

been studied, however some crops characterized by its allelopathic effect against 

weeds (Maqbool et al., 2013). The residues of allelopathic crops bear a great 

potential in suppressing weeds (Singh et al., 2003). Allelopathy of crops is 

considered as one of the most successful tool to manage weed infestations in 

agricultural production, if it can be exploited appropriately in a rotational 

cropping system (Khanh et al., 2007). 
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The allelochemicals are derived into the rhizosphere by process such as 

leaching from the aerial plant parts, volatile emissions, root exudation and the 

breakdown of plant residues (Bertin et al., 2003). The use of allelochemicals is 

being encouraged to utilize this up tapped resource for weed control thereby 

reducing the ecological, environmental and health problems associated with 

synthetic pesticides (Cheema et al., 2013; Gürsoy et al., 2013).  

  

The allelochemicals are released largely by plant residues that are left in the 

fields after the harvest of a crop or through use of cover crops. The strategy for 

using allelopathy for weed management could be either through directly exploiting 

natural allelopathic interactions or using biohebicide (allelochemicals). To achieve 

consistent results in the field from the use of crop residues, it is important to 

understand the mechanism of allelopathy (Weston and Duke, 2003; Gürsoy et 

al., 2013). 

 

Allelopathic inhibition involved interaction of different classes of chemicals 

like phenolic compounds, flavonoids, terpenoids, alkaloids, steroids, carbohydrates 

and amino acids, with mixtures of different compounds sometimes having a great 

allelopathic effect than individual compounds alone (James and Bala, 2003; 

Gürsoy et al., 2013). 

  

Portulaca oleracea L. (Purslane) is a C3 plant and a common troublesome 

weed worldwide (Miyanishi and Cavers, 1980). The plant is used as herbal plant 

with wide pharmacological applications including, analgesic, antibiotic, (Yang  

et al., 2007), antioxidant and anti-inflammatory (Lim and Quah 2007; Gürsoy   

et al., 2013). Among the bioactive components of P. oleracea are hesperidin, 

caffeic acid (Yang et al., 2007), ferulic acid and p-coumaric acid (Xiang et al., 

2005; Cheng et al., 2011). In addition, P. oleracea has been reported to be rich in 

α-linolenic acid, β-carotene (Barbosa-Filho et al., 2008), flavonoids, coumarins 

(Awad 1994), and monoterpene glycoside (Sakai et al., 1996). Some of these 

bioactive compounds have been reported to be allelochemicals (Cheema et al., 

2002; Gürsoy et al., 2013). 

   

The L. termis is grown in Egypt and it is used as fodder crop and green 

manure for sandy soils to reclaim new lands. Lupin seeds contain great content 

of proteins, fibers and carbohydrates and they are used for medical and industrial 

purposes (Abdel-Monaim et al., 2012). However, the allelopathic activity of 

Lupinus spp. was poorly investigated up to now (Ferreira and Reinhardt, 2010). 

  

Therefore, the present study aimed to evaluate the allelopathic potentiality of 

L. termis leaves on some physiological parameters of the P. oleracea. These 

parameters are calmodulin (CaM), indole acetic acid (IAA), abscisic acid (ABA), 

carbohydrates, proteins, lipids and some key enzymes of metabolism. 
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Material and Methods 

 

1. Preparation of the L. termis leaf extract 

Washed leaves were dried for 48 hr in 50oC and ground to fine powder by 

grinder. Various concentrations (0.2, 0.4, 0.6, 0.8 and 1 mg ml-1) were prepared 

using distilled water and the obtained suspension was filtered twice through 

Whatman filter paper no 2 for removing the fibers and the distilled water used as 

control (El-Shora and Abo-Kassem, 2001). 

 

2. Germination bioassay 

Seeds of the P. oleracea were germinated according to El-Shora and Abo-

Kassem (2001). Seeds were surface sterilized in 10% sodium hypochlorite for 10 

min and then soaked in running tap water for 24 hr. The seeds were then 

germinated between paper towels, moistened with distilled water (control) or 

different extract concentrations of the L. termis in sterilized plastic trays and 

were covered and incubated in dark at 25 ºC for 72 hr. The percentage of 

germination was then calculated.  
 
