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ABSTRACT 

A pot experiment was conducted at the rain shelter and laboratory in the Faculty of 

Sustainable Agriculture, Universiti Malaysia Sabah Sandakan Campus to investigate the 

effect of different water regimes on the growth, antioxidant content, and carbon, 

hydrogen and nitrogen content of purslane (Portulaca oleracea L.). The soil media used 

had soil organic matter content of 22.02%, electrical conductivity (EC) 1.15 dS m-1 and 

pH 5.23. The experimental design was Completely Random Design using five treatments 

namely continuous field capacity condition, continuous saturated condition, continuous 

flooded condition, flooded 10 days followed by saturated condition, and saturated 10 

days followed by field capacity condition with 5 replications. The data on the plant height, 

leaf length, leaf width, stem diameter, internode length, shoot moisture content, relative 

leaf water content, total phenolic content, total flavonoid content, ash content, carbon, 

hydrogen and nitrogen content, and crude protein content were collected after 20 days 

of treatment application. Results were analyzed by ANOVA using SPSS program and 

treatment means were compared using LSD test at the 5% probability level. The results 

revealed that effects of different water regimes on plant height, leaf length, leaf width, 

stem diameter, total phenolic content, total flavonoid content, ash content, hydrogen 

content, nitrogen content, and crude protein content in purslane were significant. 

However, there were no significant effects of different water regimes on internode length, 

leaf relative water content, shoot water content, and carbon content in purslane. Field 

capacity condition had produced purslane with longest internode length (76mm), highest 

leaf relative water content (79.85%), highest total phenolic content (3.06 mg GAE/g), 

and highest ash content (17.5%). Continuous saturated condition produced purslane 

with highest plant height (429.0mm), and highest shoot water content (90.59%). 

Continuous flooded condition produced purslane with longest leaf (26.3mm), widest leaf 

(14mm), highest total flavonoid content (1.35 mg QE/g), highest carbon(40.3%), 

hydrogen(6.14%), nitrogen (3.14%) and crude protein content (19.62%). It may be 

recommended as a water saving technology for the water scarce areas for purslane 

production. 
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KESAN REJIM AIR TERHADAP PERTUMBUHAN DAN KANDUNGAN 

ANTIOKSIDAN PADA PURSLANE (Portulaca oleracea L.) 

A BSTRAK 

Satu kajian menggunakan pasu telah dija/ankan di Perlindungan Hujan dan Makmal 

Ladang di Fakulti Pertanian Lestar~ Universiti Malaysia Sabah Kampus Sandakan, untuk 

mengkaji kesan rejim air terhadap pertumbuhan, dan kandungan antioksidan pada 

purslane. Media tanah yang digunakan mempunyai kandungan bahan organik tanah 

22.02%, kekonduksian e/ektrik 1.15 dS m-1 dan pH 5.23. Reka bentuk eksperimen 

ada/ah CRD dengan menggunakan lima jenis rawatan iaitu keadaan kapasiti ladang 

berterusan, keadaan tepu berterusan, banjir berterusan, banjir 10 hari dllkuti dengan 

keadaan tepu, dan tepu 10 hari diikuti dengan keadaan kapasiti bidang dengan 5 

rep/ikasi. Data pada ketinggian pokok, panjang daun, lebar daun, diamter batang, 

panjang ruas, kandungan ke/embapan batang, relatif kandungan air daun, jumlah 

kandungan fenol, jumlah kandungan flavonoid, kandungan abu, kandungan karbon, 

hidrogen dan nitrogen, dan kandungan protein kasar telah dikumpul se/epas 20 hari dari 

tarikh pemberian rawatan. Keputusan yang diperolehi telah dianalisis dengan ANOVA 

menggunakan program SPSS dan cara-cara rawatan dibandingkan menggunakan ujian 

LSD pada tahap kebarangkalian 5%. Hasi/ kajian menunjukkan kesan rejim air yang 

berbeza pada ketinggian pokok, panjang daun, lebar daun, diameter batang, jumlah 

kandungan fenol, jumlah kandungan flavonoid, kandungan abu, kandungan hidrogen, 

kandungan nitrogen, dan kandungan protein kasar dalam purslane adalah ketara. Walau 

bagaimanapun, tidak ada kesan rejim air yang berbeza yang signifikan pada panjang 

ruas, kandungan air daun relatif, kandungan kelembapan batang, dan kandungan karbon 

da/am purslane. Keadaan kapasiti ladang telah menghasilkan purslane dengan panjang 

ruas terpanjang (76mm), relatif kandungan air daun tertinggi (79.85%), kandungan 

jumlah fenol tertinggi (3.06 mg GAE/g), dan kandungan abu tertinggi (17.5%). Keadaan 

tepu berterusan te/ah menghasilkan purslane yang paling tinggi (429.0mm), dan 

kandungan air batang tertinggi (90.59%). Keadaan banjir berterusan telah menghasilkan 

purslane yang daun terpanjang (26.3mm), daun paling luas (14mm), jumlah kandungan 

flavonoid tertinggi (1.35 mg QE/g), dan kandungan karbon (40.3%), hidrogen (6.14%), 

nitrogen (3.14%) dan kandungan protein kasar (19.62%) yang tertinggi. Keputusan ini 

boleh disyorkan kepada kawasan yang sumber air terhad sebagai teknologi penjimatan 

air untuk pengeluaran purslane. 
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CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

Purslane (Portulaca oleracea) naturally found In turfgrass areas as well as field 

crops and lawn (Uddin et aI., 2009; 2010). In North America, purslane is typically 

regarded as a weed, but it is consumed as a vegetable in many countries in the 

worldwide (Proctor, 2013). Purslane has broad acceptability as a potherb in Central 

Europe, Asia and the Mediterranean regions (Uddin et al., 2014). Thus, it is important to 

evaluate purslane under different water stress conditions since purslane can be 

considered as a source of food with its benefits. 

The previous study on purslane showed that the purslane has better nutritional 

quality than the major cultivated vegetables. It is known to be high in antioxidants and 

is a good source of essential fatty acids and carotenes, which have been shown beneficial 

to human health (Proctor, 2013). Purslane also has the highest amount of a-linolenic 

acid as well as high concentrations of the antioxidants a-tocopherol, ~-carotene, and 

glutathione (Simopoulos et aI., 1992). Besides used in treatment of osteoporOSiS and 

psoriasis, it is also used as purgative, cardiac tonic, emollient, muscle relaxant, and anti

inflammatory and diuretic treatment which make it important In herbal medicine (Uddin 

et at, 2014). Therefore, this study is aimed to evaluate the effect of different water 

regimes on the chemical characteristics of purslane. 

