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ABSTRACT 

Date pal m (Phoenix dactylifer a L . )  monocotyledon dioecious tree is 

one of the most important frui t crop trees in  the Arabian Gulf region in 

general and in the UAB in particular. 

Date palm is propagated sexual ly by seeds or vegetatively by 

offshoots .  Seed propagation is not appropriate for commercial production 

because of the high genetic heterozygosity, which resulted in not true-to

type male and female seedl ings .  The vegetative propagation uti l izing 

offshoots is slow and inefficient for rapidly growing demands of the date 

industry . Therefore, it seems essential to use plant tissue culture techniques 

for propagating and producing date palms .  

The present study included three experiments that were conducted 

through three successive seasons ( 1 996- 1 998). The first experiment 

included the effect of 1 8  different media developed from various 

combinations of different auxin and concentrat ions, in addition to the 

contro l (no hormones at a l l ), on shoot bud generation from shoot tip of 

Khnazi cult ivar. Maximum percentage of explants fonned bud generative 

t issue were induced by the addition of 1 .6mg/1 1AA or 0 .4mg/1 of both l AA 

and N AA to the init iation medium. Maximum number of differentiated 

buds per bud generative tissue resulted from the addit ion of 0.8 mg/I lAA to 

in i tiat ion medium.  The in it iat ion medium contained Murashige and Skoog 

inorganic salts and supplemented with 1 00mg/l myo-inositol, O . Smg/1 

nicotinic acid, O . Smg/1 pyridoxine, O . l mg/1 thiamine-Hel,  2mg/J Glycine, 

40mg/1 adenine sulfate, 2g11 polyvin i le  pyrol idon (PVP 40000), 3mgll 

activated charcoal, and 40mgll sucrose . 



I n  the second experiment, 23 different media were developed from 

the combinat ions of different cytokinin and concentrations. Maximum 

percentage of explants formed bud generative t issue was induced by the 

addit ion of 3 . 2  mg/I 2 i P  or 1 .6 mg/I BAP. Maximum number of generated 

buds per explants was induced by the addi t ion of 3 . 2  mg/I 2 iP  to in i t iation 

medium .  Both auxins and cytok in ins proved to be essential for the induction 

of bud generat ive t issue and for differentiat ion of shoot buds from cultured 

explants. 

I n  the th ird experiment, shoot tips o f  the tested cultivar were cultured 

monthly beginning from September 5, and conti nued for successive 1 2  

months, on two different types of medium . Maximum percentage of 

explants formed bud generat ive t issue was attained during spring season, 

especial ly i n  M arch .  S imi larly, maximum number of buds was produced 

during  the spring, and in part icular at the month of April regardless of 

medium types .  The hot environment in summer inh ibited the fonnation bud 

generative t i ssues, and the differentiation of shoot buds per generative 

tissue. 



TABL E OF CONT ENTS 

ACKNOWLEDG EMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TABLE OF CONT ENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

CHAPTER I - INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CHAPTER II - LIT ERATURE R EVIEW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 . 1 Plant Regenerati on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2 .2  Organogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2.3 Embryogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2 .4 Factors affecting shoot organogenesis or regeneration . . . . . . . . . . . . . 

CHAPT ER III - MATERIALS AND METHODS ......... ......... ....... . 

3. 1 Plant materia ls  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

3 . 2  Shoot t ip steri l ization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

3.3 Treat ing explants with an antioxidant solution . . . . . . . . . . . . . . . . . . . . . . 

3.4 Culture procedure of shoot tips . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

3.5 I n it iat ion stage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

3.6 Mult ipl ication stage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

3 . 7  Elongation stage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

3.8 Rooting stage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

3.9 Experimental procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

3.9.1 Experiment ] : Effect of different auxin and 

concentration on percentage explants produced bud 

generative t issue and number of differentiated buds per 

explant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

v 

Page 

. .  

n 

III 

v 

7 

7 

8 

26 

40 

44 

44 

45 

48 

48 

50 

50 

51 

55 

55  

55 



3 .9 .2  Experi ment 2 :  Effect of different cytokinin and 

concentration on percentage explants produced bud 

generative tissue and number of differentiated buds per 

Vl 

explant . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  56 

3 .9 .3  Experiment 3 :  Effect of culturing t ime on percentage 

explants produced bud generative t issue and number of 

differentiated buds per explant . . .  . . . . . .  . .  . . . . . . . . . . . . . . . . . . . . . .  . . . 57  

3 . I O Col lected Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 8  

CHAPTER IV - R E SULTS AND DISCUSSIONS... . . .  . . .  . . .  . . . . . . . .  . . .  . . .  64 

4 . 1  Experiment ] :  Effect of different auxin and concentrat ion . . .  . . . . .  64 

4 .  2 Experiment 2 :  Effect of different cytokinin and concentration . .  76 

4 . 3  Experiment 3: Effect of culturing time . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  89 

CHAPTER V - CONCLUSIONS... . . .  . . .  . . .  . . .  . . . . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . . . . . .  106 

REFERENCES... . . . . . .  . . . . . . . . .  . . .  . . .. . . . . . . . . . . . .  . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . 1 16 

APPENDIX... . . . . . . . . .  . . .  . . .  . . . . . .  . . .  . . . . . .  . . .  . . .  . . .  . . . . . .  . . .  . . . . . . . . .  . . .  . . .  . . .  . . . .  130 



VII  

LIST OF FIGURS 

Figu re Page 

1 .  Plant materials (Offshoots) used as a source of explants . . . . . .  . . . . . . .  . . .  46 

2 .  Shoot tip isol ation . . . . . .  ' "  . . . . . . . . . . . . . . . . . .  ' "  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 

3 .  Shoot tip steri l ization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 47 

4 .  Steri l ized explants soaked i n  an antioxidant solution .. . . . .  . . . . . .  . . . . . . . .  4 7  

5 .  Primary xylem and leaf base cutting from the shoot tip . . . . . . . . . . . . . . . . 49 

6.  Dividing apical dome to several smaller explants . . .  . . .  ... ... ... ......... 49 

7 .  The in i tiation stage . . .  . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  . . . . . . .  . . .  . . . . . . . .  . . . 52  

8 .  The mult ipl icat ion stage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . .  . . . . . . . .  . . . .  52 

9. The elongation stage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  '" . . .  . . . . . . . .  . . . . . 53 

1 0 . The root ing stage . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . . . .  53 

1 1 . Transfer of the seedl ing to the Greenhouse . . . . . .  . . .  . . .  . . .  . . . . . . . .  . . . . . .  . . .  54 

1 2 . Apical bud formation at various stages of development . . . . . . . . . . . .  . . . .  60 

1 3 . Root formation on the explants at various stages of development. . . . . 6 1  

1 4 . Differentiation of bud generati ve t issue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . 62 

1 5 . Regeneration of shoots from differentiated buds . . .  . . . . . . . . . . . . . . . . .  . . . . 63 

1 6 . Effect of different auxin and concentration on the percentage of 
explants that formed apical buds and roots from cultured shoot tip 
of Khnazi date palm (Phoenix dactylifer a L . )  cultivar . . . . . .  . . .  . . .  . . . . . .  67 

1 7 . Effect of different auxin and concentration on percentage explants 



VIII 

produced bud generat ive tissues after 4, 5 ,  6 and 7 months of 
incubation resulted from cultured shoot tip of Khnazi date palm 
(PhoenLX dactylifera L.) cultivar . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . 7 1  

1 8 . Effect of different auxin and concentration on average number of 
differentiated buds per bud generative tissue resulted from cultured 
shoot tip of Khnazi date palm (Phoenix dactyli/era L . )  cultivar . . . . . . .  75 

1 9 . Effect of different cytokinin and concentration on percentage 
explants formed apical buds and roots from cultured shoot tip of 
Khnazi date palm (Phoenix dactylifer a L . )  cultivar . . . . . .  . . . . . . . . . . . . . . .  80 

20 .  Effect of different cytokinin and concentration on percentage 
explants produced bud generative tissue after 4, 5, 6, and 7 months 
of incubation time, from cultured shoot tip of Khnazi date palm 
(Phoenix dactylifera L . )  cultivar . . . . . . . . . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  84 

2 1 . Effect of different cytokinin and concentration on average number 
of differentiated buds per bud generative tissue resulted from 
cultured shoot tip of Khnazi date palm (PhoeniX dactyli/era L . )  
cultivar . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . . .  88 

22 .  Effect of  cul turing t ime on  percentage of explants fonned apical 
buds, roots, and bud generative tissue after 4, 5, 6, and 7 months of 
incubation, resulted from cultured shoot tips of Khnazi cultivar . . .  . . . 93 

2 3 .  Effect o f  cul turing t ime o n  average number o f  differentiated buds 
regenerated after 5, 6, and 7 months per bud generative tissue, 
resulted from cul tured shoot tips of Khnazi cultivar . . . . .  . . . . . . . . . . . . . . . .  94 

24 . Effect of media components on percentage explants formed apical 
buds, roots, and bud generative tissue after 4, 5, 6, and 7 months, 
resulted from cultured shoot tips of Khnazi cultivar . . .  . . . . . . . . .  . . . . . .  . . .  97 

2 5 .  Effect o f  media components on average number o f  differentiated 
buds regenerated after 5, 6, and 7 months per bud generative tissue, 
resulted from cultured shoot tips of Khnazi cultivar. . . . . . . . . . . . . . . . . . . . .  97 

26 .  Effect of  the interaction of  medi um components and culturing time 
on percentage explants formed apical buds and roots after 4, 5,  6 



IX 

and 7 months, resulted from cultured shoot tips of Khn azi cultivar . . .  1 03 

27. Effect of the interaction of medium components and cul turing time 
on percentage of explants formed bud generative tissue after 4, 5 , 6 
and 7 months resulted, from cultu red shoot tips of Khnazi cultivar . . . 1 04 

28 .  Effect of the interaction of  medium components and culturing t ime 
on average number of differentiated buds regenerated after 5 ,  6, and 
7 months per bud generative tissue, resulted from cultured shoot tips 
of Khnazi cult ivar . . .  . . . . . . . . . . . .  . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . .  . . .  105 



APP ENDIX 

Ta ble 

Table 1 .  Effect of different auxin and concentration on the percentage of 
explants that formed apical buds and roots, resulted from 
cultured shoot tip of Khnazi date palm (Phoemx dactyli/era L . )  

x 

Page 

cultivar . . . . . . .  . . .  . . .  . . . . . .  . . . . . .  . . .  . . . . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . . .  1 30 

Table 2 .  Effect of different auxin and concentration on percentage of 
explants that produced bud generat ive tissues after 4,5,6 and 7 
months of incubation resulted from cultured shoot tip of Khnazi 
date palm (Phoenix dactyli/era L . )  cultivar . . . . . .  . . . . . . . . . . . . . . . . . . .  . . .  1 3 1  

Table 3 .  Effect of different auxin and concentration on the average 
number of differentiated buds regenerated after 5 ,  6, and 7 
months per bud generative tissue, resulted from cultured shoot ip 
of Khnazi date palm (Phoenix dactyl�fera L. )  cultivar . . . . . . . . . . . . . .  1 32 

Table 4 .  Effect of different cytokinin and concentration on the percentage 
of explants that formed apical buds and roots, resulted from 
cultured shoot t ip of Khnazi date palm (Phoenix dacty/�fera L . )  
cult ivar . . . . . .  . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  . . .  . . . . . . . . . . . . . . . . . .  . . . . . .  . . . . . . .  133 

Table 5 .  Effect of different cytokinin and concentration on the percentage 
of explants that produced bud generative tissue after 4, 5 ,  6 and 
7 months of incubation resulted from cultured shoot tip of 
Khnazi date palm (Phoenix dactyli/era L . )  cultivar . . .  . . .  . . .  . . .  . . . .  1 34 

Table 6 .  Effect of different cytokinin and concentration on the average 
number of differentiated buds regenerated after 5, 6, and 7 
months per bud generative tissue, resulted from cultured shoot 
tip of Khnazi date palm (Phoenix dactyl?fera L . )  cultivar . . . . . . .  1 3 5 

Table 7 .  Effect of culturing t ime on percentage explants formed apical 
buds, roots, bud generative t issue after 4, 5, 6, and 7 months 
and average number of different iated buds regenerated after 5 ,  
6, and 7 months per bud generative t issue, resulted from 
cultured shoot tips of Khnazi cultivar . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 36 



Table 8 .  Effect of media components on percentage explants formed 
apical buds, roots, bud generative tissues after 4, 5, 6, and 7 
months and average number of differentiated buds regenerated 

Xl 

after 5 ,  6, and 7 months per bud generative tissue, resulted from 
cultured shoot tips of Khnazi cultivar . . .  . . . . . . . . . . . . . . .  . .  . . . . . . . . . . . .  1 37 

Table 9 .  Effect of the interaction of medium components and culturing 
time on percentage of explants formed apical buds, roots, and 
bud generative tissue after 4, 5, 6, and 7 months, resulted from 
cultured shoot tips of Khnazi cultivar . . .  . . .  . . .  . . .  . . . . . .  . . . . . .  . . .  . . .  . .  1 38 

Table 1 0 .Effect of the interaction of medium components and culturing 
t ime on the average number of differentiated buds regenerated 
after 5 ,  6, and 7 months per bud generative t issue, resulted from 

cultured shoot tips of Khnazi cultivar . . . . . . . . .  . .  . . .  . . . . . . . . .  . . . . . . . . . 1 39 

Table 1 1 . Monthly rate of temperature average during the year of 1 997 in 

Al-Ajn City . . . . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . . . . .  . . .  . . .  . . .  . . . . . 1 40 



CHAPTER I 

INTRODUCTION 



CHAPT ER 1 

I NTRODUCTI ON 

The date pal m (Phoenix dactylifera L.) is  among the oldest plantation 

around the world in general and the Arabi an Gulf region in particular.  The 

tree is known to have been cultivated in this part of the world as early as 

4500 B .C .  and has since been an essential component of every household. 

Moreover, the tree has a sacred cherish in the cultures of the people of the 

region and is a nat ional symbol .  This  is due to the fact that the tree has been 

the major source of stable food and fiber for the earl ier societies and its 

groves were the locus of attraction around which towns were built and 

prospered. That was further supported with the mentioning of the tree in  29 

different passages in the Holy Quran and many others in the Hadith. 

The date palm is a tal l unbranched evergreen tree that i s  common to 

almost al l tropical and subtropical areas around the world .  I t  well resists the 

stressful growth conditions predominant in  the environments of arid-lands, 

especially excessive heat, salt, and water deficiency both qualitatively and 

quantitatively.  It tolerates temperatures up to 50°C and irrigation water 



2 

sal inity of over 1 0,000 ppm . I t  i s  also sustainable in h igh soil sal inity and 

l ives wel l  in alkali soi ls .  

The product ion of date palm fruit in 1 996 was 4492 mi l l ion metric 

ton per year ( F  AO 1 996) and the main producers were the Arabian 

countries including (Egypt) I raq) Saudi Arabia) U AE, Oman) Morocco and 

Tun i sia) . Dates are becoming a major export of a number of those countries 

and its industry is emerging as a major source of income in the agribusiness . 

Several h igh ly advanced projects have been established in those countries to 

uti l ize the dates and the by-products of the tree in many profitable 

appl ications.  

Commitment of the U AE government to the development of the date 

palm industry has sharply augmented the total number of trees from less 

than 2 m i l l ion trees in  1 97 1  to 2 5  mi l l ion trees in 1 997 . This augmentation 

has been the direct result of the attention, interest and fol 1ow up of H . H .  

Sheikh Zayed Bin S ul tan A l  Nahyan, the president of the United Arab 

Emirates who has long directed for the; 1 - subsidy to farmers growing date 

trees and provision of technical support and production incentives to them, 

2 - establishment of new date farms  and the expansion of production 

projects, and 3 - intensificat ion of production operations through the 

uti l ization of advanced and modem production projects that apply 
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progressIve technologies for sustainable date production . The increase in 

the total number of trees has also been complemented with improved date 

returns both qualitat ively and quantitatively resulting in  setting the DAE 

among the leading, if not the leader, producers in  the world .  The total land 

cultivated with dates makes up over 25 percent of the total agricultural land 

in D AE and over 80 percent of its fruit farms .  A number of modem date 

processmg plants have been constructed in  the DAE for post-harvest 

processmg and packaging and plans are underway for the foundation of a 

number of projects for the uti l ization of date tree by-products .  Also, a 

number of projects have been establ ished for the production of seedl ings 

since the expansion in  the date palm cultivation has resulted in increased 

demand on seedl ings, especially h igh qual ity ones. Approximately more 

than 1 20 cult ivars are grown in the country of which 25 are commercial ly 

uti l ized. Examples of those cultivars are Khlas, Bomaan, Burhi ,  Jabri, 

Khnazi ,  Khasab, Fardh, and .  Lulu .  

The date palm i s  a dioecious tree composed o f  separate male and 

female trees. I t  i s  an arborescent monocotyledon plant that mahrres into a 

single shoot . Flowers are born in bunches at the top of the tree and artificial 

pol l ination is a m ust for a marketable fruit. Conventional ly, seeds from 
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those fruit are ut i l ized for seedl ings production but there are a number of 

l i mitations to this operation including: 

1 .  Extended period of t ime required to attain the fruiting stage (3-5 

years) from a seed, 

2 .  Vast genetic variation among the seedling and the parent trees, 

3 .  H igh possibi l ity of infections of seedl ings, and 

4 .  H igh frequency ( 50%) of getting a male tree. 

A faster conventional propagation process i s  the asexual method 

through the uti l ization of the offshoots (suckers - also known as the clone 

trees) taken from the base of a mature tree . This method is slow and 

inefficient for the rapidly growing demands of the date industry. This is  due 

to the fact that offshoots start growing on mother tree as of the fifth year of 

its age and does not exceed 6- 1 2  per tree throughout its l ifetime. 

B iotechnology has provided a promi sing asexual alternative to the 

demand on date seedl ings .  Plant t issue culture techniques have been 

employed to c lone a wide range of economical ly  important palms, coconuts, 

oil palms, and date palms around the world. Those techniques cover a wide 

range of methodologies for the reproduction of whole plant organs such as 

shoots, roots and embryos under steri le conditions. They also include the 

culture of masses of unorganized cal l us or single cel ls, or even cel ls  devoid 
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of cell wal l s  as protoplasts .  This occurs because each individual cel l  of a 

plant i s  totipotent and has the capacity to form a whole organism when 

cultured under certain growth conditions. Tissue culture of date palms in the 

UAE gained an important momentum with the foundation of the Plant 

Tissue Culture Laboratory in the UAE University in 1 989. 

Date palm ti ssue cul ture fol lows one of two methods: embryogenesis 

and organogenesis .  The first method generates an embryogenic call us 

obtained from the cotyledonary sheath of date palm embryos, especial ly 

apical meristems and lateral buds. Organogenesis, on the other hand, is  the 

method of generating a seedl ing through culturing smal l plant parts (apical 

meri stem, lateral buds or primary basis) on defined nutrient media. This 

results in  obtain ing a large number of plantlets without passing the cal l us 

stage. Accordingly, the possibi l ity of induced genetic variation is el iminated 

i n  the organogenesis method. 

Research in  the area of date palm cultivation using organogenesis 

techniques is deficient .  Little is  known about the interaction between 

different cultivars of date palms, the time of the year during which the shoot 

tip is selected from the mother, and the various synthesis of growth media, 

and their effect on the development and growth of the t issue. 
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Accordingly, the present research was conducted with the fol lowing 

main object ives: 

1 .  To determine the best month of the year for date palm offshoot 

selection for m vitro cul turing using Khnazi cult ivar; 

2 .  To develop a growth medium that opt imizes t issue development 

through the testing of various media and the selection of the most 

adapt ive one, and 

3 .  To establ ish quick, rel iable, reproducible and efficient shoot bud 

regenerat ion system for date palms using organogenesis technique .  
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CHAPTER 2 

L I T E RA TU RE REVI EW 

2.1 Pla n t  Regenera tion 

An important factor for the appl ication of in vitro techniques to 

woody plant improvement is the development of efficient protocols for 

regeneration of plants from protoplasts, cel ls ,  t issues and organs. These 

techniques are not as well developed, especial ly in monocotyledon woody 

plants, as in herbaceous plants .  

