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Global warming is already having significant and costly effects on our climate, our 

health, our environment and overall agricultural system. Global warming is also 

accelerating the rate of sea level rise, increasing flooding risks to low-lying 

communities, high-risk coastal properties, causing severe salinity and making 

agricultural land unsuitable for crop production. Considering such situation 

environmental friendly technologies with stress tolerant crop species is the only 

solution for sustainable agricultural development. Purslane (Portulaca oleracea L.) is 

a pioneer vegetable crops having moderate to high salt tolerant capability containing 

vitamins and minerals and rich in antioxidant properties than any other vegetable 

crops ever reported. The present study was therefore designed to select high salt 

tolerant purslane accessions and their morpho-physiological variation due to salinity 

stress as well as impact on antioxidant properties. A survey was conducted to collect 

available purslane accessions from seven states (Selangor, Melaka, Negeri Sembilan, 

Kedah, Perak, Penang and Perlis) of Western Peninsular Malaysia. A total of 45 

purslane samples were collected and divided into seven different groups based on 

distinct morphological variation. Morpho-physiological and mineral variations were 

also evaluated among collected purslane accessions. Highly significant variations 

were observed among accessions as well as measured parameters. Variations were 

also recorded among the same groups may be due to collection from different 

location. Twenty eight ISSR and ten EST-SSR markers based genetic diversity 

analysis was carried out among collected purslane germplasms. Analysis of molecular 

variance (AMOVA) showed 89% and 71.87% variation within the populations while 

variation among the populations accounted for 11% and 28.13% using ISSR and EST-

SSR markers respectively. A dendrogram was constructed by Unweighted Pair Group 

Method with Arithmetic Average (UPGMA) based on Nei’s genetic distance grouped 

the whole germplasms into 7 and 8 distinct clusters respectively from ISSR and EST-

SSR markers. Based on the information from this dendrogram, accessions that are far 

from each other by virtue of genetic origin and diversity index are strongly 

recommended to be used as parent for improved variety development. Another glass 

house experiment was conducted with initially selected 25 purslane accessions and 

subjected to five salinity (0.0, 10.0, 20.0, 30.0 and 40.0 dS m
-1 

NaCl) treatments to 

screen out high salt tolerant purslane accessions. Overall salinity effect on 
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morphology and reduction of dry matter content of two accessions were graded as 

tolerant (Ac7 and Ac9), six accessions were moderately tolerant (Ac3, Ac5, Ac6, 

Ac10, Ac11 and Ac12) and five accessions were moderately susceptible (Ac1, Ac2, 

Ac4, Ac8 and Ac13) for biomass production and the rest 12 accessions were 

susceptible to high salinity (30.0 and 40.0 dS m
-1 

NaCl) and discarded from the 

further research program. The results also revealed that ornamental purslane were 

more salt tolerant over common purslane. The selected 13 purslane accessions were 

again subjected to five (0.0, 8.0, 16.0, 24.0 and 32.0 dS m
-1

 NaCl) salinity levels to 

determine the effect of salinity on detailed morphological, physiological, minerals, 

antioxidant properties and on stem-root histology of purslane. At the highest (30 dS 

m
-1

) salinity significant reduction was observed for morphological traits but for 

physiology, increase in chlorophyll content was seen in Ac2, Ac4, Ac6 and Ac8 at 16 

dS m
-1

 salinity. Whereas, Ac4, Ac9 and Ac12 showed increased photosynthesis 

activity at the same salinity levels compared to control. Anatomically, stem cortical 

tissues of Ac5, Ac9 and Ac12 were unaffected at 8 dS m
-1

 salinity but root cortical 

tissues did not show any significant damages except a very small enlargement in 

Ac12 and Ac13. In general Ac9, an ornamental purslane was the best salt tolerant 

accession, while Ac13 a common purslane was the most affected accession. 

Regarding antioxidant properties on average over all accessions, different levels of 

salinity treatment resulted in 8-35% increases in TPC; about 35% increase in TFC; 

and 18-35% increases in FRAP activity. In contrast, at the lower salinity levels (8 and 

16 dS m
-1

) all the measured minerals found to increase but observed to decrease later 

with increasing of salinity, but performance of different accessions were different 

depending on salinity levels. Salinity treatment experiments conducted in our study 

followed by investigation of different morpho-physicochemical and antioxidant 

attributes of purslane are valuable for the selection of best salt-tolerant accessions 

with optimum yield and productivity and antioxidant nutrients. Based upon the data 

generated such accessions can thus be recommended for cultivation in the saline areas 

of Malaysia to benefitting health of consumers and as well as sustainable and 

beneficial utilization of the lands.     

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

iii 

 

Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia  

Sebagai memenuhi keperluan untuk Ijazah Doktor Falsafah 

 

 

KEPELBAGAIAN GENETIK DAN KESAN KEMASINAN KE ATAS SIFAT 

MORFO-FISIOKIMIA PADA KOLEKSI GERMPLASMA PURSLANE 

(Portulaca oleracea L.) 

 

Oleh 

 

MD. AMIRUL ALAM 

 

Disember 2014 

 

Pengerusi: Profesor Abdul Shukor Juraimi, PhD 

Fakulti: Pertanian 

 

 

Pemanasan global telah memberi kesan yang nyata pada iklim, kesihatan, persekitaran 

dan sistem pertanian secara keseluruhannya. Pemanasan global juga mempercepatkan 

kadar kenaikan aras laut, meningkatkan risiko banjir bagi penduduk di kawasan tanah 

rendah, risiko kerosakan harta benda di kawasan  pantai yang tinggi, menyebabkan 

kemasinan yang teruk dan menjadikan tanah pertanian tidak sesuai untuk pengeluaran 

tanaman. Oleh itu teknologi mesra alam sekitar dengan spesies tanaman yang dapat 

bertoleransi dengan tekanan persekitaran merupakan penyelesaian terbaik untuk 

pembangunan pertanian lestari. Purslane (Portulaca oleracea L.)  adalah tumbuhan 

perintis yang mempunyai keupayaan bertoleransi terhadap kemasinan  dari yang 

sederhana kepada tinggi, dan mengandungi vitamin dan mineral serta kaya dengan 

ciri-ciri antioksidan berbanding dengan tanaman sayuran lain yang pernah dilaporkan. 

Kajian ini bertujuan untuk memilih aksesi purslane yang toleran pada tahap 

kemasinian yang tinggi dan variasi dalam morfo-fisiologikal yang disebabkan oleh 

tekanan kemasinian dan kesannya ke atas ciri-ciri antioksidan. Satu survei telah 

dijalankan untuk mengumpul aksesi purslane daripada tujuh negeri (Selangor, 

Melaka, Nigeri Sembilan, Kedah, Perak, Pulau Pinang dan Perlis) di Barat 

Semenanjung Malaysia. Sebanyak 45 sampel purslane dikumpulkan dan dibahagikan 

kepada tujuh kumpulan berdasarkan variasi morfologi yang berbeza. Variasi morpho-

fisiologi dan mineral juga dinilai antara aksesi purslane yang dikumpulkan. Variasi 

yang sangat ketara telah deapat diperhatikan di antara aksesi serta parameter yang 

diukur. Variasi juga dicatatkan di antara kumpulan yang sama yang mungkin 

disebabkan oleh pengumpulan daripada lokasi yang berbeza. Sebanyak dua puluh 

lapan penanda ISSR dan sepuluh penanda  EST-SSR berasaskan analisis kepelbagaian 

genetik telah digunakan di antara germplasms purslane yang dikumpulkan. Melalui 

analisis varians molekul (AMOVA) penggunaan penanda ISSR dan EST-SSR 

menunjukkan 89% dan 71.87% variasi dalam populasi manakala variasi di antara 

populasi menyumbangkan 11% dan 28.13% masing-masing. Satu dendrogram dibuat 

dengan menggunkan Kaedah Unweighted Kumpulan Pasangan dengan Purata 

Aritmetik (UPGMA) berdasarkan jarak genetik Nei yang menunjukkan  seluruh 

germplasma dikumpulkan kepada 7 dan 8 kelompok yang berbeza, masing-masing 

dari penanda ISSR dan EST-SSR. Berdasarkan maklumat dari dendrogram ini, aksesi 

yang jauh antara satu sama lain menurut sifat asal genetik yang baik dan indeks 
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kepelbagaian, disarankan untuk digunakan sebagai ibu dan bapa untuk meningkatkan 

pembangunan varieti. Selain itu, satu eksperimen rumah kaca telah dijalankan dengan 

25 aksesi purslane  terpilih dan tertakluk lima rawatan tanap kemasinan (0.0, 10.0, 

20.0, 30.0 dan 40.0 dS m
-1

 NaCl) untuk menyaring aksesi purslane yang toleran 

kepada kemasinan yang tinggi. Kesan kemasinan kepada morfologi dan penurunan 

kandungan bahan kering pada dua aksesi dapat digredkan sebagai toleran (Ac7 dan 

Ac9), enam aksesi sebagai sederhana toleran (Ac3, Ac5, Ac6, Ac10, Ac11 dan Ac12) 

dan lima aksesi sebagai sederhana rentan (Ac1, Ac2, Ac4, Ac8 dan Ac13) untuk 

pengeluaran biomas dan 12 aksesi selebihnya adalah rentan kepada kemasinan yang 

tinggi (30.0 dan 40.0 dS m
-1

 NaCl) dan disingkirkan dari program penyelidikan 

selanjutnya. Kajian ini juga mendapati bahawa purslane hiasan lebih toleran kepada 

tahap kemasinan yang tinggi berbanding purslane biasa. Tigabelas (13) aksesi 

purslane ini sekali lagi didedahkan kepada lima tahap kemasinan (0.0, 8.0, 16.0, 24.0 

dan 32.0 dS m
-1

 NaCl) untuk menentukan kesan kemasinan pada morfologi secara 

terperinci, fisiologi, mineral, ciri-ciri antioksidan dan histologi batang-akar purslane. 

Pada tahap kemasinan paling tinggi (30 dS m
-1

) penurunan ketara diperhatikan pada 

ciri-ciri morfologi tetapi untuk fisiologi, peningkatan dalam kandungan klorofil dapat 

dilihat dalam Ac2, Ac4, Ac6 dan Ac8 pada tahap kemasinan16 dS m
-1

 kemasinan. 

Manakala, Ac4, Ac9 dan Ac12 menunjukkan peningkatan aktiviti fotosintesis di tahap 

kemasinan yang sama berbanding kawalan. Secara anatomi, tisu kortikal batang Ac5, 

Ac9 dan Ac12 tidak terjejas pada tahap kemasian 8 dS m
-1

 dan tisu kortikal akar tidak 

menunjukkan apa-apa kerosakan yang ketara kecuali sedikit pembesaran pada Ac12 

dan Ac13. Secara umumnya Ac9 iaitu purslane hiasan adalah aksesi terbaik yang 

toleran kepada kemasinan, manakala Ac13 yang merupakan purslane biasa adalah 

aksesi yang paling terjejas oleh kemasinan. Bagi ciri-ciri antioksidan pada purata 

keseluruhan aksesi, tahap rawatan kemasinan yang berbeza menyebabkan 8-35% 

peningkatan bagi TPC; kira-kira 35% peningkatan bagi TFC; dan 18-35% 

peningkatan bagi aktiviti FRAP. Sebaliknya, di tahap kemasinan yang lebih rendah (8 

dan 16 dS m
-1

) semua mineral yang diukur didapati meningkat tetapi kemudiannya 

menurun dengan peningkatan kemasinan, dengan pebezaan prestasi bagi aksesi yang 

berbeza yang bergantung kepada tahap-tahap kemasinan. Eksperimen rawatan 

kemasinan yang dijalankan dalam kajian kita merangkumi penyiasatan sifat-sifat 

morfologi dan fizikokimia yang berbeza dan antioksidan krokot yang berharga bagi 

pemilihan aksesi garam-toleran terbaik dengan hasil yang optimum dan produktiviti 

dan nutrient antioksida. Berdasarkan data yang dihasilkan itu aksesi seperti ini boleh 

disyorkan untuk penanaman dalam kawasan tanah masin di Malaysia jaya serta 

faedah kepada pengguna dan kesihatan serta penggunaan lestari dan keberhasilan 

guna tanah. 

   

 

 

 

 



© C
OPYRIG

HT U
PM

v 

 

ACKNOWLEDGEMENTS 

 

All praises and gratitude’s to Almighty Allah (ST) the great, gracious merciful and 

supreme ruler of the universe who enabled me to complete my doctoral research and 

prepare this dissertation successfully. 

 

I would like to expresses my deepest sense of gratitude, sincere appreciation and 

heartfelt indebtedness to my reverend supervisor Professor Dr. Abdul Shukor Juraimi 

for his scholastic guidance, innovative suggestions, constant supervision and 

inspiration, valuable advice and helpful criticism thorough out the study period and 

preparation of this dissertation. I honestly feel a proud privilege to acknowledge my 

gratefulness, boundless gratitude and best regards to my supervisory committee 

members, Professor Dr. Mohd Rafii Yusop and Professor Dr. Azizah Abdul Hamid 

for their valuable advice, constructive criticism and factual comments in upgrading 

the research work. I am also inclined to express my deep sense of respect and 

immense gratitude to all the Professors and Lecturers in the Department of Crop 

Science and Institute of Tropical Agriculture, University Putra Malaysia (UPM) for 

their encouragement, good teaching and invaluable suggestions all through the study 

period. 

 

I am ever grateful to UPM for providing Graduate Research Fellowship (GRF) and 

research facilities to conduct my PhD study. I wish to sincerely acknowledge UPM 

Research University Grant (01-02-12-1695RU) for financial support of the project. I 

would like to express my deepest gratitude to all the administrative and technical staff 

of Department of Crop Science and Field 2, UPM, especially Puan Salmah who 

always friendly assisted me to solve any official difficulties.  I am very much pleased 

to express my heartfelt appreciation to Mr. Mohd Yunos Bin Abdul Wahab, an ever 

green man; always happy and smiling; I always got his instant and pleasant help at 

any situation. My condensed thanks also go to Haji Khoiri, Mr. Mazlan Bangi, Haji 

Suhaimi and Mr. Jamil, for their laboratory and analytical assistance. 

 

I am also very indebted to Emerging Nations Science Foundation (ENSF), Italy for 

providing me semester fees as PhD Fellowship. It was really a great help in such a 

time when I really deserved it from somewhere. I am truly ever grateful to them.     

 

I sincerely acknowledge to Dr. Abdul Latif, Professor Dr. Abdul Hakim, Professor 

Dr. Parvez Anwar, Dr. Monjurul Alam Mondal and Dr. Saiful Ahmad-Hamdani for 

their valuable suggestions, cooperation and help during my ongoing research. My 

very special and humble gratefulness to Dr. Md. Kamal Uddin, without his help may 

be it would be impossible for me to manage PhD facilities in UPM within a short 

period of time and to get such a scholastic supervisor like Prof. Shukor. I got all types 

of support from Dr. Kamal, may Allah (ST) give him the best reward! 

 

I am profoundly obliged to my MS supervisor Professor Dr. A. K. Patwary, Professor 

Dr. Md. Shah-E-Alam and all the teachers and staff of Genetics and Plant Breeding 

Department, BAU; all teachers and staff of Patuakhali Science and Technology 

University; Cantonment College, Jessore; Baruna Bazar P.D.C High School; Baruna 

Bazar Govt. Primary School and Baruna Bazar Hafizia Madrasah. Truly they were the 

pioneer of my educated life.   

 



© C
OPYRIG

HT U
PM

vi 

 

I also feel much pleasure to convey the profound thanks to all of my friends and well-

wishers specially Shamima Akhter, Mr. Shamsujjaman, Mr. Gous Mia, Fahim 

Ahmad, Mahmudul Hasan, Masitah, Rubia Banu, Farzad Aslani, Ashraf, Hamidah, 

Bunga, Mahmud Reza, Ibrahim and Yusuf for their cooperation and encouragement in 

all phases of my academic and research period. 

 

I am humbly express my profound gratitude, sincere appreciation and heartfelt 

indebtedness to my respected eldest brother Dr. Md. Zahidul Alam (Post Doc. Fellow, 

Dalhousie University, Canada) for his treasured suggestions, directions and instant 

cooperation from all the sides throughout my life. I am ever grateful and sincerely 

expresses boundless and deepest gratitude to my beloved parents, brothers, sisters, all 

nephew and nieces, and all the relatives for their indescribable sacrifice, patience and 

untiring efforts to make me an educated person.  

 

Last but not least, heartiest thanks to my wife Lubna Akhter for her understanding, 

sacrifice and for taking over my responsibility for our only daughter acting self-

reliantly together as father and mother. My affectionate thanks are due to my only 

daughter Bushratul Jannah for her love, patience and sacrifice during those hard days. 

 

Very unfortunately just after passing my PhD viva, on 13/01/2015 my mother has left 

us forever from where she will never come. Since admission (08/09/2011) in UPM I 

didn’t be able to go to my country and didn’t see my parents over 3 years. My mother 

didn’t get chance to see his youngest son as Doctor (PhD). I feel very guilty that to 

date I didn’t be able to do anything for anyone especially for my parents. Ya Allah 

(ST) forgive my weakness and keep my mother’s departed soul in the never ending 

peach of Jannah!        