Aberoumand (2009) reported that the leaves and stems of P. oleracea contained ashes 

(22.66%), crude protein (23.47%), lipid (5.26%) and fibers (40.67%). The stems and 

leaves also have high energy values 303.9 Kcal/100g dry weight. Mineral contents 

(mg/100g DM) were K (14.71), Na (7.17), Ca (18.71), Fe (0.48) and Zn (3.02). Lim and 

Quah (2007) reported that total phenolic compounds of P. oleracea ranged from 127±13 

to 478±45mg GAE/IOOg fresh weight of plant. 



Natural antioxidants also known as secondary metabolites, are derived from 

plants, mainly plant phenolics such as phenolic acids, flavonoids and carotenoids, which 

are amongst various antioxidants produced by plants for their sustenance (Dai and 

Mumper, 2010). Recently, phenolic acids and flavonoids have been considered as great 

antioxidants and proved to be more effective than Vitamin C, E and carotenoids (Apak 

et ai, 2007). 

Plant growth development and production are affected by natural stresses in the 

form of biotic and abiotic stresses such as drought, salinity and others. Drought or water 

deficit is one of the most important environment stresses that Influences on plant 

production (Abdalla and EI-khoshiban, 2007). Purslane is categorized as an annual 

broadleaf weed. In the previous study on weed control in paddy field showed that seeds 

from broad-leaved weeds largely dominated in all water regime-treated soil samples 

compared to the other weed groups (Juraimi et a/., 2012). According to another research 

done by Juraimi et at. (2009), broadleaved weeds predominantly Monochoria vagina/is 

and Limnocharis flava were the most dominant weeds in most of the water regime 

treatments in his experiment. 

1.2 Objectives 

i. To investigate the effect of water regimes on the growth of purslane (P. 

o/eracea). 

ii. To compare the effect of water regimes on the antioxidant content (total 

phenolic content and total flavonoid content) and CHN content of purslane 

(P.o/eracea). 

1.3 Justification of the study 

Purslane was chosen in this study because there were research findings that reported P. 

o/eracea comprises more nutritive value than other vegetables due to its valuable 

components such as omega-3 fatty acid, a-tocopherol, ascorbic acid, ~-carotene and 

glutathione-rich. In fact, it is a weed that could found abundantly in Malaysia due to its 

high adaptability to many adverse conditions such as drought, saline, and nutrient 

2 



deficient conditions. Nowadays, due to climate changes and global warming, more 

frequent and prolonged drought events are expected in different parts of the world, 

leading to weaker crop yields and, in more severe cases, food shortages. Hence, this 

experiment would like to compare the growth, antioxidant (total phenolic content and 

total flavonoid content), and carbon, hydrogen and nitrogen content of purslane even 

under different water regimes. With respect to the important of purslane as a medicinal 

and valuable plant and because of low information regarding its physiological and 

chemical reactions under water stress, doing this project is necessary. The results of this 

study able to provide information to those people suffering from food shortage due to 

water stress problem since purslane is edible and able to provide nutrients. 

1.4 Hypothesis 

Ho: There was no significant difference among continuous flooded condition, continuous 

saturated condition, continuous field capacity condition, flooded 10 days followed 

by saturated condition, and saturated 10 days followed by field capacity condition 

on the growth of P. oleracea. 

HA: There was a significant difference among continuous flooded condition, continuous 

saturated condition, continuous field capacity condition, flooded 10 days followed 

by saturated condition, and saturated 10 days followed by field capacity condition 

on the growth of P. oleracea. 

Ho: There was no significant difference among continuous flooded condition, continuous 

saturated condition, continuous field capacity condition, flooded 10 days followed 

by saturated condition, and saturated 10 days followed by field capacity condition 

on the antioxidant content and carbon, hydrogen and nitrogen content of P. oleracea. 

HA: There was a significant difference among continuous flooded condition, continuous 

saturated condition, continuous field capacity condition, flooded 10 days followed 

by saturated condition, and saturated 10 days followed by field capacity condition 

on the antioxidant content, and carbon, hydrogen and nitrogen content of P. 

oleracea. 

3 



CHAPTER 2 

LITERATURE REVIEW 

2.1 Purslane 

Common purslane (Portulaca oleracea L.), a member of the Portulacaceae family, is one 

of 25 genera of succulent herbs and shrubs in this family (Mitich, 1997). Seven 

subspecies belong to this species, but the subspecies oleracea and sativa are the most 

common. P. oleracea is mostly an annual, but it may be perennial in some tropics 

(Matthews et aI., 1993). P. oleracea L. is a cosmopolitan species (Danin and Reyes

Betancourt, 2006). 

The site of origin is not known for a certainty and several temperate areas of the 

Northern Hemisphere are proposed: Eurasia, in particular Southern Europe (Walters, 

1993), Europe, Western Asia, China (Schoch et al., 1988), India, but also sub-desert 

areas of Northern Africa, which could explain the succulent aspect of the plant (Holm et 

aI., 1977). Through De Candole (1883), purslane seems be originated in the Western 

Himalayan area, then spreaded towards the South of Russia and Greece, perhaps as far 

back as 4,000 years ago because of the nutritional value of the plant and also its 

adaptability to hostile environments (Bois, 1927). Moreover, purslane is a summer 

herbaceous plant and the cultivated species are more upright and vigorous than the 

wild forms. 

Salah and Chemli (2004) stated that P. oleracea subsp. oleracea and P. oleracea 

subsp. sativa are distinguished by several vegetative and floral characteristics, while the 

ornamentations of the seeds are Identical with differences in size, although modest. The 

ornamentations are determined by rounded tubercles arranged in a row, in a regular 

pattern, with scarce papillae. 



Moreover, purslane have a unique morphology that could encourage the growth 

of the plants even though in adverse environment such as drought condition. Stems are 

glabrous, fleshy, purplish-red to green in colour, arising from a taproot, often prostrate, 

forming mats (Muenscher, 1955). They are freely branched 10-56 cm long, and the 

shoots are erect when young, but often becoming prostrate with age (U.S. Department 

of Agriculture, 1970). Besides that, the leaves of the purslane are alternate, usually in 

clusters at the ends of the branches, succulent, thickened, sessile, smooth margined and 

broad rounded tips, occasionally larger, rounded or nearly truncate at the apex (Vengris, 

1972). The leaves may range from 4-28 mm long and 2-13 mm broad in fertile soils. 

Apical whorls have 2-5 leaves, usually 4. Axillary hairs are missing, Inconspicuous or 

barely visible. In general, the thick succulent leaves, stems and roots enable the plant 

to absorb and store water. Thus this characteristic helps this weed can easily withstands 

soil conditions of dry hot weather (Vengris, 1972). 

