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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment 

of the requirement for the Degree of Doctor of Philosophy 

GENETIC DIVERSITY, GROWTH EFFECTING FACTORS 

AND NUTRITIONAL VALUE OF MORINGA  

By 

SHAMSUDDEEN RUFA’I 

September 2016 

Chairman : Professor Mohamed Hanafi Musa, PhD 

Institute : Tropical Agriculture 

Taking into account the various cases of malnutrition affecting many impoverished 

nations of the developing world, the current research effort was conceived with the 

objective of appraising the nutritive potential of „Moringa‟ (Moringa oleifera L.) 

plant through the evaluation of proper agronomic practice that will enhance its 

nutritive potential.  Various accessions were first tested for genetic diversity using 

RAPD markers; afterwards, growth and development pattern were determined 

through the assessment of the effect of applied phosphorus (P) and potassium (K) 

nutrient levels on the „Moringa‟ performance.  Applications of 5 levels of P and K 

revealed significant variations for plant height, stem diameter, crop growth rate 

(CGR), relative growth rate (RGR), net assimilation rate (NAR), leaf area index 

(LAI), SPAD chlorophyll content, root length, root volume, root diameter, stem dry 

weight, leaf dry weight, root dry weight, and total dry matter (TDM).  Average 

values of 0.279 g cm
-2 

day
-1

, 0.029 mg g
-1 

day
-1

, and 0.149 g cm
-2 

day
-1

 were obtained

for CGR, RGR, and NAR, respectively.  

 

The LAI values ranged from 1.43 to 2.13, 

while TDM values varied from 17.36 to 22.17 g plant
-1

.  Evaluating measured

quantity of dried roots, stem, and leaves portions for essential and non-essential 

amino acids content through high-performance liquid chromatography (HPLC) 

analysis revealed the presence of 9 essential and 7 non-essential amino acids, with a 

range of 4.24 to 10.04 g kg
-1 recorded for leucine, threonine, histidine, glutamic acid, 

aspartic acid, and glycine.  The 2,2
ꞌ
- diphenyl-1- picrylhydrazyl (DPPH) and the

ferric reducing antioxidant power (FRAP) assay revealed strong antioxidants 

presence (up to 68% DPPH scavenging activity) and a high level FRAP potential of 

2500 mg ascorbic acid equivalent (AAE) / 100 g dry weight (DW).  Folin-

Ciocalteu‟s and aluminium chloride calorimetric assay revealed high levels of 

secondary metabolites (ranging from 1000 – 1350 mg gallic acid equivalent 

(GAE)/100 g DW total phenolics and up to 2400 mg quercetin equivalent (QE)/1 mg 

DW total flavonoids), and the wet digestion procedure revealed the presence of 9 

mineral nutrient elements (with significant values of up to 19.13 g kg
-1

 maximum)

content acquired from calcium (Ca) and up to 9.90 g kg
-1

 recorded for iron (Fe).

These nutritive components are noted to be highest (312.5% higher in terms of 
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antioxidants) in the leaves portion, followed by the roots, and then the stem parts.  

Influence of growth media, stem diameter, and growth regulators were evaluated 

using two growth media (with and without biochar) and three levels of indole 3-

butyric acid (IBA).  Plant height, percentage of primary branch produced, leaf area, 

and dry matter (DM) were found to be significantly (P<0.05) influenced by variation 

in stem diameter magnitude.  The use of 2 growth media (munchong series soil [M] 

and munchong series soil mixed with Biochar [MB]) revealed a significant influence 

of the MB growth media on plant height, percentage root number, and root length as 

compared to the M growth media, but the trial record no significant variation in 

growth parameters in terms of IBA applications on the stem cuttings. 
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SHAMSUDDEEN RUFA’I 

 

 

September 2016 
 

 

Pengerusi : Profesor Mohamed Hanafi Musa, PhD 

Institut : Pertanian Tropika 

 

 

Mengambil kira pelbagai kes kekurangan nutrien yang menjejaskan banyak negara 

membangun miskin di dunia, usaha dan kajian ini telah dilakukan dengan tujuan 

untuk menilai potensi tumbuhan „Moringa‟ (Moringa oleifera L.) yang melibatkan 

penilaian amalan agronomi untuk meningkatkan potensi nutrisi yang betul.  Pelbagai 

aksesi terlebih dahulu diuji  kepelbagaian genetik yang mengguna penanda RAPD, 

yang mana selepas itu, keputusan dan perkembangan corak aksesi ditentukan 

melibatkan penilaian kesan penggunaan nutrien fosforus (P) dan kalium (K) pelbagai 

tahap terhadap prestasi „Moringa‟.  Penggunaan P dan K pada 5 tahap mendedahkan 

satu keputusan ketara dari segi ketinggian tumbuhan, diameter batang, kadar 

pertumbuhan (CGR), kadar pertumbuhan relatif (RGR), kadar asimilasi bersih 

(NAR), index kawasan daun (LAI), kandungan klorofil SPAD, kepanjangan akar 

panjang, isipadu  akar, diameter akar, berat kering batang, berat kering daun, berat 

kering akar dan berat kering keseluruhan tumbuhan (TDM).  Purata nilai 0.279, 

0.029 dan 0.149 g cm
-2

 hari
-1

 diperolehi bagi CGR, RGR dan NAR, masing-masing. 

Nilai LAI adalah daripada 1.43 2.13, manakala nilai-nilai TDM berbeza-beza dari 

17.36 ke 22.17 g
-1

 tumbuhan
-1

.   Menilai diukur kuantiti kering akar, batang dan 

daun bahagian-bahagian penting dan amino acids tak-penting kandungan melalui 

analisis kromatografi cecair berprestasi tinggi (HPLC) mendedahkan kewujudan 9 

yang penting dan asid amino tak-penting 7, dengan pelbagai 4.24 untuk 10.04 g kg
-1

 

dicatatkan leucine, threonine, histidine, asid glutamik, asid aspartic dan glycine.  2, 

2ꞌ-diphenyl-1-picrylhydrazyl (DPPH) dan ferik mengurangkan antioksidan kuasa 

(FRAP) cerakinan mendedahkan kehadiran antioksidan yang kuat (sehingga 68% 

DPPH) dan potensi FRAP tinggi 2500 mg asid askorbik setaraf (AAE) / 100g  berat 

kering (DW).  Folin-Ciocalteu dan crakinan kalorimeter aluminium klorida 

menurunkan paras metabolit sekunder (terdiri dari 1000 – 1350 mg asid gallik 

setaraf (GAE) / 100 g DW jumlah fenolik dan sehingga 2400 mg quercetin setara 

(QE) / 1 mg DW jumlah flavonoids dan kaedah pengabuan basah mendapati 

kehadiran 9 jenis unsur-unsur nutrien mineral (dengan nilai-nilai penting sehingga 

19.13 g kg
-1

 maksimum) kandungan diperolehi dari kalsium (Ca) dan sehingga 9.90 

g kg
-1

 dicatatkan bagi ferum (Fe).  Komponen-komponen nutrien tersebut dicatatkan 
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sebagai paling tinggi di bahagian daun, di ikuti oleh akar, dan kemudian bahagian 

batang. Pengaruh media pertumbuhan, diameter batang dan pengawal selia 

pertumbuhan telah dinilai menggunakan dua jenis media pertumbuhan dan tiga 

peringkat “indole 3-butyric asid” (IBA).  Ketinggian tumbuhan, peratusan cawangan 

utama dihasilkan, daun kawasan, dan perkara kering (DM) didapati signifikan (P < 

0.05) dipengaruhi oleh perubahan dalam magnitud diameter batang.  Penggunaan 2 

media pertumbuhan (siri munchong tanah [M] dan siri munchong tanah bercampur 

dengan Biochar [MB]) mendedahkan pengaruh media pertumbuhan MB pada 

ketinggian tumbuhan, peratusan nombor akar dan akar panjang berbanding media 

pertumbuhan M, tetapi perbicaraan itu merekodkan Tiada variasi ketara dalam 

parameter pertumbuhan dari segi aplikasi IBA.  

 

  



© C
OPYRIG

HT U
PM

v 
 

ACKNOWLEDGEMENTS 

 

 

The most worthy of praise and the most noble of glorification are due to the One and 

Only Creator of mankind, jinn, and the universe, Who taught the use of the pen, 

taught man that which he knew not.  The most venerable of salutations to the best of 

His creations, Muhammad (upon whom be peace and blessings of the Almighty), his 

friends, and his household. 

 

I must start by publicly and very gratefully acknowledging, with many abundant 

thanks, the amazing support of my two supervisors: Prof. Mohamed Hanafi Musa 

and Prof. Mohd Rafii Yusop, their careful supervision, friendly disposition, 

constructive analysis, and tolerance to my ignorance had led to the general 

improvement of this research work and its successful accomplishment.  They 

generously and unbiasedly shared their knowledge and wisdom that culminated in 

enriching my research comprehension - thanks a lot my dear Profs.. 