Plantlets  can be regenerated from cel l s  or tissues through 

organogenesls or embryogenesis, depending on plant developmental stage 

and culture medium and conditions. Organogenesis involves the 

differentiation of organs, e .g . ,  root or shoot primordia from cel l s  or tissues . 

Embryogenesis involves the development of an intact plant from somatic 

bipolar embryos . Embryogenesis proceeds a long typical developmental 

sequence including the globular heart and torpedo stage. This section wi l l  

discuss organogenesis, embryogenesis and some of the factors that are 

involved in control l ing plant regenerat ion in general . 
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2.2 Orga nogenesis 

Many reports of in vitro organogenesis have been published since the 

early studies of plant t issue culture .  A relatively h igh auxin: cytokinin ratio 

induced root format ion in tobacco cal l us, whi le  a high cytokinin :  auxin ratio 

favored shoot production ( Skoog and Mi l ler, 1 95 7 ). 

The joint action of auxins and cytokinins seems to regulate cel l 

division, where each of which appears to influence different phases of the 

cel l cycle .  Auxin exert an effect on DNA repl ication, while cytokinin seems 

to exert some control over the events leading  to mitosis (Jouanneau, 1 97 1 ) . 

Normal cel l  division requires synchrony between the S phase and cell 

division, suggest ing that auxin and cytokinin levels in culture need to be 

careful ly  matched . Late repl ication of DNA in cel l cultures has been 

advanced as one cause of chromosome rearrangement ( Lee and Phi l l ips, 

1 988) .  Cel ls  are not though to enter mitosis unless cytokinin is present 

whereas cal l us on suspension cultures is init iated on media, which only 

contain an auxin .  Rel iance i s  presumably being placed on endogenous 

cytokinins for completion of the cel l cycle (Jouanneau, 1 97 1 ) .  In some 

cases the emission of auxin from the medium was sufficient to induce , 

shoot formation (Street, 1 977) .  
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Simi larly, Hassan et aL. ( 1 993) reported that cytokinins were 

necessary for organogenesis, but auxins were not . 

Another factor control l ing organogenesis IS developmental 

regulation. Certain isolated tissue layers have a remarkable potential for 

organogeneSIS. For example, explants consist ing of three to six layers of 

epidennal and subjacent col lenchyma tissues removed from the region of 

leaf midvein  of Begoria rex, readily produce shoots or roots from the 

epidennal cel l s  (Chlyah and Tran Thanh, 1 975) .  The types of organogenesis 

depend on the hormonal balance in culture medium.  Again shoots fonned in 

the presence of zeat in  or benzylaminopurine ( BAP) without auxin, while 

root in itiation occurred in  the presence of NAA and zeatin (Chlyah and 

Tran Thanh, 1 975 ) .  

Many observations of organ fonnation in cultured tissues support the 

hypothesis that local ized meristematic activi ty proceeds the organized 

development of shoots and roots (Torrey, 1 966). The division of some cel l s  

may stimulate the division of adjacent cel l s  or the premeristematic region 

acts as a sink and withdraws essential metabolites from surrounding cel ls, 

thus localizing the meristematic zone ( Street, 1 977). 

I n  general buds can be initiated from cal l us or from cut edges of 

explants in the presence of high cytokin in :  auxin ratio (Gresshoff, 1 978). In 
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some speCles, the addition of cytokinins to the medium fai l s  to induce 

hoots, suggesting that the accumulation of endogenous auxin or other 

hormones may result in an inhibitory effect on organogenesis which can not 

be reversed by exogenously appl ied hormones (Street, 1 977) .  In these cases, 

additional hormones may be required for the cultural conditions, including 

nutrit ional and physical factors, which may block the onset of the process. 

The conditions for the induction of roots vary considerably, and the 

appropriate conditions for root formation in some species or varieties may 

not be suitable in a related species or variety ( Street, 1 977) .  Usual ly a high 

concentration of auxin i s  favored to  enhance root production, but in some 

cases exogenous auxin is inhibitory (Thomas and Street, 1 970) . Root 

in it iation potential from Brachycome cal l us was lost after several 

subcultures perhaps due to changes in ploidy (Gould, 1 978) .  Appl ied auxins 

seem to be capable of the genetically programmed physiology of whole 

plant t issues, which had previously determined their differentiated state . 

Cel l s  which respond to auxin, revert to dedifferentiated state and begin to 

divide. This process had been explained by Terzi and Lo Schiava ( 1 990) 

who found that auxins  cause DNA to become more methylated than usual 

and suggested that this might be necessary for the re-programming of 

differentiation of cel ls .  Tissue-specific programs specifical ly associated 
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with differentiat ion would become eradicated by hypermethylation, with 

perhaps a small fraction of the cel ls  reaching an ultimate state of 

dedifferentiation i n  which they become capable of morphogenesis, or 

embryogenesis (Terzi and Lo Schiava, 1 990). 

In the last few decades, research has had l imited success inducing 

organogenesis in  woody plants, especial ly fruit  crops. However, there have 

been several recent reports of successful organogenesis in black berry 

(Graham et aI, 1 997), grape (Torregrosa and Bouquet, 1 996), citrus ( Balch 

and Alejo, 1 997), apple (James et at. , 1 984), almond (Mehra and Mehra, 

1 974), pear (Chevreau et at. , 1 989), ol ive (Canas and Benbadis, 1 988), 

cranberry (Marcotrigiano et af. , 1 996), Kiwi (Lionakis et at. , 1 997), Lime 

and mandarin ( Balch and Alejo, 1 997) .  

Graham et at. ( 1 997) reported regeneration from eight different 

Rubus genotypes, using  leaf sections and internode segments, but at 

different efficiencies, depending on the genotype. They found that a 

m in im um level of thidiazuron (TDZ), 4 . 5�M, is required for regeneration. 

The optim um level of TDZ varied (9-22 . 5�M )  among genotypes 

investigated . Zeat in was not general ly as effective as TDZ in inducing 

regeneration, with only sporadic incidences of regeneration, and the only 
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significant effect was at a level of 22 .8)lM . When TDZ supplemented with 

a range of individual auxins was investigated, it was found that I BA at 

0 .49)lM in combination with 9)lM TDZ was the optimal level , whi le 

increasing the level of TDZ to 1 3 . 5)lM in the combination, resulted in  a 

complete inhibition of regeneration .  S imi larly, the presence of 2,4-D at 0 .45 

or 0 .9)lM, in combination with TDZ levels, inhibited the regeneration 

capacity. However, N AA proved to be a better auxin source, where it was 

appl icable across a wide range of cultivars at relatively low levels .  This 

auxin was found to be complementary to TDZ and levels of regeneration 

from a n umber of l ines were stimulated. Fiola et al. ( 1 990) reported 

organogenesis from Rubus leaves and cotyledons. Shoots were obtained on 

a medium contain ing M S  salts and sugar, Staba vitamins, casien 

hydrolysate ( 1 00mg/l)  and 1 O)lM TDZ. Explants were kept in the dark for 2 

weeks before being placed in a 1 6/8-hr l ight/dark regime .  Preconditioning 

of source shoots with 1 . 5)lM TDZ enhanced organogenic potential of 

detached rubus leaves (Swartz et aI., 1 990). 

The most efficient protocols for regeneration of Rubus (Black berry) 

plantlets were publ ished by Hassan et al. ( 1 993) .  They used either leaf 

pet iols  or stem internode segments. Maximum shoot regeneration (99-

1 00%) was induced on MS medium supplemented with 0 .09 mM sucrose, 
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O .2mM adenine sulfate, O . 55mM inositol, O . l 4mM ascorbic acid, l OOmg/l 

of casien hydrolysate, Staba vitamins, 5�M TDZ and O . 5�M I BA.  

Cytokinins were necessary for organogenesi s, but auxins were not . 

Very recently, h igh l evel s  of regenerati on were obtained from young 

leaves exci sed from axi l lary shoots in prol iferating nodal cultures of severa] 

Vrtis x muscadinia hybrids. Best results were obtained when the explants 

were cultured on solidified half-strength M S  medium supplemented with 8-

9�M Benzyl adenine ( BA) and O .05�M NAA. Though variations were 

observed among the hybrids, the procedure used dose not seems to be 

genotype-specific as all the hybrids cult ivars tested could regenerate 

(Torregrosa and Bouquet, 1 996). Adventit ious buds were formed from 

cultured internodes of grape cultivars when the explants were grown in 

agitated l iquid Nitsch medium supplemented with 1 �M BA and 5�M 2,4-D 

or a m ixture of 5 �M 2 ,4-D and 5 �M N AA ( Rajaskaran and M ul l ins, 1 98 1 ) . 

Direct shoot organogenesis from leaves of grape ( Vilis spp . )  has also been 

reported. Stamp et al. ( 1 990a) obtained adventitious shoots at the petiolar 

stub and occasional ly from wounded laminar t issue, when leaf explants 

were cultured for 4 weeks on MS or N itsch and N itsch basal medium 

supplemented with 1 ,  2 or 4mg/l BAP. The highest frequency of shoot 
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organogenesi s was obtained with 2mg/l BAP. Shoots are rooted easi ly in 

steri l e  soi l and plantlets are morphologically identi cated to their parents. 

Very recent, a method for regeneration from leaf explants in two 

cultivars of cranberry was described by Marcotrigiano e( af ( 1 996) .  They 

used a modified Anderson's medium ( 1 984a) supplemented with 

combinations of thid iazuron (TDZ) with or without 1 JlM NAA to optimize 

shoot regeneration. Maximum regeneration was obtained, in the l ight, in  the 

presence of lOflM TDZ and 1 flM NAA, but this medium was suitable for 

leaf regeneration explants obtained from shoot cultures, while  regeneration 

did not occur from leaves col lected from greenhouse-grown plants . 

Plantlets  and shoot regeneration from call i  derived from unburst 

lateral Kiwi fruit have been reported. Lionakis  et af. ( 1 997 ) obtained cal l us 

from lateral buds of Kiwi fruit cv. Hayward using 2mg/1 BA for 4 weeks of 

culture in an init iat ion medium . When BA concentration in the medium was 

reduced to 1 mg/l, plantlet regeneration occurred and complete plants with 

shoots and roots were obtained. By keeping the concentration of BA at 

2mg/1, only shoots were regenerated from the caJ 1 us. S imi larly, Famiani et 

af. (1997) achieved organogenesis and cal lus production from leaf, petiole, 

stem and root explants of Kiwi fruit cultivars Hayward, Tomuri and 

Katiuscia and the interspecific hybrid A. deliciosa x A. orguta. They found 



1 5  

that genotype and explant type, as wel l as medium composition, strongly 

affected organogenesis and cal logenetic abi l i ty .  Of the cultivars, Katiuscia 

showed the best results, fol lowed by Tomuri, Hayward and the hybrid. 

Leaf petiole and stem explants generally gave better results than root 

explants .  A medium containing a high cytokinin : auxin ratio produced the 

best results in terms of cal l us and shoot production.  

Balch and Alejo (1 997 )  reported an efficient protocol for in vitro 

organogenesis of Mexican l ime (Citrus aurantifolia) and mandarin (C 

retlculata) cv. Monica using seedl ings internodal stem segments. They 

indicated that the best results were obtained when the wounded edges of 

internodal stem segments cut longitudinally were placed downward on the 

surface of the culture medium .  The opti mal culture medium for both species 

was M urashige and Skoog (MS)  with vitamins from B5 medium, 5% 

sucrose, 33 .3�M BA and 5 .4�M NAA. The best response was obtained 

when the segments were incubated at 25 ± 2 °C for 2 1  days in the dark, 

fol lowed by 29 days on a 1 6 / 8 h l ight/dark cycle at 54 mol m-2 s- l . 

I n  the best regeneration system tested, adventitious shoots were 

obtained from 96 and 88% of the explants in Mexican l ime and mandarin, 

respectively. I n  Mexican l ime, an average of 7-8 wel l differentiated shoots 
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per explants were obtained, and i n  mandarin the yield was 5 . 1  shoots per 

explant .  

James et  al. ( 1 984) reported organogenesIs  in cal lus derived from 

stem and leaf tissue of apple rootstocks. Cal l us was initiated from stem 

internodes of M.25  and M.27  on 2- 1 Omg/l NAA based medium and the cal l i  

were then transferred t o  corresponding media lacking NAA where 

regenerat ion of shoot occurred. Organogenesis was also obtained from leaf 

discs of M .27  on medium containing BAP at 5 .0mg/l and 2,4-D at O . 1 mg/I . 

The key factor in this work was exposing the explants to dark conditions for 

4 weeks to induce cal l us .  Culture directly exposed to low l ight did not 

undergo shoot formation.  Adventit ious shoot formation from tIRed 

Delic ious" apple cotyledons was achieved by Kouider et al. ( 1 984) .  Embryo 

axis-free cotyledons produced cal l us and adventit ious shoots when cultured 

on modified N itsch and N itsch medium supplemented with 4 mg/l BAP. 

Explanted cotyledons were placed in the dark for 4 days and then moved to 

the l ight, where cal l us differentiated into shoots within three weeks. 

Kouider et al. (1985 )  also used a simi lar protocol for the production of 

shoots from an intact and sectioned embryo axes of apple seeds . 

Yepesm and Aldwinckle ( 1 994) examined several factors affecting 

the frequency of organogenesis in apple leaf explants of different species. 
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They found that the mam factors affecting morphogenesis were 

benzyladenine ( BA) concentration, basal medium, leaf explant origin and 

maturity and photosynthetic photon flux. Depending on the genotype, 

optimal regeneration was obtained using either 22 .2  or 3 1 . 1 �M BA and N6 

basal medi um, with the exception of cv. Golden Del icious, which 

regenerated better on an MS medium . After 6 weeks, the average number of 

shoots per segment varied from 5 to 1 6, and the percentage of regeneration 

ranged between 70 and 1 00%, depending on the genotype tested and the 

maturity of the explant .  Regeneration capacity increased dramatical ly from 

the t ip towards the base of the leaf, and was h igher from the middle to the 

proximal end. S im i larly, B artish and Korkhovoi ( 1 997) proved that shoot 

formation by apple leaf explants depends on the composition of the nutrient 

medium.  They reported that opt imizing the nutrient medium, by changing 

BA concentrat ion ( 5 - 1 0  mg/l), increasing NAA concentration up to 1 - 1 . 5  

m g/l, and di l ut ing M urashige and Skoog salts up to 3 folds, enhanced 

regeneration frequency to 67% in Nezalezhnist cultivar, 72% in Jdared 

cult ivar 80% in Flarina cultivar and 1 00% in clone RF I .  
, 

I n  almond (Prunus amygdalus), different plant parts, l .e . ,  leaves, 

cotyledons  and embryos were stimulated to  form cal lus .  Their cal l i  showed 

optimal growth on MS basal medium supplemented with 5mg/J NAA, and 
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1 00/0 coconut water. Differentiat ion of shoots and whole plantlets took place 

when the M S  basal medi um was supplemented with I g/l of casein 

hydrolysate and either zeatin  (0 .25 -0 . 5  mg/l ), B AP (0 .25-0 . 5mg/l ) or k inetin 

(0 . 5 - 1 .0 mg/l ), with differentiation being most frequent on kinetin medium 

(Mehra and Mehra, 1 974) .  

Chevreau et at. ( 1 989) developed an efficient protocol to regenerate 

adventitious shoots from leaf t issue of several pear (Pyrus sp. )  cultivars . 

Half- leaves, taken from in vitro grown shoots were cultured on MS medium 

supplemented with different  combinations of cytokinin and auxin .  TDZ 

combined with N AA was the most efficient medium for stimulation of 

adventitious shoots .  Shoot regeneration was observed over a wide range of 

TDZ and N AA concentrations (0 . 5 -5 .0JlM and 2 . 5 - 1 3JlM, respectively). 

The opt imum level of TDZ was 3 JlM. Murashige and Skoog at 1 /2 and 114 

strength salts were the most effective. Sucrose concentration ( 1 0-50 g/l) had 

a l inear and sign ificant effect on shoot regenerat ion of only one out of three 

tested culti vars . 

In vitro plant regeneration from cotyledon fragments of o l ive (Olea 

europea L . )  was reported by Canas and Benbadis ( 1 988) .  Cal l i  were 

induced from cotyledon segments on ol ive medium supplemented with high 

auxin (5mg/1 I BA) and low cytokinin, 0.2-0 .5mg/1 i sopentyl adenine (2iP) 
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or zeatin riboside concentrations. Shoot induction mainly occurs from cal l i  

of cotyledon fragments proximal to embryo axis and on medium 

supplemented with 4mg/l 2 iP .  Recent ly, Mencuccini  and R ugini ( 1 993) 

investigated the morphogenic capacity of petiole, leaf discs and midribs of 

several ol ive cultivars, collected from l -year-old  potted greenhouse plants, 

10-year-old field  - grown trees and in vitro cultured shoots. Explants from 

field-grown and greenhouse plants, and leaf disc and midrib explants from 

In vitro shoots in cult ivars Moraiolo, Dolce Agogia and Halkidikis, on MS 

mediu m  and on modified ol ive medium only in  the dark . The h ighest 

regeneration was ach ieved directly from the proximal part of the petioles 

after 2-3 weeks in  media contain ing 5-40�M thidiaz uron, or with both 

1 O�M 2-isopentyl adenine + 2 .2�M BA with or without low auxin 

concentration (L2. 5�M I BA).  Adventitious shoots were regenerated from 

2-50/0 of call i  when transferred from auxin + cytokinin media to cytokinin 

only medium. The regeneration potential was h igher in petioles col lected 

from apical nodes than from basal nodes (40 and 5%, respectively). The 

adventit ious shoots were transferred to sol id  half-strength M S  medium 

supplemented with 4 . 5�M zeatin for further development .  Several 

regenerated shoots were rooted and the plantlets hardened off in the 

greenhouse .  No apparent morphological differences were observed among 
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the regenerated plant lets or with those obtained by sti mulation of axi l lary 

buds. 

Very recently, organogenesis from date palm shoot tip cultures was 

reported ( Bekheet and Saker, 1 998). They stated that both direct and 

indirect shoot prol iferation from Egyptian date palm cultivar "Zaghlool" 

were obtained. They established shoot tip culture on M urashige and Skoog 

medium supplemented with 1 00mg/I myo-inositol , 50 mg/I adenine sulfate, 

1 -5g/1 activated charcoal, 2mg/l 2 iP  and O . l mg/l NAA. Direct shoot 

proliferation was noticed after two subcultures onto M S  medium 

supplemented with 4mg/l 2 iP,  4mg/I BAP and 0.5mg/I NAA. Subculturing 

the prol iferated shoots onto MS medium contained 1 mg/I N AA led to root 

fonnation . 

Chabane and Bougedoura ( 1 998) reported direct organogenesis from 

two date palm cult ivars (Takerbouchet and Deglet Nour) occured from 

young leaves on media supplemented with low ratio of 2,4-D / 2ip. Male 

and female inflorescences of date palm were used to establish a 

micropropagation system ( Loutfi, 1 998). He reported that young 

inflorescences formed many shoot primordia when cultured on Gamborg 

and Evelegh ( 1 968)  and Gresshoff and Doy ( 1 972a) mineral salt solutions 

containing 2 .6�M NAA, 8 . 8�M BA, 6. 1 �M 2iP .  In itiated shoots were 
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mult ipl icated on the same medium.  Most o f  these shoots rooted 

spontaneously on a medium containing 1 0 . 7�M NAA and 4 .4�M BA or 

6 . 1 �M 2ip .  H i stological analysis revealed that buds were originated from 

the petal primordia .  