Besides that, flowers are sessile solitary in the leafaxils or several together In 

the clusters at the end of the branches, 3-10 mm broad, including the 5 pale yellow 

petals which open only on sunny mornings, fugacious, and 3-4.6 mm long, 1.8-3 mm 

broad (Vengris, 1972). The style lobes 4-6. Calyx is the lower portion fused with the 

ovary, the upper part with 2 free sepals, pOinted at the tip and 3-4 mm long. Petals and 

the 6-12 stamens appear to be inserted on the calyx (Zimmerman, 1969). 

The fruit of the purslane is a globular capsule that consists of many seeds, 

ranging from 4-9 mm long, opening by a lid at the middle with the upper part of the 

calyx attached (Vengris, 1972). The seeds are nearly oval, only about 0.5-0.8 mm In 

diameter, flattened, broadly ovate, with a yellowish scar and small concave area at the 

smaller end, edges rounded, roughened by curved rows of minute rounded tubercles, 

slightly glossy, black in colour (Zimmerman, 1976). Furthermore, the size of the seeds 

is larger in subsp. sativa (average size 1.2 mm; ± 0.07 S.D.) with respect to subsp. 

oleracea (average sizes 0.86-0.87 mm; ± 0.03 to 0.06 mm S.D.), depending on the 

populations (Danin et aI., 1978; Ricceri and Arrigoni, 2000). Other biometric data (again 

concerning fresh seeds, generically attributed to P. oleracea) are accompanied by 

descriptions that seem to indicate either one or the other subspecies: the sizes reported 

by Delorit (1970) was 0.6-0.9mm , could be referred to subsp. oleracea, while those of 

Schoch et al. (1988) seem to include the cultivated subspecies (0.7-1.1 mm). 

Common purslane is an annual weed, it is very troublesome in any fertile gardens, 

mucks lands, ornamental crops, cotton fields and lawns in some southern states. This 
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purslane can also be found is waste areas, barren driveways, eroded slopes waysides 

and bluffs from sea level to 8500 ft. Because of the short life cycle and needs of high 

temperature for germination and growth, purslane in maritime European provinces is 

commonly found in warmer vineyard areas. While some in continental climate regions, 

this plant can establish well even when the winter temperatures drop to -30°c (Vengris, 

1972). 

2.2 Purslane as a crop 

According to Mason (2013), purslane has spread throughout the world as an edible plant. 

Many cultures embrace purslane as a food. Purslane has been studied for its high ability 

tolerant to saline growing condition, especially as it can be used as a vegetable crop 

(Teixeira and Carvalho, 2009). Purslane is also known to be high in antioxidants and is 

a rich source of essential fatty acids (18:2w6 and 18:3w3) and carotenes, which have 

been shown to have human health benefits (Guil-Guerrero and Rodriguez-Garcia, 1999). 

Of edible wild plants tested, purslane has the highest amount of a-linolenic acid as well 

as high concentrations of the antioxidants a-tocopherol, ~-carotene, and glutathione 

(Simopoulos et aI., 1992). In addition, melatonin has been discovered in relatively high 

amounts in purslane leaves (Simopoulos, 2005). The function of melatonin in plants is 

less well understood. In addition to its antioxidative properties, it is thought to perform 

roles in diurnal regulation as a plant hormone-like molecule (Kolar and Machackova, 

2005). 

2.3 Purslane as a weed 

Purslane is an aggressive weed and Is considered a major problem in many crops 

throughout the world (Proctor, 2013). Purslane had reported as the eighth most common 

plant on earth (t:1olm et aI., 1977; Zimmerman, 1976). Singh and Singh (1967) cited 

purslane as one of the ten most noxious weeds in the Upper Gangetic Plain of India and 

it is listed as a noxious weed by the state of Arizona. Holm et at. (1977) reports that 

purslane is a weed of forty-five crops In eighty-one different countries. Zimmerman 

(1976) compared the purslane with two other species of the Portulaca genera to 

determine the "weediness" of purslane. One of the reasons on why the purslane had 
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characterized as a weed is due to the plant's quick response capability. Purslane thrives 

under a wide variety of photo periods and capsule numbers are positively correlated with 

the amount of light received. Purslane can tolerate a wide range of light Intensity, 

temperature regimes, soil types, and produces capsules over a broad range of these 

factors. When these factors occur at optimal levels, purslane rapidly produces large 

numbers of capsules (Zimmerman, 1976). Dunn (1970) studied the effects of light quality 

on purslane's growth and development, and found that increased light intensity and 

temperature stimulates growth, and yields are greatest under cool white light followed 

by green, blue, red, and yellow light respectively. 

2.4 Purslane as animal feed 

Purslane can be beneficial whether eaten directly or indirectly from animal sources. 

Previous studies with laboratory animals showed that 10% dietary supplementation of 

purslane using a commercial rat chow was effective in reducing plasma cholesterol and 

triglycerides in rats (Ezekwe et al., 1995). In another study of Ezekwe et al. (2011) has 

demonstrated the potential for purslane to provide nutritional as well as 

hypocholesterolemc benefits in animal species. Purslane also has been used in pig (Toan 

and Preston, 2007) and rabbits feeding (Leung and Foster, 1996). Thus, the purslane 

can make available contribution on the net income by improving the performance of the 

birds or reduction of the cost. 

Even though under most conditions purslane is a palatable and nutritious 

livestock food, nitrate poisoning and oxalate pOisoning have been reported in livestock 

feeding on the plant (Schmutz et aI., 1968). However, Cantella et al. (1968) did not 

observe any symptoms of poisoning In cattle (80S spp.) fed substantial amounts of 

purslane leaves and stems. Interestingly, purslane has not been reported toxic in North 

America (Kingsbury, 1964). In Australia, potentially toxic amounts of oxalate and nitrate 

have been isolated from purslane. Cases of pOisoning have been reported in sheep (Ovis 

aries) and cattle starved for a time and then allowed to graze large amounts of the plant 

while the plant was in a succulent state. Suspect plants usually grow on soils rich in 

nitrogen, such as that found in stockyards or in bare clay soils, where there has been a 

flush of growth after a good rain, then a dry period. Cattle should not be permitted to 

graze on large amounts of these plants without adequate amounts of roughage (Everist, 

1974). 
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2.5 Pharmalogical activity 

2.5.1 Antioxidant activity 

Purslane has been reported the antioxidant activity of P. oleracea over the different 

growth stages by using 1, 1-diphenyl-2-picrylhydrazyl (DPPH), ferric-reducing 

antioxidant power (FRAP) assays and ascorbic acid content (Uddin et aI., 2012). The 

concentrations of Ca, Mg, K, Fe and Zn increased with plant maturity. Calcium (Ca) was 

negatively correlated with sodium (Na) and chloride (CI), but positively correlated with 

magnesium (Mg), potassium (K), iron (Fe) and zinc (Zn). Furthermore, the mature plants 

of P. olerecea had a higher total phenol content and antioxidant activities than immature 

plants. According to Dkhil et al. (2011), aqueous juice form purslane that contain its 

antioxidant activity resulted in marked improvement in all the studied parameters on the 

adult male Waster albino rats. 