3. Treatment experiment 

The germinated seeds with well-grown P. oleracea roots were then supported 

on plastic bowls containing 0.2 mM CaCl2 solution and different concentrations 

of L. tremis leaf extract and vigorously aerated for 7 days (El-Shora and Abo-

Kassem, 2001). The experimental design was carried out with three replications. 
 
4. Estimation of CaM 

Two g of the P. oleracea fresh leaves were ground to fine powder in liquid 

nitrogen. The powder was homogenized in 2 ml extraction buffer contained 100 

mM Tris, 1 mM β-mercaptoethanol, 0.20 mM phenylmethylsulfonyl fluoride 

(PMSF), 100 mM ethylenediamine tetraacetic acid (EDTA) and 30 mM 

NaHCO3, pH 7.5. The extract was incubated at 95oC for 3 min in a water bath. 

The samples were centrifuged at 10,000 g for 4 min at 4oC and supernatant was 

used for CaM assay. The CaM content was estimated with Enzyme 

Immunosorbent Assay )ELISA( according to Zhao et al. (1988). 
 
5. Estimation of ABA 

Two g of P. oleracea fresh leaves were ground to powder in liquid nitrogen. 

The powder was homogenized in 5 ml extraction solution contained 85% ethyl 

alcohol and 2 mM butylated hydroxytoluene (BHT) (Wu et al., 1988). The 

obtained extract was incubated at 4oC in a refrigerator for 4 hr and then 

centrifuged at1000 g for 15 min. The obtained pellet was re-extracted with 2 ml 

extraction solution and incubated at 4oC for 4 hr and centrifuged again as 

described above. The resultant supernatants were combined and loaded onto a 

C18 column. Using vacuum evaporation the final extract was dried. The obtained 

residue was dissolved in 5 ml sample and ABA was estimated using an ELISA 

according to Wu et al. (1988). 
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6. Estimation of IAA 

IAA content in the P. oleracea leaves was determined using Salkowaski 

reagent as described by Gordon and Weber (1951). Estimation of IAA was made 

by measuring of the spectroscopic absorbance at 535 nm. The concentration of 

IAA was calculated by preparing a standard curve from IAA solution and the 

content of IAA was expressed as µg IAA g-1 fresh weight. 

 

7. Determination of total protein, total lipid, total soluble sugars and free amino 

acids 

The protein content was determined according to the method of Bradford 

(1976) with bovine serum albumin (BSA) as standard. Total lipid content was 

estimated according to AOAC (1990). Total soluble sugar was estimated 

according to Southgate (1991). Total free amino acid was estimated according to 

Moor and Stein (1957). 

 

8. Enzymes extraction  

The frozen leaves of P. oleracea (2 g) were homogenized in 50 ml of pre-

chilled 150 mM phosphate buffer (pH 7.0) under ice-cold conditions. The 

homogenates were filtered through four layers of cheesecloth and centrifuged at 

10,000 g for 15 min at 4ºC. The collected supernatant was stored at 4ºC for 

assaying the enzymatic activities (El-Shora and ap Rees 1991). 

 

9. Enzyme assays 

The α-amylase activity was estimated according to Ceska et al. (1969). IAA 

oxidase was assayed according to Darbyshire (1971). The activity of nitrate 

reductase (NR) was estimated according to Hageman and Reed (1980). 

Glutamine synthetase (GS) was assayed according to Rhodes et al. (1975) and  

pyruvate dehydrogenase (PDH) was measured according to Schwartz and Reed 

(1970). 

 

10. Statistical analysis 

All obtained data were subjected to ANOVA and the mean values were 

separated based on Least Significant Difference (LSD) test at 0.05 statistical 

probability level using COSTAT 6.3 software. 