EI-Henawey and Salom ( 1 982) reported root and shoot differentiation 

from date palm shoot tip in vitro, using MS salts mixture with the addition 

of 1 mg/l of both NAA and k inetin, 25mg/1 adenine and 200mg/l myo-

inosito l . They also reported that envi ronmental conditions seemed critical 

especial ly incubation temperature (25-32°c) .  Their histological study 

indicated that morphological differentiation including explants with a 

degree of cel l d ivis ion, differentiation and dedifferentiation had occurred .  

Khan et  af. ( 1 982), cultured different date palm t issues including 

shoot apex, primordial leaves, axi l lary buds, and roots on medium 

containing 3 %  sucrose, 1 % agar, 1 00mg/l myo-inositol, and 0 .4mg/1 

thiamin-Hel .  1AA, N AA, I BA and cytokinin (Kinetin )  were added to the 

basal medium at varying concentrations. NAA at levels from 1 - 1 0mg/1 with 

Kinetin induced cal l us growth and root initiation . IAA concentration was 

found to be unsuitable for offshoot tissue. They regenerated plantlets by 

recu l turing shoot apex on a medium containing NAA at O . l mg/1 and Kinetin 

at O . l m g/l . 

Different types of explants excised from date palm seedl ing, 

offshoots and adult  trees were investigated to establish a regeneration 
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system . Plant regeneration was attained in exci sed cotyledonary sheath in 

NAA and 2iP contai ning medi um. Leaf segments init iated either shoot only, 

or cal l us fol lowed by asexual embryogenesi s .  Offshoots shoot tips init iated 

num erous adventitious buds direct ly and without intermediary cal lus .  

Mult ipl ication of shoot t ips was achieved in N AA medium, which were 

rooted indivi dual ly (Omar, 1 988) .  

Starting from soft tissue or young leaves, and from shoot t ips or 

axi l lary buds, Beauchesne ( 1 982) and Rhiss ( 1 980) reported the production 

of many thousands of new plantlets from offshoots of date palm .  However, 

in each tested cultivar, i .e . ,  Bou Feggous, Bouskri , Bou Stammi noir, often 

needs modificat ions in media composit ion was necessary . 

T isserat ( 1 984) cultured shoot t ips, 0 . 5mm in length, of date palm on 

MS inorganic salts and 30g sucrose/I, O .4mg thiamine-Hel, 1 00mgli myo

inositol, 1 Om gil N AA, 3 gil charcoal, and 8 g agar. After 8 weeks tips were 

prol iferated through axi l lary bud outgrowths on a l iquid medium devoid of 

charcoal containing O . l m gll N AA and 1 0mgll BA. These addit ional shoots 

then could be rooted by recultured on agar medium devoid of BAP, 

contain ing O. l mgll N AA and successfully transferred to soi l .  

Adventitious plantlets were obtained from lateral buds, shoot tips, 

and stem pieces of date palm cultured on modified Murashige and Skoog 
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medium containing 3mgll 2 iP, 0 . 1 - 1 00mgll N AA or 2,4-D and 3 gil 

activated charcoal . Additions of auxins were necessary to induce explants to 

produce cal l us, adventitious plantlets, and roots .  Plantlets were obtained 

from explants cultured 3 -4 months in vitro. No difference in growth 

responses between male and female explants was observed during culture . 

Data also proved that activated charcoal fostered satisfactory growth by 

reducing the browning and inhibition of growth of explants . (Tisserat, 

1 979a). 

Date palm plantlets have been produced through cal lus phase by 

Tisserat ( 1 982)  through culturing shoot tip and lateral buds on media 

containing M S  inorganic salts, 30 gil sucrose, 1 00mgll myo-inositol , 

O .4mgll thiamine-Hel, 8g11 phytagar, 3 .0 gil activated charcoal, in addition 

to 1 00mgll 2 ,4-D and 3 .0mgll 2 iP. The resulted call us was friable yel low

white i n  color and was composed of minute nodules, that initiated 2-4 

months after explant introduction to cal lus induction medium . The 

researcher also pointed out that to obtain a large number of plantlets from 

date palm call us, individual plantlets should be isolated from cal l i  masses 

and planted separately to faci l itate their development. 

Vegetative propagation of several date palms through shoot tip 

culture and plant differentiation was investigated by Gabr and Tisserat 
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( 1 985 ) .  They studied the infl uence of explant size, medium composition and 

physical environment required establ ishing date palm shoot tips in vitro. 

They pointed out that sati sfactory date palm shoot tip growth and 

proliferation was obtained from explants that were 3 mm in length, 

consist ing of the apical meri stem region and 2-5 adjacent leaf primordia. 

Optimum shoot tip development and axi l lary budding was obtained by 

init ial ly establ ishing explants on agar medium for 2 weeks, then transferring 

them to a l iquid medium containing O .O- l .Omg/l N AA and O.O- 1 5 .0mg/1 

benzyladerune or 2 iP .  When shoot t ips of date palm were cultured on MS 

media contain ing l OOmg/1 2,4-D, 3mg/l 2 iP  and 3g/l activated charcoal or 

to determine their morphogenetic response in vitro, explants ini tiated cal l us 

and complete plantlets were produced after 4-8 months in culture . But when 

shoot tips of several date palm cultivars were cultured on MS medium that 

was supplemented with I mg/1 N AA and 3 .0g/1 charcoal, they developed 

into plantlets with wel1-developed leaves and adventitious roots within 2-6 

months from the t ime of planting. 

Anjame and Zaid ( 1 993) reported that organogenesis of date palm 

shoots from the young bottom leaves of offshoots was inh ibited on media 

with a low concentration of auxins.  Shoot tip explants consisted of the 

apical meristem (dome) with two to four leaf primordia and varied in size 
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from O . S  to 1 mm3 . Meristems and tips were cultured on modified MS 

medium containing 3 g/1 activated charcoal 0 . 1 -300mg/l NAA, 2,4-D, I AA, 

l BA BA, Kinetin  or 2 iP .  They reported that best consistent shoot 

regenerat ion occurred on nutri ent media containing NAA. Best rooting was 

achieved with O . I mg/J N AA with 630/0 of the shoots initiating adventitious 

roots after the first culture passage (Zaid and Tesserat, 1 983) .  

Starting from bottom of young leaves, soft tissue, shoot tips or 

axi l lary buds of date palm offshoots, Beauchesne et al. ( 1 986) reported the 

obtaining of well formed and vigorous plantlets which were able to be 

successfu l ly transferred in  greenhouse. The media used were Murashige and 

Skoog half-strength or Beauchesne medium supplemented with various 

growth regulators depending on the stage of development. Init iation 

medium contained NOA at I -Smg/l, NAA at 1 .0mg/l, l AA at I mg/l and the 

cytokinin 2 iP  at 0 . I -3mg/1 . I n  the multipl ication stage, medium was 

supplemented with NOA at 2 mg/l, NAA I mg/l , l AA 1 mg/I, BAP at 

O . Smg/l, 2 iP  I mg/l and kinetin at I -S mg/l . I n  the elongation stage, medium 

was supplemented with N AA at 1 mg/l, BAP at O . Smg/l, Kinet in at O. Smg/1 

and G ibberel l in at 1 -3 mg/1 . Final ly, the swell ing medium was the same as 

the mult ip l ication medium except that the sucrose level was I OO- l SOg/1 . 

Buds were initiated after six months of in vitro culture using previous steps 
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and media. Rhi ss et at. ( 1 979) pointed out that buds and roots were obtained 

from tissues taken up form soft part of offshoots of adult date palm and 

cultured on MS medium, supplemented with the auxins :  1AA, 1 BA., or NAA 

at 0 . 5  to 5 m g/l, and with the cytokinins :  2 iP, BAP, and Kinetin at 0 . 1 to 

l mg/l .  

2.3 E m bryogenesis 

Somatic embryogenesis is  the in it iation and development of embryos 

from somatic tissue of plants rather than from zygotes. This  was first 

reported in  cultures of carrot (Daucus carota) by Steward et al. ( 1 958) .  

Somatic embryogenesis may be init iated from a single cell ,  or from several 

cel ls at the surface or from the interior of t issues in culture . During 

development, somatic embryos progressed through globular, heart and 

torpedo stages (Kohlenbach, 1 978) .  

Sharp et al. ( 1 980) suggested that somatic embryogenesis may be 

init iated directly in the absence of any cal lus prol iferation and this occurs 

through pre-embryogenic determined cells, e .g . ,  nuclear cel ls  of 

polyemryogenesis that require some cal lus prol iferation and this can occur 

in differentiated varieties of Citrus and epidermal cel ls  of the hypocotyle of 

wild carrot . In direct embryogenesis that requires some cal lus prol iferation 

and this can occur in different iated non-embryogenic cel ls  including 
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secondary phloem of domestic carrot and mner hypocotyl tissue of wild 

carrot . 

The most important factors involved in the induction of somatic 

embryogenesis are the exogenous auxin content of the medium and the 

composition of nitrogen compounds added as nutrients. The induction of 

embryogenesis requires the presence of auxin or auxin-like substances. 

After induction, lowering auxin concentration or its absence fosters embryo 

maturation (Steward et al. 1 967) .  Subsequent development of embryogenic 

cel l s  is  restricted by the presence of auxin ( Halperin and Jensen, 1 967) .  The 

presence of reduced nitrogen appears to stimulate embryogenesis, and it is 

important for init iation or maturation steps ( Ammirato and Steward, 1 97 1 ) .  

Thus the basic protocol for embryogenesis requires a primary medium with 

an auxin source and a secondary medium devoid of growth regulators, both 

containing a reduced nitrogen source . The role of cytokinin in 

embryogenesis is not clear because of conflicting results. For example, the 

addit ion of O . l I1 M  of zeatin stimulated embryogenesis in carrot cell 

suspension in auxin free medium, but the addition of kinetin or BA 

inhibited embryogenesis (Fuj imura and Komamine, 1 975) .  Recently, there 

have been many reports of somat ic embryogenesis in fruit crops. Embryos 

have been obtained from citrus, strawberry, apple, pear, grape, walnut, 

Rubus, chinese date, papaya, Prunus, and date palm .  
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Regan e( 01. ( 1 968) obtained embryos and plantlets form zygotic 

( 'ztrus embryos excised 1 00- 1 20 days after pol l ination, corresponding to an 

early heart-shaped stage . Embryogenesis was obtained in MS medium 

supplemented with O . S mg/l NAA, in the absence of cytokinin, but in  the 

presence of SOOmg/1 malt extract and SOOmg/1 casein hydrolysate . 

Adventive embryos were obtained on the init iat ion medium without 

subculture . 

Carimi et of. ( 1 994) induced somatic embryos from Citrus styles 

treated with d ifferent growth regulators . Styles and Stigma were dissected 

from flowers and cultured on MS basal medium supplemented with 4 . S2JlM 

2 ,4-D and 1 3  . 3JlM benzyladenine (BA). Cal lus was induced from the style 

base 2 weeks after the treatement initiation and embryos appeared 2 months 

later. 

Somatic embryos were obtained from nucel lar-endosperm explants of 

calamansi (Citrofortunella mitis) two and a half months after inoculation 

(with one monthly subculture) on to Schenk and Hi ldebrandt (SH)  medium 

with O .OSmg/1 picloram . Embryos germinated and grown on pic1oram-free 

for shoot and root growth .  Simi lar work was done in pummelo (Citrus 

maxima) but using only nucellar t issue. The resulted plantlets were identical 

to type and virus -free plants (paten a et of. 1 996). 
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Very recently, Ling Tian ( 1 997)  obtained somatic embryos from 

immature seeds of ei ght Carus relatives incl uding Aegle marmelos, 

A talantia ceylanica, Cilropsis gabunensis, Clansena excavata, Glycosmis 

pentaphylla, Microcltrus anstralasica, Murraya paniculata and Severinia 

buxifolia on MT medium supplemented with 0 .05mg/1 2,4-D, 0 .05mg BA 

and 400 mg malt extract/I . Approximately 200/0 of somatic embryos from 

six of the genera underwent cal logenesis during subculture on the same 

medium . After at least six successive subcultures on MT medium 

containing 1 0  mg/I  BAP call us became growth regulator independent. 

Somatic embryos from growth regulator independent cal l us were obtained 

with MT medium containing 5% lactose . Plantlets were regenerated from 

somatic embryos on MT medium containing 0 .02 mg/I NAA and 

established in soi l .  

I n  strawberry, somatic embryogenesis and plant regeneration was 

obtained by culturing immature zygotic embryos on MS basal medium 

supplemented with 2 ,4-D and BA. The percentage embryogenesis was 

highest in the presence of 5mg/1 2,4-D, 0 . 5mg/1 BA and 500mg/1 casein 

hydrolysate. Morphological ly normal plants were obtained from somatic 

embryos that were transferred to MS medium supplemented with I mg/I 

GA3 or 0-5mg BA p lus O . I mg/1 NAA. 
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Kouder el af.  ( 1 984) reported embryogenesi s from immature apple 

embryos cultured on Nitsh and Nitsh medium supplemented with 4mg/l 

BA, 400mg/1 malt extractfl . and 40mlll coconut milk .  The immature 

embryos were grown in the dark for 4 days and then moved to the l ight 

tmder 1 6  hr days with 1 00 m Mol m-2 Sec l of cool white fluorescent tubes 

at about 23°C.  Also, Liu et al . ( 1 983)  reported adventitive embryos from 

leaf explant of apple after 3 weeks incubation on M S  medium supplemented 

with 1 0m g/1 BA and 3mg/l N AA.  

Da-KeDong e t  al. ( 1 996) reported the induction of  embryogenic cells 

from in vitro-derived leaves of Apple cv. Gala after 7 days in  the dark on 

MS medium supplemented with 1 .0 mg BA, 5 .0 mg NAA, 0 . 5mg 2,4-D and 

20g sucrose/I . The somatic embryo regeneration rate was 650/0 when leaves 

were transferred to MS medium supplemented with 1 .0 mg BA and 20g 

sucrose/l i n  the dark for 40  days. The regenerated embryos germinated and 

developed into shoots on the same medium. 

Daigny et af. ( 1 996) developed a procedure for regeneration of apple 

(Malus punica) plants through secondary somatic embryogenesis in  cv. 

Gloster 69. Primary somatic embryogenesis was produced from cotyledon

derived cultures of immature zygotic embryos. These somatic embryos 

were multipl ied by secondary somatic embryos (SSE) on media with 
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different plant growth regulator combinat ions.  The highest SSE rate 

( 5 5 . 50/0) was obtained with a combination of NAA ( 5 . 3 �M), BAP (0 .9�M), 

and Kinetin (0 .9� M )  or with thidiazuron (TDZ) alone ( 1  O�M) .  Optimum 

SSE (> 730/0) was obtained by culturing l arge somatic embryos or 

cotyledon-like structures on medium containing a combination of 

NAAIBAPlKin  or TDZ alone, mal tose ( l 75mM) and phytagel (2 .8g/l iter) . 

I n  pear, somatic embryogenesis was obtained from nucel lar t issue on 

M S  basal medium containing 1 gil casien hydrolysate, 40mlll coconut water 

and without added growth regulators (Janick, 1 982) .  

Mull i ns and Srinivasan ( 1 976) reported embryogenesis in vitro using 

unfert i l ized ovules.  Ovules were cultured fIrst on l iquid  medium containing 

1 - 1 25 mg/l BA for three weeks, and then subcultured to medium containing 

1 . Omg/1 BA and 0 .9mg/1 naphthoxyacetic acid (NOA), for two weeks. 

Final ly they were transferred to reduced BA (0 .56m g/l ) and NOA (0.47 

mg/l) for pro embryo differentiation . A subsequent study indicated that 

somatic embryos could be developed on hormone-free media after the 

above init iat ion steps (Srinivasan and Mul l ins, 1 980). 

Very recently, Kukusove et al. ( 1 997) were able to regenerate plants 

of Vilis vmifera cv. Podark Magaracha from leaf explants through somatic 

embryogenesis. Chromose counts of root tips was used for screening of 
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regenerated plants. Among 242 studied plants, s ix (2 . 5%) tetraploids 

(2n=4x=76)  were identified, al l others were diploid (2n=2x=38). Neither 

chimeral , nor aneuploid plants were observed.  Gamma-irradiation ( 5- 1 00 

G Y )  increased tetraploid plant formation frequency of primary (7%) and 

embryogenic cal l i  ( 7 .6%) and some aneuploid plants were also found.  

Colchicine treatment was not effective for the production of tertaploid 

plants. Variabi l i ty among regenerated plants was also found after field

testing.  

In walnut, immature cotyledons of different cultivars were excised 

and used to induce somatic  embryogenesis .  Explants were cultured on a 

conditioning medium containing 1 mg/I BA, O .O l mg/1 I BA, 20 mg/I Kinetin 

and 250mg/l alpha-glutamine added to the MS basal medium . The 

development sequence for normal somatic embryos included the globular, 

heart and cotyledonary many stages, fol lowed by cotyledon expansion and 

thickening to give a mature somatic embryo. Embryogenic l ines were 

maintained for more than 1 8  months by culturing somat ic embryos on MS 

media. Adventit ive somatic embryos arising from somat ic embryos 

(repetitive somatic embryogenesis) appear to have a simi lar direct origin, 

without i ntervening cal lus growth (Tulecke and Mogranahan , 1 995) .  
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Fiola and Swarts ( 1 986) succeeded in obtaining embryos from Rubus 

zygotic embryos. Ovules and embryos from control led interspesific crosses 

were aseptical ly  excised at various stages of maturity . Initiation media 

contained MS basal sal ts, staba vitamins, 30g/1 sucrose, 200 to 500 mg/I 

casien hydrolysate, 0 . 1 mg/l 2 ,4-D and 0 . 1 or 1 .0mg/l BA. Embryogenesis 

was observed from immature ovules and mature embryos after l imited 

cal lus development, but shoot regeneration only occurred from mature 

embryos. 

A h igh frequency of somatic embryogenesis in Pawpaw cultivar 

Kapoho, Sunset, Sunrise and Waimanala tissue culture was achieved by 

culturing hypocotyl sections from 1 0-day-old seedl ings on 1 12 strength MS 

medium containing vitamins, 2 . 3 - l 1 2 . 5 IlM 2,4-D, 400mg/1 glutamine and 

6% sucrose ( Fitch, 1 993) 0 The four hermaphroditic Hawaiian cultivars 

produced embryogenic cal lus after 1 0- 1 4  weeks of culture at 27°C in the 

dark . The genotypes differed in embryogenic response efficiently in the 

order: Kapoho > Sunset > Sunrise > Waimanala. The frequency of 

embryogenesIs III the induction medium containing 4 . 5 1lM 2,4-D was 

lowest with 3 %  sucrose and highest with 70/0 sucrose. Somatic embryos 

developed directly from embryogenic cal l i  on induction medium, or more 

after differentiated from cal l i  subcultured on medium devoid of growth 
, 
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regulators .  Between 50 to 500 somatic embryos were produced from each 

2mm - hypocotyl section after at least 2 months on induction medium and 2 , 

months on maturat ion medium. The somatic embryos subsequently 

developed into normal-looking plants on MS medium . Shoot cuttings from 

germinated somatic embryos and micropropagated plants were rooted in 

vItro with 5 .0 �M I B� grown in the greenhouse, and transferred to the 

field.  