2.5.2 Hepatoprotective activity 

Purslane also are said to have hepatoprotective activity. Mohammed Abdalla and Soad 

Mohamed (2010) had done research on in vivo Hepato-protective properties of purslane 

extracts on paracetamol-induced liver damage. Paracetamol (lg/kg bw) administration 

to rats resulted in massive elevation in serum and hepatic lactate dehydrogenase (LDH) 

activity and thiobarbituric acid reactive substances (TSARS) as well as in serum tumor 

necrosis factor-alph (TNF-a) levels, with a significant decrease in serum and hepatic 

protein thiols (Pr-SHs) and reduced glutathione (GSH) superoxide dismutase (SOD) and 

glutathione peroxidase (GPx) in blood and liver. Oral administration of both the leaves 

extracts at a concentration of 150 mg/kg bw daily for 15 days showed Significant 

protection against an induced increase in serum and hepatic LDH an TSARS as well as 

serum tumor necrosis factor-alph (TNF-a) levels. The treatment also resulted in a 

significant increase in serum and hepatic Pr-SHs as well as GSH, SOD and GPx in blood 

and liver. Apart from that, Anusha et al. (2010) also reported the hepaoprotective activity 

of aqueous extract of the aerial parts of P. oleracea in combination with Iycopene against 

carbon tetrachloride induced hepatotoxicity in male wistar rats by intraperitoneal 

injection of carbon tetrachloride (0.1 ml/kg for 14 days). These studies concluded that 

both the treatment groups showed hepatoprotective activity against carbon tetrachloride 
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induced hepatotoxicity by significantly restoring the levels serum enzymes to normal 

when compared with silymarin group and also concluded that oral administration of P. 

oleracea in combination with Iycopene significantly ameliorates carbon tetrachloride 

hepatoxicity in rats. 

2.5.3 Antimicrobial activity 

Antimicrobial effect of P. oleracea extracts on food borne pathogens was assessed by 

Bae (2004). He found ethyl acetate extract was having highest anti-microbial activity 

against Staphylococcus aureus and Shigella dysentrica in comparison to petroleum ether, 

chloroform and methanol extracts. The ethyl acetate extract of P. oleracea showed 

strong antimicrobial activity against Staphylococcus aureus at 4000 ppm concentration. 

This concentration retarded the growth of S. aureus by more than 24 hours and S. 

dysentrica up to 12 hours at 37 DC. On the other hand, Dhole et al. (2011) also screened 

the aqueous and ethanolic extracts of root and leaves of P. oleracea for antimicrobial 

activity against two gram-positive bacteria (Bacillus subtl'lis, Staphylococus aureus), one 

gram-negative bacterium (Pseudomonas aeruginosa) and a mould Aspergillus niger by 

agar diffusion method. The highest antibacterial and anti-fungal activity was observed 

at the concentration of 750 ~g/ml. Ethanolic root extract was more potent to Inhibit 

growth of P. aeruginosa, while aqueous extract was comparatively more potent for other 

three microbes. 

2.5.4 Nephroprotective effect 

Aqueous and ethanolic extract of P. oleracea against cisplatin induced acute renal toxicity 

was studied in rats. Treatment with aqueous and ethanolic extracts in the highest dose 

(O.S and 2 g/ kg), 6 and 12 hour before cisplatin injection reduced blood urea nitrogen 

and serum creatinine. Tubular necrotic damage was also not observed. In another group 

rats treated with aqueous and ethanolic extract, 6 and 12 hour after cisplatin Injection 

also had blood urea nitrogen and serum creatinine levels significantly lower than those 

receiving cisplatin alone but mild to moderate cell injury was observed (Karimi et al., 

2010). 
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2.5.5 Antidiabetic effect 

A study aimed at revealing the effects of polysaccharide from P. o/eracea on alloxan

induced diabetic rats and its mechanisms. The polysaccharide treatment resulted in 

significant decreases of fasting blood glucose, total cholesterol and triglycerides. 

Polysaccharide also showed a tendency of improvement body weight gain on diabetiC 

rats. Furthermore, the diabetic control group had low serum insulin level comparing with 

that of normal control group, at the same time, the insulin levels were dose-dependently 

raised in the polysaccharide treated groups than that of diabetic control group. According 

to single cell gel electrophoresis and LD50 analysis, polysaccharide was proved to be 

nontoxic to the animals. The results indicate that polysaccharide would alleviate the 

blood glucose and lipid rising associated with diabetes, and improve the abnormal 

glucose metabolism and increase insulin secretion by restoring the impaired pancreas 

cells in alloxan-induced diabetic rats, which suggest that polysaccharide has the 

hypoglycemic potential and could be useful on the diabetes therapy (Gao et al., 2010) . 

• 

2.5.6 Wound healing activity 

The preliminary wound healing activity of P. oleracea was studied using Mus musculus 

JVI-1 by Rashed et al. (2003). For this purpose fresh homogenized crude aerial part of 

P. oleracea were applied topically on the excision wound surface as single and two doses 

in different amounts. The results obtained indicated that P. oleracea accelerates the 

wound healing process by decreasing the surface area of the wound and increasing the 

tensile strength. The greatest contraction was obtained at a single dose of 50mg and 

the second greatest by two doses of 25mg. Measurements of tensile strength and healed 

area were in agreement. 

2.6 Chemical compoSition of purslane 

The chemical composition of the leaves of P. oleracea is given in Table 2.1. The 

antioxidant contents (total phenols, total flavonoids, chlorophylls and carotenoids) in 

dried powder of P. oleracea showed in Table 2.2. It was clear that total phenols and total 

flavonoids amounted in 354.23 and 95.94 mg/100g (on dry weight basis) respectively. 

Chlorophyll A, 8, total Chlorophyll and total carotenoids were 32.24, 21.63, 53.87 and 

110.97 mg/100g respectively. 