 

 

Md. Amirul Alam 

UPM Serdang, Malaysia 

December 2014 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM



© C
OPYRIG

HT U
PM

viii 

 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has been 

accepted as fulfillment of the requirement for the degree of Doctor of Philosophy. The 

members of the Supervisory Committee were as follows: 

 

 

Abdul Shukor Juraimi, PhD 

Professor 

Faculty of Agriculture 

Universiti Putra Malaysia 

(Chairman) 

 

Mohd Rafii Yusop, PhD 

Professor 

Faculty of Agriculture 

Universiti Putra Malaysia  

(Member) 

 

Azizah Abdul Hamid, PhD 

Professor 

Faculty of Food Science and Technology 

Universiti Putra Malaysia  

(Member) 

 

 

 

 

 

 

 

 

 

 

 

BUJANG BIN KIM HUAT, PhD 

Professor and Dean 

School of Graduate Studies 

Universiti Putra Malaysia 

       

        Date:  

 

 

 

 

 



© C
OPYRIG

HT U
PM

ix 

 

Declaration by Graduate Student  

I hereby confirm that: 

 this thesis is my original work; 

 quotations, illustrations and citations have been duly referenced; 

 this thesis has not been submitted previously or concurrently for any other 

degree at any other institutions; 

 intellectual property from the thesis and copyright of thesis are fully-owned 

by Universiti Putra Malaysia, as according to the Universiti Putra Malaysia 

(Research) Rules 2012; 

 written permission must be obtained from supervisor and the office of Deputy 

Vice-Chancellor (Research and Innovation) before thesis is published (in the form 

of written, printed or in electronic form) including books, journals, modules, 

proceedings, popular writings, seminar papers, manuscripts, posters, reports, 

lecture notes, learning modules or any other materials as stated in the Universiti 

Putra Malaysia (Research) Rules 2012; 

 there is no plagiarism or data falsification/fabrication in the thesis, and scholarly 

integrity is upheld as according to the Universiti Putra Malaysia (Graduate 

Studies) Rules 2003 (Revision 2012-2013) and the Universiti Putra Malaysia 

(Research) Rules 2012. The thesis has undergone plagiarism detection software. 

 

 

 

 

 

 

 

Signature: 

 

Date:  

Name and Matric No.: MD. AMIRUL ALAM, GS31273 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

x 

 

Declaration by Members of Supervisory Committee 

This is to confirm that: 

 the research conducted and the writing of this thesis was under our supervision; 

 supervision responsibilities as stated in the Universiti Putra Malaysia (Graduate 

Studies) Rules 2003 (Revision 2012-2013) are adhered to. 

 

 

 

 

 

Signature: 

Name of Chairman of Supervisory Committee 

Signature: 

Name of Member of Supervisory Committee 

Signature: 

Name of Member of Supervisory Committee 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

xi 

 

TABLE OF CONTENTS 

 

 Page 

ABSTRACT   i 

ABSTRAK iii 

ACKNOWLEDGEMENTS v 

APPROVAL vii 

DECLARATION ix 

LIST OF TABLES xv 

LIST OF FIGURES xviii 

LIST OF ABBREVIATIONS xxii 

  

CHAPTER  

  

1 INTRODUCTION 1 

   

2 LITERATURE REVIEW                                                                                     4 

 2.1 Scientific classification of purslane 4 

 2.2 Origin and distribution of purslane  4 

 2.3 Botanical/Biological descriptions of purslane 5 

 2.4 Growth and development of purslane 6 

 2.5 Purslane physiology 6 

 2.6 Purslane is a potential vegetable crop 7 

 2.7 Medicinal values/uses of purslane 8 

 2.8 Genetic diversity in purslane 11 

 2.9 Salinity perceptions and causes of salinity 12 

  2.9.1 Salinity measurement 13 

  2.9.2 Effect of salinity on soils 13 

  2.9.3 Effect of salinity on plants 14 

   2.9.3.1 Osmotic effect 15 

   2.9.3.2 Toxic effect  15 

   2.9.3.3 Ionic imbalance 15 

  2.9.4 Effect of salinity on agriculture 16 

 2.10 Plants salt tolerant   16 

  2.10.1 Mechanisms of acclimation or adaptation of plants to salt 

stress 

17 

 2.11 Effect of salinity on purslane 18 

  2.11.1 Effect of salinity on purslane anatomy 19 

  2.11.2 Effect of salinity on antioxidant enzyme activities of purslane 19 

    

3 COLLECTION AND IDENTIFICATION OF DIFFERENT PURSLANE 

ACCESSIONS AVAILABLE IN WESTERN PENINSULAR MALAYSIA 

21 

 3.1 Introduction 21 

 3.2 Materials and Methods 22 

  3.2.1 Site of sample collection 22 

  3.2.2 Sampling techniques 25 

  3.2.3 Data collection 26 

 3.3 Results  26 

 3.4 Discussion 27 



© C
OPYRIG

HT U
PM

xii 

 

 3.5 Conclusions 29 

    

4 EVALUATION OF MORPHOLOGICAL, PHYSIOLOGICAL AND 

MINERAL VARIATIONS AMONG THE COLLECTED PURSLANE 

ACCESSIONS 

30 

 4.1 Introduction 30 

 4.2 Materials and Methods 31 

  4.2.1 Experimental site and soil 31 

  4.2.2 Plant Materials and Experimental Design 31 

  4.2.3 Plants establishment  31 

  4.2.4 Data collection and analysis 31 

  4.2.4.1 Morphological attributes 31 

  4.2.4.2 Physiological attributes 33 

  4.2.4.3 Determination of mineral contents in purslane 34 

  4.2.5 Statistical analysis 34 

 4.3 Results 34 

  4.3.1 Morphological traits analysis 34 

  4.3.2 Physiological traits analysis 35 

  4.3.3 Mineral content analysis 35 

 4.4 Discussion 39 

 4.5 Conclusions 42 

      

5 MOLECULAR CHARACTERIZATION OF DIFFERENT PURSLANE 

ACCESSIONS AVAILABLE IN WEST PENINSULAR MALAYSIA 

USING ISSR AND EST-SSR MARKERS  

43 

 5.1 Introduction 43 

 5.2 Materials and methods 44 

  5.2.1 Plant materials 44 

  5.2.2 Genomic DNA extraction 44 

  5.2.3 DNA identification and quantification 44 

  5.2.4 Primers used in the PCRs 45 

   5.2.4.1 ISSR primers 45 

   5.2.4.2 EST-SSR primer selection and prescreening 45 

  5.2.5 PCR (Polymerase Chain Reaction) amplification  46 

   5.2.5.1 PCR amplification for ISSR markers 46 

   5.2.5.2 PCR amplification for EST-SSR markers 46 

  5.2.6 Data scoring  47 

  5.2.7 Data analysis 47 

  5.2.8 Analysis of molecular variance (AMOVA) 48 

 5.3 Results 48 

  5.3.1 Allelic variation among the accessions using ISSR and EST-

SSR   

48 

  5.3.2 Cluster analysis 52 

   5.3.2.1 Cluster analysis using ISSR markers 52 

   5.3.2.2 Cluster analysis using EST-SSR markers 53 

  5.3.3 Principal component analysis 55 

  5.3.4 Analysis of molecular variance (AMOVA)  56 

 5.4 Discussion 56 

 5.5 Conclusions 

 

60 



© C
OPYRIG

HT U
PM

xiii 

 

6 SCREENING OF THE POTENTIAL SALT TOLERANT PURSLANE 

ACCESSIONS 

61 

 6.1 Introduction 61 

 6.2 Materials and Methods 62 

  6.2.1 Experimental site and soil 62 

  6.2.2 Plant Materials and Experimental Design 62 

  6.2.3 Planting, cultural practices and treatment application 62 

  6.2.4 Data collection 64 

   6.2.4.1 Plant height 64 

   6.2.4.2 Number of leaves 64 

   6.2.4.3 Number of flowers 64 

   6.2.4.4 Total dry matter  64 

  6.2.5 Statistical analysis 64 

 6.3 Results 65 

  6.3.1 Total dry matter production  65 

  6.3.2 Plant height 66 

  6.3.3 Number of leaves 69 

  6.3.4 Number of flowers 70 

 6.4 Discussion  74 

 6.5 Conclusions 

 

76 

7 EFFECT OF SALINITY ON GROWTH AND MORPHO-

PHYSIOLOGICAL CHARACTERISTICS OF PURSLANE 

78 

 7.1 Introduction 78 

 7.2 Materials and Methods 79 

  7.2.1 Purslane accessions and study location 79 

  7.2.2 Planting, cultural practices and treatment application 79 

  7.2.3 Data collection and analysis 79 

  7.2.3.1 Morphological data collection 79 

  7.2.3.2 Physiological/gas exchange data collection 80 

  7.2.3.3 Study of stems and root histology using Scanning Electron 

Microscopy 

81 

  7.2.4 Statistical analysis 81 

 7.3 Results 81 

  7.3.1 Purslane morphological traits analysis 81 

   7.3.1.1 Plant height  81 

   7.3.1.2 Number of nodes    84 

   7.3.1.3 Number of main branches 86 

   7.3.1.4 Stem diameter 88 

   7.3.1.5 Number of leaves 88 

   7.3.1.6 Leaf area 91 

   7.3.1.7 Flowering 92 

   7.3.1.8 Fresh weight 94 

   7.3.1.9 Dry weight 95 

  7.3.2 Purslane physiological traits analysis 96 

   7.3.2.1 Net photosynthesis rate 96 

   7.3.2.2 Transpiration rate 98 

   7.3.2.3 Stomatal conductance  101 

  7.3.3 Effect of salinity on stems and root histology of purslane 102 

 7.4 Discussion 104 



© C
OPYRIG

HT U
PM

xiv 

 

 7.5 Conclusions 

 

112 

8 EFFECT OF SALINITY ON ANTIOXIDANT PROPERTIES AND 

MINERAL NUTRIENTS OF DIFFERENT PURSLANE ACCESSIONS 

114 

 8.1 Introduction 114 

 8.2 Materials and methods 115 

  8.2.1 Purslane accessions and study location 115 

  8.2.2 Planting, cultural practices and sampling 115 

  8.2.3 Sample preparation and extraction 115 

  8.2.4 Determination of antioxidant compounds 115 

   8.2.4.1 Determination of Total Phenolic compounds 
 

115 

   8.2.4.2 Determination of Total Flavonoid Content 116 

   8.2.4.3 Determination of Total Carotenoid Content 116 

  8.2.5 Determination of antioxidant activity 117 

   8.2.5.1 Ferric Reducing Antioxidant Power (FRAP) Assay 117 

   8.2.5.2 1,1-Diphenyl-2-Picrylhydrazyl (DPPH·) Free Radical 

Scavenging Activity 

118 

  8.2.6 Determination of mineral contents 118 

   8.2.6.1 Micro and macro mineral analysis 118 

  8.2.7 Statistical Analysis  119 

 8.3 Results 119 

  8.3.1 Dry matter production 119 

  8.3.2 Total phenolics content (TPC) 120 

  8.3.3 Total flavonoid content (TFC) 123 

  8.3.4 Total carotenoid content (TCC) 125 

  8.3.5 Ferric Reducing Antioxidant Power (FRAP) 128 

  8.3.6 1,1-Diphenyl-2-Picrylhydrazyl (DPPH·) Free Radical 

Scavenging Activity 

130 

  8.3.7 Relationship between TPC, TFC, TCC, FRAP and DPPH 133 

  8.3.8 Micro and macro mineral analysis 133 

   8.3.8.1 Nitrogen content in purslane  133 

   8.3.8.2 Phosphorus content in purslane 133 

   8.3.8.3 Potassium content in purslane 135 

   8.3.8.4 Sodium content in purslane  136 

   8.3.8.5 Calcium content in purslane  138 

   8.3.8.6 Magnesium content in purslane  138 

   8.3.8.7 Iron content in purslane  140 

   8.3.8.8 Zinc content in purslane  141 

   8.3.8.9 Manganese content in purslane  143 

   8.3.8.10 Salts salinity relationships 144 

   8.3.8.11 Correlation Coefficient Analysis 144 

 8.4 Discussion 145 

 8.5 Conclusions 

 

152 

9 SUMMARY, GENERAL CONCLUSION AND RECOMMENDATION  154 

REFERENCES 158 

APPENDICES 181 

BIODATA OF STUDENT 197 

LIST OF PUBLICATIONS 198 



© C
OPYRIG

HT U
PM

xv 

 

LIST OF TABLES 

 

Table  Page 

2.1 Nutrient values in raw purslane per 100 g. 7 

2.2 Salinity rating and electrical conductivity value with effect on plants. 16 

2.3 Effect of salinity on purslane seed germination, growth, morphology, 

physiology and nutrition. 

18 

3.1 Brief morphological descriptions and collection details of purslane 

samples.  

23 

3.2 Morphological variations among collected purslane accessions.  26 

3.3 Total 45 collected purslane accessions grouped into 7 types. 27 

4.1 Descriptive statistics of the evaluated morphological traits of collected 

all 45 purslane accessions. 

36 

4.2 Pearson’s correlation coefficient among different morphological traits 

of purslane. 

37 

4.3 Descriptive statistics of the evaluated physiological traits of collected 

all 45 purslane accessions. 

37 

4.4 Pearson’s correlation coefficient among different physiological traits of 

purslane. 

38 

4.5 Micro and macro mineral compositions of 45 collected purslane 

accessions (mg/L). 

38 

4.6 Pearson’s correlation coefficient among different mineral nutrients of 

purslane. 

39 

5.1 List of ISSR primers used in this study.  45 

5.2 List of EST-SSR primers used for diversity analysis in purslane.   46 

5.3 Genetic diversity parameters among 28 ISSR markers for all 45 

accessions of P. oleracea. 

51 

5.4 Genetic diversity parameters among 10 EST-SSR markers for all 45 

accessions of P. oleracea. 

51 

5.5 Accessions comprising in various clusters as shown in the dengrogram 

based on UPGMA method. 

52 

5.6 Pairwise Population Matrix of Nei Genetic Distance using ISSR 

markers. 

52 



© C
OPYRIG

HT U
PM

xvi 

 

5.7 Accessions comprising in various clusters as shown in the dengrogram 

based on UPGMA method using EST-SSR markers. 

54 

5.8 Pair wise population matrix of Nei’s genetic distance among 7 states 

using EST-SSR markers. 

55 

5.9 AMOVA within and between 45 purslane accessions using ISSR 

markers. 

56 

5.10 AMOVA within and between 45 purslane accessions using EST-SSR 

markers. 

56 

6.1 Brief morphological descriptions and collection details of 25 selected 

purslane samples. 

63 

6.2 Influence of salinity on total dry matter production of purslane plants 

(g/5 plants) and their classification to salinity tolerance. 

66 

6.3 Effect of salinity on % plant height changes of 13 purslane accessions. 67 

6.4 Effect of salinity on % shedding of leaves of 13 purslane accessions. 70 

6.5 Effect of salinity on % reduction of flowers of 13 purslane accessions. 72 

7.1 Effect of salinity on % plant height reduction of 13 purslane 

accessions. 

82 

7.2 Effect of salinity on number of nodes (increase and/or reduction %) of 

13 purslane accessions. 

84 

7.3 Effect of salinity on number of main branches (reduction and/or 

increase %) of 13 purslane accessions. 

86 

7.4 Effect of salinity on stem diameter of 13 purslane accessions. 88 

7.5 Effect of salinity on reduction/increase of leaves % of 13 purslane 

accessions. 

89 

7.6 Effect of salinity on leaf area of 13 purslane accessions. 91 

7.7 Effect of salinity on reduction of flowers (%) of 13 purslane 

accessions. 

92 

7.8 Effect of salinity on fresh weight of 13 purslane accessions. 94 

7.9 Effect of salinity on dry matter contents of 13 purslane accessions. 95 

7.10 Effect of salinity on net photosynthesis rate of 13 purslane accessions. 98 

7.11 Effect of salinity on transpiration rate (% reduction) of 13 purslane 

accessions. 

99 



© C
OPYRIG

HT U
PM

xvii 

 

7.12 Effect of salinity on stomatal conductance of 13 purslane accessions. 101 

8.1 Effect of salinity on dry matter contents of 12 purslane accessions. 120 

8.2 Effect of salinity on total phenolic contents (reduction and/or increase 

%) of 12 purslane accessions. 

121 

8.3 Effect of salinity on total flavonoid contents (reduction and/or increase 

%) of 12 purslane accessions. 

125 

8.4 Effect of salinity on total carotenoid contents (reduction and/or 

increasing %) of 12 purslane accessions. 

126 

8.5 Effect of salinity on FRAP activity (reduction and/or increasing %) of 

12 purslane accessions. 

128 

8.6 Effect of salinity on DPPH activity (reduction and/or increasing %) of 

12 purslane accessions. 

131 

8.7 Pearson’s correlation coefficient among TPC, TFC, TCC, DPPH and 

FRAP activity of purslane . 