March et at. ( 1 993) pointed out that immature zygotic embryos of 

Prunus avium were col lected and sorted into 2 classes (C l :  2 . 5 -3 . 5  and C2 : 

3 .6-4 . 5  mm), received different experimental treatments. In  C l  c lass, 2 . 5% 

of cotyledons expressed direct somatic embryogenesis when cultured for 1 0  

days on an inductive medium containing 1 8 . 1  � M  2,4-D and 9 .3  �M kinetin 

before transferring to fresh medium without growth regulators . C2 class 

cotyledons were less responsive . The replacement of half of 2,4-D amount 

presented in  the inductive media by the same amount of N AA, reduced the 

incidence of somatic embryogenesis .  Conversely, a rhizogenic response was 

strongly enhanced. When cultured on an inductive medium containing 1AA 

and zeatin without any subcultures for 3 months, C I  cotyledons were the 

most morphogenic and developed leaves and cotyledon-l ike structures. 
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Recent ly, Mitrofanova el af. ( 1 997) succeeded to establish a 

procedure for the induction of somatic embryogenesis and plant 

regenerat ion from the Chinese date (Zizyphus Jujuba) in vllro . The highest 

number of somatic embryos was obtained on 1 /2 strength MS medium 

supplemented with 2 . 2 �M 2 ,4-D. In darkness, at 26 °C, the frequency of 

embryogenesis was 90%. During culture, secondary embryoids were 

formed on the developed non-zygot ic embryos. Plant regeneration was 

conducted on modified Pi erik medium without hormones, and plantlets 

were adapted in vitro . 

Embryogenic cal l us and morphogenetic  responses of date palm 

tissues have been induced by many invest igators (Tisserat, 1 979a, 1 98 1 , 

1 982;  Dass et al. ,  1 989; Anjarne and Zaid, 1 993 ; Vernamend and Navarro, 

1 996; Bekheet and Saker 1 998) .  Auxins were found to be the most critical 

component in the media used for the embryogenic induction cal lus. Some 

investigators obtained embryogenic cal l us on media contained only low 

concentrations of 2,4-D did not exceeded 2mgll ( Drira et al. ,  1 983 ; Zaid M. ,  

1 989). Other investigators found that concentrat ion and type of hormone, 

especial ly  auxins were the most crit ical factor in stimulating embryogenic 

cal l us production and subsequently embryogenesis process (El-Bel laj et aI. , 

1 998) .  



36 

Bekheet and Saker ( 1 998) pointed out that date palm embryogenic 

cal lus produced from shoot tip explants cultured on MS medium 

supplemented with 1 0  mg/I 2,4-D, differentiated plantlets after 3 

subcultures on medi um containing 3 mg/I 2 iP  and I mg/l NM with one 

month intervals between subcultures. Also Sharon and Shankar ( 1 998) 

indicated that cal l us was induced from zygotic embryos of date palm on MS 

medium supplemented with 1 0mg/1 2 ,4-D, 3mgll Kin, 0 . 5mg/1 2 iP, 30/0 

sucrose and 0 . 50/0 activated charcoal in dark at 28°C, which when 

transferred to l ight became nodular. Further transfer to M S  devoid of 2,4-D, 

but supplemented with glutamine, it developed into somatic embryos. They 

also pointed out that during somatic embryos to plantlet fonnation,  four 

stages developed each required different l ight intensity and growth 

regulators supplement .  

Somatic embryogenesis was obtained from cal lus especially nodular 

cal lus when sections of shoot apical meristems were cultured on MS 

medium supplemented with 2mg/1 2,4-D, and 3mg/1 2 iP for cal l us initiation 

and prol iferation . Embryogenesis cal lus produced somatic embryos on 

phytohonnone free medium.  Somatic embryos were converted to plants 

(Chabane and Bougedoura, 1 998). 
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Several reports indicated that cal lus of date palm embryo explants 

was produced with O .O l mg/1 NAA and kinet in .  Also, it was recorded that 

1 00 mg/l 2,4-D or NAA and 3 mg/l 2 iP  gave the best embryogenic cal lus 

when lateral buds and apical meristems were cultured on MS medium (Gabr 

and Tisserat, 1 985 ) . Shoot tip and leaf-bud fragments were removed from 

offshoots of date palms and cultured on MS inorganic salts 453-JlM 2 ,4-D, 

1 4 .8JlM 2 iP  and 3 g/1 act ivated charcoal to develop nodular cal lus after 8 

months of cul ture . Cal lus was cultured in  agar - sol idified and stationary or 

shaken l iquid media containing half-strength MS inorganic salts, 3g/1 

activated charcoal and different sucrose concentrations. The best condition 

for embryo development were culturing in l iquid medium shaken at 1 00 

rpm for a period of 2 weeks without sucrose, fol lowed by a culture on a 3% 

sucrose (Vernamendi and Navarro, 1 996) . 

Dass et al. ,  ( 1 989) reported that embryogenic cultures were induced 

from shoot tips of date palm (cv. Muscat) on nutrient medium containing 

MS basal salts along with NM 2,4-D, BAP and PVP under dark condition 

at 28°C cel l ular embryos further differentiated into wel l -developed nodular

shaped embryos on medium supplemented with NaH2P04 and Kinetin and 

on increasing K H2P04 to 200mg/1 concentration . Somatic embryos 
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germinated into complete plants by first in itiating root and then shoot at 

O . l mg/l NAA. 

Cal l i  were induced from shoot t ip, bud, leaf, stem and root explants 

from bearing trees, offshoots, seedlings, and asexual plantlets of date palm 

by culturi ng on modified M S  nutrient medium contain ing 3g/1 activated 

charcoal ,  l OOmg/1 2 ,4-D, 3mg/1 2 iP .  Differential morphogenetic responses 

were obtained from call i  dependent on the explant type and parent source . 

Subcultured shoot tips and leafy lateral buds cal l us on nutrient media 

devoid of charcoal and supplemented with O . l mg/l NAA produced 

adventit ious plantlets. Subcultured leaf call i  produced roots only. Root 

cal l us fai led to exhibit any morphogenic response upon subculturing. 

Undifferent iated non-leafy buds and stem tissues did not give rise to 

cal lus regardless of the parent source . General ly, the best cal lus and 

embryogenic responses from explants were obtained from seedling and 

plantlet parent sources. Simi larly, organogenetic responses such as root 

formation and development from shoot tips cultured on media containing 

1 0mg/1 N AA were also related to the parent explant source (Zaid and 

Tisserat, 1 983) .  

Growth of explants from excised embryos cultured in vitro on RM-

1 965  medium was stimulated by 1 mg/l l AA and O .5mg/1 Kinetin .  However, 
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rooted seedl ings were obtained only when 1 0m g/l NAA was added to the 

medi um . In most cases differentiation took place directly from the thin 

layers of cal l us produced on the cut surface of the explants. However, in the 

absence of N AA there was no differentiation except when the explants were 

recultured ( Khal i l  et aI. 1 982) .  

Mater ( 1 986) cultured shoot t ip explants excised from date offshoots 

of Phoemx dactylifera, cv. Barhee and Hal lawi on nutrient media 

supplemented with 2 mg/l of BA and Kinetin,  and the auxins NAA or 2,4-D 

at five levels (0 .0, 0 . 1 ,  1 .0, 1 0 .0, 1 00 .0mg/I) .  Vigorous cal lus growth 

occurred in  explants cultured on media containing high levels of auxin ( 1 0  

and 1 00mg/I) .  The call us had yel lowish aggregated type, and could be 

subcultured on h igh auxin containing media to produce cal l us only, or to 

low auxin (0 .0 and O . l mg/l ) to produce organs only . When subcultured on a 

medium devoid of auxin, the aggregates gave rise to leaves only, while it 

produced roots only when subcultured on N AA containing medium. No 

embryoid differentiat ion was observed in thi s type of cal l us. Fol lowing 

repeated subcultures on media containing h igh levels of auxins, white 

colonies of embryogenic nodular cal lus, which proved later to be precursors 

of asexual embryos and originating from smal l single meristematic cel ls in 

the callus t issue were observed. 
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2.4 Factors affecti ng shoot orga nogenesis or regeneration. 

Several factors other than growth regulator have been reported to 

affect regenerat ion In vitro. These factors include plant genotype, explant 

source, addition of charcoal to the medium, the use of antibiotics and l ight  

and temperature . Each of these factors and their relationship to regeneration 

wi l l  be discussed in  detail in this section. 

The effect of genotype regeneration has been studied extensively in 

many species including Vida (Ph i l l ips, 1 983), Coronilla (Mariotti and 

Arcioni, 1 983)  and strawberry (N ehra et aI. ,  1 989). In  strawberry, ten 

different genotype were tested for regeneration from leaf disks.  

Regeneration freq uency varied considerably from 4.4 to 91 %. The 

differences in genotype response was unclear, however, there is evidence 

suggest ing that a few genes may have had an effect on the regeneration 

capacity of plant t issues . Reisch and B irgham ( 1 980) suggested that at least 

two dominant genes control differentiation in alfa alfa call us .  

Explant t issue is another important factor affecting regeneration . In 

some species, only certain parts of the plant can respond in culture .  In these 

plants, regions of actively diving cel l s  seem to respond most readi ly, e .g. 

immature embryos have been extremely useful (Wang et al 1 984) .  

However, in  some other plants such as Daucus carola, embryogenesis can 
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be induced almost for any cell or part of the plant including excised 

embryos, hypocotyls, young roots, petioles, peduncles and protoplasts 

(Ammirato, 1 983) .  I n  several cases, younger tissue have been found to 

produce more uniform regenerat ion from dedifferentiated cel ls ( Dejong and 

Custers, 1 986' Hanisch et aI. ,  1 986). 

Culture medium effects on regeneration have been demonstrated by 

several studies. Evans et af. ( 1 98 1 )  surveyed somatic embryogenesis in crop 

plants and found that 70% of explants were cultured on MS medium or a 

modification of MS .  This medium satisfies the n itrogen requirement in case 

of carrot somatic embryos because of the presence of high concentrations of 

inorganic nitrate ( Reinert et aI. , 1 967) .  In  contrast, White's medium (White, 

1 963), which is low in  nitrate nitrogen and without reduced nitrogen, needs 

to be supplemented to support cont inued somatic embryogeny. 

The addition of charcoal to the medium has been very usefu l .  Cal l us 

of Hedera helix from mature stems gave rise to embryos only on medium 

contain ing activated charcoal . When charcoal was omi tted, only 

undifferentiated cal lus growth occurred ( Banks, 1 979). Activated charcoal 

was also useful in  anther culture ( Fraser and Harvey, 1 986). This was due to 

the fact that charcoal absorbed inhibitors that would prevent growth and 
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reduced the level of growth promoters that would cause continued 

pro l iferation ( Fridborg et al. 1 978) .  

The use of antibiotics in culture media has become more widespread 

with the emergence of antibiotic resistance genes as selectable markers in 

transformation experi ments and in transformation systems. In addition to 

cult i vat ion of Agrobacterium tumefaclens requires the use of an antibiotic to 

k i l l  the bacteria .  The antibiotic Kanamycin has been found to be inhibitory 

to cel l or t issue growths at comparatively low concentrations. Fiola et al. 

( 1 990) indicated that the addition of 1 1  Omg/l or higher kanamycin sulfate to 

Rubis cotyledon regeneration medium drastically reduced the growth and 

organogenesis of explants. The use of rifampicin  at 50mg/l in tissue culture 

medium effect ively control led bacterial contamination without affecting the 

growth of explant cultures of Heiianthus tuberosus (Phi l l ips et al. 1 98 1 ) . 

Mathias and Mukasa ( 1 987)  investigated the effect of cefotaxine on cal l us 

in it iated from immature embryos of four barley cultivars. Cal 1us growth 

was up to 450/0 greater on cefotaxine than on control medium and the 

frequency of regenerating cal l i  was increased by up to 80%. 

Several studies demonstrated the effect the l ight on regeneration. 

Heloniolisis orientals cal l us cul tured in the dark produced shoots when 

transferred to l ight ( Kato, 1 978) .  Also, continue darkness reduced the 
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number of shoots produced 10 cultures of A.�paragus (Hasegawa el af. ,  

1 973 ) .  

I nformation about the effect of  temperature on organogenesIs I S  

l imi ted. In  CTlrus nucell us-derived cultures, embryogenic potent ial was 

reduced as the temperature was lowered from 27°C to 1 2°C (Esan, 1 973) .  In  

contrast, cold treatment of  Actinidia another increased somatic 

embryogenesis ( Fraser and H arvey, 1 986) .  

I n  summary, the abi l ity of  explant tissues to  regenerate Plantlets i s  

primari ly related to  the growth regulator composition of  the culture 

medium,  although the other factors, which have been discussed in this 

section, should be considered in development of protocols for plant 

regeneration.  Care should be given to be the choice of explant material . 



CHAPTER III 

MATERIALS AND 
METHODS 
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CHAPTER 3. 

M AT E R I A LS A N D  M ETHODS 

The present studies were conducted through three successive seasons 

( 1 996- ] 998) ,  at the Plant Ti ssue Culture Laboratory and its respective 

greenhouse faci l it ies of the UAE University at AI-Ain .  The studies aimed at 

the establ ishment of efficient regeneration systems from excised date palm 

tissues and to assess the effect of seasonal variations on regeneration 

capacity. 

3.1 Plan t  M a terials 

The conducted experiments incl uded the use of "Khnazi" date palm 

(Phoenix dactylifera L . )  offshoots, a wel l-known cultivar throughout the 

UAE. The offshoots were col lected from good reputation farms in AI-Ain 

City and transferred to the laboratory at AI-Oha region . The offshoots were 

3-4 years old, collected from healthy, disease-free mother palms ( Fig. I ), 

and weighted approximately 7- 1 0  kg per each bulb offshoot . The offshoots 

were cleaned by running water and the outer large leaves and fibers were 

removed careful ly and gradual ly by sharp knife unti l  the appearance of 
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shoot tip zone.  Special care was taken not to injure the meristematic region . 

Shoot tips were then isolated carefully using a sbarp knife and pruned to 

approximately  5-7 cm in length and 3-5 cm in width (Fig .2) .  

3.2 S hoot tip steri l iza tion 

The excised shoot tips were washed by disti l led water then subjected 

to steri l i zation procedure to make sure that the tissue is free from any 

contamination . The procedure should be done careful ly and accurately 

because contamination problem is considered one of the obstacles, which 

are standing against the successful culture for plant t issue culture in vitro, 

especial ly  in date palm tissue culture . The excised shoot tips were subjected 

to two consecutive steri l ization steps to minimize contamination (Fig.3) .  

Firstly, the  isolated shoot tips were steri l ized by soaking them in a fungicide 

solution, Benlate at a concentration of 5 gil or Benomelo at a concentration 

of 2 m g/l, for 20 minutes. Secondly, the shoot tips were resteri l ized by 

dipping in 33% commercial Clorox solution (5% sodium hypochlri te) for 

20-25 minutes. The explants were then rinsed three times with steri l ized 

dist i l led water, each for 5 minutes under the laminar airflow hood, to 

remove any residual disinfectant before culturing. 
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Fig. I .  Plant materials (Offshoots) used as a source of explants. 

Fig.2. Shoot-tip isolation. 
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Fig.3. Shoot-tip sterilization. 

Fig.4 Sterilized explants soaked in an anti-oxidant solution. 
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3.3 T reati ng explants with a n  a n tioxidant  sol ution 

The steri l ized explants were then soaked in an antioxidant solution 

( Fig .4) to minimize production of phenols (causing the browning), and to 

protect them from drought .  The antioxidant solution consisted of 2 gil 

polyvinyl pyrolydon (PVP, Mw - 40,000), 1 00mgll sodium 

diethyldithiocarbonate AR (Mw=225 .30), and 200 mg/l caffeine anhydrous 

( Mw= 1 94 .2 ) .  The shoot tips were kept in thi s solution unti l  culture time. 

3.4 C u l t u re proced u re of shoot tips 

I solated shoot tips were taken from the antioxidant solution and 

placed in a steri l ized petri dish containing some of antioxidant solution to 

avoi d  browning and drought of explants during culturing.  The primary 

xylem and bases of leaves were then cut off from the shoot tips using 

steri l i zed surgical blades (Fig. 5 ,  6) .  The rest of each explant was cut in half 

at right angles around the apical dome .  The apical domes were then divided 

into smal l p ieces each of about 3-5 mm3, and consideration should be taken 

to leave some leaf primordia per explant. Each explant was then cultured on 

a 20m] init iat ion medium in 24x200 mm culture tubes, capped with 

aluminum foi l  and Nalagin plastic cover. 
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Fig. 5. Primary xylem and leaf base cutting from the shoot-tip 

Fig.6. Dividing apical dome to several smaller explants. 
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3.5 I n i ti a ti o n  stage 

The in i tiation medium contained Murashige and Skoog ( 1 962) 

inorganic salts and supplemented with 1 00mg/I myo-inositol, 0 . 5mg/1 

Nicotinic acid, O . 5 mg/1 pyridoxine, O . l mg/1 Thiamine-HCI,  2 mg/I Glycine, 

40mg/1 adenine sulfate, 2g/1 polyvini le pyrol idon (pVP 40000), 3g/1 

activated charcoal ,  40mg/l sucrose, and sol idified with 7g/1 agar agar. The 

pH was adj usted to 5 .7 prior to the addition of agar agar and autoclaving i t  

for 1 5  m inutes at 1 2 1 °C (Fig. 7 ) .  

The in it iat ion medium was supplemented with different hormonal 

combinations as presented in Experiments 1 and 2 .  The initiation medium 

included act ivated charcoal for 2 months, then the explants were 

subcultured on the same media, but without charcoal unti l  the end of the 

experiments. During the 4 months initiation stage, the cultures were kept in 

complete darkness, at a temperature of 28°C ± 1 inside special growth 

room.  

3.6 M ultiplication stage 

After 4 months on in it iation medium, cultures were transferred to a 

mult ipl ication medium containing the same components as in initiation 

medium but devoid of activated charcoal and supplemented with 30g/1 , 
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sucrose instead of 40g/1 as in the initiation medium ( Fig.8) .  The growth 

regulators added to the multipl ication medium were indol acetic acid ( IAA) 

at O .4mg/l,  naphthal ine acetic acid (NAA) at O . I mg/l, k inetin (K IN)  at 

0 . 1 m g/l,  and isopentyl purin (2 iP) at 1 . 5mg/1 . All growth hormones were 

added to the medium before autoclaving, except fAA, which was added to 

the medi um after autoclaving, at a temperature of about 5 5°C using a 22�m 

Mi l l ipore steri l i zed fi lter. In this stage, cultures were maintained under l ight 

conditions of a I 6/8-br photoperiod at 30 �Mol m-2 sec- I . Cultures were 

then subjected to subculture every one month .  

3.7 Elongation stage 

Multibuds formed on explants in the multipl ication medium were 

isolated and separated individually, then cultured on an elongation medium. 

The elongation medium contained the same components as in initiation 

medium devoid of activated charcoal and growth regulators, but 

supplemented with 30g/1 sucrose. The cultures were kept for one month 

under a 1 6/8-hr photoperiod regime, at 30�mol m-2 sec- I . Cultures were 

maintained under this condition for one month before transferring them to 

the rooting stage ( Fig.9) .  
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Fig.7. The initiation stage. 

Fig.8 The multiplication stage. 
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Fig.9. The elongation stage. 

Fig. 10. The rooting stage. 
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(b) 

Fig. l l .a,b. Transfer of the seedling to the Green House. 
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3.8 Rooti ng stage 

Elongated shoots, 1 3- 1 8  em in length, were transferred to a rooting 

medium containing the same basic components as in the initiation medium, 

but without charcoal, and supplemented with 30g/1 sucrose and 1 mg/l 

NAA. Cultures were kept under the same l ight regime as previously 

described maintained in multiplication and elongation stages, where they 

became ready to transfer to greenhouse (Fig . l O, l l a,b). 

