
لله بسم لرحيم الرحمن ا ا

Sudan University of Science and Technology
College of Graduate Studies

Studies on Genetic Diversity, Seedlings performance 

and Rooting of Cuttings of Albizia lebbeck (L.) Benth. 

Trees Grown in Khartoum State-Sudan 

                                                                    

 الشتول نمو ومراحل الوراثي التنوع في دراسات
 ، الخرطوم ولية في الباشا دقن لشجرة العقل وتجذير

السودان

A Thesis submitted for fulfillment of the requirements for the 
degree of Master of Science in Forestry

By

Sami Ismael Abd Elgadir Ahmed

Supervisor:

Dr .Ahmed Mohamed Adam Eldoma

June 2009



Dedication

To my family,
My parents,
My brothers,
My sisters,

Who helped me to make this success.
To those who never refrained from 
rendering their help when I need,

 

And all my dear friends
I dedicate this work

With sincere love……

II



                          ACKNOWLEDGMENTS

First of all, praise and thanks be to Allah for giving me the ability and 

power to complete this work.

Then i wish to express my deepest gratitude to my supervisor Dr. Ahmed 

Mohamed Adam Eldoma, Faculty of Forestry and Range Science, Sudan 

University of Science and Technology, for his encouragement, continued 

support and understanding. My deepest thanks go to my Co. supervisor 

Dr. Nada Babeker Hamza head of the department of Molecular Biology, 

Commission for Biotechnology and Genetic Engineering National Centre 

for Research. 

I would like to thank Dr. Ilham Abdalgadir for her continued advice and 

support, throughout the practical work.

My deepest thanks go to Hussein Mohamed Dafalla, Eltayb Abdellatef, 

Rami Siralkhatim, Aymen Ashmig, Motaz Naser, Elsamoual Ahmdani, 

Ehab Bashir, Badeaa Seliman, Maha Osman and all staff of the 

Commission for Biotechnology and Genetic Engineering National Centre 

for Research. 

My warmest gratitude goes to my dear family; I am grateful to my 

mother, father, sisters, and brothers for their love, encouragement and 

continued support. 

Special thanks to my friends, Mortada Mohamed, Rami Algenaid, 

Mohamed Erwa, El-Teyb Yousif, Safa almahi, Hiba Hussein, Rajaa 

Bannaga, Dalia Khiree and Salma A.bagi.  

 

III



TABLE OF CONTENTS

Page
Dedication………………………………………………………………………….. II
Acknowledgements………………………………………………………………… III
Table of content …………………………………………………………………… IV
List of Tables……………………………………………………………………..... VII
List of Figures ……………………………………………………………………... VIII
Abstract ……………………………………………………………………………. IX
Arabic Abstract ……………………………………………………………………. XI
List of abbreviations……………………………………………………………….. XIII

CHAPTER ONE

INTRODUCTION………………………………………………………………….. 1
CHAPTER TWO
LITERATURE REVIEW…………………………………………………………… 3
            2.1. Introduction…………………………………………………………….. 3
            2.2. Nomenclature and taxonomy…………………………………………... 3
            2. 3. Botanic description……………………………………………………. 3
            2.4. Biogeography…………………………………………………………... 5
            2.5. Ecology………………………………………………………………… 5
            2.6. Uses……………………………………………………………………. 5
            2.7. Germplasm…………………………………………………………….. 6
            2.8. Silviculture and management………………………………………….. 7
            2.9. Propagation…………………………………………………………….. 7
                   2.9.1. Vegetative propagation………………………………………….. 8
                              2.9.1.1. Merits of vegetative propagation………………………. 8
                              2.9.1.2. Demerits of vegetative propagations…………………... 8
                              2.9.1.3. Cuttings………………………………………………… 9
                                           2.9.1.3.1 Stem Cuttings………………………………... 9
                                                          2.9.1.3.1.1. Semi-Hardwood cuttings………... 10
                              2.9.1.4 .Factors affecting rootability……………………………. 10
                                           2.9.1.4.1Condtion of Parent Plant……………………… 10
                                           2.9.1.4.2. Leaves……………………………………….. 11
                                           2.9.1.4.3. Effect of season on rootability………………. 11
                                           2.9.1.4.4. The rooting media…………………………… 11
                                           2.9.1.4.5. Temperature…………………………………. 12
                                           2.9.1.4.6. Relative humidity……………………………. 12
                                           2.9.1.4.7. Hormone treatments…………………………. 12
            2.10. Variation in growth as related to form and structure…………………. 14
                   2.10.1. Variation in crown form………………………………………... 14
            2.11. Genetic diversity……………………………………………………… 15
                   2.11.1. Diversity within and among populations of a single 