133 

8.8 Effect of salinity on N content in 13 purslane accessions. 134 

8.9 Effect of salinity on P content in 13 purslane accessions. 135 

8.10 Effect of salinity on K content in 13 purslane accessions. 136 

8.11 Effect of salinity on Na content in 13 purslane accessions. 137 

8.12 Effect of salinity on Ca content in 13 purslane accessions. 139 

8.13 Effect of salinity on Mg content in 13 purslane accessions. 140 

8.14 Effect of salinity on Fe content in 13 purslane accessions. 141 

8.15 Effect of salinity on Zn content in 13 purslane accessions. 142 

8.16 Effect of salinity on Mn content in 13 purslane accessions. 143 

8.17 Pearson’s Correlation Coefficients between micro and macro minerals. 144 



© C
OPYRIG

HT U
PM

xviii 

 

LIST OF FIGURES 

Figure  Page 

2.1 World origin and distribution of Portulaca oleracea L.  5 

2.2 Multipurpose uses of purslane. 10 

2.3 Causes of irrigation salinity. 13 

2.4 Effects of salt stress on plants. 15 

2.5 Adverse effects of salinity and possible mechanisms of adaptation. 17 

3.1 Map showing the 7 states of Western Peninsular Malaysia from 

where purslane samples were collected. 

25 

3.2 Simple Random Sampling Methods. 25 

3.3 Different types of purslane (Portulaca oleracea L.) collected from 

different locations of Western Peninsular Malaysia. 

28 

4.1 Dendrogram showing phenotypic relationship among the collected 

45 accessions of purslane based on Pearson’s similarity coefficient 

generated by morphological, physiological and mineral markers. 

39 

5.1 Figure showing the 50bp DNA ladder with standard banding pattern 47 

5.2 Polymorphic banding patterns of ISSR11 and ISSR24 among all 45 

genotypes. Lane M: 50 bp DNA ladder. 

49 

5.3 Polymorphic banding patterns of EST-SSR13 and EST-SSR26 

among all 45 genotypes. Lane M: 50 bp DNA ladder. 

50 

5.4  Dendrogram based on Unweighted pair group method with 

arithmetic average (UPGMA), depicting the genetic relationship 

among the P. oleracea accessions from Western Peninsular 

Malaysia. 

53 

5.5 Dendrogram based on UPGMA, depicting the genetic relationship 

among the P. oleracea accessions using EST-SSR markers among 

45 P. oleracea accessions.     

54 

5.6 The figure describes the pattern of clustering which divided the 7 

states into four groups based on molecular data analysis using EST-

SSR markers. 

54 

5.7 Three-dimensional plots of PCA indicating relationships among 45 

purslane accessions based on ISSR markers. 

55 

5.8 Two-dimensional plots of PCA indicating relationships among 45 

purslane accessions based on ISSR markers. 

56 



© C
OPYRIG

HT U
PM

xix 

 

6.1 Effect of salinity on plant height of 13 purslane accessions. Each 

bar represents mean values (±SE) of three replicates. Means with 

different lower case letters within a group (i.e. accessions) are 

significantly different at P<0.05. 

68 

6.2 Effect of salinity on leaves of 13 purslane accessions. Each bar 

represents mean values (±SE) of three replicates. Means with 

different lower case letters within a group (i.e. accessions) are 

significantly different at P<0.05. 

71 

6.4 Effect of salinity on flowering of 13 purslane accessions. Each bar 

represents mean values (±SE) of three replicates. Means with 

different lower case letters within a group (i.e. accessions) are 

significantly different at P<0.05. 

73 

7.1 Effect of salinity on plant height of 13 purslane accessions. Each 

bar represents mean values (±SE) of three replicates. Means with 

different lower case letters within a group (i.e. accessions) are 

significantly different at P<0.05. 

83 

7.2 Effect of salinity on number of nodes of 13 purslane accessions. 

Each bar represents mean values (±SE) of three replicates. Means 

with different lower case letters within a group (i.e. accessions) are 

significantly different at P<0.05. 

85 

7.3 Effect of salinity on number of main branches of 13 purslane 

accessions. Each bar represents mean values (±SE) of three 

replicates. Means with different lower case letters within a group 

(i.e. accessions) are significantly different at P<0.05. 

87 

7.4 Effect of salinity on number of leaves of 13 purslane accessions. 

Each bar represents mean values (±SE) of three replicates. Means 

with different lower case letters within a group (i.e. accessions) are 

significantly different at P<0.05. 

90 

7.5 Effect of salinity on number of flowers of 13 purslane accessions. 

Each bar represents mean values (±SE) of three replicates. Means 

with different lower case letters within a group (i.e. accessions) are 

significantly different at P<0.0001. 

93 

7.6 Effect of salinity on net photosynthesis rate of 13 purslane 

accessions. Each bar represents mean values (±SE) of three 

replicates. Means with different lower case letters within a group 

(i.e. accessions) are significantly different at P<0.05. 

97 

7.7 Effect of salinity on transpiration rate of 13 purslane accessions. 

Each bar represents mean values (±SE) of three replicates. Means 

with different lower case letters within a group (i.e. accessions) are 

significantly different at P<0.05. 

100 



© C
OPYRIG

HT U
PM

xx 

 

7.8 Scanning electron micrographs showing salinity effects on purslane 

stem histology of Ac5. 

102 

7.9 Scanning electron micrographs showing salinity effects on purslane 

stem histology of Ac9. 

102 

7.10 Scanning electron micrographs showing salinity effects on purslane 

stem histology of Ac12. 

103 

7.11 Scanning electron micrographs showing salinity effects on purslane 

root histology of Ac4 

103 

7.12 Scanning electron micrographs showing salinity effects on purslane 

root histology of Ac5. 

103 

7.13 Scanning electron micrographs showing salinity effects on purslane 

root histology of Ac7. 

103 

7.14 Scanning electron micrographs showing salinity effects on purslane 

root histology of Ac10. 

104 

7.15 Scanning electron micrographs showing salinity effects on purslane 

root histology of Ac12. 

104 

7.16 Scanning electron micrographs showing salinity effects on purslane 

root histology of Ac13. 

104 

8.1 Standard curve of GA for the determination of TPC in purslane 

sample. 

116 

8.2 Standard curve of Rutin for the determination of TFC in purslane 

sample. 

116 

8.3 Standard curve of β-carotene for the determination of TCC from 

purslane sample. 

117 

8.4 Figure showing Trolox standard curve for the determination of 

FRAP activity in purslane sample. 

117 

8.5 Figure showing BHA standard curve for the determination of DPPH 

activity in purslane sample.   

118 

8.6 Effect of salinity on total phenolics contents of the 12 purslane 

accessions. Each bar represents mean values (±SE) of three 

replicates. Means with different lower case letters within a group 

(i.e. accession) are significantly different at P<0.05.    

122 

8.7 Effect of salinity on total flavonoid contents of the 12 purslane 

accessions. Each bar represents mean values (±SE) of three 

replicates. Means with different lower case letters within a group 

(i.e. accession) are significantly different at P<0.05.    

124 



© C
OPYRIG

HT U
PM

xxi 

 

8.8 Effect of salinity on total carotenoid contents of the 12 purslane 

accessions. Each bar represents mean values (±SE) of three 

replicates. Means with different lower case letters within a group 

(i.e. accession) are significantly different at P<0.05. 

127 

8.9 Effect of salinity on FRAP activity of the 12 purslane accessions. 

Each bar represents mean values (±SE) of three replicates. Means 

with different lower case letters within a group (i.e. accession) are 

significantly different at P<0.05.   

129 

8.10 Effect of salinity on DPPH antioxidant activity of the 12 purslane 

accessions. Each bar represents mean values (±SE) of three 

replicates. Means with different lower case letters within a group 

(i.e. accession) are significantly different at (P<0.05). 

132 

8.11 Relationship between salinity and cation levels measured in 

purslane (pooled across accessions). 

145 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

xxii 

 

LIST OF ABBREVIATIONS 

AAS Atomic Absorption Spectrophotometer 

AMOVA Analysis of molecular variance 

ANOVA Analysis of Variance 

BCE β-carotene equivalent 

BHA Butylated hydroxyanisole 

cm centimeter 

DAT Days after transplanting 

DM Dry matter 

DPPH 1,1-Diphenyl-2-Picrylhydrazyl 

DNA Deoxyribo Nucleic Acid  

dS m
-1

 Decisiemens per meter 

DW Dry weight 

FRAP Ferric Reducing Antioxidant Power  

FW Fresh weight 

g gram 

GAE Gallic acid equivalent  

L Liter 

mm millimeter  

mg milligram 

RCBD Randomized Complete Block Design 

RE Rutin equivalent 

RNA Ribo Nucleic Acid 

SAS Statistical Analyses System 

SEM Scanning Electron Microscopy 

TCC Total Carotenoid Content 

TE Trolox equivalent 

TFC Total Flavonoid Content 

TPC Total Phenolic Content  

 



© C
OPYRIG

HT U
PM

1 
 

CHAPTER 1 

 

INTRODUCTION 

 

The purslane (Portulaca oleracea L.), also known as pigweed, fatweed, pusle, and 

little hogweed, is an annual succulent herb in the family Portulacaceae that is found in 

most corners of the globe from sea level to 3835 m above sea level (Mitich, 1997). 

Purslane comprises about 150 species, of which about 40 species of tropical and warm 

climate species (El-Jack, 2004). It is most common in tropical and temperate 

environments, though it is reported from 58° north latitude to 40° south latitude 

(Matthews et al., 1993). From the ancient age’s purslane has been treated as a major 

weed of vegetables as well as other crops especially in turfgrass and field crops areas 

(Uddin et al., 2009; 2010). Although it does like plenty of sunlight, captures carbon 

via the C4 pathway and can revert to CAM under severe stress, is not sensitive to soil 

conditions and colonizes all kinds of soils (Kamil et al., 2000). Purslane has identified 

as so prolific due to its wonderful ability to produce seeds, even when the plant is in a 

very poor condition (Liu et al., 2000). The common purslane (P. oleracea) produces 

single or bunch of little yellow flowers at every nodes and ends of its stems but the 

ornamental one produces flowers of different colors. The blossom of common one 

remains open only for a while, but ensures the filled up capsule with numerous tiny 

black seeds that can remain alive as dormant for decades and even up to 40 years 

(Egley, 1974).  

 

Presently P. oleracea is gaining special attention by agriculturalists and nutritionists. 

It is listed in the World Health Organization (WHO) as one of the most used 

medicinal plants and has been given the term ‘Global Panacea’ (Dweck, 2001; Samy 

et al., 2004). Research findings have been reported that P. oleracea comprises more 

nutritive value than other vegetables due to its valuable components such as omega-3 

fatty acid, α-tocopherol, ascorbic acid, β-carotene and glutathione-rich (Uddin et al., 

2014). Recent studies have shown that the P. oleracea is a rich source of omega-3 and 

6 fatty acids, which is important in preventing heart attacks and strengthening the 

immune system (Simopoulos, 2004). The water extracts of P. oleracea shows no 

cytotoxicity or genotoxi-city, and have been certified safe for daily consumption as a 

vegetable (Yen et al., 2001). Such beneficial effects of this vegetable weed might be 

ascribed to the presence of various bioactives and phenolics antioxidants. In spite of a 

number of studies made on the bioactivities of this plant, the antioxidant properties of 

P. oleracea have rarely been studied.  

  

Currently, the development of modern plant breeding techniques have greatly 

facilitated wider use of a wealth of diversity from many sources including landraces, 

and especially, has allowed food production to keep up with population growth 

(Wood and Lanné, 1999). Currently, the genetic diversity of plants has been assessed 

more efficiently after the introduction of methods that reveal polymorphism directly 

from the biochemical and DNA levels. The characterization of plant germplasm using 

molecular marker techniques is playing an important role in the management and 

utilization of plant genetic resources worldwide (Hodgkin and Rao, 2002). Molecular 

characterization not only allows for a more objective quantification of genetic 

variation than do traditional morphological assessments, but also facilitates 

identification of duplicates, cataloguing of germplasm, assessment of genetic 

structure and establishment of core collections (Bretting and Widrlechner, 1995).  

http://en.wikipedia.org/wiki/Portulacaceae
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Importantly, genotypic characterization is now more attainable than it has been before 

with the advent of many molecular techniques over the last two decades (Karp, 2002). 

These include restriction fragment length polymorphisms (RFLPs), random amplified 

polymorphic DNAs (RAPDs), amplified fragment length polymorphisms (AFLPs), 

simple sequence repeats (SSRs), expressed sequence tag (EST)-SSR, inter simple 

sequence repeat (ISSR) and single nucleotide polymorphisms (SNPs). 

 

Soil salinity is the major abiotic stress that drastically affects plant growth and crop 

productivity worldwide.  Due to continuous buildup of salinity in the soil, millions of 

hectares of arable land have now become unfit for cultivation (Ahmad et al., 2007).  It 

is well established that salinity can affect the plant growth by changing their 

morphological, physiological and biochemical as well as anatomical characteristics 

(Tester and Davenport, 2003). Changes in the lipid composition and oil quality 

characteristics and antioxidant properties of some oilseed crops as results of abiotic 

stresses such as salinity and drought have been reported recently (Ali et al., 2010). 

Salinity is also a problem being faced by Malaysia. The extent of saline soils in 

Peninsular Malaysia has been reported to be 186,523.4 ha, in Sarawak 571,078.0 ha 

and in Sabah 358,434.0 ha (Dr. Lim Jit Sai, 2000, personal comm.). Due to 

anthropogenic contributions to global warming, the rate of sea level rise is expected to 

increase and thus causing salt water intrusion into the coastal areas and the major 

commodities threatened by salinity are agricultural crops (Aksoy et al., 2003). As a 

result; the yield of crops are expected to decreases and it may no longer be possible to 

grow salt-sensitive species in salt affected areas (Singh and Chatrath, 2001). A 

plausible approach to cope with the salinity problem is the use of salt-tolerant crops 

(Shannon et al., 2000). 

Halophytes purslane has been rated as moderately tolerant with a salinity threshold of 

18-24 dS m
-1

 (EC). However, after the first cutting, the halophytic nature of purslane 

is expressed and the salt tolerance of purslane increases with subsequent harvests 

(Grieve and Suarez, 1997). Purslane has been studied in detail as a prolific weed, but 

very little is known about its production as a food crop. The effects of cultural 

conditions on its nutritional value are rarely studied, although there some authors 

investigated the best cultural conditions to obtain higher levels of fatty acids 

(Palaniswamy et al., 2001)  and lower levels of oxalic acid (Palaniswamy et al., 2002) 

in purslane leaves. Due to its high nutritive value and antioxidant properties purslane 

has considerable potential as human food, animal feed and medicinal applications 

(Yazici et al., 2007). Now it is believed that the regular consumption of dietary 

antioxidants may reduce the risk of several serious diseases. The diets rich in fruits 

and vegetables have been associated with health benefits, and this might be attributed 

to the presence of antioxidant compounds and salinity stress used to enhance the 

production of some major antioxidant compounds; an important characteristics of 

salinity tolerant crop species (Chu et al., 2002). 

  

Purslane (P. oleracea) is a promising crop to be grown under saline stressed areas of 

Malaysia. As salinity affects the morphological and physiochemical attributes of 

agricultural crops, need exists to appraise the influences of salinity on the proximate 

composition and antioxidant attributes of this valuable weed in order to explore its 

potential utilization as a functional food commodity. Thus, salt tolerant crop varieties 

are very essential to fulfill the yield gaps due to different biotic and abiotic stresses 

for the coastal agriculture in Malaysia and other Southeast Asian countries as well as 

additional foods demand of global increased population. 



© C
OPYRIG

HT U
PM

3 
 

With this view, a series of research works have been conducted to identify 

morphological and genetic diversity among collections and to determine potential and 

more salt tolerant purslane accessions and their possible morpho-physiochemical 

changes in respect of salinity stress in Malaysia. Considering the above points, the 

studies were conducted with the following specific objectives: 

 

i) To identify different kinds of purslane found in different areas of Western 

Peninsular Malaysia  

ii) To evaluate yield potential and performance and to assess their morpho-

physiological and genetic diversity among collected purslane accessions  

ii) To screen out the salt tolerant purslane accessions 

iii) To quantify the effect of salinity on growth, morphological and physiological 

development of P. oleracea  

iv) To appraise the minerals nutritional profile and antioxidant properties of P. 

oleracea and their changes due to salinity stress.  
 



© C
OPYRIG

HT U
PM

158 
 

REFERENCES 

 

Abogadallah, G.M. 2010. Antioxidative defense under salt stress. Plant Signaling and 

Behavior 5: 369-374.  

Abu-Bakar, M.F., Mohamed, M., Rahmat, A. and Fry, J. 2009. Phytochemicals and 

antioxidant activity of different parts of bambangan (Mangifera pajang) and 

tarap (Artocarpus odoratissimus).  Food Chemistry 113: 479-483. 

Acatrinei, L. 2010. Photosynthesis rate, transpiration and stomatal conductance of 

vegetable species in protected organic crops. Lucrări Ştiinţifice 53(1): 32-35. 

Adams, S. 1992. Purslane eyed as rich food source. Agriculture Research and 

Agriculture Notes, USDA. 40(12): 20-33. 

Agarwal, S. and Rao, A.V. 2000. Carotenoids and chronic diseases. Drug Metabolism 

and Drug Interactions 17(1-4): 189-210. 