3.9 Experimental P roced u res 

3.9. 1 Experiment 1 :  

Effect of different aUXIn and concentration on percentage explants 

produced bud generative tissues and number of differentiated buds per 

explant. 

Effect of 1 8  different media developed from various combinations of 

auxin types and concentrations, in addition to control (free honnones 

medium) in the init iation stage on bud regeneration from shoot-tips, was 

investigated . In  this experiment, the initiation medium was supplemented 

with two different auxins namely indole acetic acid ( IAA), and naphthalene 

acetic acid  (NAA), each at seven different concentrations, 0 .0, 0. 1 ,  0 .4, 0. 8, 

1 .6, 3 . 2 ,  and 6 .4mg/1 . In  addition, five media were developed from an equal 
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combination of 1 AA + NAA at O . l mg/l each, O.4mg/l each, O . 8mg/1 each, 

1 .6mg/1 each, and 3 .2mg/1 each . NAA was added to the medium before 

autoclaving, whereas 1AA was supplemented after autoclaving and when 

the medium temperature was about 5 5°C through a 221lm Mil l ipore 

steri l ized fi lter. In addition to the tested auxins, naphthoxy acetic acid, B� 

Kin and 2 iP were added to al l media at  a fixed rate of 4mg/l, O .4mg/l, 

O .4mg/l , and O .4mg/l, respectively. The experiment had 1 6  replications (test 

tubes) per treatment and each tube had one explant . The experiment was set 

up in a randomized complete block design, and data were analyzed by 

analysis of variance using SAS program (SAS, 1 989), with means separated 

by least sign ificant difference (LSD) test (Gomez and Gomez, 1 984) .  

Contaminated cultures were not included in the analysis .  

3.9. 2 Experiment 2: 

Effect of different cytokinin and concentration on percentage explants 

produced bud generative tissue and number of differentiated buds per 

explant .  

Effect of 23  different media developed from various combinations of 

cytokinin types and concentrations in the initiation stage on bud 

regenerat ion from shoot-tip, was investigated . I n  this experiment, the 
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init iation medium was supplemented with three different cytokinins namely 

BAP, Kin and 2 iP, each at 0 . 1 ,  OA, 0.8, 1 .6, 3 .2, and 6Amgl1 . In addition, 

five media were developed from an equal combination of Kin, BAP and 2 iP 

at O . l m gll each, o Amgll each, 0 . 8mg/l each, 1 .6mgll each, and 3 .2mgll 

each .  Al l  auxins, I AA, N AA, and NOA were added to the media at a fixed 

rate of O .4mgl1 . The statistical design and analysis fol lowed the same 

procedure explained in experiment I .  

3.9.3 Experiment 3: 

Effect of culturing time on percentage explants produced bud 

generative tissue and number of differentiated buds per explant. 

Effect of culturing t ime on shoot bud generative t issue and shoot bud 

regeneration from shoot t ips of Khnazi date palm cultivar was investigated . 

In  this  experiment, the two best hormonal combinations were selected based 

on the results of experiments 1 and 2 .These combinations were as fol1ows: 

Medium 1 (M l ) :  O .4mgll IAA, O.4mgll NAA, 4mgll NOA, O .4mgll Kin, 

O .4mgll BAP and O .4mgll 2 iP .  

Medi um 2 (M2) :  O .4mgll 1AA, o Amgll NAA, O .4mgll NOA, and 3 . 2mgll 

2 iP .  
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Culture  media in th is  experiment were the same as in the init iation medium 

in both experiment 1 and 2,  but supplemented with one of the above 

hormonal combinat ions .  

Shoot tips were isolated from offshoots and cultured on an initiation 

medium containing one of the 2 hormonal combinations. Culturing started 

under m vTtro condit ions beginning from September 5 ,  1 996 and continued 

for 1 2  months, with one-month intervals. The last culture was conducted in 

August 5, 1 997 . The cultures were maintained under the same physical 

conditions as in experiment 1 and 2 .  The experiment had 32 repl icat ions 

(test tubes) per treatment and each had one explant . The experiment was set 

up in a randomized complete block design, and analyzed as a 2 factors 

factorial experiment . Data were analyzed by analysis of variance using SAS 

program, with means separated by the least significant difference (LSD) 

test . Contaminated cultures were not included in  the analysis .  

3.1 0 Col lected D a ta 

The following data were recorded III the three experiments after 4 

months in  ini t iation culture : 

( 1 )  Percentage of explants formed apical buds. ( Fig. 1 2 .a,b,c,d). 

(2)  Percentage of explants formed roots (Fig. 1 3 .a,b,c) .  
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(3 )  Percentage of explants formed bud generative tissues after 4,  5 ,  6, 

and 7 months on init iation medium ( Fig. 1 4 .a,b,c) . 

Also Number of differentiated buds per explant were recorded after 

5 , 6, and 7 months from culture initiation . (F ig . 1 5 . a,b). 
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(a) (b) 

(c) (d) 

Fig. 1 2.a,b,c ApicaJ bud formation at various stages of development. 



(c) 

Fig. 1 3.a,b,c. Root formation on the explants at various stages 
of development. 

6 1  
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(b) 

(b) 

(c) 

Fig. 14. a,b,c Differentiation of bud generative tissue. 
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(a) 

(b)  

Fig. 15.a,b. Regeneration of shoots from differentiated buds. 



CHAPTER IV 

RESULTS AND 
DISCUSSIONS 



CHAPTER 4 

R E S U LTS AND D I SCUSS I ONS 

4. 1 Experiment 1 

Effect of different auxin and concentration on percentage explants 

produced bud generative tissue and number of differentiated buds 

per explant. 

4. 1 . 1 :  Part 1 .  Effect of different auxlD and its concentration on 

percent explants forming apical buds and roots from cultured shoot 

tips of Khnazi date palm cultivar. 

The i l l ustrated results indicated that the presence of auxin in 

culture medium was not an essential requirement for the formation of 

apical buds from the shoot t ips, however, it was essential for the rooting 

of explants (Fig. 1 6 ) .  Increasing the level of either tested auxin ( IAA) or 

(NAA) to 1 . 6mg/1 resulted in an increase in the number of explants 

formed apical buds ( Fgi 1 6 .a).  However, increasing 1AA concentration to 

3 . 2  or 6 .4mg/1 resulted in a reduction on percentage of explants that 

formed apical buds. Simi larly, the auxin NAA behaved in a similar 



manner l ike the aUX In  lAA and the best percentage of apical bud 

format ion resulted when NAA was used at 1 . 6 mg/1 . 

Combining l AA and NAA together at an equal concentration of 

0 . 1 mg/l resulted in a significant increase in the percentage of explants 

that formed apical buds over the control treatment, O .4mg/l of 1AA or 

NAA and the combination of I AA and NAA, each at 3 .2mg/1 (Fig . 1 6 .b) .  

It was also more effective than all other tested auxin treatments but not , 

to the level of significance. 

The obtained results indicated that the presence of enough 

endogenous auxin in  the cultured explant tissues was enough to enhance 

the regeneration of apical buds, but it was not enough to induce the 

maximum apical bud regeneration capacity. Maximum numbers of apical 

buds were obtained when 1 AA or NAA were suppl ied to the medium at 

1 .6mg/1 . This result indicated that the total auxin concentration resulting 

from the sum of the endogenous level and exogenous supply ( 1 .6mg/l ) 

balanced with the cytokinins added to the medium, and led to the 

format ion of maximum number of apical buds. The achieved results 

were in agreement with the those of Omar ( 1 988) who worked on date 

palm (Maktoom cultivar) stated that buds and shoots were generated at 

the complete absence of auxin, but reached the maximum when the 

medium was supplemented with I mg/l NAA, and reduced by 50 % when 

NAA was added at 3mg/1 . Similarly, Zaid and Tisserat ( 1 983) reported 
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that apical buds grew and were able to prol iferate shoots at 0.0 ] mg/I 

NAA, but maxi mum number of shoots prol iferated from apical buds was 

achieved when NAA was used at I mg/l . 

Concerning the effect of different concentrations of auxin on 

percentage explant formed roots, data are i l lustrated in (Fig . 1 6 .a,b). Data 

showed that increasing the level of auxin, regardless of the different of 

auxm, was associated with the increase in percentage explants fonned 

roots .  

Culturing explants on medium containing N AA at 3 .2 or 6 .4mg/l 

resulted in producing of the highest and most significant percentage of 

rooted explants. The obtained results were even h igher than the 

percentage rooted explants treated with the h ighest I AA concentration 

(6 .4mg/l )  or the h ighest concentration of auxins in  the combination ( IAA 

at 3 .2mg/1 N AA at 3 .2 mg/l ) .  Data in (Fig . 1 6 .a) also revealed that N AA at 

every tested level was more effective than lAA at any tested 

concentration, in term s of inducing the cultured explants to form roots. 

The absence of auxins was associated with the complete absence 

of roots, where the medium contained only cytokinins. It was wel l 

establ ished that exogenous cytokinins are commonly known as root 

inhibitors . Also, it i s  documented that an appropriate balance between 

the cytokinin and auxin is essential . Higher auxin concentrations wi l l  be 

used to promote the formation of polyamine synthesis required for root 
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Fig. 1 6.a,b. Effect of different auxin and concentration on the percentage of 
explants that formed apical buds aDd roots from cultured shoot tip of 
Khnazi date palm (Phoenix dactylifera L.) cultivar.AB (Apical Bud). 



fonnat ion (Friedman et al. ,  1 985) .  The obtained results were correlated 

to the previous infonnation where maximum rooting occurred at the 

highest tested auxin level, 6Amg/1 l AA or 3 .2 and 6 .4mg/1 NAA. The 

achieved results are supported by the research of Omar ( 1 988), Zaid and 

Tisserat ( 1 983 ) and Vernamendi and Navarro ( 1 996) .  They indicated that 

relatively h igh auxin concentration is required to obtain enough roots. 

4. 1 .2 .  Part 2. Effect of different auxin and its concentration on the 

percentage of explan ts that formed bud generative tissue after 4, 5, 6 

and 7 months of incubation. 

Data pointed out that auxin was essential to stimulate the explants 

to fonn bud generative t issue . While the absence of auxin in any tested 

incubation period was associated with no formation of bud generative 

tissue. The excessive IAA concentration (6 .4mg/l ) also did not induce 

the explant to fonn bud generative t issues (Fig . I 7  .a) .  

Data also indicated that there was a gradual Increase 1 0  the 

percentage of explants that produced bud generative tissues with the 

increase of I AA concentration from OAmg/l to O .8mg/1 and then to 1 .6 

m g/I . I ncreasing the level of auxin in the medium to 3 .2mg/1 or higher 

(6Amg/l ) resul ted in a reduction in the formation of bud generative 

tissues. However, the concentration of 3 .2mg/l proved to be better than 

o Amg/l I AA.  The obtained results were consistent through all tested 



0'7 

incubation periods, i .e .  4, 5 , 6, and 7 months. There was more produced 

bud generative ti ssue associated with increasing the incubation period, 

especial ly  if we compared number of generative tissue after 4, and 5 ,  

months to  those after 6 and 7 months .  On the other hand, the low 

concentration of NAA (0. 1 )  was promotive for the production of bud 

generative t issue from explants after 4, 5 ,  6 or 7 months. The increase in 

N AA concentration from O. I mg/l to 1 .6mg/l resulted also in  a gradual 

increase in  the percentage of explants that formed bud generative tissue 

( Fig . I 7 .b) .  The N AA concentration above 1 .6mg/l caused a reduction in 

the tested parameter and no bud generative tissues were formed when the 

level of N AA was increased to 6 .2mg/1 . The rate of increase in  

percentage bud generative tissues was associated with the increase in 

1AA level from O A  to 1 .6mg/1 . This rate was h igher than the rate of 

increase of N AA level from OA to 1 .6 mg/I . The described results were 

consistent through al l  tested incubation periods. I ncreasing the 

incubation t ime resulted in an increase in the percentage of explants that 

formed bud generative t issues . 

The combination of both N AA and 1 AA behaved in the same 

manner as any of the auxin alone (Fig. 1 7 . c) .  The combination (OAmg/1 

1 AA and OAmg/1 N AA) was the most effective in stimulating the 

production of bud generat ive tissues. There was a reduction in 

percentage of explants formed bud generative tissues, happened when 
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the concentration of both aUXIn In the combination reached 1 .6mg/1 . 

Further more data indicated that the most sign ificant and promotive 

treatments for increasing percentage bud generative tissues were l AA 

alone at a concentration of 1 .6mg/l and the combination of ( l AA at 

O .4mg!1 + NAA at O .4mg/J ). This was true all over the different tested 

incubation periods. 

The process of regeneration of bud generative tissue includes two 

steps, the first is  cel l dedifferentiation where cel ls  lose their identity to 

specific tissues, and the second is the redifferentiation of these cel ls  into 

meristemoids or centers of meristematic cel l s  (George . 1 993) .  The 

differentiation of meristemoid into shoots or roots is controlled by the 

balance of growth regulators added to regeneration medium . High 

concentration of cytokinin and low level of auxin containing medium 

woul d  result in  the regeneration of shoots, while h igh auxin and low 

cytokinin medium would enhance root formation (George 1 993) .  The 

obtained results agreed with the previous mentioned conclusion, where 

using auxin at level of 0 .8mg/l, regardless of auxin type or 0 .4  mg/I of 

both auxins in combination resul ted in the highest and significant 

percentage of explants that formed bud generative tissue. Increasing the 

used auxin level to a higher concentration reduced significantly the 

percentage bud generative tissue formation . This is due to balance of 

cytokinins to auxins ratio wi l l  be to the side of auxin .  Increasing the time 
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Fig. 1 7.a,b,c. Effect of different auxin and concentration on percentage explants 

produced bud generative tissues after 4, 5, 6 and 7 montbs of 

incubation resulted from cultured shoot tip of Kbnazi date palm 

(Phoenix dactyli/era L.) cultivar. BGT (Bud generative tissue). 



was associated with the l Dcrease l D  percentage tissue generated buds 

because more cel ls responded to the mediwn components 

dedifferent iated, then redifferentiated into bud generative tissue. Simi lar 

results were reported by (Mater 1 986, Zaid and Tisserat 1 983, and 

Beauchesne et at. 1 986), they reported that low auxin concentration in 

medium enhanced the formation of bud generative t issue . 

4. 1 .3. Part 3. Effect of different auxin and its concentration on 

average number of regenerated buds from bud generative tissue 

after 5, 6, and 7 months of incubation. 

Data indicated that auxin is a necessary medium component for 

bud differentiation, since the absence of auxin was associated with the 

disappearance of buds from bud generative tissues. Also the results of 

the number of differentiated buds after 5 months incubation period 

proved that even the low concentration of exogenous l AA, i . e . ,  O. 1 mgll 

and O .4mgll was not enough to induce bud differentiation (Fig. l 8 .a) .  

I ncreasing the concentration of l AA up to O .8mgll resulted in the 

regeneration of significantly h ighest number of buds from bud generative 

tissues, fol lowed by 1 . 6mgll of lAA. However, increasing the level of 

lAA to a concentration higher than O . 8mgll was associated with a 

significant reduction in the number of buds that fonned from 

merestemoid. I n  addition, if the concentrat ion of used lAA reached 
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6Amg!1, no bud differentiation OCC UlTS at aB . S imi larly, NAA at a low 

concentration (Fig . 1 8 .b), (0 . 1 and o Am gil ) did not stimulate bud 

regenerat ion s imi lar to 1AA.  The addition of NAA at a concentration of 

0 .8mgll resulted in a significant increase in number of bud regenerated 

from ti ssues, and any increase in NAA level above 0 .8mgll was 

accompanied by a reduction in  number of regenerated buds, and a 

complete absence of buds at a concentration of 3 .2mg/1 or 6Amg/1 . The 

most sign ificant combinations of auxins were those containing I AA and 

N AA at concentrat ion of OAmg/l or 0 .8mgll for each (Fig. 1 8,c). Any 

other tested combinations of I AA and NAA resulted in a significant 
) 

reduction in  number of differentiated buds. After 6 and 7 months of 

incubat ion, it was quite clear that I AA at 0 . 8mg/1 was the most effective 

and s ign ificant treatment in increasing number of differentiated buds 

from bud generative t issues. The low concentration' of I AA, i .e .  0 . 1 and 

0 .4mg/l showed positive increase of bud regenerated from tissue after 6 

or 7 months of incubation but they were at the least in tenns of 

sign ificance . Increasing the level of I AA to above 1 .  6m g/l caused a 

sign ificant reduction in number of differentiated buds after 6 and 7 

months of incubation. Simi larly behaved the auxin N AA, where data in 

( Fig. 1 8 . b) showed that the best and most effective concentration of NAA 

was 0 . 8mg/I . After 6 months of incubation, OAmg/l NAA was equal in 

its effect to 0 . 8m g/l, but was less effective compared to 0 .8mg/1 after 7 



months of incubation. Increasing the level of NAA to a concentrat ion 

h igher than O . 8mg/l s ignificant ly reduced number of regenerated buds 

per bud generative tissue. IAA at OAmgll + o Amgll NAA were the most 

effective and sign ificant combination that improved number of 

differentiated buds from bud generative tissue after 6 or 7 months of 

mcubation, fol lowed by the combinations of (O .8mg/l l AA, O .8mgll 

NAA) and ( l .6mgll l AA + 1 .6mgll NAA). One general observation can 

be concluded from the data i l lustrated in (Fig .  1 8), was that the number of 

differentiated buds from bud generated t issue increased with the increase 

of incubation period. 

The demonstrated data about the number of differentiated buds 

behaved simi larly to percentage formed bud generative t issue, where 

both required low auxins and high cytokinins. The increase in auxin 

concentration to above O .8mgll was associated with a significant 

reduction in  the number of differentiated buds, regardless of auxin type. 

The formation of shoot buds whether directly from explanted tissues, or 

indirectly from callus, is regulated by the interaction between auxins and 

cytokinins, with the cytokinin generally should be higher in balance, 

where h igh concentration of auxin wi l l  promote either undifferentiated 

cal l us or root format ion . 

The results were corre lated to those obtained by (Omar, 1 988; 

Gabr and Tisserat, 1 985 ;  and Zaid and Tisserat, 1 983).  Also there was a 
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sign ifi cant increase in average number of differentiated buds with 

progress in ti me, indicating a successful differentiation of meri stemoid 

i nto buds in response to the medium. 

4.2 Experiment 2 

Effect of different cytokinin and concentration on percentage 

explants produced bud generative tissue and number of 

differentia ted buds per explant. 

4.2. 1 .  Part 1 .  Effect of different cytokinin and its concentration on 

percent explan ts forming apical buds and roots from cultured shoot 

tips of Kbnazi date palm cultivar. 

The results showed that cytokinin was not an essential 

requirement for the production of apical buds where 1 2 .5% of the control 

explants succeeded to form apical buds (Fig .  1 9.a) .  However, the addition 

of cytokinin i mproved the percentage of explants that fonned apical 

buds, and this improvement was sign ificant in most cases. Data also 

pointed out that Kin alone was not effective in increasing apical bud 

fonnation as compared to BAP and 2 iP  as wel l as the combination of all 

three cytokinins, where the highest percentage explants formed apical 

buds in  the case of Kin treatments was ( 37 . 5%), which was achieved at a 

level of O .4mg/l, compared to 50% apical bud fonnation that resulted 



from BAP at 1 .6mg/J . ,  2 iP  at 3 .2mg/l, and the combination of ( Kin + 

BAP + 2 iP) each at 1 . 6mg/1 (Fig . ] 9. b) I t  was also quite clear from the 

data that the Jow concentration of cytokinin (0. 1 mg/l ), as wel l  as the high 

concentrat IOn (6 .4mg/ l )  reduced the percentage of explant formed apical 

buds, even in the case of combination of the three cytokinins .  The most 

effective concentration varied depending on the type of cytokinin, it was 

0 .4mg/1 in  the case of Kin, 1 .6mg/1 in the case of BAP, 3 .2mg/1 with 

regard to 2 iP  and the combination of Kin + BAP + 2 iP  at 1 .6mg/1 each. 