 

I am highly indebted to two personalities: first, my Lecturer, Prof Madya Dr Syed 

Omar Syed Rastan (Diversatech Sdn. Bhd.), whom I first came to know in Prof Che 

Fauziah soil testing and plant analysis class in October 2010, where he lectured us on 

nutrient evaluation (Dris norms), and whom I instantly liked, and who, without my 

asking, offered me lots of assistance over the years, his tremendous financial support 

is gratefully acknowledged.  Second is, Prof Shamsher Mohamad (International 

Centre for Education in Islamic Finance - INCEIF), whom I became close to in 

Surau Al Husna, Taman Universiti Indah, and who, within the past 2 years, 

immensely granted me financial support.  May the Almighty Supreme Lord and 

Creator of the universe accept from them all and grant them a million times more, 

and may He bless them and their offsprings with improved health and ease all of 

their worries. 

 

To my worthy employers - the esteemed management of Bayero University Kano 

(BUK), Nigeria – goes lots and lots of gratitude, for granting me the study 

fellowship in the first instance, and for the patience and understanding they exhibited 

in approving my subsequent requests for its extension.  Special thanks to Kang Hun 

and Usman Magaji for helping with the statistical aspect,  And to my fellow research 

colleagues, that includes among others Alagie Bah (PhD), Hasmah Mohidin (PhD) 

and her husband Haji Sulaiman, Mayzaitul Azwa Jamaluddin, Fabien Tenguou 

(PhD), Chen, Rizal, Ruslan Asri, Kazeem, Ibrahim Wasiu, Yusuf Oladosu, Muideen, 

Aliyu Taka Tsaba, and UPM ISA president (Muhammed), I say a big thank you, 

your daily proximity has assisted in simplifying the academic process.  Equally 

worthy of mention is the cordial relation enjoyed for the past 5 years with the 

members of my residential community, especially Surau Al Husna, particularly Haji 

Rahmat, Mr Zainuddin Ali, Haji Bakri, Dr Zainuddin Meon, Uzbekistan brothers 

(notably Prof Gafurjan, Dr Anwar, Dr Zainuddin, Dilshod, Muhammad and 

Azamhon), and Nigerian neighbours particularly Abdullahi Usman Garin Gabas, 

Sani Ahmad Jibril, Isyaku Saleh, AbdulMajeed, Bashir, Danlami Zuru and Faruku 

Birnin Kebbi. 

 

The brotherly relation maintained with all of my siblings back home in Nigeria, 

especially Alh Abubakar Babangimi, Alh Muazu Rufa‟i, and Alh Isa Rufa‟i is 



© C
OPYRIG

HT U
PM

vi 
 

thankfully acknowledged.  Mention must also be made of the cherished friendship I 

enjoyed during the study period from two of my BUK fellowship colleagues who are 

already back home - Dr M Baba (UPM Serdang), and Dr AJ Bambale (UUM 

Sintok). 

 

Lastly, I have to most gratefully acknowledge the support and patience of my 3 

wives (Ummukulthum Shehu, Ummukulthum AbdusSalam, and Murjanatu Usman), 

my 9 children (Abubakar, Karimatu, Ahmad Rufa‟i, Hajara, AbdulBasid, Maryam, 

AbdulQayyuum, Zainab, and Abdullah), and finally acknowledged the daily prayers 

of support received from my 81 year old mother, Hajiya Karimatu, who remains 

everything to me, and whom I regularly pray for more prosperous and healthful 

years.  

 

  



© C
OPYRIG

HT U
PM



© C
OPYRIG

HT U
PM

viii 

This thesis was submitted to the Senate of the 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: 

Mohamed Hanafi Musa, PhD 
Professor 

Faculty of Agriculture  

Universiti Putra Malaysia 

(Chairman) 

Mohd Rafii Yusop, PhD 

Professor 

Institute of Tropical Agriculture 

Universiti Putra Malaysia 

(Member) 

Ahmad Selamat, PhD 

Research Fellow 

Faculty of Agriculture 

Universiti Putra Malaysia 

(Member) 

________________________________ 

BUJANG 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 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: Shamsuddeen Rufa‟i, GS28424  

 

 

  



© 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)  were adhered to. 

 

 

 

 

Signature:   

Name of  Chairman  

of Supervisory 

Committee: 

 

 

Professor Dr. Mohamed Hanafi Musa  

 

 

 

 

 

Signature: 

  

Name of  Member 

of Supervisory 

Committee: 

 

 

Professor Dr. Mohd Rafii Yusop 

 

 

 

 

 

Signature: 

  

Name of  Member 

of Supervisory 

Committee: 

 

 

Dr. Ahmad Selamat 

 

 

 

  



© C
OPYRIG

HT U
PM

xi 

TABLE OF CONTENTS 

Page 

ABSTRACT i 

ABSTRAK iii 

ACKNOWLEDGEMENTS v 

APPROVAL vii 

DECLARATION ix 

LIST OF TABLES xiii 

LIST OF FIGURES xiv 

LIST OF ABBREVIATIONS xv 

CHAPTER 

1 INTRODUCTION 1 

2 LITERATURE REVIEW 5 

2.1 Origin and distribution 5 

2.2 Environmental and soil requirements 6 

2.3 Morphological and reproductive description 6 

2.4 Species and varieties 7 

2.5 Nutritional composition 9 

2.6 Growth, development, and yield 11 

2.7 Genotype diversity studies of „Moringa' 12 

2.8 Effect of phosphorus and potassium fertilisation 13 

2.9 Effect of biochar and growth media 15 

2.10 Effect of IBA growth regulator and stem cutting 16 

2.11 Propagation and cultivation 16 

2.12 Pests and diseases 19 

2.13 General and medicinal uses 20 

3 GENETIC DIVERSITY OF ‘MORINGA’ 25 

3.1 Genetic Dissection of New Genotypes of Drumstick Tree 

(Moringa oleifera L) Using Random Amplified 

Polymorphic DNA Marker 

25 

4 EFFECTS OF P AND K LEVELS ON GROWTH AND 

YIELD OF ‘MORINGA’ 

33 

4.1 The prospect of phosphorus and potassium enrichment to 

improving 'Moringa' developmental stages 

33 

4.2 Materials and Methods 34 

4.3 Results 37 

4.4 Discussion 45 

4.5 Conclusion 48 

5 EFFECTS OF P AND K LEVELS ON ANTIOXIDANTS, 

SECONDARY METABOLITES, AMINO ACIDS AND 

MINERAL COMPOSITION 

49 

5.1 Enhancing 'Moringa' nutritive value for impoverished 49 



© C
OPYRIG

HT U
PM

xii 

populations and healthy wellbeing through proper 

nutrient enrichment 

5.2 Materials and Methods 50 

5.3 Results 55 

5.4 Discussion 62 

5.5 Conclusion 65 

6 EFFECTS OF ADDITION OF BIOCHAR AND IBA ON 

VEGETATIVE ESTABLISHMENT OF 'MORINGA' 

66 

6.1 Growth and development of „Moringa‟ (Moringa oleifera 

L.) stem cuttings as affected by diameter magnitude, 

growth media, and indole-3-butyric acid 

66 

7 EFFECTS OF STEM DIAMETER OF CUTTINGS ON 

‘MORINGA’ ESTABLISHMENT 

77 

7.1 Introduction 77 

7.2 Materials and Methods 77 

7.3 Results 78 

7.4 Discussion 78 

7.5 Conclusion 83 

8 GENERAL DISCUSSION / SUMMARY / GENERAL 

CONCLUSION / FUTURE RECOMMENDATION 

84 

8.1 General Discussion 84 

8.2 Summary 86 

8.3 General Conclusion 88 

8.4 Future Recommendation 88 

REFERENCES 89 

APPENDICES 99 

BIODATA OF STUDENT 112 

LIST OF PUBLICATIONS 113 



© C
OPYRIG

HT U
PM

xiii 

LIST OF TABLES 

Table Page 

2.1 Proximate fruit composition of „Moringa‟ pods and leaves 10 

4.1 Tap water mineral content and BRIS soil physical and 

chemical properties 34 

4.2 Effect of P and K levels on some yield attributes of „Moringa‟ 42 

4.3 Correlation coefficient among growth and yield characters with 

respect to K application 45 

5.1 Leaves amino acids content as influenced by P levels 55 

5.2 Leaves amino acids content as influenced by K levels 56 

5.3 Effect of P and K levels on minerals content in leaves of 

'Moringa' 61 

5.4 Correlation analysis between phenolic antioxidant and 

antioxidant activities observed in different parts of „Moringa‟ 61 

7.1 Effect of varied stem diameter sizes on some selected growth 

and yield parameter components of 'Moringa' 80 



© C
OPYRIG

HT U
PM

xiv 

LIST OF FIGURES 

Figure Page 

1.1 A young 'Moringa' tree in UPM Farm, Puchong 1 

1.2 'Moringa' tree bearing developing fruits 2 

1.3 Sauce curry from „Moringa‟ green immature fruits 3 

1.4 Sauce curry from „Moringa‟ green immature fruits 3 

2.1 Moringa mature pods and seeds 5 

2.2 Germination of seeds in open containers for transplanting 6 

2.3 Young seedlings 7 

2.4 Growing trees 8 

2.5 Maintaining growing trees 12 

2.6 Seedlings growth in screen house, Farm No. 2, UPM 14 

4.1 Growing 'Moringa' seedlings in polybags containing BRIS soil 35 

4.2 Effect of increased K levels on some growth parameters  38 

4.3 Effect of increased K levels on some growth parameters  39 

4.4 Effect of increased P levels on root length 40 

4.5 Effect of increased K levels on root length 41 

4.6 Effect of increased P levels on dry matter 43 

4.7 Effect of increased K levels on dry matter 44 

5.1 Moringa root and stem parts for laboratory analysis 52 

5.2 Total phenolic content of „Moringa‟ roots, stem, and leaves 

portions. 