Agriculture and Agri-Food Canada (AAFC). 2006. The Agriculture and Agri-Food 

Canada collection of vascular plants. Canadian Botanical Association Bulletin 

39(1): 13-19. 

Ahmad, S., Anwar, F., Hussain, A.I., Ashraf, M. and Awan, A.R. 2007. Does salinity 

affect yield and composition of cottonseed oil? Journal of the American Oil 

Chemists’ Society 84: 845-851. 

Akhtar, M.S., Khan, Q.M. and Khaliq, T. 1985. Effects of Portulaca oleracea  

(Kulfa) and Taraxacum officinale (Dhudhal) in normoglycaemic and alloxan-

treated hyperglycaemic rabbits. Journal of Pakistan Medical Association 

35(7): 207-210. 

Akram, M., Akhtar, S., Javed, I. U. H., Wahid, A. and Rasul, E. 2002. Anatomical 

attributes of different wheat (Triticum aestivum) accessions/varities to NaCl 

salinity. International Journal of Agricultural Biology 4: 166-168. 

Akram, M.S. and Ashraf, M. 2008. Alleviation of adverse effects of salt stress on 

sunflower (Helianthus annuus L.) by exogenous application of potassium 

nitrate. Journal of Applied Botany and Food Quality 83: 19-27.  

Aksoy, U., Kayikxcioglu, H., Kukul, Y.S., Hepaksoy, S., Can, H.Z. and Balci, B. 

2003. An environmentally friendly technique to control salinization: salt 

removing crops. Acta Horticulturae 598: 137-142. 

Alamgir, A.N.M. and Ali, M.Y. 2006.  Effects of NaCl salinity on leaf characters and 

physiological growth attributes of different genotypes of rice (Oryza sativa 

L.). Bangladesh Journal of Botany 35(2): 99-107. 

Alberta Native Plant Council (ANPC). 2006. Plant Collection Guidelines for 

Researchers, Students and Consultants. Published by the Alberta Native Plant 

Council on line at http://www.anpc.ab.ca/), pp 1-9. 

Alhasnawi, A.N., Kadhimi, A.A., Isahak, A., Mohamad, A., Doni, F., Mohtar, W., 

Yusoff,  W. and Zain, C.R.B.M. 2014. Salinity stress in plant and an important 

antioxidant enzyme. Life Science Journal 11: 913-920. 

Ali, A.K.S., Mohamed, B.F. and Dreyling, D. 2014. Salt tolerance and effects of 

salinity on some agricultural crops in the Sudan. Journal of Forest Products 

and Industries  3(2): 56-65. 

Ali, E.F., Bazaid, S. and Hassan, F.A.S. 2013. Salt Effects on Growth and Leaf 

Chemical Constituents of Simmondsia chinensis (Link) Schneider. Journal of 

Medicinal Plants Studies 1(3): 22-24. 

Ali, Q., Ashraf, M. and Anwar, F. 2010. Seed composition and seed oil antioxidant of 

maize under water stress. Journal of the American Oil Chemists’ Society 87: 

1179-1187. 



© C
OPYRIG

HT U
PM

159 
 

Al-Rwally, S.A. 1989. Nitrogen uptake, growth rate and yield of tomatoes under 

saline condition. PhD. dissertation, University of Arizona, Tucson, pp 118. 

AL-Zahrani, H.S. and AL-Toukhy, A.A. 2012. Growth and mineral constituents of 

prose millet (Pennisetum glaucum) irrigated with sea water. Life Science 

Journal 9(3): 67-72. 

An, P., Inanaga, S., Li, X., Schimizu, H. and Tanimoto, E. 2003. Root characteristics 

in salt tolerance. Root Research 12: 125-132. 

Anand, A., H.N. Trick, B.S. Gill and S. Muthukrishnan. 2003. Stable transgene 

expression and random gene silencing in wheat. Plant Biotechnology Journal 

1(4): 241-251. 

Anastacio, A. and Carvalho, I. S. 2013. Accumulation of fatty acids in purslane grown 

in hydroponic salt stress conditions. International Journal of Food Sciences 

and Nutrition 64(2): 235-242. 

Anderson, J. A., Churchill, G. A., Autrique, J. E., Tanksley, S. D. and Sorrells, M. E. 

1993. Optimizing parental selection for genetic linkage maps. Genome 36: 

181-186. 

Arolu, I.W., Rafii, M.Y., Hanafi, M.M., Mahmud, T.M.M. and Latif, M.A. 2012. 

Molecular characterizations of Jatropha curcas germplasm using inter simple 

sequence repeat (ISSR) markers in Peninsular Malaysia. Australian Journal of 

Crop Science 6(12): 1666-1673.  

Aschner, J.L. and Aschner, M. 2005. Nutritional aspects of manganese homeostasis. 

Molecular Aspects of Medicine 26(4-5): 353-362. 

Ashraf, M. 2004. Some important physiological selection criteria for salt tolerance in 

plants. Flora 199: 361-376. 

 

Ashraf, M., Athar, H.R., Harris, P.J.C. and Kwon, T.R. 2008. Some prospective 

strategies for improving crop salt tolerance. Advance Agronomy 97: 45-110. 

Ashraf, M. and Foolad, M.R. 2007. Roles of glycine betaine and proline in improving 

plant abiotic stress resistance. Environmental and Experimental Botany 59: 

206-216. 

Awad, N.E. 1994. Lipid content and antimicrobial activity of phenolic constituents of 

cultivated Portulaca oleracea L. Bulletin of Faculty of Pharmacy of Cairo 

University 32: 137-142. 

Awang, Y.B., Atherton, J.G., Taylor, A.J. 1993. Salinity effects on strawberry plants 

in rockwool. 1. Growth and leaf water relations. Journal of Horticultural 

Science 68: 783-790. 

Ayana, A. and Bekele, E. 2000. Geographical patterns of morphological variation in 

sorghum (Sorghum bicolor (L.) Moench) germplasm from Ethiopia and 

Eritrea: Quantitative characters. Euphytica 115: 91-104. 

Ayers, R.S. and Westcot, D.W. 1985. Water quality for agriculture. Irrigation and 

Drainage, Paper no. 29. Food and Agriculture Organization of the United 

Nations, Rome, Italy.  

Azevedo Neto, A.D., Prisco, J.T., Eneas, F.J, Abreu, C.E.B. and Gomes, F.E. 2006. 

Effect of salt stress on antioxidative enzymes and lipid peroxidation in leaves 

and roots of salt-tolerant and salt sensitive maize genotypes. Environmental 

and Experimental Botany 56: 87-94. 

Aziz, I. and Khan, M.A. 2001. Effect of seawater on the growth, ion content and 

water potential of Rhizophora mucronata Lam. Journal of Plant Research 

114: 369-373. 



© C
OPYRIG

HT U
PM

160 
 

Baâtour, O., Tarchoun, I., Nasri, N., Kaddour, R., Harrathi, J., Drawi, E., Mouhiba, 

Nasri-Ayachi, B., Marzouk, B. and Lachaâl, M. 2012. Effect of growth stages 

on phenolics content and antioxidant activities of shoots in sweet marjoram 

(Origanum majorana L.) varieties under salt stress. African Journal of 

Biotechnology 11(99): 16486-16493. 

Babu, M.A., Singh, D. and Gothandam, K.M. 2012. The effect of salinity on growth, 

hormones and mineral elements In leaf and fruit of tomato cultivar PKM1. The 

Journal of Animal & Plant Sciences 22(1): 159-164.  

Balyan, R.S. and V.M. Bhan, 1986. Emergence, growth, and reproduction of horse 

purslane (Trianthema portulacastrum) as influenced by environmental 

conditions. Weed Science 34: 516-519. 

Banerjee, G. and Mukherjee, A. 2002. Biological activity of a common weed: 

Portulaca oleracea L.-II. Antifungal activity. Acta Botanica Hungarica 4(3-

4): 205-208.   

Banerjee, G. and Mukherjee, A. 2003. Antibacterial activity of a common weed, 

Portulaca oleracea  L. Geobios Journal (Jodhpur)India 30(2-3): 143-144. 

Bangash, J.A., M., Arif, F., Khan, F., Khan, Amin-Ur-Rahman and I. Hissain, 2011. 

Proximate Composition, Minerals and Vitamins Content of Selected 

Vegetables Grown in Peshawar. Journal of the Chemistry Society of Pakistan 

33(1): 118-112. 

Beard, J.L. and H.D., Dawson, 1997. Iron, In: B. L O'Dell, R.A Sunde, eds. Handbook 

of nutritionally essential minerals. New York: Marcel Dekker, Inc. pp 275. 

Beecher, G.R. 2003. Overview of dietary flavonoids: nomenclature, occurrence and 

intake. Journal of Nutrition 133(10): 3248-3254. 

Behzadifar, M., Chehrazi, M. and Aboutalebi, A. 2013. Effect of salt stress by using 

unconventional water on some morphological characters and ajmalicine 

alkaloid amount in the roots of Catharanthus roseus Cvs. Rosea and Alba. 

Annals of Biological Research 4(8): 229-231. 

Bekmirzaev, G., Beltrao, J., Neves, M.A. and Costa, C. 2011. Climatical changes 

effects on the potential capacity of salt removing species.  International 

Journal of Geology 5(3): 79-85. 

Belda, R.M. and Ho, L.C. 1993. Salinity effects on the network of vascular bundles 

during tomato fruit development. Journal of Horticultural Science 68: 557-

564. 

Beltrão, J., Brito, J., Neves, M.A., and Seita, J. 2009. Salt Removal Potential of 

Turfgrasses in Golf Courses in the Mediterranean Basin. WSEAS Transactions 

on Environment and Development 5(5): 394-403.  

Benzie, I.F.F. and Strain, J.J. 1996. The ferric reducing ability of plasma (FRAP) as a 

measure of ‘‘Antioxidant Power’’: The FRAP assay.  Analytical Biochemistry 

239: 70-76. 

Bhagirath, S., Chauhan, S.B., Abugho, J.C., Amas, and Gregorio, G.B. 2013. Effect of 

Salinity on Growth of Barnyardgrass (Echinochloa crus-galli), Horse Purslane 

(Trianthema portulacastrum), Junglerice (Echinochloa colona), and Rice. 

Weed Science 61(2): 244-248. 

Blair, M.W., González, L.F., Kimani, P.M. and Butare, L. 2010. Genetic diversity, 

inter-gene pool introgression and nutritional quality of common beans 

(Phaseolus vulgaris L.) from Central Africa. Theory of Applied Genetics 121: 

237-248. 

Boland, A.M. 2008. Management of saline and/or recycled water for irrigated 

horticulture. Acta Horticulturae 792: 123-134. 



© C
OPYRIG

HT U
PM

161 
 

Borsani, O., Valpuesta, V., Botella, M.A. 2003. Developing salt tolerant plants in a 

new century: a molecular biology approach. Plant Cell Tissue Organ Culture 

73:101-115. 

Botanical Research Institute of Texas (BRIT). 2010. Plant Collection & Preservation, 

1700 University Drive Fort Worth, Texas 76107, pp 1-5.  

Boughalleb, F., Denden, M. and Tiba, B. 2009. Anatomical changes induced by 

increasing NaCl salinity in three fodder shrubs, Nitraria retusa, Atriplex 

halimus and Medicago arborea. Acta Physiologia Plantarum 31: 947-960. 

Boulos, L. 1983.  Medicinal plants of North Africa. Reference Publications, Inc., 

Algonac, Michigan, pp 158-162. 

Boulos, L. and Hadidi, M.N. 1984. The weed flora of Egypt. The American 

University in Cairo Press. ISBN No. 977-424-038-3. 

Bowles J.M. 1986. The collecting scroll: a practical alternative to the field press. The 

Plant Press, 4: 74-75. 

Bown, D. 1995. The Royal Horticultural Society. Encyclopaedia of Herbs and their 

uses. Dorling Kindersley Book. ISBN No. not given. CN 5672.  

Boyd, R.S. and Barbour, M.G. 1986. Relative salt tolerance of Cakile edentula 

(Brassicaceae) from lacustrine and marine beaches. American Journal of 

Botany 73: 236-241. 

Bram, M.R. and Quinn, J.A. 2000. Sex expression, sex-specific traits, and the effects 

of salinity on growth and reproduction of Amaranthus cannabinus 

(Amaranthaceae), a dioecious annual. American Journal of Botany 87:1609-

1618. 

Brand-Williams, W., Cuvelier, M.E., Berset, C. 1995. Use of a free radical method to 

evaluate antioxidant activity.  LWT Food Science Technology 28: 25-30. 

Bretting, P.K. and Widrlechner, M.P. 1995. Genetic markers and plant genetic 

resource management. Plant Breeding Reviews 13: 11-86. 

Botanical Research Institute of Texas (BRIT). 2010. Plant Collection & Preservation, 

1700 University Drive Fort Worth, Texas 76107, pp 1-5.  

Brown, S.M. and Kresovich, S. 1996. In: Paterson AH (ed) Genome mapping in 

plants. Clandes, New York, pp 85-93. 

Bugden, G. 1997. "Urban salinity in Wa gga Wagga" in ABARE 1997, Outlook 97, 

Proceedings of the National Agricultural and Resources Outlook Conference 

Canberra, 4-6 February, Vol. 1, Commodity Markets and Resource 

Management, Australian Bureau of Agricultural and Resource Economics, 

Canberra. 

Burkill, H.M. 1997. The useful plants of West Tropical Africa. Edition 2. Vol. 4. 

Families M-R. Royal Botanic Gardens Kew. ISBN No.1-900347-13-X. 

Carrington, S. 1998. Wild plants of the eastern Caribbean. Macmillan Education, 

London and Basingstoke. ISBN No. 0-333-67443-X. 

Carvalho, I.S., Mónica, T. and Maria, B. 2008. Effect of Salt Stress on Purslane and 

Potential Health Benefits: Oxalic Acid and Fatty Acids Profile. The 

Proceedings of the International Plant Nutrition Colloquium XVI, Department 

of Plant Sciences, UC Davis, UC Davis.  

Céccoli, G., Ramos, J. C., Ortega, L. I., Acosta, J. M. and Perreta, M. G. 2011. 

Salinity induced anatomical and morphological changes in Chloris gayana 

Kunth roots. Biocell 35: 9-17.  

Chan, K., Islam, M.W., Kamil, M., Radhakrishnan, R., Zakaria, M.N.M. and 

Habibullah, M. 2000. The analgesic and anti-inflammatory effects of 



© C
OPYRIG

HT U
PM

162 
 

Portulaca oleracea L. subs. sativa (Haw.) Celak. Journal of 

Ethnopharmacology 73(3): 445-451. 

Chartzoulakis, K. and Klapaki, G., 2000. Response of two green house pepper hybrids 

to NaCl salinity during different growth stages. Sci. Hortic 86: 247-260. 

Chu, Y.F., Sun, J., Wu, X. and Liu, R.H. 2002. Antioxidant and antiproliferative 

activities of common vegetables. Journal of Agricultural and Food Chemistry 

50: 6910-6916. 

Chutipaijit, S., Cha-um, S. and Sompornpailin, K. 2009. Differential accumulations of 

proline and flavonoids in indica rice varieties against salinity. Pakistan 

Journal of Botany 41(5): 2497-2506. 

Clarkson, D.T., Hanson, J.B. 1980. The mineral nutrition of higher plants. Annual 

Review of Plant Physiology 31: 239-298. 

Craine, J. M. 2005. Reconciling plant strategy theories of Grime and Tilman. Journal 

of Ecology 93: 1041-1052. 

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. 

Cuartero, J., Pulido, J. M., Gómez-Guillaumón, M. L. and Alvarez, M. 2002.Salt 

removal potential of barley, alfalfa, Atriplex patula and A. prostate. Acta 

Horiculturae 573: 387-396. 

Dadkhah, A. 2011. Effect of salinity on growth and leaf photosynthesis of two sugar 

beet (Beta vulgaris L.) cultivars. Journal of Agricultural Science and 

Technology 13: 1001-1012. 

Dadkhah, A.R. and Grrifiths, H. 2006. The Effect of Salinity on Growth, Inorganic 

Ions and Dry Matter Partitioning in Sugar Beet Cultivars. Journal of 

Agricultural Science and Technology 8: 199-210. 

Danin, A., Baker, I. and Baker, H.G. 1978. Cytogeography and taxonomy of the 

Portulaca oleracea L. polyploid complex. Israel Journal of Botany 27: 171-

211. 

Dantus, B.F., Ribeiro, L. and Aragao, C.A. 2005. Physiological response of cowpea 

seeds to salinity stress. Revista Brasileira de Sementes, 27(1): 144-148. 

De Candolle. 1883: A. De Candolle - L’origine des plantes cultivees, Paris, Baliève. 

Dixon, R.A. and Paiva, N. 1995. Stress-induced phenylpropanoid metabolism, Plant 

Cell 7: 1085-1097. 

Dolatabadian, A., Modarressanavy, S.A.M. and Ghanati, F. 2011. Effect of salinity on 

growth, xylem structure and anatomical characteristics of soybean. Notulae 

Scientia Biologicae 3: 41-45. 

Don, R. H., Cox, P. T., Wainwright, B. J., Baker, K. and Mattick, J. S. 1991. 