The results which indicated the abi l i ty of control explants to form 

apical buds may be attributed to the presence of enough endogenous 

level of cytokinin in their t issues, which was enough to induce bud 

formation at a low percentage . These results are correlated to those 

obtained by (Sunderland and Wel ls, 1 968), they stated that in the tissues 

of Oxalis dispar, cell division proceeds with the addit ion of cytokinin to 

culture medium.  S imi larly, Skoog et af. ( 1 973 )  succeeded to isolate three 

natural cytokinins from a cytokinin-independent strain of tobacco cal lus.  

S ince different cytokinin types differ in their effectiveness, 

different concentrat ions of tested cytokinins, i . e. Kin, BAP, 2 iP  and their 

combination resulted in maximum apical bud formation. However, the 

results showed that using the highest concentration of cytokinin led to 

reduction in percentage apical bud formation . The reason for this 

phenomenon is  that many aspects of ce l lular differentiation and 
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organogenesis In tissue and organ culture have been found to be 

control led by an interaction between cytokinin and auxin concentrations. 

The balance between the two sorts of regulant is usual ly required to 

initiated growth or different iation III tissue culture. So, h igh 

concentration of cytokinin might have unbalanced ratio to auxin that 

could cause a reduction in  percentage apical bud formation . Another 

explanation for this phenomenon was introduced by Palmer and Palni 

( 1 987)  and Motyka and Kaminek ( 1 990) who pointed out that in several 

different kinds of plant t issue, the activity of cytokinin oxidase was 

enhanced by exogenous appl ication of cytokinin, which suggested that 

treating plants with synthetic cytokinins could decrease the level of the 

natural endogenous compounds. 

Concerning percentage of explants formed roots, data i l lustrated in 

(Fig . 1 9  .a,b) indicated that there was an opposite relationship between 

percentage explant formed roots and the increase in cytokinin 

concentrations, where increasing the level of cytokinin above 0 . 1 mg/l in 

the case of kin (Fig . 1 9 .a) or the combination of the three cytokinin 

(Fig. 1 9.b) at O . l mg/1 resulted in an inhibit ion of root format ion . Also, in 

the case of BAP and 2 iP, data pointed out that increasing the 

concentration from O . l mg/1 to 0 .8mg/1 or higher was associated with a 

significant reduction III percentage root formation, and any increase in 

cytokinin concentration above 0 .8mg/] was accompanied with complete 



inhibition root formation .  General ly, the highest percentage of root 

format ion resulted from control treatment, which proved that cytokinins 

were not necessary for root induction . 

The results of percentage explants formed roots showed that 

regardless of the type of cytokinin used, the increase in cytokinin level 

was associated with a reduction in percentage explant formed roots. 

Also, data proved that the highest percentage explant formed roots was 

obtained with the complete absence of cytokinin or at very low level 

(O . l mg/1 2 i P) .  These results were in agreement with the fact that high 

concentration of cytokinin, generally inhibits or delays root formation 

(Ben-Jaacov et aI. ,  1 99 1 ), and also prevents root growth and the 

promotive effects of auxins or root init iation (Humphries, 1 960). On the 

other hand, Fries, ( 1 960) demonstrated that low concentration of 

cytokin in can sometimes induce or promote root growth .  Also, Boxus 

and Terzi ( 1 988) advocated the addition of O . 5mg/1 Kin and auxin to the 

root ing medium for strawberries and several woody plants, finding that 

the cytokinin had a bacteriostatic effect and rooting was not impared. 
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4.2.2 .  Part 2 .  Effect o f  different cytoki nin and its concentration on 

the percentage of expla nts that formed bud generative tissue after 4, 

5, 6 and 7 months of incubation. 

The results proved that cytokinin was essential to induce the 

explants to fonn bud generative t issue, where the absence of cytokinin at 

any incubation period was associated with the complete absence of bud 

generative tissues formation (Fig .20) .  Data also showed that the low 

concentration of cytokinins (O . l mg/l of Kin or BAP and 0 . 1 and 0 .4mg/1 

of 2iP) or the high concentration (6 .4mg/l)  of both Kin and BAP 

cytokinins were not promotive for the formation of bud generative 

tissues. However, 2ip at 6 .4  mg/l was positively effective in inducing 

explants to fonn bud generative t issues. The above described results 

were true and consistent through all tested incubation periods . 

The i l l ustrated results in  ( Fig.20.a) showed that best Kin 

concentration was 0 . 8m g/l, where it induced higher percentage explants 

formed bud generative t issue compared to other Kin treatments, and this 

was true after 4, 5, 6 and 7 months of incubation . In the case of BAP 

tested concentrat ion, the level of 0 .8mg/1 proved to be effective in 

i mproving percentage explants produced bud generative tissues. 

However, the concentration of 1 .6mg/J BAP was even better than 

0 . 8mg/1 BAP in all tested incubation period. Also, BAP at 3 . 2mg/l was 

able to induce expJants to produce bud generative tissue, but it was less 



82 

effective than O .8mg/1 and 1 .6mg/l, especial ly after 6 and 7 months of 

incubation . Data also showed ( Fig.20 .c) that 2 iP  at 3 . 2mg/1 was more 

effect ive than other tested 2 iP concentration in increasing percentage 

explants produced bud generat ive tissues, fol lowed by 1 .6mg/l 2 iP .  

Increasing the concentration of 2 iP to 6 .4mg/1 was associated with a 

reduction in percentage explants formed bud generative t issues and was 

sim i lar in  its effect to that of 2 iP  at O . 8mg/l . The tested cytokinin 

combination was less effective than individual cytokinin, e .g. BAP and 

2 ip at O .4mg/l was the most positive. The combination of cytokinins 

increased the percentage of explant that fonned bud generative t issues. 

I n  general , the best and significant ly effective cytokinin treatments were 

BAP at 1 .6mg/1 and 2 iP  at 3 .2mg/l . These two treatments also showed a 

clear increase in  percentage explants formed bud generative t issues, 

which was associated with the increase in length of incubation periods, 

especially after 7 months . 

The ach ieved results of complete absence of adventitious buds at 

zero cytokinin may be attributed to the effect of cytokinin in encouraging 

the growth and formation of adventitious buds, whether directly, from 

explanted t issues or indirectly from cal l us, the point that is regulated by 

an interaction between auxins and cytokinins. Also, increasing the level 

of cytokinin, regardless of the used type, to 6 .4mg/1 caused a reduction in 

the case of 2 iP  or complete absence in the case of Kin and BAP) of bud 
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generat ive ti ssue format ion (Fig.20) .  These results may be due to the 

negative effect of the inhibition of endogenous cytokinin level as a result 

of stimulat ing the enzyme cytokinin oxidase by the high exogenous 

supply of synthet ic cytokinin (Motyka and Karninek, 1 990).  The results 

also showed that BAP and 2 iP  were more effective in inducing the 

formation of bud generative t issue, than Kin, especial ly  at 1 .6 mg/I, and 

this can be explained by two important facts.  The first is that the addition 

of Kin at h igh concentration in the culture medium stimulates the 

synthesis of phenolic compounds and enhances browning due to the 

oxidation of polyphenols and formation of guinores which are highly 

reactive and toxic to the tissues (Zaid, 1 984) .  The second fact is due to 

the specifici ty of cytokinin action, where it was found that the effect of 

cytokinins on tissue or organ cultures can vary according to the 

particular compound used (Fuj imura and Komamine, 1 975) .  A 

requirement for particular cytokinin is sometimes noted for the 

promotion of direct or indirect adventitious bud formation, for example, 

cultures of Browallia viscosa required 2iP for initiation of adventitious 

bud, but Kinetin or Zeatin were ineffective (Welsh and Sink, 1 98 1 ). 
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Fig.20.a,b,c,d. Effect of differnt cytokinin and concentration 

on percentage explants produced bud generative tissue 
after 4, 5, 6, and 7 months of incubation time, from 
cultured shoot tip of Khnazi date palm (phoenix 
dactylifera L.) cultivar. 



4.2.3. Part 3. Effect of different cytokinin and its concentration on 

the buds differentiated from each bud generative tissue. 

Effect of cytokinin type and concentration on average number of 

buds differentiated from each bud generative tissue was demonstrated in 

(Fig .2 l ) . The results showed that cytokinins are absolutely necessary for 

bud differentiation, where the complete absence of cytokinin or even 

using it at low concentration (0 . 1  and O .4mg/l) did not stimulate bud 

differentiation at all in the case of BAP and 2 iP .  However, the 

concentration of O .4mg/l Kin induced bud generation after 6 and 7 

months incubation, but not after 5 months (Fig.2 l .a). Increasing the level 

of cytokinin to 1 . 6mg/l in the case of BAP or 2 iP increased bud 

differentiation freq uency after 5 months of incubation (Fig. 2 1 . a,b). The 

maximum number of differentiated buds after 5 months was achieved 

when the medium was supplemented with 3 . 2  mg/l 2 iP .  Increasing the 

level of Kin or BAP to h igher concentrations than 1 .6mg/1 resulted in the 

absence of bud differentiation and the increase of phenolic components 

production. However, increasing the level of 2 iP  to 3 . 2mg/1 or 6.4mg/l 

did not enhance oxidation of phenol ic components and, therefore, 

stimulated bud regeneration (Fig. 2 l .c) .  After 6 months of incubation, or 

after the accumulation of uptaken cytokinins, the concentration of 0 .8  

mg/l of any tested cytokinins started showing positive effect on bud 

differentiation . The 2 iP  was the most effective cytokinin at 0 .8mg/I . 



I ncreasing the level of Kin to more than 0 .8mg/l inhibited the 

regeneration of buds, but increased bud regenerat ion in the case of BAP 

and 2 iP, especial ly at 1 .6mg/1 . Again, increasing the level of 2 iP  to 3 . 2  or 

6 .4mg/1 caused a non significant reduct ion in number of differentiated 

buds, compared to the level of 1 .6mg/l . After seven months of 

incubat ions there was a quite clear increase in number of regenerated 

buds from bud generative tissues . The low concentration of Kin (0 .4 

mg/l) was associated with less browning and highest number of bud 

differentiation that resulted from any kin level .  I ncreasing the level of 

K in  above 1 .6mg/1 inhibited bud differentiation. In the case of BAP 

(F ig .2 l .b), the induction levels were from 0 .8mg/1 to 3 .2mg/1 . Increasing 

B AP level to above 3 . 2mg/1 seemed to be inhibitory for bud 

differentiation . Also the data indicated that best BAP concentration was 

1 .6mg/l , where it resulted in 5 . 3  buds I bud generative tissue. Concerning 

the effect of 2 iP, i t  was clear that using 2 iP at 0.8 mg/I or higher was of a 

promotive effect for induction of bud differentiation. Number of 

regenerated buds resulted from the application of 2 iP  at 1 . 6mg/1 or 

h igher was more than any tested level of Kin or BAP. The most 

sign ificantly effect ive concentration of 2 iP  was at 3 . 2 mg/l, fol lowed by 

1 . 6mg/1 when they produced 7 .3  and 7 .0 regenerated buds I bud 

generative t issue. In fact, these two treatments of 2iP (3 .2  and 1 . 6mg/l ) 



were sign ificant ly better than al1 other tested honnonal concentrations , 

regardless of the cytokinin type . 

The combinations of cytokinins were significantly less effective in 

inducing bud regeneration compared to separate cytokinin treatments 

(Fig.2 1 .d) .  Only the combination of Kin + BAP + 2iP at O .4mgll each, 

resul ted in bud differentiation, but at a significantly lower level compare 

to the other discussed cytokinin treatments. The data also showed that 

increasing incubation period was associated with an increase in number 

of differentiation buds / bud generative tissue . 

The results reflected the strength of the fact that cytokinins are 

required and are very effective in promoting bud or shoot differentiation . 

A balance between cytokinin and auxin nonnal1y gives the most 

effective organogenesis (George 1 993 ).  Also the highest number of 

differentiated bud / bud generative tissue was achieved when the 

cytoki nin was 2 iP  used at l . 6 or 3 . 2mglI, fol lowed by BAP at l .6mgll . 

Decreasing the level of cytokinin to less than 1 . 6mg/I was associated 

with a reduction in number of regenerated buds due to the change of 

cytokinin :  auxin rat io required for init iat ion of bud fonnation (George 

1 993) .  On the other hand, increasing the cytokinin concentration to 

6 .4mglI resulted in a reduction in number of regenerated buds / bud 

generative t issue, and this phenomenon may be due to the activity of 

cytokinin oxidase which is enhanced by the high exogenous appl ication 
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of cytokinins ( Palmer and Palni ,  1 987;  Motyka and Kaminek, 1 990) .  The 

data also proved that 2 i P  is more effective type of cytokinin than Kinetin 

or BAP. This may be attributed to the specificity of cytokinin type and 

action, where a requirement for a particular cytokinin is sometimes noted 

for the induction of adventitious shoot . For example, cultures of 

Browalha vi. cosa required 2 i P  for the initiation of adventitious shoot 

buds, and Kin,  BAP or Zeatin were ineffective (Welsh and Sink 1 98 1 ) . 

4.3. Experiment 3: 

Effect of culturing time on percentage explants produced bud 

generative tissue and number of differentiated buds per explant. 

4.3. 1 Part 1 .  Effect of culturing time on percentage of explants 

formed apical buds, roots, bud generative tissues after 4, 5, 6 and 7 

months and num ber of differentiated buds after 5, 6, and 7 months 

of incubation time. 

The results in  (F ig .22)  revealed that the h ighest, and sign ificant 

percentage of explants formed apical buds was achieved from explants 

cultured in March and Apri l (54 .7  and 5 1 .6 %, respectively). The lowest 

percentage of apical bud differentiation was obtained when explants 

cultured in  June, J uly, August, December and January or during the 
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hottest and coldest months. The rest of the year had a moderate effect on 

the percentage of apical bud differentiation from cultured explants. 

Data presented in (Fig .22)  also indicated that highest significant 

percentage of explants formed root was obtained when explants were 

cultured during J une, fol lowed by explants cultured during May ( 1 7 . 2  

and 1 2 . 5  %, respectively) .  There were n o  explants formed roots at al l 

during  August and December. The ratio of explants formed roots was 

si gnificantly low during J uly, September, November and January. The 

rest of culturing months had a simi lar moderate effect on percentage 

explant formed roots ranging from 4 .9  to 7 .8  %. 

Culturing the i solated shoot t ips in  March resulted in production of 

most s ign ificant and h ighest percentage of explants formed bud 

generative t issue. The results were true and consistent after 4, 5,  6 and 7 

months of incubation .  Culturing the explants during winter months 

(November, December and January) or during  the hot summer months 

(June, July and August) resulted in a significant reduction in percentage 

of explants formed bud generat ive tissue (Fig .22) .  

Number of buds differentiated from bud generative tissue I S  

presented in (Fig .23 ).  The results pointed out that culturing the isolated 

shoot t ips during Apri l resulted in a significant improve in number of 

buds regenerated from bud generative tissue. The same improving in 

num ber of buds regenerated per bud generative tissue that occurred in 
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October and Apri l ,  then it came i n  order the months o f  February and 

March . Th is  was true after 5, 6 and 7 months of incubation . Culturing the 

i solated shoot tips in hot summer months (Jun e, July, and August) 

resul ted I II a complete inhibit ion of bud differentiation from the 

meri stemoid ari sen on bud generat ive t issue. On the other hand, 

culturing  shoot tips during winter months (November, December and 

January) resulted in a sign ificant reduction in  n umber of differentiated 

bud per bud generative tissue. Also, results were consistent through the 

different incubation periods, i .e .  5, 6 and 7 months. 

The results which i ndicated that spring months were sign ificantly 

more effective in increasing percentage of explants formed apical buds 

compared to winter or summer months are in agreement with the results 

of Nissen and S utter ( 1 990); Dunlap and Robacker ( 1 988) and 

Yamakawa et al. ,  ( 1 979). They pointed out that the endogenous plant 

hormones could be degraded by h igh temperature and inactivated by low 

temperature .  The most act ive form of plant hormones is associated with 

the moderate temperature of spring. S imi larly, root ing of explants were 

found to be inhibited by the effetely high temperature in summer or by 

the low temperature in  winter and got maximized during spring. The 

results are in accordance to those of Nissen and Sutter ( 1 990) who 

pointed out that l AA auxin i s  not stable and easy to break down by high 
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temperature in mother plants and even l ight promoted degradation of 

l AA and I BA in l iquid medium.  

The results of  percentage of  explants formed bud generative 

ti ssues after 4,  5 ,  6 and 7 months of incubation and number of buds 

differentiated per each bud generative tissue also were consistent and 

related to seasonal variation in temperature. In case of mother plants, 

they are not kept in growth chamber under constant conditions, their 

ti ssues are l ikely to experience seasonal ly  induced changes in natural 

growth substances levels, and lor the system which control them . This 

cou ld  indicate that the concentration of exogenous growth regulators 

necessary to induce growth or morphogenesis in vitro might need to be 

adjusted periodical ly .  Most workers have concluded that variation in 

growth substance levels i s  responsible for seasonal effects, and 

convincing correlations have been made with natural auxin and inhibitor 

level within explanted t issues (Quoirin et ai. ,  1 975 ) .  Shoot formation on 

Nicotiana glanca internode fragments was promoted by the addition of 

only a cytokinin (2 iP) to the medium, when explants were taken in the 

spnng, in a period, where endogenous auxin levels were high, both 2 iP 

and an auxin ( I AA) were required to achieve the same results as in  

summer and autumn ( Poulet and Ketata, 1 969). In  tomato, BA was found 

to have different effects on shoot regeneration from stem explants 

depending on whether explants were taken in December I Jan uary or 
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J une / J uly (Cassel ls, 1 979). Also the level of irradiance during culture 

had the greatest effect on the weight of cal lus produced from 

Palargomum stem explants when they were excised from plants in 

winter rather than summer. Hammerschlog ( 1 978)  suggested that this 

m ight  reflect the seasonal variations in growth substances such as I AA 

and ABA.  

4.3.2 Part 2.  Effect of media components on percentage of explants 

formed a pical buds, roots, bud generative tissues after 4, 5, 6 and 7 

months and number of differentiated buds after 5, 6, and 7 months 

of incubation time. 

Effect of media components on percentage apical buds formation, 

root differentiation, and percentage formation bud generative tissues 

after 4, 5, 6 and 7 months of incubation i s  presented in  (Fig .  24). The 

results showed that M J  (auxin rich medium) was sign ificantly better and 

effect ive than M2 (cytokin in  rich medium) in increasing percentage 

explants formed apical buds, percentage explants formed roots 

differentiat ion, and percentage of explants formed bud generat ive tissues 

after the 4 different incubation periods, i . e. 4, 5 , 6, and 7 months. 

Effect of media components on number of buds regenerated from 

bud generative t issues, i s  presented in (F ig .25) .  The results showed that 

after 5 months of incubation, M1 was better than M2 in  in�reasi'ng 
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number of regenerated buds per bud generative tissue. But with the 

progressing of time, M2 started to be more effective than MI where after , 

6 months, M2 was more effective, than M I . After 7 months of 

incubation, it was quite clear that M2 enhanced significantly the 

regeneration of more buds generative tissues compared to M l . 

The results of apical bud formation could be attributed to the 

natural h igh cytokinin concentrat ion in the shoot tip explants, which 

required h igh auxin concentration to balance with it, as in M l ,  while the 

high concentration of cytokinin in  M2, in addition to high endogenous 

level of cytokin in together may have caused i mbalanced ratio of 

cytokin in : auxin, led to a reduction in apical bud formation . The same 

reason would explain the results of percentage bud generative tissue 

formation .  Percentage of explants formed roots increased when M l  was 

used compared to M2, because M l  contained higher concentration of 

auxin,  which is wel l establ ished to enhance root formation, and M2 

contained relatively h igh cytokinin concentration, which is known to 

i nhibit  root formation ( Ben-Jaacove et az' ,  1 99 1 ) . 