 

Results 

 

1. Effect of the L. termis leaf extract on germination percentage of P. oleracea 

The germination percentage of P. oleracea was significantly reduced 

(P≤0.05) by increasing the concentration of L. termis leaf extract (Fig. 1). 

Germination percentage was reduced to about 78.8% after treatment with the 

highest concentration (1 mg ml-1) of the L. termis extract. 
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Fig. 1.Effect of Lupinus termis leaf extract on germination of Portulaca oleracea 

leaves. 

 

2. Effect of the L. termis leaf extract on CaM, ABA and IAA contents of P. 

oleracea leaves 

CaM content was significantly enhanced (P≤0.05) by the lower 

concentrations where it is induced by about 112% at 0.4 mg ml-1 of L. termis 

extract but it is decreased again by increasing the concentration (Fig. 2). 

   

ABA content in P. oleracea leaves was increased significantly (P≤0.05) 

under treatment with the L. termis extract (Fig. 2), where it is increased to about 

613.4 mg g-1 fresh weight at 0.8 mg ml-1. However, the IAA content was 

decreased gradually and significantly (p≤0.05) to about 46.4% at the highest 

concentration (1 mg ml-1).  

 

3. Effect of the L. termis leaf extract on total protein and total lipid in P. 

oleracea leaves 

The total protein and total lipid contents were reduced significantly 

(P≤0.05) in the P. oleracea leaves in response to treatment with the L. termis 

extract (Fig. 3). It is reduced by about 76.8% and 71.9%, respectively after 

treatment with 1 mg ml-1 of the L. termis extract. 
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Fig. 2. Effect of Lupinus termis leaf extract on indole acetic acid (IAA), abscisic acid 

(ABA) and calmodulin (CaM), contents of Portulaca oleracea leaves. 

 

 

Fig. 3. Effect of Lupinus termis leaf extract on total protein and total lipid of 

Portulaca oleracea leaves. 

 

4. Effect of L. termis extract on total soluble sugars and total free amino acid in 

the P. oleracea leaves 

The content of both total soluble sugars and total free amino acid were increased 

significantly (P≤0.05) with increasing the concentration of L. termis extract (Fig. 4). 

Their contents were induced by about 181% and 375%, respectively. 
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Fig. 4. Effect of Lupinus termis leaf extract on total amino acids and total soluble 

sugars of Portulaca oleracea leaves. 

 

5. Effect of the L. termis extract on the enzymes activities of P. oleracea leaves 

The results indicate that the activities of α-amylase and IAA oxidase were 

enhanced after treatment with the L. termis extract (Fig. 5), where it increased by 

about 79.4% and 92%, respectively. On the other hand, the activities of NR, GS 

and PDH were significantly inhibited (P≤0.05) by about 69.2%, 57.5% and 

83.8%, respectively by 1 mg ml-1 of L. termis leaf extract (Fig. 6). 

 

 
Fig. 5. Effect of Lupinus termis leaf extract on indole acetic acid oxidase (IAA 

oxidase) and α-amylase activities of Portulaca oleracea leaves. 
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Fig. 6. Effect of Lupinus termis leaf extract on nitrate reductase (NR), glutamine 

synthetase (GS) and pyruvate dehydrogenase (PDH) activities of Portulaca 

oleracea leaves. 
 

Discussion 

 

The results in the present investigation show that L. termis leaf extract 

inhibited the germination of P. oleracea and the inhibition was concentration-

dependent. The inhibition of seed germination may be due to the presence of 

allelochemicals at different levels in the L. termis leaf extract (Mohamadi and 

Rajaie 2009). In support, poor germination and seedling growth rate under 

allelochemical stress were observed in tomato (Sannigrahi and Chakrabortty 

2005). 