‘Touchdown’ PCR to circumvent spurious priming during gene amplification. 

Nucleic Acids Research 19(14): 4008.  

Donabedian, H. 2006. Nutritional therapy and infectious diseases: a two-edged sword. 

Journal of Nutrition 5: 21-31. 

Dong, L.W., Wang, W.Y., Yue, Y.T. and Li, M. 2005. Effects of flavones extracted 

from Portulaca oleracea on ability of hypoxia tolerance in mice and its 

mechanism. Journal of Chinese Integrative Medicine 3(6): 450-454 

Dong, Y., Ji, T. and Dong. S. 2007. Stress responses to rapid temperature changes of 

the juvenile sea cucumber (Apostichopus japonicus Selenka). Journal of 

Ocean University of China 6: 275-280. 

Doyle, J.J. and Doyle, J.L. 1990. Isolation of plant DNA from fresh tissue. Focus 

12(1): 13-15.  



© C
OPYRIG

HT U
PM

163 
 

Du, Q.Z., Zhang, D.Q. and Li, B.L. 2012. Development of 15 novel microsatellite 

markers from cellulose synthase genes in Populus tomentosa (Salicaceae). 

American Journal Botany 99: 46-48.  

Duke, J. 1998. The Green Pharmacy, New York, St. Martin’s Paperbacks in 

arrangement with Rodale Press, Inc. p. 163-164. 

Duru, M., Khaled, R.A.H., Ducourtieux, C., Theau, J.P., Quadros, F.L.F. and Cruz, P. 

2008. Do plant functional types based on leaf dry matter content allow 

characterizing native grass species and grasslands for herbage growth pattern? 

Journal of Plant Ecology 201(2): 421-433.   

Dweck, A.C. 2001.  Purslane – Portulaca oleracea: The global panacea. Personal 

Care Magazine 2, 4 pp 7-15.   

Egley, G.H. 1974. Dormancy variations in common purslane seeds. Weed Science 

22(6): 535-540. 

Ehleringer, J.R. and R.K. Monson. 1993. Evolutionary and ecological aspects of 

photosynthetic pathway variation. Annual Review on Ecological Systems, 24: 

411-439. 

Eker, S., Cömertpay, G., Konufikan, O.,  Ülger, A.C., Öztürk, L. and  Çakmak, S. 

2006. Effect of Salinity Stress on Dry Matter Production and Ion 

Accumulation in Hybrid Maize Varieties. Turkish Journal of Agriculture and 

Forestry 30: 365-373.    

El-Jack, A.E., 2004. Portulaca oleracea L. In: Grubben, G.J.H. & Denton, O.A. 

(Editors). PROTA 2: Vegetables/Légumes. [CD-Rom]. PROTA, Wageningen, 

Netherlands. 

Evelin, H., Kapoor, R. and Giri, B. 2009. Arbuscular mycorrhizal fungi in alleviation 

of salt stress: a review. Annals of Botany 104(7): 1263-1280. 

Excoffier, L., Laval, G. and Schneider, S. 2005. Arlequin ver. 3.0: an integrated 

software package for population genetics data analysis. Evolution in 

Bioinformatics Online, 1: 47-50. 

Fageria, N.K. 1985. Salt tolerance of rice cultivars. Plant and Soil 88: 237-243. 

Fairbanks, V.F., 1999. Iron in Medicine and Nutrition, In: Shils M, Olson J. A. Shike 

M, Ross AC, eds. Nutrition in Health and Disease. 9th ed. Baltimore: 

Williams and Wilkins. 223 

Falleh, H., Jalleli, J., Ksouri, R., Boulaaba, M., Guyot, S., Magné, C. and Abdelly, C. 

2012. Effect of salt treatment on phenolic compounds and antioxidant activity 

of two Mesembryanthemum edule provenances.  Plant Physiology and 

Biochemistry 52: 1-8. 

Fenn, W.O., 1949. The role of potassium in physiological processes. Physiology 

Revolution 20: 377-415 

Ferreira, R.G., Tavora, F.J.A.F. and Hernandez, F.F.F. 2001. Dry matter partitioning 

and mineral composition of roots, stems and leaves of guava grown under salt 

stress conditions. Pesquisa Agropecuária Brasileira 36: 79-88. 

Flexas, J., Diaz-Espejo, A., Galmés, J., Kaldenhoff, R., Medrano, H. and Ribas-

Carbo, M. 2007. Rapid variations of mesophyll conductance in response to 

changes in CO2 concentration around leaves. Plant Cell and Environment 30: 

1284-1298. 

Flórez, S.L., Lasprilla, D.M., Chaves, B., Fischer, G. and Magnitskiy, S. 2008. 

Growth of Lulo (Solanum quitoense Lam.) Plants affected by Salinity and 

substrate1. 



© C
OPYRIG

HT U
PM

164 
 

Folorunso, O.A., Chiroma, A.M. and Abdullahi, D. 2005. Influence NaCl salinity on 

soil properties and early growth of groundnut (Arachis hypogaea L.). 

Environtropica 2: 91-99. 

Food and Nutrition Board. 2001. Institute of Medicine. Dietary reference intakes for 

vitamin A, vitamin K, boron, chromium, copper, iodine, iron, manganese, 

molybdenum, nickel, silicon, vanadium, and zinc. Washington, D.C.: National 

Academy Press.  

Foster, S. and Hobbs, C. 2002. Peterson field guide to western medicinal plants and 

herbs. Hougton Mifflin Company, Boston, New York.  pp 464. 

Fox, G.A. 2001. Failure-time analysis: studying times-to-events and rates at which 

events occur. In S. M. Scheiner and J. Gurevitch [eds.], Design and analysis of 

ecological experiments. Oxford University Press, Oxford, UK. 

Franco, J.A., Cros, V., Vicente, M.J. and Martínez-Sánchez, J.J. 2011. Effects of 

salinity on the germination, growth, and nitrate contents of purslane 

(Portulaca oleracea L.) cultivated under different climatic conditions. Journal 

of Horticultural Science and Biotechnology 86 (1): 1-6. 

Frary, A.D. Gol, D., Keles, B., Okmen, H., Pinar, H., Sigva, A., Yemenicioglu and 

Doganlar, S. 2010. Salt tolerance in Solanum pennellii: Antioxidant response 

and related QTL. BMC Plant Biology 10: 1-16.  

Fu, N., Wang, P., Liu, X. and Shen, H. 2014. Use of EST-SSR markers for evaluating 

genetic diversity and fingerprinting Celery (Apium graveolens L.) cultivars. 

Molecules 19: 1939-1955. 

Gadallah, M.A.A. 1999. Effects of proline and glycinebetaine on Vicia faba response 

to salt stress. Biology of Plant 42: 249-257. 

Galinato, M.I., K. Moody, and C.M. Piggin, 1999. Upland rice weeds of South and 

Southeast Asia.Makati City, Philippines. International Rice Research Institute. 

pp 156. 

Gama, P.B.S., Inanaga, S., Tanaka, K., Nakazawa, R. 2007. Physiological response of 

common bean (Phaseolus vulgaris L.) seedlings to salinity stress. African 

Journal of Biotechnolgy  6(2): 79-88. 

Gavin, N.M. and Durako, M.J. 2012. Localization and antioxidant capacity of 

flavonoids in Halophila johnsonii in response to experimental light and 

salinity variation. Journal of Experimental Marine Biology and Ecology 416-

417: 32-40. 

Gholamreza, K., Alireza, K., Abbas, O. and Mahmudreza, K. 2010. Protective effect 

of aqueous and ethanolic extracts of Portulaca oleracea against cisplatin 

induced nephrotoxicity. Iranian Journal of Basic Medical Science 13(2): 33-

35.   

Gill, S.S. and Tuleja, N. 2010. Reactive oxygen species and antioxidant machinery in 

abiotic stress tolerance in crop plants, Plant Physiology and Biochemistry 48: 

909-930. 

Giorgio, P. and Tedeschi, P. 1996. Leaf area development of field grown sunflower 

plants irrigated. Helia 19:17-28. 

Girenko, M.M. 1980. Collection of minor species of vegetable crops as breeding 

material. Byulleten' Vsesoyuznogo Ordena Lenina i Ordena Druzhby Narodov 

Institute Rastenievodstva Imeni N.I. Vavilova, Plant Breeding Abstract, 1982: 

7104, 101: 14-18 

Gong, F., Li, F., Zhang, L., Li, J., Zhang, Z. and Guangyao, W.G. 2009. 

Hypoglycemic Effects of crude polysaccharide from purslane. International 

Journal of Molecular Science 10: 880-888.  



© C
OPYRIG

HT U
PM

165 
 

Gorske, S.F., Rhodes, A.M. and Hopen, H.J. 1979. A numerical taxonomic study of 

Portulaca oleracea. Weed Science 27: 96-102. 

Grace, S.C. 2005. Phenolics as antioxidants. In: Smirnoff, N. (Ed.), Antioxidants and 

Reactive Oxygen Species in Plants. Blackwell, UK. pp 141-168. 

Greenway, H. and Munns, R. 1988. Mechanisms of salt tolerance in nonhalophytes. 

Annual Review of Plant Physiology 31: 149-159. 

Gregorio, G.B., Senadhira, D. and Mendoza, R.D. 1997. Screening rice for salinity 

tolerance. IRRl (International Rice Research Institute, P.O. Box 933, Manila 

1099, Philippines) discussion paper series no. 22. pp 1-31. 

Greig-Smith, P. 1983. Quantitative Plant Ecology. University of California Press, 

Berkeley, California, pp 359. 

Grieve, C. and Suarez, D. 1997. Purslane (Portulaca oleracea L.): A halophytic crop 

for drainage water reuses systems. Plant and Soil 192: 277-283. 

Gupta, B. and Huang, B. 2014. Mechanism of salinity tolerance in plants: 

Physiological, biochemical, and molecular characterization. International 

Journal of Genomics 2014: 1-18.  

Gupta, K.J., Stoimenova, M. and Kaiser, W.M. 2005. In higher plants, only root 

mitochondria, but not leaf mitochondria reduce nitrite to NO, in vitro and in 

situ. Journal of Experimental Botany 56: 2601-2609. 

Hai-Sheng, L. and Gui-Zhu, C. 2004. Genetic Diversity of Sonneratia alba in China 

detected by inter-simple sequence repeats (ISSR) analysis. Acta Botanica 

Sinica 2004, 46(5): 515-521. 

Hajer, A.S., Malibari, A.A., Al-Zahrani H.S. and Almaghrabi, O.A. 2006. Responses 

of three tomato cultivars to sea water salinity 1: Effect of salinity on the 

seedling growth. African Journal of Biotechnology 5: 855-861. 

Hakim, M.A., Juraimi, A.S. Hanafi, M.M., Selamat, A., Ismail, M.R. and Karim, 

S.M.R. 2011. Studies on seed germination and growth in weed species of Rice 

field under salinity stress. Journal of Environmental Biology 32: 529-536. 

Hakim, M.A., Juraimi, A.S., Hanafi, M.M., Ismail, M.R., Selamat, A., Rafii, M.Y. 

and Latif, M.A. 2014. Biochemical and Anatomical Changes and Yield 

Reduction in Rice (Oryza sativa L.) under Varied Salinity Regimes. BioMed 

Research International 2014: 1-11. 

Hakim, M.A., Juraimi, A.S., Musa, M.H., Ismail, M.R. and Selamat, A. 2013. Salinity 

effect on vegetative growth and chlorophyll contents of six dominant weed 

species in Malaysian coastal rice field. Journal of Food, Agriculture & 

Environment, 11(3&4): 1479-1484.  

Halliwell, B. and Gutteridge, J.M.C. 2007. Free Radicals in Biology and Medicine, 

Oxford, n. 4. New York. pp 777. 

Hamayun, M., Khan, S.A., Khan, A.L., Shinwari, Z.H., Hussain, J., Sohn, E., Kang, 

S.,  Kim, Y.,  Khan, M.A. and Lee, I. 2010.  Effect of salt stress on growth 

attributes and endogenous growth hormones of Soybean cultivar 

Hwangkeumkong.  Pakistan Journal of Botany 42(5): 3103-3112.  

Hamidov, A., Beltrao, J., Costa, C., Khaydarova, V. and Sharipova, S. 2007.  

Environmentally useful technique - Portulaca oleracea golden purslane as a 

salt removal species. WSEAS Transactions on Environment and Development 

7(3):117-122. 

Hamidov, A., Khaydarova, Khamidov, M., Neves, M.A. and Beltrao, J. 2007. 

Apocynum lancifolium and Chenopodium album - potencial species to 

remediate saline soils. WSEAS Transactions on Environment and Development 

7(3): 123-128. 



© C
OPYRIG

HT U
PM

166 
 

Hasegawa, P.M., Bressan, R.A., Zhu, J.K. and Bohnert, H.J. 2000. Plant cellular and 

molecular responses to high salinity. Annual Review on Plant Biology 51: 463-

499. 

Hassanzadehdelouei, M., Vazin, F. and Nadaf, J. 2013. Effect of salt stress in 

different stages of Growth on qualitative and quantitative Characteristics of 

cumin (Cuminum cyminum L.). Cercetări Agronomice în Moldova 46(1): 89-

97. 

Haudricourt, A.G. and L. Hedin, L. 1993. L’uomo e le piante coltivate, Palermo, 

Flaccovio Editore. 

Henschke, C. 2007. Cause of dry land salinity. Primary Industries and Regions South 

Australia, Govt. of South Australia, Level 14, 25 Grenfell Street, GPO Box 

1671 Adelaide SA 5001.  

Herbalist. 1988. The: newsletter of the Canadian Herbal Research Society. 

COPYRIGHT. 

Hirpara, K.D., Ramoliya, P.J., Patel, A.D. and Pandey, A.N. 2005. Effect of 

salinisation of soil on growth and macro- and micro-nutrient accumulation in 

seedlings of Butea monosperma (Fabaceae). Anales de Biología 27: 3-14. 

Ho, L.C. 2003. Interactions between root and shoot environmental factors on crop 

yield and quality. Acta Horticulturae 609:121-126.  

Hodgkin, T. and Rao, V.R. 2002. People, plants and DNA: perspectives on the 

scientific and technical aspects of conserving and using plant genetic 

resources. In: Engels JMM, Rao VR, Brown AHD and Jackson MT (eds) 

Managing Plant Genetic Diversity. Rome: International Plant Genetic 

Resources Institute, pp 469-480. 

Holm, L.G., Pluncknett, D.L., Pancho, J.V. and Herbrger, J.E. 1977. The World’s 

Worst Weeds, Distibution and Biology, Honolulu, University Press of Hawaii, 

pp 609. 

Hongxing, Z., Nancai, Y., Guofu, H., Jianbo, S., Yanxia, W., and Hanju, H. 2007. 

Neuroprotective effects of purslane herb aquenous extracts against D-

galactose induced neurotoxicity. Chemical and Biological Interactions 170(3): 

145-152.  

Hongyu, M.A., Ruifang, Y., Zhankui, W., Tian, Y., Yuying, J., Hanyan, G., 

Xiansheng, W. and Hao, M. 2011. Screening of salinity tolerant Jute 

(Corchorus capsularis and C. Olitorius) genotypes via phenotypic and 

phsiology-assisted procedures. Pakistan Journal of Botany 43(6): 2655-2660. 

Horie, T., Karahara, I. and Katsuhara, M.  2012. Salinity tolerance mechanisms in 

glycophytes: An overview with the central focus on rice plants. The Rice 

Journal 5(1): 1-18. 

Hu, T., Li, H.Y., Zhang, X.Z., Luo, H.J. and Fu, J.M. 2011. Toxic effect of NaCl on 

ion metabolism, antioxidative enzymes and gene expression of perennial 

ryegrass. Ecotoxicology and Environmental Safety 74: 2050-2056. 

Hu, Y. and Schmidhalter, U. 2001. Reduced cellular crosssectional area in the leaf 

elongation zone of wheat causes a decrease in dry weight deposition under 

saline conditions. Australian Journal of Plant Physiology 28: 165-170. 

Hu, J., Wang, L. and Li, J. 2011. Comparison of genomic SSR and EST-SSR markers 

for estimating genetic diversity in cucumber. Biologia Plantarum 55(3): 577-

580. 

Hussain, J., N.R., Rehman, A.L., Khan, H., Hussain, A., Al-Harrasi, L., Ali, F., Sami 

and Z.K., Shinwari, 2011. Determination of macro and micronutrients and 



© C
OPYRIG

HT U
PM

167 
 

nutritional prospects of six vegetable species of Mardan, Pakistan. Pakistan 

Journal of Botany 43(6): 2829-2833. 

Hwang, J., Kang, J., Son, B., Kim, K. and Park, Y. 2011. Genetic Diversity in 

Watermelon Cultivars and Related Species Based on AFLPs and EST-SSRs. 

Notulae Botanicae Horti AgrobotaniciCluj-Napoca 39(2): 285-292.    

Imai, S., Shiraishi, A., Gamo, K., Watanabe, I. and Okuhata, H. 2007. Removal of 

phenolic endocrine disruptors by Portulaca oleracea. Journal of Bioscience 

and Bioengineering 103(5): 420-426. 