Shoot bud init iation requires a high concentration of cytokinin .  

This requirement was covered by the appl ication of M2, which contained 

higher cytokinin concentration compared to M I . There were no 

sign ificant differences between the effect of both media after 5 months, 

then after 6 and 7 months, or after the accumu lation of more cytok inin in 
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o Medium 1 • Medium 2 
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AB Roots BGT 4 BGT 5 BGT 6 BGT7 

Fig. 24. Effect of media components on percentage apical buds, roots, bud 
generative tissue after 4, 5, 6, and 7 months, resulted from cultured 
shoot-tips of Khnazi cultivar. AB (Apical bud), BGT (Bud generative 
tissue). 

.- o Medium 1 • Medium 2 
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'- 6 Q) c. 
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Fig.25. Effect of media components on average number of differentiated 

buds regenerated after 5, 6, and 7 months per bud generative tissue, 

resulted from cultured shoot-tips of Khnazi cultivar. 
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the tissues. The medium M2 proved to be better in st imulating shoot 

formation, especial ly after 7 months of incubation.  

4.3.3 Pa rt 3. Effect of interaction of medium com ponents and 

culturing ti m e  on percentage of ex pla nts formed apical buds, roots, 

a nd bud generative tissues after 4, 5, 6 and 7 months a nd average 

n u m ber of differentiated buds regenerated after 5, 6, and 7 months 

of incu bation ti m e  per bud generative tissue. 

Effect of interaction of medium components and culturing time on 

percentage explants formed apical buds, and roots is presented in 

(Fig .26) .  The results indicated that culturing the shoot tips on auxin rich 

medium (M l )  or cytokinin rich medium (M2), during the months of 

March and Apri l resulted in the highest and most sign ificant percentage 

of explants formed apical buds . However, the culturing of explants on 

different type of media ( M l  and M2) and during different months 

indicated that interaction with February (as a culturing t ime) the 

interaction of M l  x February month improved the percentage of explants 

di fferentiated apical buds, compared to the interaction of M2 x February 

month, but not to a sign ificant level . The results also proved that, except 

when explants were cultu red in March and Apri l, the interaction of M 1 

with any culturing t ime resulted in improving percentage explants 

formed apical buds, regardless of its sign ificance, than the interaction of 
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M2 with culturing t ime.  Also, it has been noticed that the interaction of 

M l  or M2 with cold months ( December and January) or hot months 

(July and August), resulted in a significant reduction in percentage 

explants differentiated apical buds . 

Concern ing the effect of interaction on percentage explants 

formed roots, data showed that the interaction of M I  with culturing time 

proved to be more effective, and sometimes significant, than the 

interaction of M2 with any tested culturing t ime. The highest percentage 

of rooted explants resulted from the interaction of J une month with M I ,  

fol lowed by the interactions of May x M I ,  then J une x M2, respectively. 

Severe hot weather during August and partial ly cold weather in 

December inhibited rooting of explants when interacted with any media 

type. Also, the data indicated that the interaction of January, March . 

July, and November, with M2 resulted in a complete absence of explants 

rooting, but it did stimulate root ing on explants when they interacted 

with M I .  

Regarding the percentage of explants that differentiated bud 

generative t issues ( Fig .27), the presented data pointed out that the 

highest and most significant percentages of explants formed bud 

generative tissue were obtained as a result of the interactions of March 

date with any of M I  and M2, fol lowed by Apri l, February and October 

with M I  or M2, respectively. Also, it had been noticed that interactions 
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during the hot weather of July and August with M2 inhibited the 

production of bud generat ive tissue from shoot tip explants, whi l e  the 

i nteraction of J uly and August with M l  reduced sign ificant ly, but did not 

inh ibit  explants from fonning bud generative t issues. Incubating the 

treated explants for long t ime (7 months) at any level of posit ive 

interact ion, described above, resul ted in  an increase in percentage 

explants fonned bud generative t issues. Except in a few countable cases, 

when the i nteraction of months with M l  or M2 has sim i l ar effects, the 

interactions of M l  with month s  resulted in h igher percentage of explants 

fonned bud generative t issues than the i nteraction with M2 . The rest of 

interactions had moderate effects on percentage explants formed bud 

generative t issue .  The concluded notices were true and consistent 

through al l  tested incubation periods, i .e .  4, 5, 6 and 7 months. 

The i nteraction of medium type and culturing months on num ber 

of buds regenerated per each bud generative t issue after 5 ,  6, and 7 

months of incubat ion i s  presented in (Fig .28) .  The results indicated that 

after 5 months of incubation, buds started in i t iat ion in February, March, 

and Apri l ,  with no differences due to the effect of medium type, but 

being at maximum rate in Apri l .  The number of buds was reduced 

s ign i ficantly  started May and continued during the hot months of 

summer (J une, July and August ). The number of buds were sign ificantly 

i mproved in October, especial ly when M2 was used, but it was reduced 



agam during the winter months (November, December and January). 

Maximum num ber of buds was produced during Apri l with simi lar 

effects for medium type, and during October, when the explants cultured 

on M2 medium.  S imi lar trend was observed on buds generated after 6 

months of incubation, when buds increased in  number during February, 

March and Apri l ,  then they were absent total ly during the hot months of 

summer and started to show up again during October. The maximum 

number of buds was achieved when explants were cultured during 

October on M2 medium.  The same trend was observed again after 7 

months of incubation, but was M2 sign ificantly better than M 1  during 

the spring  and fal l  seasons. 

Because of the break down of endogenous auxm by h igh 

temperature or the inactivation of plant hormones during winter months 

(Ni ssen and Sutter, 1 990; Dunlap and Robacker, 1 988; and Yamakawa et 

at. ,  1 979), culturing the explants on auxin rich medium during hot 

summer months or cold winter months would result in an improvement 

of percentage explants forming bud generative t issue, compared to the 

interaction with cytokin in  rich medium. However, when the explants 

were collected in March and Apri l, both media, M l  and M2 were simi lar 

i n  their effect when there was enough endogenous auxin level to induce 

the development of apical bud and bud generative t issues. Since rooting 

requires re lat ively high auxin concentration, rooting was almost inhibited 
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during winter and summer months because of the absence or 

unavai labi l ity of auxins .  The use of auxin rich medium was not even 

enough to induce root ing. The interaction of March or April with M l  or 

M2 resulted in  the best root ing percentage due to the presence of enough 

endogenous honnone level avai lable in mother tissues during spring. 

N umber of regenerated budslbud generative t issue reached its maximum 

when M2 (cytokin in rich medium) interacted with the months of Apri l or 

October after 7 months of incubation . These resul ts are in  agreement 

with the fact that shoot bud differentiat ion required relatively h igh 

concentration of cytokin in (George 1 993) so the natural ly endogenous 

balanced auxin s  and cytokinins were supported with the exogenous 

supplement in M2, and resulted in a significant increase in bud 

differentiat ion .  I n  contrast, the high temperature in  winter months 

reduced, but did not inhibit, bud regeneration . This  observation indicated 

that cytokin ins  are not completely inactivated by low temperature as in  

the case of auxin .  
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CHAPTER V 

CONCLUSIONS 
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C H A PT E R S 

CONC LUSIONS 

The mam goals of  the thesis is to study the effect of culturing time 

and honnonal combinat ions on organogenesis of date palm (Phoenix 

dactyl�rera L . ,  cv. Khnazi ) In vitro. 

Fro m  the resu l ts of the thesis it can be conc luded that: 

5. 1 Experi ment 1 :  

5. 1 . 1  Part 1 

The presence of aUXIn In  culture medium was not an essential 

requ irement for the formation of apical buds from shoot tips but i t  i s  

essential for developing apical buds . I ncreasing the level o f  either tested 

auxin ( I AA or N AA) to 1 .6mg/1 resulted i n  an increase in the number of 

explants fonned apical buds . Increasing I AA concentration to 3 .2 or 

6 .4mg/1 resulted in a reduction on percentage of explants that fonned apical 

buds. S im i larly, the auxin NAA behaved in a simi lar manner l ike the auxin 

l AA.  Combin ing l AA and N AA together at an equal concentration of 
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O . l m g I resu lted i n  a i gn i ficant increase i n  the percentage of explants that 

formed apical  buds over the control treatmen t .  

T h e  p r  sence of enough endogenous auxin in  t h e  c u l tured explant t issues 

\\ a enough to en hance the regenerat ion of apical  buds, but i t  was not 

enough to i nduce the max i m u m  apical  bud regenerat ion capac i ty. 

I ncreasing the Ie  e l  of  aux i n ,  regardless of the type of auxin,  was associ ated 

wi th  the i ncrease in percentage exp l ants fonned roots.  NAA at every tested 

level was more effect i ve than l AA at any tested concentration,  i n  tenns of 

i nduc ing  the c u l tured explants to form roots .  The absence of auxi n s  was 

assoc i ated w i t h  the complete absence of roots, and it was wel l  establ i shed 

that exogenous cytok i n i n s  are common l y  known as root i n h ib itors. 

5. 1 . 2 Pa rt 2 

Data pointed out that auxin was essent i a l  to st i m u l ate the explants to 

fonn bud generat ive t i ssue, whi le the absence of auxin after any tested 

I nc ubation period was associated with no bud generat i ve t issue. 

Furthermore. t here was a grad ua l increase in  the percentage of explants that 

produced bud generat i ve t i ssues with the i ncrease of l AA concentrat ion 

from 0 .4 m g/J to 0 .8 m g/l  and then to 1 .6 m g/l . I ncreasing the leve l of auxin 
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1 I 1  the medl ll lTI to 3 . 2mg/1 or h igher (6 .4mg/l ) resulted in a reduction in the 

formation of bud generat ive tissues. 

The combinat ion of both NAA and lAA behaved in the same manner 

a any of the auxin alone, with the combination (0 .4mg/1 I AA and 0 .4mg/1 

NAA) being  the most effect ive in  st imu lating the production of bud 

generat ive ti ssues . 

I ncreasing the used auxm level to a h igher concentrat ion reduced 

s ign ificant ly the percentage bud generative tissue fonnation . This is  due to 

the balance of cytok in ins  to alLxins rat io wi l l  be to the side of aux in .  

5. 1 .3 Part  3 

The results indicated that auxin is  a necessary medium component for 

bud different iat ion,  since the absence of auxin  was associated with the 

disappearance of buds from bud generative t issues . Also the results of the 

number of d ifferentiated buds after 5 months incubat ion period proved that 

even the low concentrat ions of exogenous lAA, i . e . ,  O . l mg/l and 0.4 mg/l 

\vere not enough to i nduce bud differentiation . I ncreas ing the concentration 

of l AA up to 0 .8mg/1 resulted in the regeneration of significantly highest 

number of buds from bud generat ive t issues, followed by 1 .6mg/1 of l AA. 
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The data of the number of differentiated buds behaved simi larly to 

percentage explant fonned bud generati e ti ssue, where both required low 

aUX1 11 and h igh cytok in in  concentrations. The increase in auxin 

concentrat ion to above 0.8 mg/l was associated with a significant reduction 

1 11 number of d ifferent iated buds, regardless of auxin type . The fonnation of 

shoot buds whether direct ly from explanted t issues, or indirectly from 

cal l u  , is regulated by the interact ion between auxins and cytokinins, with 

the cytok in ins  general ly should be h igher in balance, where h igh 

concentrat ion of auxins w i l l  promote either undifferentiated cal l us or root 

format ion .  

5.2 E xperi ment 2 

5. 2 . 1 Part 1 

The resul ts  showed that cytokin in  was not an essent ial requirement 

for the production of apical buds where 1 2 . 5% of the control explants 

succeeded to form apical buds . However the addition of cytok inin 

i mproved the percentage of explants that formed apical buds, and this 

improvement was significant in  most cases. 
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The most effect ive concentrat ion varied depending on the type of cytokin in ,  

i t  � a  OAmg/l i n  the ca e of Kin ,  1 .6mg/l in the case of BAP, 3 . 2 mg/l with 

regard to 2 iP  and the combinat ion of Kin + BAP + 2iP at 1 .6mg/1 each . 

I n  addit ion, the abi l ity of control explants to fonn apical buds may be 

attributed to the presence of enough endogenous level of cytok in in  in  their 

ti ssues, which was enough to i nduce bud formation at a low percentage. 

Regard ing the percentage explants formed roots results showed that 

there was an opposite re lat ionship  between percentage explant formed roots 

and the increase i n  cytokin in  concentrations.  The obtained results showed 

that regardless of the type of cytokin in  used, the increase i n  cytokin in  level 

was associated with a reduction in percentage explant formed roots .  Also, 

data proved that the highest percentage explant fonned roots was obtained 

with the complete absence of cytokin in  or at very low level (O . l mg/l  2 iP) .  

5. 2 .2 .  Part 2 

The results proved that cytokin in  was essential to induce the explants 

to fonn bud generat ive t issue, where the absence of cytokin in  at any 

incubat ion period was associated with the complete absence of bud 

generat ive t issues formation . 
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The te ted cytok in in  combi nat ion was less effect ive than individual 

cytok in in ,  e .g .  BAP and 2 ip  at 0 .4mg/1 was the most pos it ive .  The 

combi nat ion of cytok mins increased the percentage of explant that formed 

bud generat ive ti ssues . In general, the best and sign ificantly effective 

cytok in in  treatments were BAP at 1 .6mg/1 and 2 iP  at 3 .2mg/I . Those two 

treatments also showed a clear i ncrease in percentage explants formed bud 

generat ive t issues, which was associated with the increase in length of 

incubat ion periods, especial ly  after 7 months.  

5.2.3 Part 3: 

The results showed that cytokin ins are absol ute ly necessary for bud 

differentiation where the complete absence of cytokin in or even using it at 

low concentrat ion ( 0 . 1 and O .4mg/l ) did not st imulate bud differentiat ion at 

al l in  the case of BAP and 2 iP  

The most s ign i ficant ly effect ive concentration of  2 i P  was at 3 . 2 mg/l, 

fol l owed by 1 . 6 mg/l when they produced 7 . 3 and 7 .0 regenerated buds / 

bud generat ive tissue. The combinations of cytok in ins were sibTn ificant ly 

less effect ive in i nduc ing bud regenerat ion compared to separate cytok in in  

treatments .  
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5.3. 1 Pa rt I :  

1 1 2 

Data showed that the hi ghest, and s ign ificant percentage of explants 

formed apical bud was achieved from explants cultured in March and Apr i l  

(54 .7  and 5 1 .6 0 0, respect ively) .  The lowest percentage of apical bud 

differentiation was obtained when explants cultured in June, Ju ly, August, 

December and January or during the hottest and coldest months .  The rest of 

the year months had a moderate effect on the percentage of apical bud 

different iation from cul tured explants. 

Culturi ng  the i solated shoot t ips in  March resulted in  the production 

of most s ign i ficant and highest percentage of explants fonned bud 

generative t issue. Culturing the explants dur ing winter months ( November, 

December and January ) or during the hot summer months ( June, July and 

August) resulted in a s ign i ficant reduction in percentage of explants fonned 

bud generat ive t issue. The most act ive fonn of plant hormones was 

associated with the moderate temperature of spring. S imi larly, root ing of 

explants were found to be inhibited by the effete ly high temperature in 

summer or by the low temperature in winter and got maximized during 

prmg. 
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5.3.2 Part 2 :  

The re ult  howed that M I  (auxin rich medi um) was sign i ficant ly  

better and effect ive than M2 (cytokinin rich medi um) in  increasing 

percentage explant fonned apica l buds, percentage root di fferentiation, and 

percentage bud generat ive tissues after the 4 di fferent incubat ion periods, 

i .e .  4, 5, 6, and 7 months. 

Regarding the effect of media components on number of buds 

regenerated from bud generative ti ssues, the results showed that after 5 

months of incubation, MI was better than M2 in  i ncreasing number of 

regenerated buds generat ive t issue. But with the advancing of time, M2 

started to be more effect ive than MI whereas after 6 months, M2 was more 

effect ive, than M I .  After 7 months of incubat ion, it was quite clear that M2 

enhanced s ihrn ificant ly  the regenerat ion of more buds generat ive tissues 

compared to M I .  

Shoot bud in i tiation required a h igh concentrat ion of cytok in in .  This 

requirement was covered by the app l icat ion of M2, which contained higher 

cytok in in  concentrat ion compared to M I .  There were no differences 

behveen the effect of both media after 5 months, then after 6 and 7 months, 

or after the accumulat ion of more cytok in in in the t issues. The M2 medium 
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proved to be better in  st im ulat ing shoot fonnation, especial ly after 7 months 

of incubat ion.  

5.3.3 Part  3:  

The results indicated that after 4 months of incubat ion buds started , 

in i t iat ion in  February, March, and Apri l ,  with no differences due to the 

effect of medi um type, but being at maxi mum rate in Apri l .  The number of 

buds was reduced si gn ificant ly started from May and continued dur ing the 

hot months of summer (June, July and August). The number of buds was 

significantly i mproved in  October, especial ly when M2 was appl ied, but i t  

was reduced again dur ing  the winter months (November, December and 

January ) .  Maximum number of buds was produced during the month of 

Apri l ,  with sim i lar effects for medium type, and during  October, when the 

explants were cultured on M2 medi um.  S imi lar trend was observed on buds 

generated after 6 months of incubat ion, when buds increased in number 

during  February, March and Apri l, then they were absent total ly during the 

hot months of summer and started to show up again dunng October. The 

maxi mum number of buds was achieved when explants were cultured 

during  October on M2 medium . The same trend was repeated again after 7 

months of incubation, but with M2 significantly better than M 1 during the 
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spnng and fall  easons .  Because of the break down of endogenous auxin by 

high temperature or the inact ivat ion of plant hormones during winter 

months, culturing the explants on auxin-rich medi um during hot summer 

months or cold winter months would result in an improvement of 

percentage explants fonn ing bud generative tissue, compared to the 

interaction with cytokinin-rich medium . Rooting was almost inh ibited 

during winter and swmner months because of the absence or unavai labi l ity 

of auxins .  The use of auxin-rich medium was not even enough to induce 

rooting.  The results are in agreement with the fact that shoot bud 

differentiation requires relatively high concentration of cytokinin so the 

natural ly endogenous balanced auxins and cytokinins were supported with 

the exogenous supplement, and resulted in a significant increase in bud 

differentiation . I n  contrast the high temperature in winter months reduced, 

bud did not inhibit, bud regeneration . This notice indicated that cytokinins 

are not completely inactivated by low temperature as in auxin case . 
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APPENDIX 



Table 1 .  Effect of different auxin and concentration on the 
percentage of explants that fonned apical buds and 

roots, resulted from cultured shoot tip of Khnazi date 
palm (Phoenix dactyli/era L . )  culti var 

% Explants that 
% Explants that Auxin (mg/I) formed apical 

buds 
formed roots. 