10 



REFERENCES 

Abdalla, M. M. and EI-Khoshiban, N. H. 2007. The Influence of Water Stress on Growth, 
Elative Water Content, Photosynthetic Pigments, Some Metabolic and Hormonal 
Contents of Two Triticium aestivum Cultivars. Journal of Applied Science Research 3: 
2062-2074 

Abedi, T. and Pakniyat, H. 2010. Antioxidant Enzyme Changes in Response to Drought 
Stress in Ten Cultivars of Oilseed Rape (Brassica napus L.) Czech Journal of 
Genetics and Plant Breeding 46(1): 27-34 

Aberoumand, A. 2009. Nutritional Evaluation of Edible Portulaca oleracea As Plant Food. 
Food Analytical Methods 2(3): 204-207. 

Alam, M. A., Juraimi, A. S., Rafii, M. Y., Hamid, A. A., Aslani, F., Hasan, M. M., Mohd 
Zainudin, M. A. and Uddin, M. K. 2014. Evaluation of Antioxidant Compounds, 
Antioxidant Activities and Mineral Composition of 13 Collected Purslane (Portulaca 
oleracea L.) Accessions. 8ioMed Research International 2014: 1-10 

Anusha, M., Venkateshwarulu, M., Prabhakaran, V., Shareen, T., Pushpa Kumari, B. 
and Ranganayakulu, D. 2010. Hepatoprotective Activity of Aqueous Extract of 
Portulaca oleracea in Combination with Lycopenein Rats. Indian Journal of 
Pharmacology43: 563-567 

AOAC. 2000. Official Method of Analysis. 17th edition. Association of Official Analytical 
Chemists. Washington D.C., USA 

Apak, R., GUC;IU, K., Demirata, B., OzyUrek, M., Celik, S. E., Bekta~oglu, B., Berker, K. I. 
and Ozyurt, D. 2007. Comparative Evaluation of Various Total Antioxidant Capacity 
Assays Applied to Phenolic Compounds with the CUPRAC Assay. Molecules 12: 
1496-1547 

Bae, J. H. 2004. Antimicrobial Effect of Portulaca oleracea Extracts on Food Borne 
Pathogens. Journal of Food Science and Technology9: 306-311 

Baher, Z. F., Mirza, M., Ghorbanli, M. and Rezaii, M. 2002. The Influence of Water 
Stress on Plant Height, Herbal and Essential Oil Yield and Composition in Satureja 
hortensis L.. Flavour and Fragrance Journa/17( 4): 275- 277 

Benedict, R. C. 1987. Determination of Nitrogen and Protein Content of Meat and Meat 
Products. Journal of the Association of Official Analytical Chemists 70( 1): 69-74 

Bhagat, R. M., Bhuiyan, S. 1. and Moody, K. 1996. Water, Tillage and Weed 
Interactions in Lowland Tropical Rice: A Review. Agricultural Water Management 
31(3): 165-184 

Bhagat, R. M., Bhuiyan, S. 1., Moody, K. and Estorninos, L. E. 1999. Effect of Water, 
Tillage and Herbicides on Ecology of Weed Communities in an Intensive Wet
Seeded Rice System. Crop Protection 18(5): 293-303 

Biglouei, M. H., Assimi, M. H. and Akbarzadeh, A. 2010. Effect of Water Stress at 
Different Growth Stages on Quantity and Quality Traits of Virginia (Flue-Cured) 
Tobacco Type. Plant Soil Environment 56(2): 67-75 

Boichenko, E. 1947. Hydrogenase from Isolated Chloroplasts. Biokhimiya 12: 153-162 
Bois, D. 1927. Les plantes alimentaires chez tqus les peuples et a travers les ages 

(Abstract in English). Paris: Paul Lechevalier Editeur 
Boutraa, T., Akhkha, A., AI-Shoaibi, A. A. and Alhejeli, A. M. 2010. Effect of Water 

Stress on Growth and Water Use Efficiency (WUE) of Some Wheat Cultivars 
(Triticum durum) Grown in Saudi Arabia. Journal of Taibah University for Science 3: 
39-48 

Cakilcioglu, U. and Khatun, S. 2011. Ethnopharmacological Survey of Medicinal Plants 
in Maden (Elazig-Turkey). Journal of EthnopharmacoI137(l): 469-86 

42 



cantella, R., Sulzer, A., Sulzer, K., Colichon, H., Soto, J. and Colichon, A. 1968. Estudio 
de dos focos hiperendemicos coincidentes de malaria y de leptospirosis en una area 
de la selva peruana (Abstract in English). Revista Sociedad Peruana de Dermatologfa 
2{1}: 39-55 

Chandrasekara, A. and Shahidi, F. 2011. Determination of Antioxidant Activity in Free 
and Hydrolyzed Fractions of Millet Grains and Characterization of Their Phenolic 
Profiles by HPLC-DAD-ESI -MS. Journal of Functional Foods. 3: 144-158 

Chang, C., Yang, M., Wen, H. and Chem, J. 2002. Estimation of Total Flavonoid 
Content in Propolis by Two Complementary Colorimetric Methods. Journal of Food 
and Drug Analysis 10: 178-182 

Chen, H. J., Inbaraj, B. S. and Chen, B. H. 2012. Determination of Phenolic Acids and 
flavonoids in Taraxacum formosanum Kitam by Liquid Chromatography-Tandem 
Mass Spectrometry Coupled with a Post-Column Derivatization Technique. 
International Journal of Molecular Sciences 13: 260-285 

Cook, N. C. and Samman, S. 1996. Flavonoids-Chemistry, Metabolism, cardioprotective 
Effects, and Dietary Sources. Journal of Nutritional Biochemistry 7: 66-76 

Crozier, A., Lean, M. E. J., McDonald, M. S. and Black, C. 1997. Quantitative Analysis of 
the Flavonoid Content of Commercial Tomatoes, Onions, Lettuce and Celery. 
Journal of Agricultural and Food Chemistry 45: 590-595 

Cull, P. 2010. Cell Expansion, Internode Length and Plant Height. leT International site. 
http://www.ictinternational.com/case-study-pdf/?productjd=4229. Access on 8 
November 2015 

Dai, J. and Mumper, R. 2010. Plant Phenolics: Extraction, Analysis and Their 
Antioxidant and Anticancer Properties. Molecules 15: 7313-7352 

Danin, A., Baker, I. and Baker, H. G. 1978. Cytogeography and Taxonomy of the 
Portulaca oleracea L. Polyploid Complex. Israel Journal of Botany 27: 177-211 

Danin, A. and Reyes-Betancourt, J. A. 2006. The status of Portulaca oleracea L. in 
Tenerife, The canary Islands. Lagasca/ia 26: 71-81 