Islam, M.W., Zakaria, M.N.M., Radhakrishnan, R., Habibullah, M. and Chan, K. 

1998. Evaluation of analgesic activity of the aerial parts of Portulaca oleracea  

v. sativa and its comparison with two related spices. Journal of Pharmacy and 

Pharmacology 50(Suppl.): 226-230. 

Iyengar, E.R.R. and Reddy, M.P. 1996. Photosynthesis in high salt tolerant plants. In: 

Pesserkali, M. (Ed.). Hand Book of Photosynthesis. Marshal Deker. Baten 

Rose, USA, pp 56-65 

Jaccard, P. 1908. Nouvelles recherches sur la distribution florale. Bulletin de la 

Société Vaudoise des Sciences Naturelles, 44: 223-270. 

Jackson, M.I. 1958. Soil chemical analysis. Prentice-Hall Inc. Eaglewood Cliffs. N. J. 

USA. pp 244. 

Jamil, M. and Rha, E.S. 2013. NaCl Stress-Induced Reduction in grwoth, 

photosynthesis and protein in Mustard. Journal of Agricultural Science 5(9): 

114-127.  

Jamil, M., Lee, C.C., Rehman, S.U., Lee, D.B., Ashraf, M., Rha, E.S. 2005. Salinity 

(NaCl) tolerance of brassica species at germination and early seedling growth. 

Electronic Journal of Environment Agriculture Food Chemistry, 4: 970-976. 

Jamil, M., Lee, D.B., Jung, Ashraf, K.Y.M., Lee, S.C. and Rha, E.S. 2006. Effect of 

salt (NaCl) stress on germination and early seedling growth of four vegetables 

species. Journal of Central European Agriculture 7: 273-282. 

Jayaweera, D.M.A. 1982. Medicinal Plants used in Ceylon Part 4. National Science 

Council of Sri Lanka. Colombo. 

Jeannette, S.B., Craig, R. and Lynch, J.P. 2002. Salinity tolerance of Phaseolus 

species during germination and early seedling growth. Crop Science 42: 1584-

1594. 

Jena, S. N., Srivastava, A., Rai, K. M., Ranjan, A., Singh, S. K., Nisar, T., Srivastava, 

M., Bag, S. K., Mantri, S. and Asif, M. H. 2012. Development and 

characterization of genomic and expressed SSRs for levant cotton (Gossypium 

herbaceum L.). Theory of Applied Genetics 124: 565-576. 

Johnson, E.J. 2002. The role of carotenoids in human health. Nutrition in Clinical 

Care 5(2): 47-49. 

Jones, W.G. and Gorham, J. 2002. Intra- and inter-cellular compartments of ions. In: 

Lauchli A. and Luttge U (eds) Salinity; environment-plant-molecules. Kluwer, 

Dordrecht, pp. 159-180. 

Joseph, E.A. and Mohanan, K.V. 2013. A study on the effect of salinity stress on the 

growth and yield of some native rice cultivars of Kerala State of India. 

Agriculture, Forestry and Fisheries 2(3): 141-150. 

Joshi, S.P., Gupta, V.S., Aggarwal, R.K., Ranjekar, P.K. and Brar, D.S. 2000. Genetic 

diversity and phylogenetic relationship as revealed by inter simple sequence 

repeat (ISSR) polymorphism in the genus Oryza. Theoretical and Applied 

Genetics 100: 1311-1320. 



© C
OPYRIG

HT U
PM

168 
 

Junghans, U., Polle, A., Düchtig, P., Weiler, E., Kuhlman, B., Gruber, F. and 

Teichmann, T. 2006. Adaptation to high salinity in poplar involves changes in 

xylem anatomy and auxin physiology. Plant, Cell and Environment 29: 1519-

1531. 

Kafi, M. and Rahimi, Z. 2011. Effect of salinity and silicon on root characteristics, 

growth, water status, proline content and ion accumulation of Purslane 

(Portulaca oleracea L.). Soil Science and Plant Nutrition 57(2): 341-347. 

Kähkönen, M.P., Hopia, A.I., Vuorela, H.J., Rauha, J., Pihlaja, K., Kujala, T.S. and 

Heinonen, M. 1999. Antioxidant activity of plant extracts containing phenolic 

compounds. Journal of Agricultural Food Chemistry 47: 3954-62. 

Kamil, M., Chan, K., Habibullah, M. 2000. A review on Portulaca species - with 

special reference to Portulaca oleracea. Australian Journal of Medical 

Herbalism 12:  43-48. 

Karen, W., Anthony, R.Y., Timothy, J.F. 2002. Effects of salinity and ozone, 

individually and in combination on growth and ion contents of two chickpea 

(Cicer aritinum L.) varieties. Environmental Pollution 120(2): 397-403. 

Karimi, G., Hosseinzadeh, H. and Ettehad, N. 2004. Evaluation of the gastric anti-

ulcerogenic effects of Portulaca oleracea L. Extracts in Mice. Phototherapy 

Research 18: 484–487. 

Karp, A. 2002. The new genetic era: will it help us in managing genetic diversity? In: 

Engels JMM, Rao VR, Brown AHD and Jackson MT (eds) Managing Plant 

Genetic Diversity. Rome: International Plant Genetic Resources Institute. pp 

43-56. 

Keiffer, C.H., McCarthy, B.C. and Ungar, I.A. 1994. Effect of Salinity and 

Waterlogging on Growth and Survival of Salicornia europaea L., and Inland 

Halophyte. Ohio Journal of Science 94(3): 70-73. 

Khan, M.A. 2001. Experimental assessment of salinity tolerance of Ceriops tagal 

seedlings and saplings from the Indus delta, Pakistan. Aquatic Botany 70: 259-

268. 

Khan, M.A., Ungar, I.A. and Showalter, A.M., 2000. Effects of sodium chloride 

treatments on growth and ion accumulation of the halophyte Haloxylon 

recurvum. Communications in Soil Science and Plant Analysis 31: 2763-2774. 

Khoo, H., Ismail, A., Mohd-Esa, N. and Idris, A. 2008. Carotenoid content of 

underutilized tropical fruits.  Plant Foods for Human Nutrition 63 170-175. 

Khoshgoftarmanesh, A.H., Khodarahmi, S. and Haghighi, M. 2014. Effect of silicon 

nutrition on lipid peroxidation and antioxidant response of cucumber plants 

exposed to salinity stress, Archives of Agronomy and Soil Science 60(5): 639-

653 

Kiliç, S., Çavuşoğlu, K. andKabar, K. 2007. Effects of 24- epibrassinolide on salinity 

stress induced inhibition of seed germination, seedling growth and leaf 

anatomy of barley. SDU Faculty of Arts & Sciences Journal of Social Sciences 

2:41-52. 

Kiyoko, M. and Cavers, P.B. 1980. The biology of Canadian weeds. 40. Portulaca 

oleracea L. Canadian Journal of Plant Science 60: 953-963. 

Kong, Q., Zhang, G., Chen, W., Zhang, Z. and Zou, X. 2012. Identification and 

development of polymorphic EST-SSR markers by sequence alignment in 

pepper, Capsicum annuum (Solanaceae). American Journal of Botany 2012: 

59-61. 



© C
OPYRIG

HT U
PM

169 
 

Kumar, H., Kaur, G. and Banga, S. 2012. Molecular characterization and assessment 

of genetic diversity in sesame (Sesamum indicum L.) germplasm collection 

using ISSR markers. Journal of Crop Improvement 26: 540-557. 

Lans, C.A. 2006. Ethnomedicines used in Trinidad and Tobago for urinary problems 

and diabetes mellitus, Journal of Ethnobiology and Ethnomedicine 13: 45-49. 

Lara, M.V., Disante, K.B., Podesta, F.E., Andreo, C.S. and Drincovich, M.F. 2003. 

Induction of a crassulacean acid like metabolism in the C4 succulent plant, 

Portulaca oleracea L.: Physiological and morphological changes are 

accompanied by specific modifications in phosphoenolpyruvate carboxylase. 

Photosynthesis Research 77: 241-254. 

Lara, M.V., Drincovich, M.F. and Andreo, C.S. 2004. Induction of a crassulacean 

acid-like metabolism in the C4 succulent plant, Portulaca oleracea L: study of 

enzymes involved in carbon fixation and carbohydrate metabolism. Plant and 

cell physiology 45: 618-626. 

Latif, M.A., Rahman, M.M., Ali, M.E., Ashkani, S. and Rafii, M.Y. 2013. Inheritance 

studies of SSR and ISSR molecular markers and phylogenetic relationship of 

rice genotypes resistant to tungro virus. Molecular Biology and Genetics 336: 

125-133.  

Läuchli, A. and Grattan, S.R. 2007. Plant growth and development under salinity 

stress. Advances in Molecular Breeding toward Drought and Salt Tolerant 

Crops pp. 1-32. 

Lee, E.R., Kang, G.H. and Cho, S.G. 2007. Effect of flavonoids on human health: old 

subjects but new challenges, Recent Patents on Biotechnology 1(2): 139-150. 

Lee, J., Chauhan, B.S. and Johnson, D.E. 2011. Germination of fresh horse purslane 

(Trianthema portulacastrum) seeds in response to different environmental 

factors. Weed Science 59:495-499. 

Leung, A.Y. and Steven, F. 1996. Encyclopedia of common natural ingredients used 

in food, drugs and cosmetics. 2nd. edition. John Wiley. ISBN No. 0-471-

50826-8 

Levey, G.A. 1993. The new power foods. Parade magazine. The Washington Post, 14 

Nov. 1993. pp 5. 

Leyel, C.F. 1987. Herbal Delights. Faber and Faber. ISBN 0-571-14850-6. 

Li, G., Ra, W.H., Park, J.W., Kwon, S.W., Lee, J.H., Park, C.B., Park, Y.J., 2011. 

Developing EST-SSR markers to study molecular diversity in Liriope and 

Ophiopogon. Biochemical and Systematic Ecology 39(4-6): 241-252. 

Li, G. and Quiros, C.F. 2001. Sequence-related amplified polymorphism (SRAP), a 

new marker system based on a simple PCR reaction: its application to 

mapping and gene tagging in Brassica. Theoretical and Applied Genetics 103: 

455-461. 

Li, Y. 2008. Kinetics of the antioxidant response to salinity in the halophyte 

Limonium bicolor. Plant Soil and Environment 54: 493-497. 

Liu, L., Howe, P., Ye-Fang Zhou, Zhi-Qiang Xu, Hocart, C. and Zhang, R. 2000. 

Fatty acids and b-carotene in Australian Purslane (Portulaca oleracea) 

varieties. Journal of Chromatography A 893: 207–213. 

Lokhande, V.H., Nikam, T.D., Patade, V.Y. and Suprasanna, P. 2009.  Morphological 

and molecular diversity analysis among the Indian clones of Sesuvium 

portulacastrum L. Genetic Resource and Crop Evolution 56:705-717. 

Low, T. 1991. Australian Nature Fieldguide. Wild Food Plants of Australia. Angus & 

Robertson. ISBN No. 0-207-16930-6. 



© C
OPYRIG

HT U
PM

170 
 

Ludders, P.C. and Kaminski, V. 1991. Einflub von NaCl auf die stomata- und 

blatthaardichtebeifeigen in unterschiedlicherluftfeuchte. Mitteilungen 

Klosterneuburg, 41: 76-78. 

Luft, F.C., 1990. Present Knowledge in Nutrition, Chapter 26” (M.L. Brown, Ed), 

Nutrition Foundation, Washington, D.C. 233. 

Ma, T., G., Zuazaga, 1942. Micro-Kjeldahl determination of nitrogen. A new 

indicator and an improved rapid method. Industrial and Engineering 

Chemistry, Analytical Edition 14: 280-282. 

Malek, F., Boskabady, M.H., Borushaki, M.T. and Tohidi, M. 2004. Bronchodilatory 

effect of Portulaca oleracea in airways of asthmatic patients. Journal of 

Ethnopharmacology 93(1): 57-62. 

Mane, A.V., Karadge, B.A. and Samant, J.S. 2011. Salt stress induced alteration in 

growth characteristics of a grass Pennisetum alopecuroides.  Journal of 

Environmental Biology 32: 753-758.  

Mane, A.V., Saratale, G.D., Karadge, B.A. and Samant, J.S. 2011.  Studies on the 

effects of salinity on growth, polyphenol content and photosynthetic response 

in Vetiveria zizanioides (L.) Nash. Emirates Journal of Food and Agriculture 

23(1): 59-70.   

Marcum, K.B. 2006. Use of saline and on-potable water in the 

turfgrassindustry:Constraints and developments. Agriculture and Water 

Management 80: 132-146. 

Marschner, H. 1995. Adaptation of plants to adverse chemical soil conditions. In 

Mineral nutrition of higher plants. 2nd edition. Academic Press, London. pp 

596-680. 

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. 

McCall, K.A., Huang, C. and Fierke, C.A. 2000. Function and mechanism of zinc 

metalloenzymes. Journal of Nutrition 130: 1437-1446. 

McKenzie, D. 2003. Salinity and sodicity - what’s the difference? The Australian 

Cottongrower 24(1), pp 28. 

Mealor, R. and Mealor, B. 2010. Picking plants: How to collect plants for 

identification. SUMMER pp 23-25. 

Meloni, D.A., Oliva, M.A., Ruiz, H.A. and Martinez, C.A. 2001. Contribution of 

proline and inorganic solutes to osmotic adjustment in cotton under salt stress. 

Journal of Plant Nutrition 24: 599-612. 

Memon, S.A., Hou, X. and Wang, L.J. 2010. Morphological analysis of salt stress 

response of pak Choi. Electronic Journal of Environmental, Agricultural and 

Food Chemistry 9(1): 248-254. 

Michael, O., Thomas R.E., Omara-Al Wala, O. and Tadesse Membrahtu, T. 1999. 

Nutritive characterization of purslane accessions as influenced by planting 

date. Plant Foods for Human Nutrition 54: 183-191. 

Miller, B.N. and A.W., Norman, 1984. “Hand book of Vitamins” (L.J. Machlin, Ed). 

Dekker, New York 45. 

Mitich, L.W. 1997. Common purslane (Portulaca oleracea). Weed Technology 11: 

394-397. 

Mohamed, A.I. and A.S., Hussein, 1994. Chemical composition of purslane 

(Portulaca oleracea). Plant Foods for Human Nutrition 45:.1-9 

Mohammadzadeh, M., Arouee, H., Neamati, S.H. and Shoor, M. (2013). Effect of 

different levels of salt stress and salicylic acid on morphological 



© C
OPYRIG

HT U
PM

171 
 

characteristics of four mass native Basils (Ocimum basilcum). International 

Journal of Agronomy and Plant Production 4(S): 3590-3596.  

Moradi, F. and Ismail, A.M. 2007. Responses of photosynthesis, chlorophyll 

fluorescence and ROS-scavenging systems to salt stress during seedling and 

reproductive stages in Rice. Annals of Botany 99(6): 1161-1173. 

Morsy, M.H. 2003. Growth ability of mango cultivars irrigated with saline water. 

Acta Horticulturae 609: 475-482. 

Movahedian, A., Ghannadi, A. and Vashirni, M. 2007. Hypochloresterolemic Effects 

of pursalane extract on serum lipids in rabbits fed with high cholesterol levels. 

International Journal of Pharmacology 3(3): 285-289.     

Mozafariyan, M., Bayat, K.S.A.E. and Bakhtiari, S. 2013. The effects of different 

sodium Chloride concentrations on the growth and photosynthesis parameters 

of tomato (Lycopersicum esculentum cv. Foria). International Journal of 

Agriculture and Crop Sciences 6(4): 203-207. 

Mubashir, H., Ahmad, M.B., Mir, S.R., Zargar, B.A. and Tabasum, N. 2011. 

Portulaca oleracea  L. A Review. Journal of Pharmacy Research 4(9): 3044-

3048. 

Mujaju, C., Sehic, J. and Nybom, H. 2013. Assessment of EST-SSR markers for 

evaluating genetic diversity in Watermelon accessions from Zimbabwe. 

American Journal of Plant Sciences 4: 1448-1456.  

Munns, R. 2002. Comparative physiology of salt and water stress. Plant Cell 

Environment 25: 239-250. 

Munns, R. and James, R.A. 2003. Screening methods for salinity tolerance: a case 

study with tetraploid wheat. Plant Soil 253: 201-218. 

Munns, R. and Richard A.J. 2003. Screening methods for salinity tolerance: a case 

study with tetraploid Wheat. Plant and Soil 253: 201-218.  

Munns, R. and Tester, M. 2008. Mechanisms of salinity tolerance. Annual Review of 

Plant Biology 59(1): 651-681. 

Munns, R., James, R.A., Läuchli, A. 2006. Approaches to increasing the salt tolerance 

of wheat and other cereals. Journal of Experimental Botany 57: 1025-1043. 

National Research Institute of Basic Ayurvedic Sciences (NRIBAS). 2011. Central 

Council for Research in Ayurvedic Sciences, an autonomous organization 

under the Department of AYUSH, Ministry of Health and Family Welfare, 

Govt. of India. Source: http://www.rria.nic.in/garden.html 

Navarro, S. and Navarro, G. 2000. Química agrícola: el suelo y los elementos 

químicos esenciales para la vida vegetal. Madrid: Ediciones Mundi-Prensa, pp 

487. 