  

The protein content in P. oleracea leaves was reduced through treatment with 

L. termis extract. This reduction may be due to the effect of phenolic content in 

L. termis extract. It has been reported that many phenolic acids reduced the 

incorporation of certain amino acid into proteins and thus reduced the rate of 

protein synthesis (Baziramakenga et al. 1997). Also, various metabolic activities 

inhibited protein synthesis and stimulated its degradation (Mersie and Singh 

1993). Ferulic acid as an allelochemical inhibited protein synthesis and reduced 

the incorporation of 14C leucine. Maximum inhibition of protein synthesis by 

chlorogenic acid and vanillic acid was observed in leaves of lettuce (Lactuca 

spp.) (Mersie and Singh 1993). Protein synthesis was retarded after treatment 

with cinnamic acid as allelochemical (Einhellig 1996). The loss of proteins could 

be due to the transport of amino acids to the growing axes or respiratory loss, or 

it might result in the accumulation of free amino acids (Satyanarayana et al., 

2011). 
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Total lipid content was reduced in the P. oleracea leaves by application of 

the L. termis extract. Lipid is a major component in the membrane which has 

main role in a plant cell resistance in the proportional to environmental stress 

(Yordanov et al. 2003). Main changes will happen in lipid metabolism under 

conditions of stress (Benhassaine-Kesri et al., 2002). Mono galactosyl 

diglyceride the main glycol lipid in leaf, can be affected by stress (Yordanov et 

al., 2003; Gürsoy et al., 2013). In addition, lipid peroxidation was synchronized 

with increased stress (Yazici et al., 2007; Gürsoy et al., 2013).  

 

Total soluble sugars content in the P. oleracea leaves was decreased after 

treatment with L. termis extract which may be due to requirement for energy at 

initial stages of seedlings growth. Also, the observed reduction of total soluble 

sugars may be due to the decline in the chlorophyll content by allelochemicals of 

the L. termis extract(s) (Kavitha et al., 2012). 

  

On the other hand, the total free amino acid content increased with increasing 

concentration of the L. termis extract. The increase in free amino acid contents 

may be due to rapid hydrolysis of protein, which results in release of free amino 

acids. Similar results were reported in Egyptian senna (Cassia senna Mill.) 

seedlings (Al-Helal 1992) and chickpea (C. arietinum L.) (Mangal et al., 2013). 

 

The endogenous CaM regulates a number of enzymes that have important 

functions in plant metabolism such as Ca2+-ATPase activity in a variety of cell 

compartment under stress (Zielinski, 1998). The present results show an increase 

in CaM of P. olercea leaves after treatment with L. termis extract. It seems likely 

that the increase in CaM synthesis enables plants to adapt the stress induced by 

allelochemicals in L. termis extract. Also, the induction of CaM in P. oleracea 

may be due to its contribution in the activation of antioxidant enzymes under 

allelochemicals stress. In support, CaM was found to stimulate the activity of 

plant catalase (Yang and Poovaiah, 2002) to remove H2O2 and thus prevents 

lipid peroxidation.  

  

The present results show that treatment of the P. oleracea seedlings with the 

L. termis extract resulted in an increase of ABA content in leaves. It has been 

reported that ABA content increased in the xylem of roots and shoots in desert 

poplar (Populus euphraticai Oliv.) under stress conditions (Chang et al., 2006). 

It has been reported that stress causes enhancement of biosynthesis and 

accumulation of ABA and this enhancement can modulate physiological reaction 

in plant response to stress (Gómez-Cadenas et al., 1999). Also, it has been shown 

that the increase of ABA content under stress could be attributed to the synthesis 

of stress messenger ABA, which is possibly  the result of feedback-stimulated 

expression of ABA biosynthetic gene (Xiong et al., 2001). ABA has been 
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suggested to induce the gene expression of antioxidant enzymes and up regulate 

many stress responsive genes (Zhu, 2002; Gürsoy et al., 2012). 

 

The content of IAA in the P. oleracea leaves was reduced after treatment 

with the L. termis extract. This is possibly due to the inhibitory effect of 

allelopathic compounds in lupin extract on its synthesis. In support, illustrated 

decline of IAA in roots of rice (Oryza spp.) seedlings by some allelochemicals 

(Yang et al., 2008). 