57 

5.3 Total flavonoid content of „Moringa‟ roots, stem, and leaves 

portions. 

58 

5.4 The DPPH radical scavenging activity of „Moringa‟ roots, stem, 

and leaves portions. 

59 

5.5 Ferric reducing antioxidant power of „Moringa‟ roots, stem, and 

leaves portions. 

60 

7.1 Preparation of various size „Moringa‟ stem cuttings 77 

7.2 Response curve for stem diameter 79 

7.3 Initial growth of „Moringa stem cuttings 81 

7.4 Response curve for effect of stem diameter on TDM 82 

8.1 A „Moringa‟ farm, UPM, Puchong, Malaysia 85 



© C
OPYRIG

HT U
PM

xv 
 

LIST OF ABBREVIATIONS 

 

 

AA    Auto Analyser 

AAE    Ascorbic Acid Equivalent 

AAS    Atomic Absorption Spectrophotometer 

ADP    Adenosine Diphosphate 

AMOVA   Analysis of Molecular Variance 

ANOVA   Analysis of Variance 

AOAC              Association of Official Analytical Chemists 

ATP    Adenosine Triphosphate 

AVRDC   Asian Vegetable Research and Development Centre 

B    Boron 

BRIS    Beach Ridges Interspersed with Swales  

C    Carbon 

Ca    Calcium 

CEC    Cation Exchange Capacity 

CGR    Crop Growth Rate 

Cl    Chlorine 

CO2    Carbon dioxide 

CRD    Completely Randomised Design 

CTAB              Cetyl Trimethyl Ammonium Bromide 

Cu    Copper 

DNA    Deoxyribonucleic Acid 

DPPH    2,2
ꞌ
- diphenyl-1- picrylhydraz 

DW    Dry Weight 

EC    Electrical Conductivity 

EDTA               Ethylene Diamine Tetra Acetic Acid 

F    Fluorine 

FAO    Food and Agriculture Organisation 

Fe    Iron 

FRAP    Ferric Reducing Antioxidant Power 

GAE    Gallic Acid Equivalent 

HCl    Hydrochloric Acid 

HPLC    High Performance Liquid Chromatography 

H2O2    Hydrogen Peroxide 

H2SO4                  Sulphuric Acid 

IBA    Indole 3-butyric acid 

ISSR    Inter Simple Sequence Repeat 

ITA    Institute of Tropical Agriculture 

K    Potassium 

LAI    Leaf Area Index 

LSD    Least Significant Difference 

Mg    Magnesium 

MOCP              Moringa Oleifera Cationic Protein 

MOP    Muriate of Potash 

Mn    Manganese 

N    Nitrogen 

Na    Sodium 

NaCl    Sodium Chloride 



© C
OPYRIG

HT U
PM

xvi 

NAR Net Assimilation Rate 

P Phosphorus 

PAR Photosynthetically Active Radiation 

PCA Principal Component Analysis 

PCR Polymerase Chain Reaction 

PPB Percentage Polymorphism of Bands 

ppm parts per million 

PVP Polyvinyl Pyrrolidone 

QE Quercetin Equivalent 

RAPD Random Amplified Polymorphic DNA 

RGR Relative Growth Rate 

SAS Statistical Analysis Software 

TDM Total Dry Matter 

TPTZ Tripyridyl-s-triazine 

TSP Triple Superphosphate 

UPGMA Unweighted Pair Group Method with Arithmetic Mean 

UNICEF United Nations International Children Education Fund 

USDA United States Department of Agriculture 

UV Ultraviolet 

Zn Zinc 



© C
OPYRIG

HT U
PM

CHAPTER 1 
 
 

INTRODUCTION 
 
 

‘Moringa’ is a small, fast growing, deciduous (von Maydell, 1990) tropical tree 
belonging to the family Moringaceae.  The Moringaceae is a monotypic family of 
sole genus ‘Moringa’ containing a range of 10 to 12 species (Dhakar et al., 2011).  
The plant has many common names such as miracle tree, horseradish tree, ben oil 
tree, drumstick tree, and  cabbage tree.  It is one of the most beneficial multipurpose 
tree for semiarid areas (von Maydell, 1990) that has been found to fulfill many basic 
human needs, with an inherent potential of being an economically supportive tree of 
the tropics.  ‘Moringa’ possess the very important attribute of having all of its parts 
(leaves, flowers, bark, pods, nuts, seeds, tubers, and roots) as edible. ‘Moringa’ 
tropical tree is shown in Figure 1.1 and Figure 1.2. 
 
 

  
 

Figure 1.1 : A young ‘Moringa’ tree in UPM farm, Puchong, Malaysia 
 
 

The leaves can be used fresh or can be dried then ground into powder.  The seed 
pods can be picked while in their green shape and eaten cooked or fresh (Figure 1.3 
and Figure 1.4), while the seed oil is discovered to be sweet, non-drying, non-
sticking oil that resists rancidity, and found to be enriched with about 70% oleic acid 
and almost all the other fatty acids that are obtained from olive oil.  The cake from 
the seed is used in purifying drinking water (FAO, 2014).   
 
 
The water clarifying ability of the ‘Moringa’ seed powder, as per studies in recent 
years, was linked to a positively-charged protein called the Moringa oleifera 
Cationic Protein (MOCP).When the seeds are crushed and added to water, the 
protein kills some of the microbial organisms, then bundle them together, making 
them to settle at the bottom of the container.  Though, the research further stressed 

1 
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that the water purified this way should not be stored for a long period, because the 
organic matter residue from the seed will serve as a food source for any remaining 
bacteria that were not killed (Jerri et al., 2012).  

Figure 1.2 : ‘Moringa’ tree bearing developing fruits 

‘Moringa’ is a particularly nutritional tree readily found in the regions of Asia, 
Africa, and Latin America, with many notable benefits to human health.  Analysis 
of its leaf samples revealed the presence of 9 essential and 7 non-essential amino 
acids (Shamsuddeen et al., 2015) that serves as proteins building blocks within 
the human body.  The leaves are equally good sources of vitamins (A and E) and 
antioxidants that have been linked to improvement of vision and cancer 
prevention respectively. 

Pharmacologically, the leaf extract of ‘Moringa’ is rubbed over skin as treatment to 
paralysis and skin rashes in folk medicine (Mooza et al., 2014).  The juice extracted 
from the bark of ‘Moringa’ tree is employed as a disinfectant for swift healing of 
wounds (Marwah et al., 2007).  In Egypt, it is locally used for the treatment of 
headache, fever, constipation, slimness, back and muscle pains (Abdel-Rahman et 
al., 2010).  Its seeds were considered of economic value and medicinal significance 
due to its unique composition of macro and micronutrients (Hanif et al., 2011). The 
pharmacological actions were attributed to the existence of phenolic compounds in 
its leaves extract.  Similarly, it is associated with the existence of antioxidants and 
mineral nutrients that assist in curbing the damage free radicals usually cause to skin. 

The lack of potable drinking water is an enormous problem in lots of developing 
countries.  Based on UNICEF estimates, there exists 783 million people worldwide 
without improved drinking water, and the report from World Health Organization 
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estimates that scarcity of suitable drinking water lead to 1.6 million deaths every 
year as a result of diarrheal and parasitic infections (FAO, 2015). 
 

 
 

Figure 1.3 : Sauce curry from ‘Moringa’ green immature fruits 
 
 
The noted malnourishment related high mortality rate prevalent among the children 
of African countries as well as other communities around the world, can be 
significantly checked through the spread and nourishment of the ‘Moringa’ plant to 
those communities in an competent approach.   
 