Nedjimi, B., Daoud, Y. and Touati, M. 2006. Growth, water relations, proline and ion 

content of invitro cultured Atriplex halimus sub sp. Schweinfurthii as affected 

by CaCl2. Communication in Biometry and Crop Science 1(2): 79-89. 

Nemati, I., Gholizadeh, S. and Moradi, F. 2012.The effect of different salt types on 

morphological and physiological parameters of alfalfa during germination and 

seedling stages. International Journal of Agriculture and Crop Sciences 4(23): 

1729-1735.             

Neocleous, D. and Vasilakakis, M. 2007. Effect of NaCl stress on red raspberry 

(Rubus idaeus L. “Autumn Bliss”). Scientia Horticulturae 112: 282-289. 

Nielsen, F.H., 1999. Ultra trace minerals. In: M. Shils, J. A Olson, M. Shike, and A. C 

Ross, eds. Nutrition in Health and Disease. 9th Ed. Baltimore: Williams and 

Wilkins. 283. 

http://www.rria.nic.in/garden.html


© C
OPYRIG

HT U
PM

172 
 

Noctor, G., Mhamdi, A., Chaouch, S., Han, Y., Neukermans, J., Marquez-Garcia, B., 

Queval, G. and Foyer, C.H. 2012. Glutathione in plants: an integrated 

overview. Plant Cell and Environment 35: 454–484. 

Nudelman, N.S. and O., Nudelman, 1976. Specific colorimetric determination of 

niacinamide in dosage forms. Journal of Pharmacy Science 65(1): 65-67. 

Odjegba, V.J. and Alokolaro, A.A. 2013. Simulated Drought and Salinity Modulates 

the Production of Phytochemicals in Acalypha wilkesiana. Journal of Plant 

Studies 2(2): 105-112. 

Oh, K.B., Chang, I.M., Hwang, K.J. and Mar, W. 1998. Detection of antifungal 

activity in Portulaca oleracea  by a single-cell bioassay system. Phytotherapy 

Research 14(5): 329-332. 

Okwuasaba, F., Ejike, C. and Parry, O. 1986. Skeletal muscle relaxant properties of 

the aqueous extract of Portulaca oleracea. Journal of Ethnopharmacology 

17(2): 139-160. 

Omani, E.N. and Hammes, P.S. 2006. Interactive effects of salinity and water stress 

on growth, leaf water relation and gas exchange in Amaranthus. New Zealand 

Journal of Crop and Horticultural Science 34: 33-44. 

Omara-Alwala, T.R., Mebrahtu, T., Prior, D.E. and Ezekwe, M.O. 1991. Omega-3 

fatty acids in purslane (Portulaca oleracea) tissues. Journal of the American 

Chemist’s Oil Society 68: 198-199. 

Orak, A. and Ates, E. 2005. Resistance of salinity stress and available water levels at 

the seedling stage of the common vetch (Vicia sativa L.). Plant Soil 

Environment 51 (2): 51–56. 

Palaniswamy, U., Bible, B. and McAvoy, R. 2002. Effect of nitrate: ammonium 

nitrogen ratio on oxalate levels of purslane. In Trends in New Crops and 

New Uses,. Eds J. Janick and A. Whipkey. Alexandria, VA, USA: ASHS 

Press. pp 453-455. 

Palaniswamy, U., McAvoy, R. and Bible, B. 2001. Stage of harvest and 

polyunsaturated essential fatty acid concentrations in purslane (Portulaca 

oleracea) leaves. Journal of Agricultural and Food Chemistry 49: 3490-3493. 

Parida, A.K. and Das, A.B. 2005. Salt tolerance and salinity effects on plants: a 

review. Ecotoxicology and Environmental Safety 60: 324-349. 

Parida, A.K., Das, A.B. and Mittra, B. 2003. Effects of NaCl stress on the structure, 

pigment complex composition and photosynthetic activity of mangrove 

Bruguiera parviflora chloroplasts. Photosynthetica 41: 191-200. 

Parry, O., Marks, J.A. and Okwuasaba, F.K. 1993. The skeletal muscle relaxant action 

of Portulaca oleracea: Role of potassium ions. Journal of Ethnopharmacology 

40(3): 187- 194. 

Parry, O., Okwuasaba, F. and Ejike, C. 1987. Skeletal muscle relaxant action of an 

aqueous extract of Portulaca oleracea in the rat. Journal of 

Ethnopharmacology 19(3): 247- 254. 

Parry, O., Okwuasaba, F. and Ejike, C. 1988. Effect of an aqueous extract of 

Portulaca oleracea  leaves on smooth muscle and rat blood pressure, Journal 

of Ethnopharmacology 22(1): 33-44. 

Parsons, J.B., Newbury, H.T., Jackson, M.T. and Ford-Lloyd, B.V. 1997. Contrasting 

genetic diversity relationships are revealed in rice (Oryza sativa L.) using 

different marker types. Molecular Breeding 3: 115-125. 

Patwardhan, B. 2005. Ethnopharmacology and drug discovery. Journal of 

Ethnopharmacology 100(1-2): 50-52. 



© C
OPYRIG

HT U
PM

173 
 

Pessarakli, M. 1994. Handbook of plant and crop stress. Marcel Dekker, Inc. New 

York. pp 97-124. 

Petridis, A., Therios, I., Samouris, G. and Tananaki, C. 2012. Salinity-induced 

changes in phenolic compounds in leaves and roots of four olive cultivars 

(Olea europaea L.) and their relationship to antioxidant activity”, 

Environmental and Experimental Botany 79: 37-43. 

Pilson, D. 2000. Herbivory and natural selection on flowering phenology in wild 

sunflower, Helianthus annuus. Oecologia 122: 72-82.  

Pimmongkol, A., Terapongtanakhon, S. and Udonsirichakhon, K. 2002. Anatomy of 

salt- and non-salt-tolerant rice treated with NaCl. In: 28
th

 Congr. Science and 

Technology of Thailand, Bangkok, Thailand.  

Prather, L.A., Alvarez-Fuentes, O., Mayfield, M.H. and Ferguson, C.J. 2004. 

Implications of the decline in the plant collecting for systematic and floristic 

research. Systematic Botany 29(1): 216-220. 

Proctor, C. 2013. "Biology and Control of Common Purslane (Portulaca oleracea 

L.)". PhD Theses, Dissertations, and Student Research in Agronomy and 

Horticulture. Paper 68. University of Nebraska-Lincoln, pp 1-4. 

http://digitalcommons.unl.edu/agronhortdiss/68. 

Quinlan, M.B., Quinlan, R.J. and Nolan, J.M. 2002. Ethnophysiology and herbal 

treatments of intestinal worms in Dominica, West Indies. Journal of 

Ethnopharmacology 80(1): 75-83. 

Quisumbing, E. 1978. Medicinal Plants of the Philippines. Katha Publishing 

Company. JMC PRESS, Quezon City, Philippines. ISBN No. unknown. 

Raafat, A., Habib, S.A., El-Shami, I.Z. and El-Antably, H.M. 1991.The effect of 

salinity on the anatomical features of tomato plants. Annual Agricultural 

Science 36: 307-321. 

Radhakrishnan, R., Zakaria, M.N.M., Islam, M.W., Chen, H.B., Kamil, M. and Al-

Attas, A. 2001. Neuropharmacological actions of Portulaca oleracea  L V. 

sativa (Hawk). Journal of Ethnopharmacology 76(2): 171-76. 

Rahdari, P., Tavakoli, S. and Hosseini, S.M. 2012. Studying of Salinity Stress Effect 

on Germination, Proline, Sugar, Protein, Lipid and Chlorophyll Content in 

Purslane (Portulaca oleracea L.) Leaves. Journal of Stress Physiology and 

Biochemistry 8(1): 182-193. 

Rajasekaran, L.R., Aspinall, D., Jones, G.P. and Paleg, L.G. 2001. Stress metabolism. 

IX. Effect of salt stress on trigonelline accumulation in tomato. Canadian 

Journal of Plant Science 81: 487–498. 

Ramoliya, P.J., Patel, H.M. and Pandey, A.N. 2004. Effect of salinization of soil on 

growth and macro- and micro-nutrient accumulation in seedlings of Salvadora 

persica (Salvadoraceae). Forest Ecology and Management 202: 181-193 

Ramu, P., Billot, C., Rami, J.F., Senthilvel, S., Upadhyaya, H.D., Reddy, L.A. and 

Hash, C.T. 2013. Assessment of genetic diversity in the sorghum reference set 

using EST-SSR markers. Theory of Applied Genetics 126: 2051-2064. 

Ranjbar, G.H. 2010. Salt Sensitivity of two wheat cultivars at different growth stages. 

World Applied Sciences Journal 11(3): 309-314. 

Rao, A., Ahmad, S.D., Sabir, S.M., Awan, S.I., Hameed, A., Abbas, S.R., Shehzad, 

M., Khan, M.F., Shafique, S. and Ahmad, Z. 2013. Detection of saline tolerant 

wheat cultivars (triticum aestivum l.) using lipid peroxidation, antioxidant 

defense system, glycinebetaine and proline contents. The Journal of Animal & 

Plant Sciences 23(6): 1742-1748.   



© C
OPYRIG

HT U
PM

174 
 

Rao, A.V. and Rao, L.G. 2007. Carotenoids and human health. Pharmacological 

Research 55: 207-216. 

Rashed, A.N., Afifi, F.U. and Disi, A.M. 2003. Simple evaluation of the wound 

healing activity of a crude extract of Portulaca oleracea L. (growing in 

Jordan) in Mus musculus JVI- 1, Journal of Ethnopharmacology 88(2-3): 131-

136. 

Rashid, P., Karmoker, J.L., Chakrabortty, S. and Sarker, B.C. 2004. The Effect of 

Salinity on ion accumulation and anatomicalattributesin Mungbean 

(PhaseolusradiatusL. cv. BARI-3) seedlings. International Journal of 

Agriculture and Biology 6(3): 495-498. 

Rathcke, B. and Lacey, E.P. 1985. Phenological patterns of terrestrial plants. Annual 

Review of Ecology and Systematics 16: 179-214. 

Raul, L., Andres, O., Armado, L., Bernardo, M., Enrique, T. 2003. Response to 

salinity of three grain legumes for potential cultivation in arid areas (plant 

nutrition). Soil Science and Plant Nutrition 49(3): 329-336. 

Reid, D.P. 1993. Chinese Herbal Medicine. Shambhala (Boston). ISBN NO. 0-87773-

397-X and ISBN No. 0-87773-398-8 (paperback).   

Reinoso, H., Sosa, L., Ramirez, L. and Luna, V. 2004. Salt-induced changes in the 

vegetative anatomy of Prosopis strombulifera (Leguminosae). Canadian 

Journal of Forestry Research 82: 618-628.  

Ren, S., Weeda, S., Akande, O.,  Guo, Y.,  Rutto, L. and Mebrahtu, T. 2011. Drought 

tolerance and AFLP based genetic diversity in purslane (Portulaca oleracea 

L.) Journal of Biotech Research 3: 51-61. 

Rewald, B., Shelef, O., Ephrath, J. E. and Rachmilevitch, S. 2013. Adaptive plasticity 

of salt-stressed root systems. Chapter 6. In: Ahmad, P., Azooz, M. M. & 

Prasad, M. N. V. (Eds.) Ecophysiology and responses of plants under salt 

stress. Springer, New York, USA. pp 169-202.  

Rezazadeh, A., Ghasemnezhad, A., Barani, M. and Telmadarrehei, T. 2012. Effect of 

salinity on phenolic composition and antioxidant activity of Artichoke 

(Cynara scolymus L.) leaves. Research Journal of Medicinal Plant 6(3): 245-

252. 

Rietz, D.N. and Haynes, R.J.  2003.  Effects of irrigation-induced salinity and sodicity 

on soil microbial activity.  Soil Biology and Biochemistry 35: 845-854. 

Rohlf, F. J. 2002. NTSYS-pc: numerical taxonomy system ver.2.1. Exeter Publishing 

Ltd., Setauket, New York. 

Saied, A. S., Keutgen, N., Noga, G. 2003. Effects of NaCl stress on leaf growth, 

photsynthesis and ionic contents of strawberry cvs. ‘Elsanta’ and ‘Korona’. 

Acta Horticulturae, Wageningen 609: 67-73. 

Saini, H.S. 1997. Effects of water stress on male gametophyte development in plants.  

Sexual Plant Reproduction 10: 67-73. 

Sakai, N., Kyouko, I., Michi, O., Yoshikaz,u S. and Yoshiyasu, F. 1996. Portuloside 

A, a monoterpene glucoside, from Portulaca oleracea . Phytochem  (Oxford). 

42 (6): 1625-1628. 

Samy, J., Sugumaran, M. and Lee, K.L.W. 2004. “Herbs of Malaysia: An Introduction 

to the medicinal, culinary, aromatic and cosmetic use of herbs”, Kuala 

Lumpur: Times Edition.  

Sandvik, S.M., and Totland, O. 2000. Short-term effects of simulated environmental 

changes on phenology, reproduction, and growth in the late-flowering 

snowbed herb Saxifraga stellaris L. Ecoscience  7: 201-213. 



© C
OPYRIG

HT U
PM

175 
 

SAS, 2013. The SAS system for Windows, version 9.3 (TS1M2) Cary, NC: SAS 

Institute Inc. USA. 

Schoch, W.H., Pawlik, B., Schaveigruber, F.H. 1988. Botanische Makroreste, Berne, 

Paul Haupt. 

Schulman, A.H. 2007. Molecular markers to assess genetic diversity. Euphytica 158: 

313-321. 

Schwabele, K.A., Iddo, K. and Knap, K.C. 2006. Drain water management for salinity 

mitigation in irrigated agriculture. American Journal of Agriculture and 

Ecology 88:  133-140. 

Seaforth, C.E. and Adams, C.D. 1985. A guide to the medicinal plants of Trinidad and 

Tobago. Revised version. Commonwealth Secretariat, Pall Mall, London. No 

ISBN number. 

Shannon, M.C. and Grieve, C.M. 1999. Tolerance of vegetable crops to salinity. 

Scientia Horticulturae 78: 5-38. 

Shannon, M.C., Grieve, C.M., Lesch, S.M. and Draper, J.H. 2000. Analysis of salt 

tolerance in nine leafy vegetables irrigated with saline drainage water. Journal 

of the American Society for Horticultural Science 125: 658-664. 

Shannon, M.C., Rhoades, J.D., Draper, J.H., Scardaci, S.C., Spyres, M.D. 1998. 

Assessment of salt tolerance in rice cultivars in response to salinity problems 

in California. Crop Science 38: 394–398. 

Shao, H.B., Z.S. Liang, M.A. Shao and B.C. Wang. 2005. Changes of anti-oxidative 

enzymes and membrane peroxidation for soil water deficits among 10 wheat 

genotypes at seedling stage. Colloids and Surfaces B: Biointerfaces 42(2): 

107-113. 

Shils, M.E., 1998. Magnesium, In: B. L O'Dell, R. A Sunde, eds. Handbook of 

nutritionally essential minerals. New York: Marcel Dekker, Inc. 117. 

Shitaka, Y., and Hirose, T.1998. Effects of shift in flowering time on the reproductive 

output of Xanthium canadense in a seasonal environment. Oecologia  114: 

361-367. 

Siemonsma, J.S. and Piluek, K. 1993. Plant Resources of South-East Asia. No. 8. 

Vegetables. Pudoc Scientific Publishers, P.O. Box 4, 6700 AA, Wageningen, 

The Netherlands. pp. 412. 

Simopoulos A. P. 2008. The Importance of the Omega-6/Omega-3 Fatty Acid Ratio 

in Cardiovascular Disease and Other Chronic Diseases. Experimental Biology 

and Medicine 233: 674-688. 

Simopoulos, A.P. 1987. Horticulture and human health. In Quebedeaux B, Bliss F 

(eds) Contribution of fruits and vegetables. Englewood Cliffs, NJ: Prentice-

Hall, p. 93–107 

Simopoulos, A.P. 1991. Omega-3 fatty acids in health and disease and in growth and 

development. American Journal of Clinical Nutrition 54: 438–463. 

Simopoulos, A.P. 2004. Omega-3 fatty acids and antioxidants in edible wild plants. 

Biological Research 37: 263-277. 

Simopoulos, A.P., H.A., Norman, and J.E., Gillaspy, 1995. Purslane in human 

nutrition and its potential for world agriculture. World Review of Nutrition and 

Dietetics 77: 47-74. 

Simopoulos, A.P., H.A., Norman, J.E., Gillaspy and J.A., Duke, 1992. Common 

purslane: A source of Omega-3 fatty acids and antioxidants. Journal of 

American College of Nutrition 11: 374-382. 

Simopoulos, A.P., Salem, H. Jr. 1986. Purslane: A terrestrial source of omega-3 fatty 

acids. North England Journal of Medicine 315: 833. 



© C
OPYRIG

HT U
PM

176 
 

Simopoulos, A.P., Tan, D.X., Mancheste, L.C. and Reiter, R.J. 2005. Purslane: a plant 

source of omega-3 fatty acids and melatonin. Journal of Pineal Research 39: 

331-332.  