De candolle, A. 1883. L 'origine des plantes cultivees (Abstract in English). Paris: 
Balieve 

Delorit, R. J. 1970. An Illustrated Taxonomy Manual of Weed Seeds. Agronomy 
Publications, River Falls, WI 

Dhole, J. A., Dhole, N. A., Lone, K. D. and Bodke, S. S. 2011. Preliminary 
Phytochemical Analysis and Antimicrobial Activity of Some Weeds collected from 
Marathwada Region. Journal of research in Biology 1: 19-23 

Dkhil, M.A., Abdel Moniem, A.E., AI-Quraishy, S. and Saleh, R.A. 2011. Antioxidant 
Effect of Purslane (Portulaca oleracea) and Its Mechanism of Action. Journal of 
Medicinal Plants Research 5 {9}: 1589-1563 

Dunn, S. 1970. Light Quality Effects on the .Life Cycle of Common Purslane. Weed 
Science 18: 611-613 

EI Jaafari, S. (2000). Durum Wheat Breeding for Abiotic Stresses Resistance: Defining 
Physiological Traits and Criteria. Options Mediterraneennes Series A 40: 251-256 

Everist, S. L. 1974. Poisonous Plants of Australia. London: Angus and Robertson 
Ezekwe, M. 0., Nyoka, Q. E., Besong, S. A. and Igbokwe, P. E. 2011. Dietary 

Supplements of Freeze-Dried Purslane Leaves Lower Serum Cholesterol In Growing 
Pigs. Research Journal of Animal Sciences 5{3}: 27-33 

Ezekwe, M. 0., Omara-Alwala, T. R., Mebrahtu, T. and Elmi, A. 1995. Purslane Dietary 
Supplement Lowers Plasma Cholesterol and Triglycerides in Growing Rats. 
The Federation of American Societies for Experimental Biology Journa/9{4}: 997-
997 

43 



Franks, N. R. and Britton, N. F. 2000. The Possible Role of Reaction-Diffusion In Leaf 
Shape. Proceedings of the Royal Society B: Biological Sciences 267(2000): 1295-
1300 

Gallardo, M., Thompson, R. B., Valdes, L. C. and Perez, C. 2004. Response of stem 
diameter to water stress in greenhouse-grown vegetable crops. Journal of 
Horticultural Science and Biotechnology 81(3): 483-495 

Gao, D., Li, Q. and Fan, Y. 2010. Hypoglycemic Effects and Mechanisms of Portulaca 
oleracea L. in Alloxan-Induced Diabetic Rats. Journal of Medicinal Plants Research 
4(19): 1996-2003 

Garnier, E. and Berger, A. 1986. Effect of Water Stress on Stem Diameter Changes of 
Peach Trees Growing in the Field. Journal of Applied Ecology 23(1): 193-209 

Guil-Guerrero, J. and Rodriguez-Garcia, I. 1999. Lipids Classes, Fatty Acids and 
Carotenes of the Leaves of Six Edible Wild Plants. European Food Research and 
Technology 209{S): 313-316 

Hassan, F. A. S. 2014. Impact of Different Water Regimes Based on Class-A Pan on 
Growth, Yield and Oil Content of Coriandrum sativum L. Plant. Journal of the Saudi 
Society of Agricultural Sciences 13(2): 155-161 

Hayatu, M., Muhammad, S. Y. and Habibu, U. A. 2014. Effect of Water Stress on the 
Leaf Relative Water Content and Yield of Some Cowpea (Vigna unguiculata (L) 
Walp.) Genotype. International Journal of Scientific and Technology Research 3(7): 
148-152 

Holm, L. G., Plucknett, D. L., Pancho, J. V. and Herberger, J. P. 1977. The World's 
Wor.st Weeds: Distribution and Biology. East-West Center: University Press of 
Hawaii, Honolulu 

Huang, R.T., Lu, Y. F., Stephen Inbaraj, B. and Chen B.H. 2014. Determination of 
Phenolic Acids and flavonoids in Rhinacanthus nasutus (L.) Kurz by High 
Performance liquid Chromatography with Photodiode-Array Detection and Tandem 
Mass Spectrometry. Journal of Functional Foods 12 (2015): 498-508 

Huang, Z. L., Wang, B. W., Eaves, D. H., Shikany, J. M. and Pace, R. D. 2007. Phenolic 
Compound Profile of Selected Vegetables Frequently Consumed by African 
Americans in the Southeast United States. Food Chemistty103(2007): 1395-1402 

James, S. A. and Bell, D. T. 2000. Leaf Orientation, Light Interception and Stomatal 
Conductance of Eucalyptus globulus ssp. globulus Leaves. Tree Physiology 20(12): 
815-823 

Jaradat, N., Hussen, F. and AI Ali, A. 2015. Preliminary Phytochemical Screening, 
Quantitative Estimation of Total Flavonoids, Total Phenols and Antioxidant Activity 
of Ephedra alata Decne. Journal of Materials and Environmental Science 
6(6):1771-1778 

John, J. A. and Shahidi, F. 2010. Phenolic Compounds and Antioxidant Activity of Brazil 
Nut (Berthol/etia excelsa). Journal of Functional Foods. 2: 196-209 

Jones, D. B. 1931. Factors for Converting Percentages of Nitrogen in Foods and Feeds 
into !'ercentages of Proteins. Circular 183, U.S. Department of Agriculture, 
Washington, DC. 

Juraimi, A. S., Mohammad Najib, M. Y., Begum, M., Anuar, A. R., Azmi, M. and Puteh, 
A. 2009. Critical Period of Weed Competition in Direct Seeded Rice Under Saturated 
and Flood Condition. Pertanika Journal of Tropical Agricultural Science 32(2): 305-
316 

Juraimi, A.S., Ahmad-Hamdani, M. S., Anuar, A. R. and Azmi, M., Anwar, M. P. and 
Uddin, M. K. 2012. Effect of Water Regimes on Germination of Weed Seeds In a 
Malaysian Rice Field. Australian Journal of Crop Science 6(4): 598-605 

44 



Kamrun, N., Shah, M. U. and Gretzmacher, R. 2011. Influence of Soil Moisture Stress 
on Height, Dry Matter and Yield of Seven Tomato (Lycopersicon esculentum Mill) 
Cultivars. CiJnadian Journal on Scientific and Industrial Research 2(4): 160-163 

Karimi, G., Khoei, A., Omidi, A., Kalantari, M., Babaei, J., Taghiabadi, E. and Razavl, 
B.M. 2010. Protective Effect of Aqueous and Ethanolic Extracts of P. oleracea 
Against Cisplatin Induced Nephrotoxicity. Iranian Journal of Basic Medical Sciences 
13 (2): 31-35 