 

 
 

Figure 1.4 : Sauce curry from ‘Moringa’ green immature fruits 
 
 
It was reported that introducing the tree leaves into the diets of malnourished 
breastfeeding mothers, and other family members in Senegal, led to a significant 
reduction in the malnourishment with a corresponding increment in the health and 
energy of the affected communities (Fuglie, 2001).  The recognised ability 
associated with the ‘Moringa’ to combat malnutrition and provide food, water and 
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income is very ideal for communities in developing countries where these basic 
necessities are a major issue.   
Taking into account all the afore mentioned advantages of this all important tree 
crop, still there is a general problem of lack of research work on the various planting 
materials (accessions) present with respect to genetics and breeding and agronomic 
performance, eventhough a significant segment of population here are utilising its 
leaves and young fruits for consumption, this research was, therefore, undertaken 
with the aim of achieving the following objectives:  

i) To evaluate and establish the genetic diversity and to identify potential
genotypes for future breeding work,

ii) To assess the influence of P and K fertilisation on total dry matter yield and
nutritional quality,

iii) To measure the potential of various plant growing parts of ‘Moringa’ (leaves,
stem, and roots) for use as natural plant sources of amino acids, secondary
metabolites, antioxidants, and mineral nutrients and subsequent
recommendation for utilization as nutraceuticals among impoverished
communities,

iv) To determine the effect of growth media, stem diameter and indole-3-butyric
acid (IBA) on growth and development of ‘Moringa’ stem cuttings,
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	2.1 Origin and distribution
	‘Moringa’ (Figure 2.1) has its origin in Arabia and India from where it spread to landscapes all over the tropics – from South Asia to West Africa (von Maydell, 1990). The British were reported to have carried it as an ornamental tree to Africa from I...
	Figure 2.1 : Moringa mature pods and seeds
	‘Moringa’ is now naturalized and widely cultivated within the tropical areas of Africa (where although notably widespread, it is seldom noticed to be cultivated intensively), Asia (India, Sri Lanka, Taiwan, and the Philippines), and the Americas (from...
	2.2 Environmental and soil requirements
	‘Moringa’ is an extremely adaptable species (Figure 2.2).  It grows well throughout the warmer life zones, ranging from subtropical through tropical and from dry savanna to rainforest (National Research Council, 2006).  It tolerates a wide range of en...
	Figure 2.2 : Germination of seeds in open containers for transplanting
	The species tolerates a wide range of soil types and is easily grown in full sun. In temperate zones they require warm glasshouse protection (National Research Council, 2006). ‘Moringa’ prefers a well-drained sandy loam or loam soil, but tolerates cla...
	2.3 Morphological and reproductive description
	‘Moringa’ is evergreen or deciduous (depending on climate), 5 to 10 m or, at most, 15 m tall tree, with slender, drooping, fragile branches and gracefully lacy and attractive foliage (Morton, 1991).  It has a straight trunk (10 to 30 cm thick) with ba...
	Figure 2.3 : Young seedlings
	In season the tree is enshrouded in creamy white, honey-scented flowers arranged in drooping panicles 10 to 30 cm long.  Flowers are insect pollinated and “require a large number of insect visitations”, with carpenter bees the most common guests.  Flo...
	2.4 Species and varieties
	‘Moringa’ crop has not been systematically improved, but several named cultivars with individual qualities are known in India. One called ‘Bombay’ has curly fruits and is considered among the best.  Another, ‘Jaffna’, is noted for having fruits 60 to ...
	Figure 2.4 : Growing trees
	There are 13 known species of ‘Moringa’ (Mark, 2001) viz: Moringa arborea Verdc., M. borziana Mattei, M. concanensis Nimmo, M. drouhardii Jum., M. hildebrandtii Engl.,  M. longituba Engl., M. oleifera Lam.,  M. ovalifolia Dinter & Berger, M. peregrina...
	There is also a dwarf variety known as ‘Periyakulam 1’(PKM1), bred for the short stems that make it easy to harvest the pods, which are exceptionally long (National Research Council, 2006).  The PKM 1 is a new early variety released from the Horticult...
	Another Indian variety is ‘Chem murungai’, which has red-tipped fruit and is said to flower throughout the year and be a high yielder.  A Kenyan variety is ‘Mbololo’ (Janick and Paull, 2008).  The Asian Vegetable Research and Development Corporation (...
	2.5 Nutritional composition
	Researchers are already calling ‘Moringa’ the most nutrient-rich plant on the planet – one that could hold the secret to the good health that the world is searching for.  Lowell Fuglie (2001) asserts that ‘Moringa’ is yielding four times more benefit ...
	The leaves are a good source of protein, vitamins A, B, and C, and minerals such as calcium and iron (Table 2.1).  The leaf protein contains all essential amino acids and is high in the sulphur-containing amino acids methionine and cystine.  The varia...
	The total leaf fatty acids are omega-3 fatty acids (Janick and Paull, 2008).  Generally, a 100 g leaf dry-weight  provides at least an adult’s daily requirement for provitamin A, good folate and other B vitamins, and dietary minerals, especially calci...
	Extract from ‘Moringa’ leaves was found to contain cytokinin-like plant-growth-promoting compounds.  The extract can be used in the form of a foliar spray to accelerate the growth of young plants (Makkar and Becker, 1996). It is reported that an incre...
	2.6 Growth, development and yield
	‘Moringa’ is noted to grow fast when planted in favorable locations, with an annual height increments of 1 to 2 m per year recorded during the initial 3 to 4 years, but its complete life longevity is not yet ascertained.  In a reported trial carried o...
	Based on observations in the South Asian sub region – the native range of the drumstick tree - annual temperature fluctuations were noticed to be large, with a minimum and maximum temperatures ranging from –1 to 3 C and 38 to 48 C during the coolest a...
	It grows in most light- to medium-textured soils, but best growth occurs on sandy loams.  Drumstick tree is a strongly light-demanding species, and is commonly planted at spacings of 3 by 3 m to 5 by 5 m in block plantations, or at 5-m spacing in line...
	2.7 Genotype diversity studies of ‘Moringa’
	2.8 Effect of nitrogen, phosphorus, and potassium fertilisation
	2.9 Effect of biochar growth media
	2.11 Propagation and cultivation
	‘Moringa’ tree is normally propagated by seeds and by cuttings of more than 1 metre length (von Maydell, 1990).  Plants propagated from seeds can be highly variable due to extensive out-crossing.  Cuttings root easily and seeds can be sown directly or...
	The seeds are recommended to be sown at a depth of 1 to 2 cm, and can be sown without pretreatment, as scarification was discovered not to facilitate germination.  But in contrast to this, Fuglie and Sreeja (2001) reported that where a rapid germinati...
	When propagated through seed, seeds sprout in only a few days in prepared seedbeds, a week or two in the field.  However, ‘Moringa’ is mostly (and most easily) propagated through cuttings.  Even sections of branches as long as an arm will root in mois...
	Flowering of ‘Moringa’ tree generally commence at an early stage, usually within the first year of growth and very often within the first 6 months after planting.  The flowering phenology varies extensively among different varieties and between variou...
	Pollination is generally by bees and other insects, and also by birds, and seeds production were noted to last for about 12 year duration (Parrotta, 1993).  The mature, dehiscent capsules, mature after about 3 months from flowering, and remain attache...
	Where seedlings are started on a raised seedbed, the soil should be partially sterilised by burning a 3 to 5 cm layer of rice straw or other organic matter on the bed and then covered with a fine-mesh nylon net to protect seedlings from pests, heavy r...
	If non-sterile soil components are used, the soil mix should be sterilised by autoclaving or baking at 150 C for 2 hours (Palada and Chang, 2003).  Seedlings can grow 25 to 30 cm in 2 months and planting densities from 10 × 10 cm to 2 × 2 m are recomm...
	Recommendation of the application of 300 g of a commercial nitrogen fertiliser per tree at planting time was made by Palada and Chang (2003), through the digging of circled trenches 10 to 20 cm from the base of the plant.  Compost or well-rotted farmy...