IV



                               Species…………………………………………………………. 16
                   2.11.2. Molecular markers……………………………………………... 17
                              2.11.2.1. Molecular markers techniques………………………... 17
                             2.11.2.1.1 Random Amplified Polymorphic 

                                                             DNA (RAPD)………………………………. 18

CHAPTER THREE
MATERIAL AND METHODS…………………………………………………….. 19
            3.1 RAPD analysis………………………………………………………….. 19
                   3.1.1. Sample collection………………………………………………... 19
                   3.1.2.. Miniprep for DNA isolation…………………………………….. 19
                   3.1.3 Primers, markers and amplifications conditions…………………. 21
                   3.1.4. Data analysis…………………………………………………….. 22
            3.2 Study of variation in crown form at the Nursery stage…………………. 23
                   3.2.1. Plant material……………………………………………………. 23
                   3.2.2. Experimental design……………………………………………...  23
                   3.2.3. Growth parameters and data analysis……………………………. 23
            3.3 Rooting of cuttings experiment…………………………………………. 24
                   3.3.1. Plant material and medium preparation…………………………. 24
                   3.3.2. Preparation of cuttings…………………………………………... 24
                   3.3.3. Experimental treatments and procedure………………………… 24
CHAPTER FOUR
RESULTS……………………………………………………………………………. 26
            4.1. RAPD analysis………………………………………………………….. 26
                   4.1.1. Genetic diversity between three locations......................................  27
                   4.1.2 Genetic dissimilarity……………………………………………… 27
            4.2. Study of variation in crown form at the Nursery stage…………………. 35
                   4.2.2. Variations in growth characteristics between the seedlings 

                              of the two crown ideotypes……………………………………… 35
            4.3. Rooting of cuttings experiment ……………………...…………………. 41
CHAPTER FIVE
DISCUSSION.............................................................................................................. 44
            5.1. RAPD analysis………………………………………………………….. 44
            5. Study of variation in crown form at the Nursery stage …………………... 45
            5.3. Rooting of cuttings experiment…............................................................. 48
CHAPTER SIX
CONCLUSIONS AND 

RECOMMENDATIONS.......................................................

50

            6.1 Conclusions……………………………………………………………… 50
            6.2 Recommendations……………………………………………………….. 51
REFERENCES………………………………………………………………………. 52

V



LIST OF TABLES

3.1 RAPD primers and primer sequences (5′  to 3 ′ ) used for the   Detection of 

polymorphism in Albizia lebbeck........………………………………………… 22
4.1 RAPD fragments observed in Albizia lebbeck………………………………… 26
4.2 The Genetic Diversity within the three locations of Albizia lebbeck………….. 28
4.3 Estimates of gene diversity within populations of Albizia lebbeck from three 

locations with Shannon’s index, Nei’s gene diversity and Effective number of 

alleles...........................………………………………………………………… 29
4.4 Matrix RAPD dissimilarity among 24 Albizia lebbeck ideotypes based on    

Nei and Le coefficients………………………………………………………... 33
4.5 The grouping by type and location as obtained from dendrogram……………. 34
4.6 ANOVA summary on 12 week-growth characteristics of Albizia lebbeck  ,

showing Sum of square (SS) and    mean square (MS) and the associate level 

of significances………………………………………………………………... 36
4.7 Variations in growth characteristics between the two crown ideotypes (RC 

and IC) of Albizia lebbeck……………………………………………………... 38
4.8 ANOVA on rooting of Albizia lebbeck stem cuttings showing sum of square 