Kaya, I., Incekara, N. and Nemli, Y. 2004. Ege Bolgesinde sebze olarak tUketilen yabani 
ku~konmaz, sirken, yabani hindiba, rezene, gelincik, <;oban degnegi ve 
ebegUmecinin bazl kimyasal analizleri (Abstract in English). Journal of Agricultural 
Sciences 14: 1-6 

Kingsbury, J. M. 1964. Poisonous Plants of the United States and Canada. Englewood 
Cliffs, NJ: Prentice-Hall 

Klepper, B., Browning, D. V. and Taylor, H. M. 1971. Stem Diameter in Relation to Plant 
Water Status. Plant Physiology 48: 683-685 

Kolar, J. and Machackova, I. 2005. Melatonin In Higher Plants: Occurrence and Possible 
Functions. Journal of Pineal Research 39(4): 333-341 

Leung, A. Y., and Foster, S. 1996. Encyclopedia of Common Natural Ingredients Used in 
Food, Drugs and Cosmetics. 2nd edition. John Wiley 

Li, B. B., Smith, B. and Hossain, M. M. 2006. Extraction of Phenolics from Citrus Peels II. 
Enzyme-AsSisted Extraction Method. Separation and Purification Technology 48: 
189-196 

Lim, Y. Y. and Quah, E. P. L. 2007. Antioxidant Properties of Different Cultivars of 
Portulaca oleracea. Food Chemistry 103: 734-740 

Marschner, H. 1986. Mineral Nutrition of Higher Plants. Academic Press, London. pp. 
514-515 

Mason, S. 2013. Purslane - Weed It or Eat It? University of Illinois Extension site. 
https:/Iweb.extension.illinois.edujcfivjhomeownersj030726.html. Access on March 
17,2015 

Matthews, J. F., Ketron, D. W. and Zane, S. F. 1993. The Biology and Taxonomy of the 
Portulaca oleracea L. (Portulacaceae) Complex in North America. Rhodora 95:166-
183 

McCree, K. J. and Troughton, J. H. 1966. Prediction of Growth Made At Different Light 
Levels from Measured Photosynthetic and Respiratory Rates. Plant Physiology 41: 
559-566 

Mitich, L. W. 1997. Common purslane (Portulaca oleracea). Weed Science 11(2): 394-
397 

Mohammed Abdalla, H. and Soad Mohamed A.G. 2010. In vivo Hepato-protective 
Properties of Purslane Extracts on Paracetamol-Induced Liver Damage. Malaysian 
Journal of Nutrition 16 (1): 161-170 

Moody, K. 1978. Integration of Weed Control Methods. Regional Seminar on Integrated 
Pest Control for Irrigated Rice in South and Southeast Asia. October 16-18, 1978. 
Manila. p.5 

Muenscher, W. C. 1955. Weeds. 2nd edition. The Macmillan Co., New York. p.560 
Nyabundi, J. O. and HSiao, T. C. 1989. Effects of Water Stress on Growth and Yield of 

Field Grown Tomatoes. I: Canopy Development and Biomass Accumulation. East 
African Agricultural and Forestry ]ournaI55: 17-26. 

Obied, W., Mohamoud, E. and Mohamed O. 2003. Portulaca oleracea (Purslane): 
Nutritive CompOSition and Clinicopathological Effects on Nubian Goats. Small 
Ruminant Research 48: 31-36 

45 



Oliveira, L., Valentao, P., Lopes, R., Andrade, P., Bento, A. and Pereira, J. 2009. 
Phytochemical Characterization and Radical Scavenging Activity of Portulaca oleracea 
L. Leaves and Stems. Microchemistry Journal 92: 129- 134 

Pourtaghi, A., Darvish, F., Habibi, D., Nourmohammadi, G. and Daneshian, J. 2011. 
Effect of Irrigation Water Deficit on Antioxidant Activity and Yield of Some Sunflower 
Hybrids. Australian Journal of Crop Science 5(2): 197-204 

Proctor, C. 2013. Biology and Control of Common Purslane (Portulaca oleracea L.). 
Doctoral Thesis. University of Nebraska, USA 

Purbajanti, E. D., Anwar, S., Widyati and Kusmiyati F. 2012. Drought Stress Effect on 
Morphology Characters, Wateruse Efficiency, Growth and Yield of Guinea and 
Napier Grasses. International Research Journal of Plant Science 3(2): 23-30 

Rao, Y. and Xiang, B. 2009. Determination of Total Ash and Acid-Insoluble Ash of 
Chinese Herbal Medicine Prunellae spica by Near Infrared Spectroscopy. Yajugaku 
Zasshi129(7): 881-886 

Rashed, A.N., Afifi, F.U., and Disi, A.M. 2003. Simple Evaluation of the Wound Healing 
Activity of a Crude Extract of P. oleracea L. (Growing in Jordan) in Mus musculus 
NI-1. Journal of Ethnopharmacology88 (2-3): 131-6 

Reddy, K. R., Wright, A. L. and Wang, Y. 2008. Loss-on-ignition Method to Assess Soil 
Organic Carbon in Calcareous Everglades Wetlands. Communications in Soil Science 
and Plant Analysis 39:3074- 3083 

Ricceri, C. and Arrigoni, P. V. 2000. - L'aggregato di Portulaca oleracea L. (Portulaceae) 
in Italia (Abstract in English). Par/atorea4: 91-97 

Richard J. H. 1989. Recommended Dietary Allowances. 10th edition. National Academy 
Press, Washington, DC 

Salah, K. B. H. and Chemli, R. 2004. Variabilite phenotypique de quelques populations 
de Pourpier (Portulaca oleracea L.) en Tunisie (Abstract in English). Acta Botanica 
Gallica 151(2004): 111-119 

Salunkhe, D. K. and Kadam, S. S. 1998. Handbook of Vegetable Science and 
Technology: Production, Compostion, Storage, and ProceSSing (Food Science and 
Technology). 1st Edition. CRC Press 

Samson, H. and Helmut, H. 2007. Drought Effect on Yield, Leaf Parameters and 
Evapotranspiration Efficiency of Cowpea. In: Conference on International 
Agricultural Research for Development 9-11 October 2007. University of Kassel
Witzenhausen and University of Gottingen 

Sanadze, G. A. 1961. Absorption of Molecular Hydrogen by Green Leaves in 
Ught. Rziologiya Rastenii (Moscow) 8: 555-559 