	Apical growing shoot is pruned when the ‘Moringa’ tree is 1 to 2 m high to encourage the development of many branches and pods within easy reach from the ground level. Where pod production is desired, flowers are removed during the first year.  This c...
	For production of leaves only, plants are spaced 50 cm within rows and 1m apart, but for intensive production of leaves, plants are spaced 10 to 20 cm within rows and 30-50cm apart.  Closer spacing allows harvest of young edible shoots every two to th...
	2.12 Pests and diseases
	The ‘Moringa’ plant is resistant to most pests and diseases, but outbreaks may occur under certain conditions.  For example, Diplodia root rot may appear in waterlogged soils, causing severe wilting and death of plants.  In dry and cool weather, mite ...
	The common pests that were observed to be associated with the ‘Moringa’ plant in India include the bark-eating caterpillar, Indarbela quadrinotata Wlk.; the hairy caterpillar, Eupterote molifera Wlk.; the green leaf caterpillar, Noorda blitealis Wlk.;...
	The species is not affected by any serious diseases in its native or introduced ranges, although several diseases causing minor damage to trees growing in southern India have been reported, including a root rot caused by Diplodia sp. and fruit rot cau...
	2.13 General and medicinal uses
	‘Moringa’ is potentially one of the planet’s most valuable plants, at least in humanitarian terms (National Research Council, 2006).  Planted as a hedge, ‘Moringa’ provides wind-protection, shade and support for climbing garden plants (von Maydell, 19...
	‘Moringa’ is a valuable source of nutrition for people of all ages.  For a child of up to 3 years, 100 g serving of fresh leaves would provide all his daily requirements of calcium, about 75% of his iron and half his protein needs, as well as importan...
	‘Moringa’ is as good a source of roughage as carrots and has plenty of omega-3 oils and chlorophyll, plus 46 compounds with antioxidant properties and 36 with anti-inflammatory properties.  It can help reduce cholesterol and triglycerides, and control...
	The flowers (which occur year round in some places but are more often seasonal) are cooked as a vegetable, and are sometimes steeped in boiling water to yield a fragrant tea (National Research Council, 2006).  The leaves are applied as a poultice to s...
	Because of discoveries like these a number of development organisations around the world are actively promoting ‘Moringa’ leaves and dried leaf powder as nutritional supplements  (National Research Council, 2006).  ‘Moringa’ can be used as ‘green’ man...
	The pressed cake obtained as a by-product of oil extraction has a very high level protein.  Up to 15% of the total proteins on a dry weight basis are cationic polyelectrolytes (four proteins – 6 to 17 kDa) that precipitate colloids in muddy or dirty w...
	‘Moringa’ has many medicinal and therapeutic properties, which include the treatment of ascites, rheumatism, venomous bites, and use as cardiac and circulatory stimulants.  Several parts of ‘Moringa’ have also been reported to show antitumor, antinucl...
	Previously synthetic antioxidants have been in use as food additives, but recent reports have expressed safety concerns about their usage (Sun et al., 2005) and natural antioxidant have become the focus of intense interest (Wilson, 1999).  ‘Moringa’ w...
	CHAPTER 3
	GENETIC DIVERSITY OF MORINGA
	Considering the fact that, perennial crops, unlike annual crops, incurs more investment from longer years of maintenance in the field and their noted variation in genotype phenotypic performance under a wide range of agro-climatic condition, there is ...
	Published in: BioMed Research International (Hindawi Pubishers): Volume 2013 (2013), Article ID 604598, 6 pages, http://dx.doi.org/10.1155/2013/604598
	The published paper is attached.
	4.2.1 Description of experimental unit
	The experiment was conducted during the 2011 growing season under a nursery condition (secured environment) inside Farm No. 2 Universiti Putra Malaysia (UPM), 2 56’14.92”N, 101 42’40.87”E, altitude of 40 meters above sea level.  Seedlings were raised ...
	Sandy soils were reported to require lots of irrigation water and fertilizers (Pathan et al., 2003), therefore the plants were manually irrigated regularly with surrounding tap water that was analysed and found to contain mineral contents that conform...
	Table 4.1 : Tap water mineral content and BRIS soil physical and chemical properties.
	It is one of Malaysia’s soil group, categorized as Rudua series, with a texture that is made up of 96.3% sand, 0.9% silt, and 2.8% clay making its textural class to be categorized as Sand, as per USDA textural triangle classification (Twarakavi et al....
	The physico-chemical properties data of the BRIS soil is presented in Table 4.1.  Germination of the seeds was first effected inside the BRIS soil spread inside a rectangular (30 cm × 45 cm) open plastic container.
	4.2.2 Plant materials
	The plant material used was a local accession, ITA UPM01, collected from Universiti Putra Malaysia (UPM) Gate 6 agricultural location.  The accession was germinated and raised in Field 2, UPM experimental farm, which recorded during the growing period...
	A germination percentage of 85.63% was obtained from 160 seeds accession sown, out of which 125 healthy growing plants were transplanted to the polybags (36 cm depth and 23 cm diameter) 3 weeks after germination.  These 125 seedlings were raised for t...
	4.2.3 Fertiliser treatments
	The 125 plant materials were arranged in a factorial experiment conducted in a completely randomized design (CRD) with 10 treatment units, employing 5 levels of phosphorus (P), and 5 levels of potassium (K), with the P applied in the form of triple su...
	4.2.4 Data collection
	Measurements were taken weekly and bi-weekly from applied treatments on the following parameters: seedlings plant height (measured on a monthly basis from ground level to the tip of the main stem), stem diameter (measured on a monthly basis at 5 cm ab...
	CGR (gcm−2 day−1) was calculated as per formula derived by Radford (1967)
	CGR =,W2−W1-t2−t1.
	LAI (m2/m2) will be computed as =  ,Sum of leaf area of sample plants (cm2)-Area of land covered by the plants (cm2).
	RGR (mg g−1 day−1) will be assessed as = ,(loge W2−logeW1)-t2−t1.
	NAR (gcm−2 day−1) as per the formula =,𝐶𝐺𝑅-LAI.
	4.2.5 Statistical analysis
	The various data sets were analysed using the SAS software 9.3 (SAS Institute, Cary, NC, US; 2002-2010, licensed to Universiti Putra Malaysia, site 126000126).  One way ANOVA provided by the SAS software was utilized to analyse variation in and within...
	Sandy soils were reported to require lots of irrigation water and fertilizers (Pathan et al., 2003), therefore the plants were manually irrigated regularly with surrounding tap water that was analysed and found to contain mineral contents that conform...
	5.2.2 Plant materials
	The plant material used was a local accession, M01, collected from Universiti Putra Malaysia (UPM) Gate 6 agricultural location.  The accession was germinated and raised in Field 2, UPM experimental farm, which recorded during the growing period a mea...
	5.2.3 Fertiliser Treatments
	The 125 plant materials were arranged in a completely randomized design (CRD) with 10 treatment units, employing 5 levels of phosphorus (P), and 5 levels of potassium (K), with the P applied in the form of triple super phosphate (TSP) at the rate of 0...
	5.2.4 Data collection
	Measurements were taken weekly and bi-weekly from applied treatments on the following parameters: seedlings plant height (measured on a monthly basis from ground level to the tip of the main stem), stem diameter (measured on a monthly basis at 5 cm ab...
	The amino acids determination was performed following the procedure outlined by Zarkadas et al (2007), where digestion of 5 g of treatment samples was effected through the mixing of each of the respective sample with 6N HCl (5 mL) and heating to a tem...
	Figure 5.1 : ‘Moringa’ root and stem parts preparation for laboratory analysis
	5.2.12 Wet digestion
	Results from this trial depict P manipulation to significantly affect the leaves mineral nutrient content with respect to iron (Fe), manganese (Mn), and zinc (Zn), with highest recorded values of 5.18, 0.90, and 1.21 g kg-1 for Fe, Mn, and Zn respecti...
	5.3.5 Correlation between flavonoids and phenolics with antioxidant activities
	‘Moringa’ has such a great potential of becoming one of the very highly economically important tree crops for the tropics and sub-tropics taking into account its many appreciable attributes of thriving under difficult conditions and its attributes whi...