(SS) and mean square (MS) and level of significance between  the hormone  

concentrations…………………………………………………………………. 41
4.9 Effect of IBA concentration on rooting of Albizia lebbeck cuttings................... 43

VI



LIST OF FIGURES

3.1 Solitary trees of Albizia lebbeck displaying the two distinct RC (a) and IC (b) 

crown ideotype growing in Khartoum state………………………………….... 20
4.1 The RAPD fingerprints of Albizia genotypes (1-24) generated with the primer    

OPA- 14 (5- TCTGTGCTGG -3), M- DNA marker (1Kb)…………….……… 30
4.2 The RAPD fingerprints of Albizia genotypes (1-24) generated with the                        primer 

OPA-15 (5- TTCCGAACCC -3), M- DNA marker (1Kb)………..................... 31
4.3 Combined cluster analysis derived from RAPD analysis of 24 Albizia              

Lebbeck individual using four primers ………………………………………... 32
4.4 Stem length produced by two ideotyeps (RC and IC) of Albizia lebbeck 

seedlings during 3 months……………………………………………………... 39
4.5 Crown length produced by two ideotyeps (RC and    IC) of Albizia  

 lebbeck seedlings during 3 months……………………………………………. 39
4.6 Crown diameter produced by two ideotyeps (RC and    IC) of Albizia  

 lebbeck seedlings during 3 months……………………………………………. 39
4.7 Number of branches produced by two ideotyeps (RC and IC) of Albizia 

lebbeck seedlings during 3 months……………………………………………... 40
4.8 Number of leaves produced by two ideotyeps (RC and IC) of Albizia 

 lebbeck seedlings during 3 months………………………………………......... 40
4.9 Branches length produced by two ideotyeps (RC and    IC) of   Albizia 

 lebbeck seedlings during 3 months……………………………………………. 40
4.10 Ratio (crown / stem length) produced by two ideotyeps (RC 

 and IC)  Albizia lebbeck seedlings during 90 days……………………………. 41
4.11 Rooting of Albizia lebbeck stem cuttings induced by IBA 400 ppm…………… 42
4.12 Sprouting of Albizia lebbeck stem cuttings induced by IBA 400 ppm………..... 42

Abstract 

VII



STUDIES ON GENETIC DIVERSITY, SEEDLINGS PERFORMANCE AND 
ROOTING OF CUTTINGS OF ALBIZIZA LEBBECK (L.) Benth. GROWN IN 

KHARTOUM STATE-SUDAN

Albizia lebbeck is a multipurpose, fast-growing tree species widely grown 

in the tropical region. It has been introduced to the Sudan before since the 

sixty of last century and was basically used as an ornamental or shade 

tree across the country landscape including roads, parks and dwellings. 

However, trees of  Albizia lebbeck growing in Khartoum state show two 

distinct crown forms viz. round (RC) and irregular crown (IC). Because 

no  information  exists  about  the  original  sources  of  its  introduction, 

especially  the provenances  or  the genotypes,  consequently it  has been 

found difficult to say with certainty whether this variation in this very 

important characteristics is genetically controlled or due to environment 

x genotype interaction.   

The present work is an attempt forward to study the genetic variation 

between  the  two  crown  ideotypes  displayed  by  the  tree  populations 

grown  within  Khartoum  state  in  the  Sudan.  In  this  connection,  an 

investigation into the genetic variation was conducted using   random 

amplified  polymorphic  DNA  (RAPD)  analysis.  Using  four  RAPD 

primers a total of 40 polymorphic bands out of 43 were detected. The 

Shannon’s index and Nie’s genetic diversity were used to partition the 

variation.  Nonetheless,  comparisons  showed  high  similarities  between 

the two crown ideotypes viz. RC and IC.

In  addition,  a  nursery  experiment  was  conducted  to  study  the  early 

growth characteristic related to crown form. Seedlings showed significant 

differences between the two crown ideotypes for crown length, crown 
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diameter, branch length, number of leaves and crown /stem ratio but not 

for stem length and  number of branches characteristics. 