Singh, K. and Chatrath, R. 2001. Salinity tolerance. Chapter 8. In Application of 

Physiology in Wheat Breeding. Eds M.P. Reynolds, J.I. Ortiz-Monasterio and 

A. McNab. Me´xico DF, Mexico: CIMMYT Crop Improvement Division. pp 

101-110. 

Singleton, V.L., Orthofer, R. and Lamuela-Ravento´s, R.M. 1999. Analysis of total 

phenols and other oxidation substrates and antioxidants by means of Folin-

Ciocalteu reagent. Methods in Enzymology 299: 152-178. 

Siriamornpun, S. and Suttajit, M. 2010. Microchemical components and antioxidant 

activity of different morphological parts of Thai wild purslane (Portulaca 

oleracea). Weed Science 58(3): 182-188. 

Slinger, D. and Tenison, K. 2007. Salinity Glove Box Guide: New South Wales 

Murray & Murrumbidgee Catchments, NSW Department of Primary 

Industries, Australia. 

Sohail, M., Saied, A.S., J. Gebauer, J. and Buerkert, A. 2009. Effect of NaCl Salinity 

on Growth and Mineral Composition of Ziziphus spina-christi (L.) Willd. 

Journal of Agriculture and Rural Development in the Tropics and Subtropics 

110(2): 107-114. 

Song, J., Feng, G. and Zhang, F. 2006. Salinity and temperature effect on three salt 

resistant euhalophytes, Halostachys capsica and Halocnemum strobilaceum. 

Plant Science 279: 201-207.  

Spada, P.D.S., Bortolini, G.V., Prá, D., Santos, C.E.I., Dias, J.F., Henriques, J.A.P. 

and Salvador, M. 2010. Macro and micro minerals: are frozen fruits a good 

source? Annals of the Brazilian Academy of Sciences 82(4): 861-867. 

Stanton, M.L., ROY, B.A. and Thiede, D.A. 2000. Evolution in stressful 

environments. I. Phenotypic variability, phenotypic selection, and response to 

selection in five distinct environmental stresses. Evolution 54: 93–111. 

Stepien, P. and Klobus, G. 2006. Water relations and photosynthesis in Cucumis 

sativus L. leaves under salt stress. Biologia Plantarum 50: 610-616. 

Stoeva, N. and Kaymakanova, M. 2008. Effect of salt stress on the growth and 

photosynthesis rate of bean plants (Phaseolus vulgaris L.). Journal of Central 

European Agriculture 9(3): 385-392.  

Storrie, A. 2009. Collecting and preparing plant specimens for identification. 

Primefacts 919, Replaces Agnote DPI-492,  State of New South Wales 

(NSW), Department of Industry and Investment, Australia, pp 1-5 

Su, X.Q., Antonas, K.N., Li, D. 2004. Comaparison of n-3 polynsaturated fatty acid 

contents of wild and cultured Australian abalone. International Journal of 

Food Sciences and Nutrition 55 (2): 149-154. 

Suarez, A.V. and Tsutsui, N.D. 2004. The value of museum collections for research 

and society. BioScience  54(1): 66-74. 

Talei, D., Kadir, M.A., Yusop, M.K., Valdiani, A. and Abdullah, M.P. 2012. Salinity 

effects on macro and micronutrients uptake in medicinal plant King of Bitters 

(Andrographis paniculata Nees.). Plant Omics Journal 5(3): 271-278.   

Tatikonda, L., Wani, S.P., Kannan, S., Beerelli, N., Sreedevi, T.K., Hoisington, D.A., 

Devi, D. and Varshney, R.K. 2009. AFLP-based molecular characterization of 

an elite germplasm collection of Jatropha curcas L., a biofuel plant. Plant 

Science 176: 505–513.  



© C
OPYRIG

HT U
PM

177 
 

Teixeira, M. and Carvalho, I.S. 2009. Effects of salt stress on purslane (Portulaca 

oleracea) nutrition. Annals of Applied Biology 154: 77-86. 

Tester, M. and Davenport, R. 2003. Na+ tolerance and Na+ transport in higher plants. 

Annals of Botany 91: 503-527.  

Thomas, J.E. 2004. Botany in a Day: The patterns of plant identification, (5
th

 Edition) 

Montana, HOPS Press, LLC, p. 1-221. 

Tiveron, A.P., Melo, P.S., Bergamaschi, K.B., Vieira, T.M.F.S., Regitano-d’Arce, 

M.A.B. and Alencar, S.M. 2012. Antioxidant activity of Brazilian vegetables 

and its relation with phenolic composition. International Journal of Molecular 

Science 13: 8943-8957.  

Uddin, M.K. and Juraimi, A.S. 2013. Salinity Tolerance Turfgrass: History and 

Prospects. The Scientific World Journal 2013: 1-6. 

Uddin, M.K., A.S., Juraimi, M.E., Ali, and M.R., Ismail, 2012. Evaluation of 

antioxidant properties and mineral composition of Purslane (Portulaca 

oleracea L.) at different growth Stages. International Journal of Molecular 

Science 13: 10257-10267. 

Uddin, M.K., Juraimi, A.S., Anwar, F., Hossain, M.A. and Alam, M.A. 2012. Effect 

of salinity on proximate mineral composition of purslane (Portulca oleracea 

L.). Australian Journal of Crop Science 6(12): 1732-1736. 

Uddin, M.K., Juraimi, A.S., Hossain, M.S., Nahar, M.A.U., 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.S., Ismail, M.R. and Alam, M.A. 2012. The effect of salinity 

on growth and ion accumulation in six turfgrass species. Plant Omics Journal 

5(3): 244-252. 

Uddin, M.K., Juraimi, A.S., 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.S., 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.S.,

 
Ismail, M.R., Hossain, M.A., Othman, R. and Rahim, 

A.A. 2012. Physiological and Growth Responses of Six Turfgrass Species 

Relative to Salinity Tolerance. The Scientific World Journal 2012: 1-10.  

Uddin, M.K., Juraimi, A.S., Ismail, M.R., Othman, R. and Rahim, A.A. 2011. 

Relative salinity tolerance of warm season turfgrassspecies. Journal of 

Environmental Biology 32: 309-312. 

United States Department of Agriculture (USDA). 1970. Selected Weeds of the 

United States. Washington, DC: U.S. Department of Agriculture. pp 463.   

USDA, NRCS. 2012. The PLANTS Database. Available at http://plants.usda.gov 

(verified 27 Feb. 2012). National Plant Data Center, Baton Rouge, LA. 

Vadez, V., Rashmi, M., Sindhu, K., Muralidharan, M., Pushpavalli, R., Turner, N.C., 

Krishnamurthy, L., Gaur, M.O. and Colmer, T.D. 2012. Large number of 

flowers and tertiary branches, and higher reproductive success increase yields 

under salt stress in chickpea. European Journal of Agronomy 42: 42-51. 

Varshney, R.K., Graner, A. and Sorrells, M.E. 2005. Genic microsatellite markers in 

plants: features and applications. Trends in Biotechnology 23: 48-55. 

Vengris, J., Dunn, S. and Satcewicz, M. 1972. Life History as Related to Weed 

Control in the Northwest: 7 species of Purslane. Research Bulletin 598, 



© C
OPYRIG

HT U
PM

178 
 

Northwest Regional Publication, The University of Massachusetts, Amherst, 

USA. 

Verma, O.P., Kumar, S. and Chatterjee, S.N. 1982 Anti-fertility effects of common 

edible Portulaca oleracea  on the reproductive organs of male albino mice. 

Indian Journal of Medical Research 75: 301-310. 

Vílchez, C., Forján, E., Cuaresma, M., Bédmar, F., Garbayo, I. and Vega, J.M. 2011. 

Marine Carotenoids: Biological Functions and Commercial Applications. 

Marine Drugs 9: 319-333. 

Volkmar, K.M., Hu, Y. and Steppuhn, H. 1998. Physiological responses of plants to 

salinity: a review. Canadian Journal of Plant Science 78: 19-27.  

Vos, P., R. Hogers, M. Bleeker, M. Reijans, T. and Van de Lee, T. et al., 1995 AFLP: 

a new technique for DNA fingerprinting. Nucleic Acids Research 23: 4407-

4414. 

Voutilainen, S., Nurmi, T., Mursu, J. and Rissanen, T.H. 2006. Carotenoids and 

cardiovascular health1”, The American Journal of Clinical Nutrition 83: 1265-

1271. 

Walters, S.M. 1993. Portulaca L., in T.G. Tutin et al., (Eds.) - Flora Europaea vol. 1 

(2nd edition), Cambridge, Cambridge University Press.  

Wambua, J.M., Makobe, M.N., Njue, E.M. and Nyende, A.B. 2010. Hydroponic 

screening of Sorghum (Sorghum bicolor L. Moench) cultivars for salinity 

tolerance. Journal of Agriculture, Science and Technology 12(2): 82-91. 

Wang, W., Gu, L., Dong, L., Wang, X., Ling, C. and Li, M. 2007. Protective effect of 

Portulaca oleracea  extracts on hypoxic nerve tissue and its mechanism. Asia 

Pacific Journal of Clinical Nutrition 16(Suppl-1): 227-233. 

Wang, W., Vinocur, B. and Altman. A. 2003. Plant responses to drought, salinity, and 

extreme temperatures: toward genetic engineering for stress tolerance. Planta 

218:1-14. 

Wang, Y. and Nil, N. 2000. Changes in chlorophyll, ribulose biphosphate 

carboxylase–oxygenase, glycine betaine content, photosynthesis and 

transpiration in Amaranthus tricolor leaves during salt stress. Journal of 

Horticultural Science and Biotechnology 75: 623–627.  

Watt, J.M. and Breyer-Brandwijk, M.G. 1932. The Medicinal and Poisonous Plants of 

Southern Africa – being an account of their medicinal uses, chemical 

composition, pharmacological effects and toxicology in man and animal. E&S 

Livingstone, Edinburgh. 

Wei, G.H., D.P. Liu and C.C. Liang. 2004. Charting gene regulatory networks: 

strategies, challenges and perspectives. Biochemistry Journal 381(1): 1-12. 

Wen, M., Wang, H., Xia, Z., Zou, M., Cheng Lu, C. and Wang, W. 2010. 

Development of EST-SSR and genomic-SSR markers to assess genetic 

diversity in Jatropha curcas L. BMC Research Notes 42(3): 1-8. 

Williams, M. 2006. Dietary supplements and sports performance: metabolites, 

constituents, and extracts. Journal of International Society of Sports and 

Nutrition 3: 1-5. 

Williams, J.G.K., Kubelik A. R., Livak, K.J., Rafalski, J.A. and Tingey, S.V. 1990. 

DNA polymorphisms amplified by arbitrary primers are useful as genetic 

markers. Nucleic Acids Research 18(22): 6531-6535. 

Wojdyło, A., Oszmiansk, J. and Czemerys, R. 2007. Antioxidant activity and phenolic 

compounds in 32 selected herbs. Food Chemistry 105: 940–949. 

Wong, N.C., Lee, B.S., Yuen, P.M., Abdullah, W.Y. and Saad, M.R. 2002. Effects of 

continuous mono-cropping of chrysanthemum flowers under rain-shelter on 



© C
OPYRIG

HT U
PM

179 
 

soil quality. In “Sustainable Land Management” (Shamshuddin, J., Hamdan, J. 

& Samsuri, A.W., eds): Malaysian Society of Soil Science 236-252.  

Wood, D. and Lanné, J.M. 1999. Agrobiodiversity: Characterization, Utilization and 

Management, CAB Publishing, New York. pp 490. 

World Health Organisation (WHO). 1990. Regional Publications: Western Pacific 

Series No.3. Medicinal Plants in Viet Nam. Institute of Materia Medica, 

Hanoi. ISBN No. 92-9061-101-4. 

World Health Organization (WHO). 1990. Diet, nutrition, and the prevention of 

chronic diseases. Report of a WHO Study Group Geneva, (WHO Technical 

Report Series, No.797 - TRS 797). 

World Health Organization and Food and Agriculture Organization of the United 

Nations. 2004. Vitamin and mineral requirements in human nutrition: report of 

a joint FAO/WHO expert Consultation.  20 Avenue Appia, 1211 Geneva 27, 

Switzerland. pp 1-20.
 

Wu, C-J., Cheng, Z-Q., Huang, X-Q., Yin, S-H., Cao, K-M. and Sun, C-R. 2004. 

Genetic diversity among and within populations of Oryza granulata from 

Yunnan of China revealed by RAPD and ISSR markers: Implications for 

conservation of the endangered species. Plant Science 167(1): 35-42. 

Xiang, Y., Xing, D., Wang, W., Wang, R., Ding, Y. and Du, L. 2005. Alkaloids from 

Portulaca oleracea L. Phytochemistry 66: 2595–2601. 

Xiao, B.Z., Chen, X., Xiang, C.B., Tang, N., Zhang, Q.F. and Xiong, L.Z. 2009. 

Evaluation of seven function-known candidate genes for their effects on 

improving drought resistance of transgenic rice under field conditions. 

Molecular Plant 2: 73-83.    

Yakubu, H., Ngala, A.L and Dugje, I.Y. 2010. Screening of Millet (Pennisetum 

glaucum L.) Varieties for Salt Tolerance in Semi-Arid Soil of Northern 

Nigeria. World Journal of Agricultural Sciences 6(4): 374-380.  

Yakubu, H., Usman, H. and Chiroma, A.M. 2006. Screening of Sorghum Varieties for 

Salt tolerance in a sandy loam soil of Borno State, Nigeria. Nigerian Journal 

of Experimental and Applied Biology 7(1): 49-54. 

Yan, G., Aryamanesh, N. and Wang, S. 2009. Purslane – A potential vegetable crop. 

Rural Industries Research and Development Corporation, Australia. RIRDC 

Publication No. 09/088. pp 1-26.  

Yazici, I., Turkan, I., Hediye, A. and Sekmen, T.D. 2007. Salinity tolerance of 

purslane (Portulaca oleracea L.) is achieved by enhanced antioxidative 

system, lower level of lipid peroxidation and proline accumulation. 

Environmental and Experimental Botany 61: 49-57. 

Yeh, F. C., Yang, R., Boyle, T. J., Ye, Z. and Xiyan, J. M. 2000. PopGene32, 

Microsoft Windowsbased Freeware for Population Genetic Analysis, Version 

1.32. Molecular Biology and Biotechnology Centre, University of Alberta, 

Edmonton, Alberta, Canada. 

Yen, G.C., Chen, H.Y., and Peng, H.H. 2001. Evaluation of the cytotoxicity, 

mutagenicity and antimutagenicity of emerging edible plants. Food and 

Chemical Toxicology 39: 1045-1053. 

Yoon, J.Y., Hamayun, M., Lee, S.K. and Lee, I.J. 2009. Methyl Jasmonate alleviated 

salinity stress in Soybean. Journal of Crop Science and Biotechnology 12(2): 

63-68.  

Zai-quan, C., Fu-you, Y., Ding-qing, L., Teng-qiong, Y., Jian, F., Hui-jun, Y., Qiao-

fang, Z., Dun-yu, Z., Wei-jiao, L. and Xing-qi, H. 2012. Genetic Diversity of 

Wild Rice Species in Yunnan Province of China. Rice Science 19(1): 21-28. 



© C
OPYRIG

HT U
PM

180 
 

Zakaria, M.N.M., Islam, M.W., Radhakrishnan, R., Habibullah, M. and Chan, K. 

1998. Evaluation of anti-inflammatory activity of Portulaca species. Journal 

of Pharmacy and Pharmacology 50(Suppl.): 227-231. 

Zandt, P.A.V. and Mopper, S. 2002. Delayed and carryover effects of salinity on 

flowering in Iris hexagona (Iridaceae). American Journal of Botany 89(11): 

1847-1851. 

Zapryanova, N. and Atanassova, B. 2009. Effects of salt stress on growth and 

flowering of ornamental annual species. Biotechnology & Biotechnological 

Equipment 23(2): 177-179.  

Zietkiewiez, E., Rafalski, A., Labuda, D. 1994. Genome fingerprinting by simple 

sequence repeat (SSR)-anchored polymerase chain reaction amplification. 

Genomics 20: 176-183. 

Zhang, G., Xu, S., Mao, W., Hu, Q. and Gong, Y. 2013. Determination of the genetic 

diversity of vegetable soybean [Glycine max (L.) Merr.] using EST-SSR 

markers. Journal of Zhejiang University-Science B (Biomedicine & 

Biotechnology) 14(4): 279-288. 

Zhu, J.K. 2002. Salt and drought signal transduction in plants. Annual Review on 

Plant Biology 53: 247-273. 

Zuazo, V.H.D., Martínez-Raya, A., Ruiz, J.A. and Tarifa, D.F. 2004. Impact of 

salinity on macro- and micronutrient uptake in mango (Mangifera indica L. 

cv. Osteen) with different rootstocks. Spanish Journal of Agricultural 

Research 2(1): 121-133. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	Cover page-Copyright-dedication
	Amirul Thesis 1st part
	Chapter 1. Introduction
	Chapter 2. Review and literature
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Chapter 7
	Chapter 8
	Chapter 9 References, appendix, Biodata, Publication