	Jerri H.A, Adolfsen K.J, McCullough L.R, Velegol D, Velegol S.B (2012).  Antimicrobial sand via adsorption of cationic Moringa oleifera protein.nLanqmuir 28(4):2262-8. doi: 10.1021/la2038262.
	Jones B.J. (2005).  Hydroponics:  A practical guide for the soilless grower. 2nd Edition, CRC Press. New York, pp. 71-77.
	Lalas, S and Tsaknis J (2002).  Characterization of Moringa Oleifera Seed Oil Variety "Periyakulam 1"."Journal of Food Composition and Analysis 15(1):65-77.
	Makkar H.P.S and Becker K. (1996).  Nutritional value and antinutritional components of whole and ethanol extracted Moringa oleifera leaves. Animal Feed Science Technology: 63, 211-228.
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	2.1 Origin and distribution
	‘Moringa’ (Figure 2.1) has its origin in Arabia and India from where it spread to landscapes all over the tropics – from South Asia to West Africa (von Maydell, 1990). The British were reported to have carried it as an ornamental tree to Africa from I...
	Figure 2.1 : Moringa mature pods and seeds
	‘Moringa’ is now naturalized and widely cultivated within the tropical areas of Africa (where although notably widespread, it is seldom noticed to be cultivated intensively), Asia (India, Sri Lanka, Taiwan, and the Philippines), and the Americas (from...
	2.2 Environmental and soil requirements
	‘Moringa’ is an extremely adaptable species (Figure 2.2).  It grows well throughout the warmer life zones, ranging from subtropical through tropical and from dry savanna to rainforest (National Research Council, 2006).  It tolerates a wide range of en...
	Figure 2.2 : Germination of seeds in open containers for transplanting
	The species tolerates a wide range of soil types and is easily grown in full sun. In temperate zones they require warm glasshouse protection (National Research Council, 2006). ‘Moringa’ prefers a well-drained sandy loam or loam soil, but tolerates cla...
	2.3 Morphological and reproductive description
	‘Moringa’ is evergreen or deciduous (depending on climate), 5 to 10 m or, at most, 15 m tall tree, with slender, drooping, fragile branches and gracefully lacy and attractive foliage (Morton, 1991).  It has a straight trunk (10 to 30 cm thick) with ba...
	Figure 2.3 : Young seedlings
	In season the tree is enshrouded in creamy white, honey-scented flowers arranged in drooping panicles 10 to 30 cm long.  Flowers are insect pollinated and “require a large number of insect visitations”, with carpenter bees the most common guests.  Flo...
	2.4 Species and varieties
	‘Moringa’ crop has not been systematically improved, but several named cultivars with individual qualities are known in India. One called ‘Bombay’ has curly fruits and is considered among the best.  Another, ‘Jaffna’, is noted for having fruits 60 to ...
	Figure 2.4 : Growing trees
	There are 13 known species of ‘Moringa’ (Mark, 2001) viz: Moringa arborea Verdc., M. borziana Mattei, M. concanensis Nimmo, M. drouhardii Jum., M. hildebrandtii Engl.,  M. longituba Engl., M. oleifera Lam.,  M. ovalifolia Dinter & Berger, M. peregrina...
	There is also a dwarf variety known as ‘Periyakulam 1’(PKM1), bred for the short stems that make it easy to harvest the pods, which are exceptionally long (National Research Council, 2006).  The PKM 1 is a new early variety released from the Horticult...
	Another Indian variety is ‘Chem murungai’, which has red-tipped fruit and is said to flower throughout the year and be a high yielder.  A Kenyan variety is ‘Mbololo’ (Janick and Paull, 2008).  The Asian Vegetable Research and Development Corporation (...
	2.5 Nutritional composition
	Researchers are already calling ‘Moringa’ the most nutrient-rich plant on the planet – one that could hold the secret to the good health that the world is searching for.  Lowell Fuglie (2001) asserts that ‘Moringa’ is yielding four times more benefit ...
	The leaves are a good source of protein, vitamins A, B, and C, and minerals such as calcium and iron (Table 2.1).  The leaf protein contains all essential amino acids and is high in the sulphur-containing amino acids methionine and cystine.  The varia...
	The total leaf fatty acids are omega-3 fatty acids (Janick and Paull, 2008).  Generally, a 100 g leaf dry-weight  provides at least an adult’s daily requirement for provitamin A, good folate and other B vitamins, and dietary minerals, especially calci...
	Extract from ‘Moringa’ leaves was found to contain cytokinin-like plant-growth-promoting compounds.  The extract can be used in the form of a foliar spray to accelerate the growth of young plants (Makkar and Becker, 1996). It is reported that an incre...
	2.6 Growth, development and yield
	‘Moringa’ is noted to grow fast when planted in favorable locations, with an annual height increments of 1 to 2 m per year recorded during the initial 3 to 4 years, but its complete life longevity is not yet ascertained.  In a reported trial carried o...
	Based on observations in the South Asian sub region – the native range of the drumstick tree - annual temperature fluctuations were noticed to be large, with a minimum and maximum temperatures ranging from –1 to 3 C and 38 to 48 C during the coolest a...
	It grows in most light- to medium-textured soils, but best growth occurs on sandy loams.  Drumstick tree is a strongly light-demanding species, and is commonly planted at spacings of 3 by 3 m to 5 by 5 m in block plantations, or at 5-m spacing in line...
	2.7 Genotype diversity studies of ‘Moringa’
	2.8 Effect of nitrogen, phosphorus, and potassium fertilisation
	2.9 Effect of biochar growth media
	2.11 Propagation and cultivation
	‘Moringa’ tree is normally propagated by seeds and by cuttings of more than 1 metre length (von Maydell, 1990).  Plants propagated from seeds can be highly variable due to extensive out-crossing.  Cuttings root easily and seeds can be sown directly or...
	The seeds are recommended to be sown at a depth of 1 to 2 cm, and can be sown without pretreatment, as scarification was discovered not to facilitate germination.  But in contrast to this, Fuglie and Sreeja (2001) reported that where a rapid germinati...
	When propagated through seed, seeds sprout in only a few days in prepared seedbeds, a week or two in the field.  However, ‘Moringa’ is mostly (and most easily) propagated through cuttings.  Even sections of branches as long as an arm will root in mois...
	Flowering of ‘Moringa’ tree generally commence at an early stage, usually within the first year of growth and very often within the first 6 months after planting.  The flowering phenology varies extensively among different varieties and between variou...
	Pollination is generally by bees and other insects, and also by birds, and seeds production were noted to last for about 12 year duration (Parrotta, 1993).  The mature, dehiscent capsules, mature after about 3 months from flowering, and remain attache...
	Where seedlings are started on a raised seedbed, the soil should be partially sterilised by burning a 3 to 5 cm layer of rice straw or other organic matter on the bed and then covered with a fine-mesh nylon net to protect seedlings from pests, heavy r...
	If non-sterile soil components are used, the soil mix should be sterilised by autoclaving or baking at 150 C for 2 hours (Palada and Chang, 2003).  Seedlings can grow 25 to 30 cm in 2 months and planting densities from 10 × 10 cm to 2 × 2 m are recomm...
	Recommendation of the application of 300 g of a commercial nitrogen fertiliser per tree at planting time was made by Palada and Chang (2003), through the digging of circled trenches 10 to 20 cm from the base of the plant.  Compost or well-rotted farmy...
	Apical growing shoot is pruned when the ‘Moringa’ tree is 1 to 2 m high to encourage the development of many branches and pods within easy reach from the ground level. Where pod production is desired, flowers are removed during the first year.  This c...
	For production of leaves only, plants are spaced 50 cm within rows and 1m apart, but for intensive production of leaves, plants are spaced 10 to 20 cm within rows and 30-50cm apart.  Closer spacing allows harvest of young edible shoots every two to th...
	2.12 Pests and diseases
	The ‘Moringa’ plant is resistant to most pests and diseases, but outbreaks may occur under certain conditions.  For example, Diplodia root rot may appear in waterlogged soils, causing severe wilting and death of plants.  In dry and cool weather, mite ...
	The common pests that were observed to be associated with the ‘Moringa’ plant in India include the bark-eating caterpillar, Indarbela quadrinotata Wlk.; the hairy caterpillar, Eupterote molifera Wlk.; the green leaf caterpillar, Noorda blitealis Wlk.;...
	The species is not affected by any serious diseases in its native or introduced ranges, although several diseases causing minor damage to trees growing in southern India have been reported, including a root rot caused by Diplodia sp. and fruit rot cau...
	2.13 General and medicinal uses
	‘Moringa’ is potentially one of the planet’s most valuable plants, at least in humanitarian terms (National Research Council, 2006).  Planted as a hedge, ‘Moringa’ provides wind-protection, shade and support for climbing garden plants (von Maydell, 19...
	‘Moringa’ is a valuable source of nutrition for people of all ages.  For a child of up to 3 years, 100 g serving of fresh leaves would provide all his daily requirements of calcium, about 75% of his iron and half his protein needs, as well as importan...
	‘Moringa’ is as good a source of roughage as carrots and has plenty of omega-3 oils and chlorophyll, plus 46 compounds with antioxidant properties and 36 with anti-inflammatory properties.  It can help reduce cholesterol and triglycerides, and control...
	The flowers (which occur year round in some places but are more often seasonal) are cooked as a vegetable, and are sometimes steeped in boiling water to yield a fragrant tea (National Research Council, 2006).  The leaves are applied as a poultice to s...