To complete the picture a rooting of cutting experiment was undertaken 

using  IBA at  concentrations  of  0.00,  400  and  800  ppm.  Analysis  of 

variance showed highly significant differences between the effects of the 

IBA concentrations for the number of roots produced but neither for the 

root length nor the shoot/root ratio characteristics. However, IBA at 400 

ppm  produced  the  biggest  mean  number  of  roots  per  stem  cutting. 

Results  were  discussed  on  the  basis  of  assumed  genetic  variation  in 

crown form of Albizia lebbeck and the consequences of the possibility of 

the production of the desired form using juvenile seedlings phenotypic 

characteristics.  Further  more,  the  study  explored  the  possibility  of 

establishing a rooting of stem cutting protocol in an effort to standardize 

vegetative propagation technique for the species in Sudan in case it is 

needed to produce seedlings clonally.  

الخلصةة
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 الشتول نمو ومراحل الوراثي التنوع في دراسات
 ، الخرطوم ولية في الباشا دقن لشجرة العقل وتجذير

السودان

 بصورة وتزرع النمو ،سريعة الغرراض متعددة شجرة الباشا دقن شجرة
 قبل السودان الى استجلبها العالم. تم في المدارية المناطق في واسعة

 ظل او زينة كشجرة اساسية بصورة وتستخدم الماضي القرن ستينات
 الحدائق و الطرق تشمل التي القطر في الطبيعية المناظر لتحسين

 ولية في المزروعة الباشا دقن اشجار فان حال كل . على والمساكن
 )RC( منتظم مستدير هما: تاج التاج من مختلفين شكلين اظهرت الخرطوم

 معلومات و مصادر توجد ل انه ). وبماIC(  الستدارة منتظم غرير وتاج
 الوراثى بالطراز يتعلق فيما   خاصة الستجلب  مصدر أصول عن متوفره

 للشجرة مهمه صفات فى الختلفات هذه ان على التأكيد الصعب من فإنه
وراثى- بيئى. تفاعل نتاج أنها أو وراثيا فيها تتحكم
 التى التاج شكلي بين الوراثية الختلفات دراسة هو البحث هذا من الهدف

 الخرطوم ولية داخل الموجوده الشجرة عشائر بواسطة أظهرت
 الوراثى التباين إستقصاء إجراء تم فقد  الصدد، هذا بالسودان. فى

 ) ،RAPD(  بادئات من أربعة بإستخدام ) وذلكRAPD(  تحليل بإستخدام
 شانون مؤشر . استخدم تحديدها تم واربعين ثلثة من حزمة اربعين مجموع
 اوضحت فالمقارنة ذلك، المتباينات.مع بين (ني) للتفريق الوراثي والتباين

.              RC و(IC(   التاج شكلي بين عاليا تشابه
 بشكل المرتبطة الولية النمو  خصائص دراسة اجراء تم ، ذلك الى اضافة 

 و التاج قطر و التاج شكلي بين معنوية اختلفات الشتول . اظهرت التاج
 الساق لطول ليس ولكن / الساق، التاج نسبة و الوراق عدد و الفرع طول
.  الفرع وعدد

 IBA هرمون باستخدام للعقل تجذير تجربة اجراء تم فانه الصورة لكمال
.  / المليون  جزء800  و400  و0.0 بتراكيز
 التراكيز  بينIBA تاثير في كبير معنوي تباين مستوى اظهر التباين تحليل

 لنسبة ول الجذور لطول ليس ولكن احداثها تم التي الجذور لعدد المختلفة
 400   عندIBA تركيز فان حال كل .  على / الجذري الخضري المجموع

عقلة. لكل الجذور لعدد متوسط اكبر احدث للمليون جزء
 التاج شكل في المفترض الوراثي التباين اساس على النتائج مناقشة تمت

 فيه المرغروب  التاج شكل انتاج امكانية ونتيجة  الباشا دقن لشجرة
 امكانية استكشفت الدراسة ، ذلك من اكثر العمر صغيرة شتول باستخدام

 الكثار تقنية لتحديد كجهد الساقية للعقل التجذير بروتوكول تاسيس
 استنساخيا. الشتول لنتاج الحتياج حالة في السودان في للنوع الخضري
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