  

The α-amylase enzyme catalyzes the starch hydrolysis and hence its 

utilization for providing energy during seedling growth (Chong et al., 1994). The 

present results indicate an increase in the activities of α-amylase and indole 

acetic acid oxidase in P. oleracea leaves after treatment with L. termis leaf 

extract. In contrast, α-amylase of common barnyard grass (Echinochloa spp.) 

was inhibited through treatment with a methanolic extract of common jasmine 

(Jasminum officinale L.) leaves (Teerarak et al., 2012). 

    

The activities of NR, GS and PDH were declined in the P. oleracea leaves by 

L. termis leaf extract. This is possibly could be due to the stress by 

allelochemicals in L. termis leaf extract. In support,  it has been reported that NR 

activity was decreased by allelochemicals (Rui-xia, 2000). The reduction of NR 

activity in P. oleracea leaves  by L. termis extract  could be possibly attributed to 

the retarding effect of  absorption and transport of nitrate from roots to leaves by 

the effect of allelochemicals in the L. termis extract (Baki et al., 2000).  

Increasing the inhibition of the tested enzyme activity with increasing of the L. 

termis extract concentration may be due to increasing content of allelochemicals 

which can interfere with the enzyme reaction. Reduced synthesis of enzymes is 

another possible reason of reduced enzymes activities. The reduction of GS and 

PDH under allelopathy may be due to protein oxidation through the free radicals 

produced by allelochemicals in L. termis leaf extract. Protein oxidation may 

result in modification of enzymes and their binding properties. Protein 

modification due to formation of protein bound carbonyl groups is selectively 

targeted and the sites and nature of oxidative modifications are still largely 

unknown (Job et al., 2005). Oxidized proteins undergo diverse structure and 

functional change in their hydrophobicity which makes the proteins more 

susceptible to proteolysis (Davies, 2005).  

  

In conclusion, the leaves of L. termis (crop waste) expressed a satisfactory 

inhibitory allelopathic effect particularly at the higher concentration on P. 

oleracea. Such inhibition could be due to allelochemicals present in L. termis 

leaves. However, further experiments needed to isolate, identify and characterize 

the allelochemicals. Whether exploring of natural bioherbicides (allelochemicals) 

or through the application of cover crops with allelopathic properties, allelopathy 

will be promising science in sustainable agriculture systems in the future. 
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وراق نبات الترمس على أتقييم التأثير الاليلوباثي لمستخلص 
 المكونات البيوكيميائية والأنشطة الأنزيمية لنبات الرجلة

 

  مد عبد الجواد ـاحمد مح و د الشورىـحامد محم

 مصر. ‒  المنصورة  ‒  جامعة المنصورة  ‒ كلية العلوم  ‒ قسم النبات

 

عة من أهم طرق المكافحة البيولوجية للحشائش تعتبر تطبيقات الأليلوباثي في الزرا

هدف هذه الدراسة إلى تقييم التأثير الأليلوباثي لمستخلص أوراق نبات الترمس وت

على المكونات البيوكيميائية والأنشطة الانزيمية لنبات الرجلة. تشير النتائج إلى 

وراق أي ف حامض الخليك واندول استحثاث انتاج الكالموديولين وحمض الأبسيسيك

مستلخص الترمس. تم تثبيط إنبات البذور والسكريات الذائبة  تحت تأثير الرجلة

 والدهون والأحماض الأمينية والبروتين في الرجلة. كذلك تم زيادة نشاط كل من

لفا أميليز وأوكسيديزاندول حمض الخليك ولكن تم تثبيط نشاط انزيم ريدكتيز أانزيم 

النترات والانزيم المصنع للجلوتامين وديهيدروجينيزحمض البيروفيك. ومن هنا 

 . يمكن التوصية باستخدام مستخلص نبات الترمس كمبيد حيوي عشبي صديق للبيئة
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