	Because of discoveries like these a number of development organisations around the world are actively promoting ‘Moringa’ leaves and dried leaf powder as nutritional supplements  (National Research Council, 2006).  ‘Moringa’ can be used as ‘green’ man...
	The pressed cake obtained as a by-product of oil extraction has a very high level protein.  Up to 15% of the total proteins on a dry weight basis are cationic polyelectrolytes (four proteins – 6 to 17 kDa) that precipitate colloids in muddy or dirty w...
	‘Moringa’ has many medicinal and therapeutic properties, which include the treatment of ascites, rheumatism, venomous bites, and use as cardiac and circulatory stimulants.  Several parts of ‘Moringa’ have also been reported to show antitumor, antinucl...
	Previously synthetic antioxidants have been in use as food additives, but recent reports have expressed safety concerns about their usage (Sun et al., 2005) and natural antioxidant have become the focus of intense interest (Wilson, 1999).  ‘Moringa’ w...
	CHAPTER 3
	GENETIC DIVERSITY OF MORINGA
	Considering the fact that, perennial crops, unlike annual crops, incurs more investment from longer years of maintenance in the field and their noted variation in genotype phenotypic performance under a wide range of agro-climatic condition, there is ...
	Published in: BioMed Research International (Hindawi Pubishers): Volume 2013 (2013), Article ID 604598, 6 pages, http://dx.doi.org/10.1155/2013/604598
	The published paper is attached.
	4.2.1 Description of experimental unit
	The experiment was conducted during the 2011 growing season under a nursery condition (secured environment) inside Farm No. 2 Universiti Putra Malaysia (UPM), 2 56’14.92”N, 101 42’40.87”E, altitude of 40 meters above sea level.  Seedlings were raised ...
	Sandy soils were reported to require lots of irrigation water and fertilizers (Pathan et al., 2003), therefore the plants were manually irrigated regularly with surrounding tap water that was analysed and found to contain mineral contents that conform...
	Table 4.1 : Tap water mineral content and BRIS soil physical and chemical properties.
	It is one of Malaysia’s soil group, categorized as Rudua series, with a texture that is made up of 96.3% sand, 0.9% silt, and 2.8% clay making its textural class to be categorized as Sand, as per USDA textural triangle classification (Twarakavi et al....
	The physico-chemical properties data of the BRIS soil is presented in Table 4.1.  Germination of the seeds was first effected inside the BRIS soil spread inside a rectangular (30 cm × 45 cm) open plastic container.
	4.2.2 Plant materials
	The plant material used was a local accession, ITA UPM01, collected from Universiti Putra Malaysia (UPM) Gate 6 agricultural location.  The accession was germinated and raised in Field 2, UPM experimental farm, which recorded during the growing period...
	A germination percentage of 85.63% was obtained from 160 seeds accession sown, out of which 125 healthy growing plants were transplanted to the polybags (36 cm depth and 23 cm diameter) 3 weeks after germination.  These 125 seedlings were raised for t...
	4.2.3 Fertiliser treatments
	The 125 plant materials were arranged in a factorial experiment conducted in a completely randomized design (CRD) with 10 treatment units, employing 5 levels of phosphorus (P), and 5 levels of potassium (K), with the P applied in the form of triple su...
	4.2.4 Data collection
	Measurements were taken weekly and bi-weekly from applied treatments on the following parameters: seedlings plant height (measured on a monthly basis from ground level to the tip of the main stem), stem diameter (measured on a monthly basis at 5 cm ab...
	CGR (gcm−2 day−1) was calculated as per formula derived by Radford (1967)
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	Sandy soils were reported to require lots of irrigation water and fertilizers (Pathan et al., 2003), therefore the plants were manually irrigated regularly with surrounding tap water that was analysed and found to contain mineral contents that conform...
	5.2.2 Plant materials
	The plant material used was a local accession, M01, collected from Universiti Putra Malaysia (UPM) Gate 6 agricultural location.  The accession was germinated and raised in Field 2, UPM experimental farm, which recorded during the growing period a mea...
	5.2.3 Fertiliser Treatments
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	5.2.4 Data collection
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	2.1 Origin and distribution
	‘Moringa’ (Figure 2.1) has its origin in Arabia and India from where it spread to landscapes all over the tropics – from South Asia to West Africa (von Maydell, 1990). The British were reported to have carried it as an ornamental tree to Africa from I...
	Figure 2.1 : Moringa mature pods and seeds
	‘Moringa’ is now naturalized and widely cultivated within the tropical areas of Africa (where although notably widespread, it is seldom noticed to be cultivated intensively), Asia (India, Sri Lanka, Taiwan, and the Philippines), and the Americas (from...
	2.2 Environmental and soil requirements
	‘Moringa’ is an extremely adaptable species (Figure 2.2).  It grows well throughout the warmer life zones, ranging from subtropical through tropical and from dry savanna to rainforest (National Research Council, 2006).  It tolerates a wide range of en...
	Figure 2.2 : Germination of seeds in open containers for transplanting
	The species tolerates a wide range of soil types and is easily grown in full sun. In temperate zones they require warm glasshouse protection (National Research Council, 2006). ‘Moringa’ prefers a well-drained sandy loam or loam soil, but tolerates cla...
	2.3 Morphological and reproductive description
	‘Moringa’ is evergreen or deciduous (depending on climate), 5 to 10 m or, at most, 15 m tall tree, with slender, drooping, fragile branches and gracefully lacy and attractive foliage (Morton, 1991).  It has a straight trunk (10 to 30 cm thick) with ba...
	Figure 2.3 : Young seedlings
	In season the tree is enshrouded in creamy white, honey-scented flowers arranged in drooping panicles 10 to 30 cm long.  Flowers are insect pollinated and “require a large number of insect visitations”, with carpenter bees the most common guests.  Flo...
	2.4 Species and varieties
	‘Moringa’ crop has not been systematically improved, but several named cultivars with individual qualities are known in India. One called ‘Bombay’ has curly fruits and is considered among the best.  Another, ‘Jaffna’, is noted for having fruits 60 to ...
	Figure 2.4 : Growing trees
	There are 13 known species of ‘Moringa’ (Mark, 2001) viz: Moringa arborea Verdc., M. borziana Mattei, M. concanensis Nimmo, M. drouhardii Jum., M. hildebrandtii Engl.,  M. longituba Engl., M. oleifera Lam.,  M. ovalifolia Dinter & Berger, M. peregrina...
	There is also a dwarf variety known as ‘Periyakulam 1’(PKM1), bred for the short stems that make it easy to harvest the pods, which are exceptionally long (National Research Council, 2006).  The PKM 1 is a new early variety released from the Horticult...
	Another Indian variety is ‘Chem murungai’, which has red-tipped fruit and is said to flower throughout the year and be a high yielder.  A Kenyan variety is ‘Mbololo’ (Janick and Paull, 2008).  The Asian Vegetable Research and Development Corporation (...
	2.5 Nutritional composition
	Researchers are already calling ‘Moringa’ the most nutrient-rich plant on the planet – one that could hold the secret to the good health that the world is searching for.  Lowell Fuglie (2001) asserts that ‘Moringa’ is yielding four times more benefit ...
	The leaves are a good source of protein, vitamins A, B, and C, and minerals such as calcium and iron (Table 2.1).  The leaf protein contains all essential amino acids and is high in the sulphur-containing amino acids methionine and cystine.  The varia...
	The total leaf fatty acids are omega-3 fatty acids (Janick and Paull, 2008).  Generally, a 100 g leaf dry-weight  provides at least an adult’s daily requirement for provitamin A, good folate and other B vitamins, and dietary minerals, especially calci...
	Extract from ‘Moringa’ leaves was found to contain cytokinin-like plant-growth-promoting compounds.  The extract can be used in the form of a foliar spray to accelerate the growth of young plants (Makkar and Becker, 1996). It is reported that an incre...
	2.6 Growth, development and yield
	‘Moringa’ is noted to grow fast when planted in favorable locations, with an annual height increments of 1 to 2 m per year recorded during the initial 3 to 4 years, but its complete life longevity is not yet ascertained.  In a reported trial carried o...
	Based on observations in the South Asian sub region – the native range of the drumstick tree - annual temperature fluctuations were noticed to be large, with a minimum and maximum temperatures ranging from –1 to 3 C and 38 to 48 C during the coolest a...
	It grows in most light- to medium-textured soils, but best growth occurs on sandy loams.  Drumstick tree is a strongly light-demanding species, and is commonly planted at spacings of 3 by 3 m to 5 by 5 m in block plantations, or at 5-m spacing in line...
	2.7 Genotype diversity studies of ‘Moringa’
	2.8 Effect of nitrogen, phosphorus, and potassium fertilisation
	2.9 Effect of biochar growth media
	2.11 Propagation and cultivation
	‘Moringa’ tree is normally propagated by seeds and by cuttings of more than 1 metre length (von Maydell, 1990).  Plants propagated from seeds can be highly variable due to extensive out-crossing.  Cuttings root easily and seeds can be sown directly or...
	The seeds are recommended to be sown at a depth of 1 to 2 cm, and can be sown without pretreatment, as scarification was discovered not to facilitate germination.  But in contrast to this, Fuglie and Sreeja (2001) reported that where a rapid germinati...
	When propagated through seed, seeds sprout in only a few days in prepared seedbeds, a week or two in the field.  However, ‘Moringa’ is mostly (and most easily) propagated through cuttings.  Even sections of branches as long as an arm will root in mois...