Sangakkara, U. R., Amarasekera, P. and Stamp, P. 2010. Irrigation Regimes Affect 
Early Root Development, Shoot Growth and Yields of Maize (Zea mays L.) in 
Tropical Minor Seasons. Plant Soil Environment 56(5): 228-234 

SchleSinger, W. H. 1991. Biogeochemistry: An Analysis of Global Change. New York, 
USA, Academic Press 

Schmutz, E. M., Freeman, B. N. and Reed, R. E. 1968. Livestock Poisoning Plants of 
Arizona. AZ.: University of Arizona Press 

Schoch, W. H., Pawlik, B. and Schaveigruber, F. H. 1988. Botanische Makroreste 
(Abstract in English). Berne: Paul Haupt 

Silva, E. C. D., Silva, M. F. A., Nogueira, R. J. M. C. and Albuquerque, M. B. 2010. 
Growth Evaluation and Water Relations of Erythrina velutina Seedlings In Response 
to Drought Stress. Brazilian Journal of Plant Physiology 22(4): 225-233 

Simopoulos, A. P. 2005. Nutrition and Fitness: Obesity, the Metabolic Syndrome, 
Cardiovascular Disease, and Cancer. In: World Review of Nutrition and Dietetics. 
Volume 94. Proceedings of the Fifth International Conference on Nutrition and 
Rtness. Basel: Karger. . 

46 



Simopoulos, A. P., Norman, H. A., Gillaspy, J. E. and Duke, J. A. 1992. Common 
Purslane: A Source of Omega-3 Fatty Acids and Antioxidants. Journal of the 
American College of Nutrition 11(4): 374-382 

Singh, B. and Singh, G. 2004. Influence of Soil Water Regime on Nutrient Mobility and 
Uptake by Dalbergia sissoo seedlings. Tropical Ecology. 4S(2): 337-340 

Singh, K. K. and Goswami, T. K. 2000. Thermal properties of cumin seed. Journal of 
Food Engineering. 4S (4): 181-187 

Singh, J. s. and Singh, K. P. 1967. Contribution to the Ecology of Ten Noxious 
Weeds. Journal of the Indian Botanical Society 46: 440-451 

Singleton, V. L. and Rossi, J. A. 1965. Colorimetry of Total Phenolics with 
Phosphomolybdic Phosphotungstic Acid Reagents. American Journal of Enology and 
Viticulture 16: 144-158 

Smith, J. L. and Doran, J. W. 1996. Measurement and Use of pH and Electrical 
Conductivity for Soil Quality Analysis. In Doran, J. W. and Jones, A. J. (Eds.). 
Methods for assessing soil quality. Wisconsin: Soil Science Society of America 

Suzuki, N., Taketa, S. and Ichii, M. 2003. Morphological and Physiological 
Characteristics of A Root-hairless Mutant in Rice (Oryza sativa L.). Plant and Soil 
255: 9-17 

Techawongstein, 5., Nawata, E. and Shigenaga, s. 1992. Effect of Water Stress at 
Various Stages of Plant Development on Growth and Yield of Chilli Pepper. 
Japanese Journal of Tropical Agriculture 36( 1): 51-57 

Teixeira, M. and Carvalho, 1.5. 2009. Effects of Salt Stress on Purslane (Portulaca 
oleracea) Nutrition. Annals of Applied Biology. 154: 77-86 

Terry, N. and Mortimer, D. C. 1972. Estimation of the Rates of Mass carbon Transfer by 
leaves of Sugar Beet. Canadian Journal of Botany 50: 1049-1054 

Toan, N. H. and Preston, T. R. 2007. Evaluation of Uncultivated Vegetables for Pigs 
Kept in Upland Households. Livestock Research for Rural Development 19 (10): 150 

Tosun, I., Karadeniz, B. and Yuksel, s. 2003. The nitrate content of some edible wild 
plants consumed in Samsun Region. Ekoloji 47: 32-34 

Turgeon, R. and Webb, J. A. 1975. Leaf Development and Phloem Transport in 
Cucurbila pepo: Carbon Economy. Plantation 123: 53-62 

Uddin, M. K., Juraimi, A. 5., Hossain, M.S., Ali, M. E. and Rahman, M. M. 2014. 
Purslane Weed (Portulaca oleracea): A Prospective Plant Source of Nutrition, 
Omega-3 Fatty ACid, and Antioxidant Attributes. The Scientific World Journal 2014. 
1-6 

Uddin, M. K., Juraimi, A. 5., Ismail, M. R. and Brosnan, J. B. 2010. Characterizing Weed 
Populations in Different Turfgrass Sites throughout the Klang Valley of Western 
Peninsular Malaysia. Weed Technology 24: 173-181 

Uddin, M. K., Juraimi, A. 5., Ismail, M. R., Rahim, M. A. and Radziah, O. 2009. Floristic 
Composition of Weed Community in Turfgrass Area Of West Peninsular Malaysia. 
International Journal of Agriculture and Biology 11: 13-20 

Uddin, M. K., Juraimi, A. 5., Ismail, M. R., Rahim, M. A. and Radziah, O. 2012. Effects 
of Salinity Stress on Growth and Ion Accumulation of Turfgrass SpeCies. Plant 
Omics Journal 5(3): 244- 252 

U. S. Department of Agriculture. 1970. Selected Weeds of the United States. 
Washington, DC: U. S. Department of Agriculture. p,463 

Vengris, J., Dunn, S. and Sapuncakis, M. s. 1972. Life History Studies as Related To 
Weed Control In the Northeast - Common Purslane. Northeast Regional Publication 

Walters, S. M. 1993. Portulaca L., in T.G. Tutin et al. (Eds.) - Flora Europaea vol. 1 
(2nd edition). Cambridge: Cambridge University Press 

47 



Xu, F., Guo, W. H., Xu, W. H., Wei, Y. H. and Wang, R. Q. 2009. Leaf Morphology 
Correlates with Water and Light Availability: What Consequences for Simple and 
Compound Leaves? Progress in Natural Science 19(12): 1789-1798 

Zhang, J. X. and Kirkham, M. B. 1995. Water Relations of Water-Stressed, Splitroot C4 
(Sorghum bicolor, Poaceae) And C3 (Helianthus annuus, Asteraceae) Plants. 
American Journal of Botany 82: 1220-1229 

Zimmerman, C. A. 1976. Growth Characteristics of Weediness in Portulaca oleracea L. 
EcologyS7(S): 964-974 

Zimmerman, R. C. 1969. Plant Ecology of an Arid Basin: Tres Alamos-Reddington Area, 
Southeastern Arizona. U.s. Geological Swvey Professional Paper48S: 1-51 

48 