Control 1 2 . 5  0 .00 

lAA (0. 1 )  1 8 . 75  0 .00 

lAA (0.4) 25 .0  6.25 

IAA (0. 8)  37 . 5  6 .25 

lAA ( 1 .6)  43 . 75 1 2 . 5  

lAA (3 .2)  3 1 .25  1 2 . 5  

IAA (6 .4)  25 .0  25 .0  

NAA (0. 1 )  1 8 .75  6.25 

NAA (0 .4)  3 1 .25 1 2 . 5  

NAA (0 .8 )  43 . 75 1 8 .75  

NAA ( 1 .6) 43 . 75 25 .0 

NAA (3 .2) 37 . 5  43 .75  

NAA (6 .4)  3 1 .25  43 .75  

lAA (0.0), NAA (0.0) 1 8 . 75  0 .00 

IAA (0. 1 ), NAA (0. 1 )  37 . 5  0.00 

IAA (0.4), NAA (0 .4) 43 . 75 1 2 . 5  

I AA (0 . 8), NAA (0.8)  37 . 5  1 8 . 75 

IAA ( 1 . 6), NAA ( 1 .6) 3 7 . 5  3 1 .25  

1AA (3 . 2), NAA (3 . 2) 3 1 . 25 37 . 5  

L S D  ( 5%) 1 6 .02 2 1 . 34  

Control : medium free from any hormons. 
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Table 2 .  Effect of different auxin and concentration on percentage of explants that 
produced bud generative ti ssues after 4,5,6 and 7 months of incubation 
resulted from cultured shoot tip of Khnazi date palm (Phoenix dactylifera 
L . )  cultivar. 

% Explants % Explants % Explants % Explants 

Auxin (mgll) produced produced produced produced 
BGT after 4 BGT after 5 BGT after 6 BGT after 7 

months. months. months. months 
Control 0 00 0 .00 0.00 0 .00 

IAA (0. 1 )  0 .00 0 .00 0 .00 0 .00 

IAA (0 .4)  6 .25 6 25 1 2 . 5  1 2 . 5  

l AA (0 .8)  1 2 . 5  1 8 .75  1 8 .75 25 .0 

l AA ( 1 . 6) 25 .0  25 .0  3 1 . 25 3 1 .25 

IAA (3 .2) 1 2 . 5  1 2 . 5  1 8 .75  1 8 . 75  

l AA (6 .4)  0 .0  0 .0  0 .0  0 .0  

N AA (0 1 )  6 .25 6 .25 6 .25 1 2 . 5  

NAA (O.4) 6.25 6.25 1 2 . 5  1 2 5 

AA (0 .8)  1 2 . 5  1 2 . 5  1 8 . 75  1 8 . 75 

NAA ( 1 .6) 1 2 . 5  1 2 . 5  1 2 . 5  1 8 .75  

NAA (3 .2)  6 .25 6 25 6.25 1 2 . 5  

NAA (6 .4) 0 .0  0 .0  0 .0 0 .0  

IAA (0 0), N AA (0 .0)  0 .0  0 .0  0 0  0.0 

l AA (0 . 1 ), NAA (0 1 )  1 2 . 5  1 2 . 5  1 8. 75  1 8 .75  

l AA (0 .4), NAA (0 .4) 25 .0 25 .0 3 1 .25 3 1 . 25  

IAA (0 .8),  NAA (0 .8)  1 8 . 75  1 8 . 75  25 .0  25 .0  

IAA ( 1 .6), NAA ( 1 .6) 6.25 6 .25 6.25 1 2 . 5  

IAA (3 .2), NAA (3 2) 0 .0  0 .0 0 .0  0 .0  

LSD (5%) 1 4 .09 1 5 .09 1 9 .32 2 1 .45 

BGT : Bud generative tissue 
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Table 3 .  Effect of different auxin and concentration on the average number of 
differentiated buds regenerated after 5, 6, and 7 months per bud 
generati ve ti ssue, resulted from cultured shoot ip of Khnazi date palm 

(Phoenix dactylifera L . )  cultivar. 

No. of No. of No. of 

Auxin ( mg/I ) Differentiated Differentiated Differentiated 
buds / BGT buds / BGT buds / BGT 

After 5 months. After 6 months. After 7 months. 
Control 0 .0 0 .0 0 .0 
lAA (0. 1 )  0 .0 0 .0 0.0 

lAA (04) 0.0 1 . 0 2 .0 

lAA (0 .8)  1 . 0 2 . 5  7 .0 

lAA ( l .6)  0 .75 l . 75  5 .25 

IAA (3 . 2) 0 . 50  1 . 5 4 0  

lAA (6A) 0.0 0 .0 0 .0 

NAA (0. I )  0.0 1 .0 2 .0 

NAA (OA) 0.0 2 .0 4 .0 

NAA (0.8) 1 . 0 2 .0 5 . 5  

N AA ( 1 .6) 0 . 5  1 . 5 4 0  

NAA (3 .2 )  0 .0  0 .0  2 0  

NAA (6A) 0.0 0.0 0 .0 

I AA (0.0), NAA (0.0) 0 .0 0 .0  0 .0 

lAA (0. 1 ), NAA (0. I )  0 .50 1 . 5 4 .5  

lAA (0 4), NAA (OA) 1 . 0 2.25 6.25 

lAA (0. 8), NAA (0 .8) 1 0 2 .0 5 70 

lAA ( 1 . 6), NAA ( 1 .6)  0 .0 2.0 5 0  

IAA (3 2), NAA (3 2) 0 0  0 0  0.0 

LSD (5%) 0. 2242 0. 5776 1 . 328 



Tabl e 4 .  Effect of different cytokinin and concentration on the 
percentage of explants that fonned apical buds and 

roots resulted from cultured shoot tip of Khnazi date 

palm (Phoenix dactylifera L.)  cultivar. 

% Explants 
% Explants Cytokinin (mg/I) formed apicaJ 

buds 
formed roots. 

Control (0 0) 1 2 5 25 .0 
KIN (0 1 )  25 .0  1 2 . 5  

KIN (0 .4)  37 . 5  0 .0 

KIN (0 .8)  3 1 .25 0 0  

KIN ( l . 6) 3 1 .25 0 .0 

KIN (3 . 2) 25 .0  0 .0  

KJN (6.4) 1 8 . 75 0 .0 

BAP (0. 1 )  1 8 . 75 1 8 .75  

BAP (0 .4)  25 .0  6 .25 

BAP (0 .8)  37 .5  6 .25 

BAP ( 1 .6)  50 .0  0 .0  

BAP (3 .2 )  43 .75  0 .0  

BAP (6 .4) 3 1 .25 0 .0 

2iP (0. 1 )  1 2 . 5  25 .0  

2iP (0 .4)  25 .0  1 8 . 75 

2iP (0 .8) 37 . 5  1 2 . 5  

2 i P  ( 1 .6) 3 1 .25  0 .0  

2 iP (3 .2) 50 .0 0 .0 

2iP (6 .4)  37 . 5  0 .0 

KIN (0. 1 ), BAP (0. 1 ), 2iP (0. 1 )  3 1 .25  1 2 . 5  

KIN (0 .4), BAP (0 .4), 2 iP  (0 .4) 37 . 5  0 .0  

KIN ( 1 .6), BAP ( 1 . 6), 2iP ( 1 .6) 50 .0  0 .0  

KIN (3 . 2), BAP (3 .2), 2 iP (3 .2 )  3 1 .25 0 .0 

LSD (5%) 1 6. 0 1  1 4 . 75 
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Table 5 .  Effect of different cytokinin and concentration on the percentage of 
expl ants that produced bud generati ve ti ssue after 4, 5, 6 and 7 months 
of incubati on resulted from cultured shoot tip of Khnazi date palm 

(Phoenix dactyli/era L. )  cultivar. 

% Explants % Explants % Explants % Explants 

Cytokinin (mg/I) produced produced produced produced 
BGT after 4 BGT after 5 BGT after 6 BGT after 7 

months months months months 
Control (0 .0) 0 .00 0 00 0.00 0.00 
KIN (0 . 1 )  0 .00 0.00 0 .00 0 .00 

KIN (0 .4) 6 .25 6.25 6.25 6.25 

KIN (0. 8)  1 2 . 5  1 2 . 5  1 8 . 75 1 8 . 75 

KIN ( 1 .6) 6.25 6.25 1 2 . 5  1 2. 5  

K I N  (3 .2) 6 .25 6 .25 6 .25 6.25 

KIN (6.4) 0 .00 0 .00 0 .00 0 00 

BAP (0. 1 )  0 .00 0 .00 0 .00 0 .00 

B AP (0 .4) 6 .25 6 .25 6.25 6.25 

BAP (0 . 8)  1 2. 5  1 2 . 5  1 8 .75 1 8 .75 

BAP ( 1 .6) 1 8. 7 5  25 .0  25 .0  3 1 .25  

BAP (3 .2)  1 2. 5  0. 1 250 1 2 . 5  1 2 . 5  

BAP (6 .4) 0 .00 0 .00 0 .00 0 .00 

2iP (0. 1 )  0 .00 0 .00 0 .00 0.00 

2 iP  (0 .4) 0 .00 0 .00 0 .00 0.00 

2iP (0. 8)  6 .25  6.25 1 2 . 5  1 2. 5  

2 iP ( 1 .6)  1 2 . 5  1 2 . 5  1 8 . 75  1 8 .75  

2iP (3 .2) 1 8 . 75  25 .0  25 .0  3 1 . 25 

2iP (6 .4)  6 .25 6 .25 1 2 . 5  1 2 . 5  

KIN (0. 1 ), B A P  (0. 1 ), 2iP (0. 1 )  6.25 6.25 6.25 1 2 5 

KIN (0.4), BAP (0.4), 2iP (0 .4) 1 2. 5  1 2 . 5  1 8. 75  1 8. 75  

KIN 0 . 6), BAP ( 1 . 6), 2 iP  ( 1 .6) 0 .00 0 .00 0.00 0.00 

KIN (3 .2 ), BAP (3 .2), 2iP (3 .2)  0 .00 0 .00 0 .00 0.00 

LSD Value (5%) 1 3 . 2  1 4 . 75 1 8 .66 2 1 . 5 5  
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Table 6 .  Effect of different cytokinin and concentration on the average number of 
differentiated buds regenerated after 5, 6, and 7 months per bud 
generative ti ssue, resul ted from cul tured shoot tip of Khnazi date palm 

(Phoenix dactyli/era L. )  culti var. 

No. of No. of No. of 

Cytokinin (mg/l ) Differentiated Differentiated Differentiated 
buds / BGT buds I BGT buds I BGT 

After 5 months After 6 months After 7 months 
Control (0 .0) 0 .0  0 .0 0 .0 
KIN (0. 1 )  0 .0 0 .0  0 .0 
KIN (0 .4) 0 .0  1 . 0 3 . 0  
KIN (0 .8)  0 .5  1 .0 2 . 5  
KIN ( 1 .6)  0 .0  0 .0  2 .0 
KIN (3 .2) 0 .0 0 .0 0 .0 
KIN (6 .4)  0 .0 0 .0 0.0 

BAP (0. 1 )  0 .0 0 .0  0 0  

BAP (0 .4) 0 .0  0 .0  0 0  

B AP (0 . 8)  0 .0 1 . 5 3 . 5  

BAP ( 1 .6) 0.67 2 .0  5 . 3  

B AP (3 2)  0 .0  1 .0 3 .0  

BAP (6 .4) 0 .0  0 .0 0 .0 

2iP (0. 1 )  0 .0 0.0 0.0 

2 iP (0 .4)  0 .0 0.0 0.0 

2iP (0 8 )  0 .0 2 . 1 25 5 . 0  

2 iP ( 1 . 6) 1 .0 2 . 5  7 .0  

2 iP  (3 . 2) 1 .0 2 .25 7 .3 

2iP (6 .4) 1 . 0 2 .0  6 .0  

KIN (0. 1 ), BAP (0. 1 ), 2 iP (0. 1 )  0 .0 0 .0  0 .0 

KIN (0 .4), BAP (0 .4), 2 iP (0 .4) 0 .0 1 . 0 3 . 5  

KIN ( 1 . 6), BAP ( 1 .6), 2iP ( 1 .6)  0 .0 0 .0 0 .0  

KIN (3 . 2), BAP (3 .2), 2iP (3 .2)  0 .0  0 0  0 .0 

LSD Value (5%) 0.3 1 25 0 .5665 0.8340 
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Table  7 .  Effect of culturing time on percentage explants formed apical buds. 
roots, bud generati ve ti ssue after 4, 5, 6, and 7 months and average 
number of differentiated buds regenerated after 5, 6, and 7 months 
per bud generative ti ssue, resulted from cultured shoot tips of Khnazi 
cul tivar. 

Month % AB 
% % % % % # # 

Roots BGT4 BGT5 BGT6 BGT7 Buds5 Buds6 

January 3 1 .25 3 . 1 2  4.68 4.68 6.25 7 .8 1 0. 1 5  0.75 

February 43 .75  6 25 1 0. 94 1 0.94 1 4 .06 1 7 . 1 9  1 . 27 3 1 5  

March 54 .69 4 .68 20. 3 1 20.3 1 25 .00 28. 1 3  1 . 1 7 2 .62 

Apri l 5 1  56 7 8 1 1 2 . 50 1 4 . 06 1 8 .75  20. 3 1 1 . 50 3 . 1 2 

May 40.63 1 2 . 50 6.25 6.25 7 .8 1 9 .37 1 . 0 2 .25 

June 3 5 .94 1 7. 1 9  4.68 4 .68 4 .68 4.68 0 .0 0 .5 

July 26. 56 1 . 56 1 . 56 1 . 56 1 . 56 1 . 56 0.0 0.0 

August 26. 56 0.0 1 . 56 1 . 56 1 . 56 1 . 56 0 .0  0 .0  

September 37 . 50 1 . 56 4 .68 4.68 7 .8 1  7. 8 1  0 .82 2 .0 

October 42. 1 9  6.25 9.3 7 9 . 37  1 2 .50  1 2 . 50 1 . 25 3 . 1 2  

November 32 . 8 1  1 . 56 6.250 6.25 9 .37 9 .37 0 . 5  2.65 

December 25 00 0.0 4.68 4 .68 6 .25 6 .25 0 5  1 . 25 

LSD 7 .68 7. 1 1  5 . 80 5 . 9 1  7 .28 8 .28 0 . 1 9  0 .36 

# 
Buds7 

2 . 1 

9.25 

8 . 1 

1 0 .0  

6 5  

1 . 0 

0 .0 

0 .0  

6.25 

9 .5  

7 5  

2 75 

0 .25 
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Table 8 .  Effect of media components on percentage explants formed apical buds, 
roots, bud generative ti ssues after 4, 5, 6, and 7 months and average 
number of differentiated buds regenerated after 5, 6, and 7 months per 
bud generative tissue, resulted from cultured shoot tips of Khnazi 
cul tivar. 

Media 
% % % % % 
AB Roots BGT4 BGT5 BGT6 

M 1  

M 2  

LSD 

39 .3  7 6  8 .9 9. 1 1 1 . 5  

3 5 4  2.9 5 . 7  5 . 7  7 . 8  

1 1 3 1 . 05  0 .85  0 .87 1 .07 

M l :  medium 1 (Auxin r ich medium) 
M2: medium 2 (Cytokinin rich medium). 

% # # # 
BGT7 Buds5 Buds6 Buds7 

1 2. 5  0 .77 1 1 . 77 ] 4.97 1 

8 . 6 0 .59 1 1 . 8 5 .52 1 

1 . 2 1  0 .028 0 053 0.0363 
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Table 9. Effect of the interaction of medium components and culturing time on 
percentage of explants formed apical buds, roots and bud generative 
ti ssue after 4, 5, 6, and 7 months, resulted from cultured shoot tips of 
Khnazi cultivar. 

% Apical % Roots % BGT after % BGT after % BGT after %BGT after 7 
Buds 4 months 5 months 6 months months 

Time 
(month) 

M l  Ml M l  Ml M l  M1 M l  M1 M 1 M1 M l  M1 

January 3� 38 28. 1 3  6.25 0.0 6 25 3 . 1 2  6 .25 3 . 1 2  9.37 3 . 1 2  9.375 6.25 
February 46.88 �0.63 9.37 3 . 1 2  1 2.5  9.37 1 2 .5  9 .37  1 5.63 1 2 .5  1 8.75 1 5.63 
March 53 . 1 3  56.25 9.37 0.0 2 1 .88 1 8.75 2 1 .88 1 8.75 25.0 25.0 28. 1 3  28. 1 3  
Apri l 50 0 53 . 1 3  9 37 6.25 1 2.5  1 2.5  1 5.63 1 2. 5  1 8.75 1 8.75 2 1 .88 1 8 75 

May 43 . 7  37 .5  1 5 .63 9 .375 6.25 6.25 6.25 6.25 9.37 6.25 9.37 9.375 

June �0.63 3 1 .25  2 1 .88 1 2. 5  6 .25 3 . 1 2  6.25 3 . 1 2  6.25 3 . 1 2  6.25 3 1 25 

July 28. 1 3  25.0 3 . 1 2  0.0 3 . 1 25 0 0  3 . 1 2  0.0 3 . 1 2  0.0 3 . 1 2  0.0 

August 25.0 28. 1 3  0.0 0.0 3 . 1 25 0.0 3 . 1 2  0.0 3 . 1 25 0.0 3 . 1 2  0.0 

September �0.63 34.38 3 . 1 2  0.0 6.25 3 . 1 2  6 .25 3 . 1 2  9 .37 6.25 9 .37 6 .25 

October .. n .75 40 63 9 .37 3 . 1 2  1 2. 5  6 .25 1 2 .5 6.25 1 5 .63 9.37 1 8.75 6.25 

November 37 .5  28. 1 3  3 . 1 2  0.0 9.375 3 . 1 2  9.375 3 . 1 2  1 2 .6 6.25 1 2 .5  6.25 

December 28. 1 3  2 1 .88 0 0  0.0 6 .25 3 . 1 2  6 .25 3 . 1 2  9.37 3 . 1 2  9.375 3 . 1 25 

LSD 1 0 86 1 0.6 8.2 1 8 .35  1 0 .3  1 1 . 72 



Table 1 0 . Effect of the interaction of medium components 
and culturing time on the average number of 
differentiated buds regenerated after 5, 6, and 7 
months per bud generati ve tissue, resul ted from 
cultured shoot tips of Khnazi cultivar 

# Bud5fBGT # Bud6fBGT # Bud7fBGT 

I Time (month) M 1  M2 M 1  M2 M 1  M2 

January 0 .3 0 .0 1 . 0 0 . 5  2 .7  1 . 5 

February 1 . 25 1 . 3 3 .0 3 . 3  8 . 5  1 0.0  

March l . 2 1 . ] 4 2 .45 2 .8 7 .7  8 .5  

Apri l 1 . 5 l . 5 3 .25 3 .0 9.25 1 0 .7 

May l .0 1 . 0 2 . 5  2.0 7 . 5  5 . 5  

June 0.0 0 .0 l . 0 0 .0 2 .0  0 .0 

Ju ly 0 .0 0 .0  0 .0  0 .0 0 .0 0 .0 

August 0 .0  0 .0  0 .0  0 .0 0 .0 0 .0 

September 1 . 0 0.65 2 .0 2 .0 5 . 5  7 .0 

October 1 . 0 1 . 5 2 .25 4 .0  7 .0  1 1 . 0 

November 1 . 0 0 .0 2 .3  3 . 0  6.0 9.0 

December 1 0 0 .0  1 . 5 1 . 0 3 . 5  2 .0 

LSD 0.27 1 3  0 . 5 1 83 0 .354 1 

1 39 
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Table 1 1 . M onthly rate of temperature average during the year of 1 997 in 
AI-Ain City .  

c.,.... '- '- '-0 '- c c ..... � � � � cd ...c en .D .D .D en � cd cd U · c  >.. � >.. ::J 6 .D 6 6 ...c >.. ::J 2 '- cd c::: '"3 00 0 ..... cd a. � ::J � ..... � � c::: � c::: .D � -< 0-, 0-, ::J ...... U > u O ...c cd � « a. 0 0 � � ..... 0-, � � Z Cl r./) 

Temp. 
l 7 .0  20.3 2 l .6 25 .3  30 .4  3 5 . 1 36.0 36. 1 34.2 29.8 24.0 1 9. 7  ee) 

Source. Min istry of Agriculture and F isheries. UAE. 
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