	Flowering of ‘Moringa’ tree generally commence at an early stage, usually within the first year of growth and very often within the first 6 months after planting.  The flowering phenology varies extensively among different varieties and between variou...
	Pollination is generally by bees and other insects, and also by birds, and seeds production were noted to last for about 12 year duration (Parrotta, 1993).  The mature, dehiscent capsules, mature after about 3 months from flowering, and remain attache...
	Where seedlings are started on a raised seedbed, the soil should be partially sterilised by burning a 3 to 5 cm layer of rice straw or other organic matter on the bed and then covered with a fine-mesh nylon net to protect seedlings from pests, heavy r...
	If non-sterile soil components are used, the soil mix should be sterilised by autoclaving or baking at 150 C for 2 hours (Palada and Chang, 2003).  Seedlings can grow 25 to 30 cm in 2 months and planting densities from 10 × 10 cm to 2 × 2 m are recomm...
	Recommendation of the application of 300 g of a commercial nitrogen fertiliser per tree at planting time was made by Palada and Chang (2003), through the digging of circled trenches 10 to 20 cm from the base of the plant.  Compost or well-rotted farmy...
	Apical growing shoot is pruned when the ‘Moringa’ tree is 1 to 2 m high to encourage the development of many branches and pods within easy reach from the ground level. Where pod production is desired, flowers are removed during the first year.  This c...
	For production of leaves only, plants are spaced 50 cm within rows and 1m apart, but for intensive production of leaves, plants are spaced 10 to 20 cm within rows and 30-50cm apart.  Closer spacing allows harvest of young edible shoots every two to th...
	2.12 Pests and diseases
	The ‘Moringa’ plant is resistant to most pests and diseases, but outbreaks may occur under certain conditions.  For example, Diplodia root rot may appear in waterlogged soils, causing severe wilting and death of plants.  In dry and cool weather, mite ...
	The common pests that were observed to be associated with the ‘Moringa’ plant in India include the bark-eating caterpillar, Indarbela quadrinotata Wlk.; the hairy caterpillar, Eupterote molifera Wlk.; the green leaf caterpillar, Noorda blitealis Wlk.;...
	The species is not affected by any serious diseases in its native or introduced ranges, although several diseases causing minor damage to trees growing in southern India have been reported, including a root rot caused by Diplodia sp. and fruit rot cau...
	2.13 General and medicinal uses
	‘Moringa’ is potentially one of the planet’s most valuable plants, at least in humanitarian terms (National Research Council, 2006).  Planted as a hedge, ‘Moringa’ provides wind-protection, shade and support for climbing garden plants (von Maydell, 19...
	‘Moringa’ is a valuable source of nutrition for people of all ages.  For a child of up to 3 years, 100 g serving of fresh leaves would provide all his daily requirements of calcium, about 75% of his iron and half his protein needs, as well as importan...
	‘Moringa’ is as good a source of roughage as carrots and has plenty of omega-3 oils and chlorophyll, plus 46 compounds with antioxidant properties and 36 with anti-inflammatory properties.  It can help reduce cholesterol and triglycerides, and control...
	The flowers (which occur year round in some places but are more often seasonal) are cooked as a vegetable, and are sometimes steeped in boiling water to yield a fragrant tea (National Research Council, 2006).  The leaves are applied as a poultice to s...
	Because of discoveries like these a number of development organisations around the world are actively promoting ‘Moringa’ leaves and dried leaf powder as nutritional supplements  (National Research Council, 2006).  ‘Moringa’ can be used as ‘green’ man...
	The pressed cake obtained as a by-product of oil extraction has a very high level protein.  Up to 15% of the total proteins on a dry weight basis are cationic polyelectrolytes (four proteins – 6 to 17 kDa) that precipitate colloids in muddy or dirty w...
	‘Moringa’ has many medicinal and therapeutic properties, which include the treatment of ascites, rheumatism, venomous bites, and use as cardiac and circulatory stimulants.  Several parts of ‘Moringa’ have also been reported to show antitumor, antinucl...
	Previously synthetic antioxidants have been in use as food additives, but recent reports have expressed safety concerns about their usage (Sun et al., 2005) and natural antioxidant have become the focus of intense interest (Wilson, 1999).  ‘Moringa’ w...
	CHAPTER 3
	GENETIC DIVERSITY OF MORINGA
	Considering the fact that, perennial crops, unlike annual crops, incurs more investment from longer years of maintenance in the field and their noted variation in genotype phenotypic performance under a wide range of agro-climatic condition, there is ...
	Published in: BioMed Research International (Hindawi Pubishers): Volume 2013 (2013), Article ID 604598, 6 pages, http://dx.doi.org/10.1155/2013/604598
	The published paper is attached.
	4.2.1 Description of experimental unit
	The experiment was conducted during the 2011 growing season under a nursery condition (secured environment) inside Farm No. 2 Universiti Putra Malaysia (UPM), 2 56’14.92”N, 101 42’40.87”E, altitude of 40 meters above sea level.  Seedlings were raised ...
	Sandy soils were reported to require lots of irrigation water and fertilizers (Pathan et al., 2003), therefore the plants were manually irrigated regularly with surrounding tap water that was analysed and found to contain mineral contents that conform...
	Table 4.1 : Tap water mineral content and BRIS soil physical and chemical properties.
	It is one of Malaysia’s soil group, categorized as Rudua series, with a texture that is made up of 96.3% sand, 0.9% silt, and 2.8% clay making its textural class to be categorized as Sand, as per USDA textural triangle classification (Twarakavi et al....
	The physico-chemical properties data of the BRIS soil is presented in Table 4.1.  Germination of the seeds was first effected inside the BRIS soil spread inside a rectangular (30 cm × 45 cm) open plastic container.
	4.2.2 Plant materials
	The plant material used was a local accession, ITA UPM01, collected from Universiti Putra Malaysia (UPM) Gate 6 agricultural location.  The accession was germinated and raised in Field 2, UPM experimental farm, which recorded during the growing period...
	A germination percentage of 85.63% was obtained from 160 seeds accession sown, out of which 125 healthy growing plants were transplanted to the polybags (36 cm depth and 23 cm diameter) 3 weeks after germination.  These 125 seedlings were raised for t...
	4.2.3 Fertiliser treatments
	The 125 plant materials were arranged in a factorial experiment conducted in a completely randomized design (CRD) with 10 treatment units, employing 5 levels of phosphorus (P), and 5 levels of potassium (K), with the P applied in the form of triple su...
	4.2.4 Data collection
	Measurements were taken weekly and bi-weekly from applied treatments on the following parameters: seedlings plant height (measured on a monthly basis from ground level to the tip of the main stem), stem diameter (measured on a monthly basis at 5 cm ab...
	CGR (gcm−2 day−1) was calculated as per formula derived by Radford (1967)
	CGR =,W2−W1-t2−t1.
	LAI (m2/m2) will be computed as =  ,Sum of leaf area of sample plants (cm2)-Area of land covered by the plants (cm2).
	RGR (mg g−1 day−1) will be assessed as = ,(loge W2−logeW1)-t2−t1.
	NAR (gcm−2 day−1) as per the formula =,𝐶𝐺𝑅-LAI.
	4.2.5 Statistical analysis
	The various data sets were analysed using the SAS software 9.3 (SAS Institute, Cary, NC, US; 2002-2010, licensed to Universiti Putra Malaysia, site 126000126).  One way ANOVA provided by the SAS software was utilized to analyse variation in and within...
	Sandy soils were reported to require lots of irrigation water and fertilizers (Pathan et al., 2003), therefore the plants were manually irrigated regularly with surrounding tap water that was analysed and found to contain mineral contents that conform...
	5.2.2 Plant materials
	The plant material used was a local accession, M01, collected from Universiti Putra Malaysia (UPM) Gate 6 agricultural location.  The accession was germinated and raised in Field 2, UPM experimental farm, which recorded during the growing period a mea...
	5.2.3 Fertiliser Treatments
	The 125 plant materials were arranged in a completely randomized design (CRD) with 10 treatment units, employing 5 levels of phosphorus (P), and 5 levels of potassium (K), with the P applied in the form of triple super phosphate (TSP) at the rate of 0...
	5.2.4 Data collection
	Measurements were taken weekly and bi-weekly from applied treatments on the following parameters: seedlings plant height (measured on a monthly basis from ground level to the tip of the main stem), stem diameter (measured on a monthly basis at 5 cm ab...
	The amino acids determination was performed following the procedure outlined by Zarkadas et al (2007), where digestion of 5 g of treatment samples was effected through the mixing of each of the respective sample with 6N HCl (5 mL) and heating to a tem...
	Figure 5.1 : ‘Moringa’ root and stem parts preparation for laboratory analysis
	5.2.12 Wet digestion
	Results from this trial depict P manipulation to significantly affect the leaves mineral nutrient content with respect to iron (Fe), manganese (Mn), and zinc (Zn), with highest recorded values of 5.18, 0.90, and 1.21 g kg-1 for Fe, Mn, and Zn respecti...
	5.3.5 Correlation between flavonoids and phenolics with antioxidant activities
	‘Moringa’ has such a great potential of becoming one of the very highly economically important tree crops for the tropics and sub-tropics taking into account its many appreciable attributes of thriving under difficult conditions and its attributes whi...
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