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ABSTRACT 

Date palm (Phoenix dactylifera L.) cultivation In the United Arab Emirates 

(UAE) is considered one of the most important economic supports for the agricultural 

sector. Propagation of date palm by offshoots can not satisfy the increasing demand of 

date palm trees, and high propagation rate can only be achieved using tissue culture 

techniques. However, one of the major problems of this technique is the failure of 

producing aseptic cultures, yielding to the loss of the explants at the initiation phase. 

The objectives of this study were to develop a reliable disinfection technique of date palm 

explants at the initiation stage yielding a contamination rate less than 5 %, to identify 

tissue culture contaminants and propose respective control means. 

To avoid contamination problems that are frequently experienced in the initiation stage, 

explants are to be handled and raised under specific aseptic conditions. Various 

concentrations of Sodium Hypochloride (NaOCI), Potassium permanganate (KMn04") 

and Aliette (fungicide) were tested during different periods of time. The recommended 

double disinfection technique is 40 % ofNaOCI combined with 3 gil of Aliette, and 30 % 

of NaOCI combined with 400 mg/I KMn04-. The most frequent bacterial strains 

identified were Cellulomonas cellulans, Enterobacter aerogenes, Bacillus fusiformis, 

Serratia marcescens, Kocuria rosea and Cellulomonas uda. 
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I. INTRODUCTION 



1.1. Overview 

The date palm (Phoenix dactyli/era L.) is often described the "tree of life". 

The exact origin or gene centre of the date palm has been lost in antiquity. 

There seems to be a consensus that the earliest form of date palm 

cultivation coincided with the oldest civilizations (l). However, evidence 

of date palm cultivation goes as far back as 4000 B.C. since it was used for 

the construction of the temple of the moon God near Ur, in southern Iraq -

Mesopotamia (the area between the Euphrates and Tigris rivers) (I). 

References to date palms have also been found in Egypt's Nile Valley 

where it was used as the symbol for a year in Egyptian hieroglyphics and 

its frond as a symbol for a month ( 2). However, the culture of date palm 

did not become important in Egypt until somewhat later than that in Iraq, 

about 3 000 - 2000 B.C (3) .  The spreading of the date palm and its 

cultivation occurred during the past centuries following two distinct 

directions, one starting from Mesopotamia to Iran, to reach the Valley of 

the Indus and Pakistan· the other starting from Egypt towards Libya, North 

Africa and the Sahel countries (4). 

The above is confirmed by the archaeological research into ancient 

historical remains of the Sumerians, Akadians and Babylonians ( 5). Houses 

of these very ancient civilizations were roofed with date palm trunks and 

fronds. The uses of date for medicinal purposes, in addition to its 

nutritional value, were also documented (4). 

Much later, the date palm became associated with three of the world's 

major religions: Islam, Jewish and Christianity. This was due to the 

influence of the Prophet Abraham, who was born and raised in the old city 
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of Ur where date palms were grown. Date palm fronds are used for the 

celebration of Palm Sunday among Christians and for the celebration of the 

Feast of Tabernacles among Jews, who consider the date as one of the 

seven holy fruits. Islam has mentioned date palm in the Holy Quran more 

than any other fruit-bearing plant. Throughout the month of Ramadan, 

dates are a common ingredient in the Muslims diet. Indeed, Muslims end 

their day of fasting with its sweet and nourishing flesh. 

1.2. Date palm importance 

With its simple structure, it is difficult to imagine all of the purposes a 

date palm can serve. The date palm usually has a simple trunk, called a 

stipe, with a network of roots in the soil and long or spatulate leaves, 

called fronds. Flowers are produced in clusters which arise from the axils 

of the leaves (5). These may be male, female, or hermaphroditic. From the 

female flower parts, fruits arise which may have a fleshy or fibrous outer 

coat, a hard inner coat, and a somewhat hard, often hollow endosperm. 

Date palm tree is an essential integral component of farming systems in dry 

and semi-arid regions and can be produced equally well in small farm units 

or as larger scale commercial plantations. The tremendous advantage of the 

tree is its resilience, its requirement for limited inputs, its long term 

productivity and its multiple purposes attributes \2). 

In addition to producing a valuable dessert fruit. by-products such as 

building materials and versatile starting materials for handicrafts can be 

derived from its fronds and trunks making it an important multiple purpose 

tree and a significant earner of foreign currency for both small and large 
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farmers. The date palm also makes a significant contribution towards the 

creation of suitable microclimates within oasis ecosystems, thus enabling 

agricultural development to be sustained in many drought- and saline

affected regions. 

Agro-industries and the date palm industry in particular, offer great job 

opportunities, particularly for women, through processing and packaging of 

products. The date palm also supports the introduction of modern 

practices, which consequently increases the agricultural contribution to 

gross domestic product (GDP) as well as to export earnings (4). 

If date fruit packaging and processlOg IS excluded, an average of seven 

working days are annually needed per ton produced based on fully 

mechanized field activities. Based on labor only (with no mechanization), 

date culture requires approximately 170 working days/ year/ hectare. I n  

conclusion , a commercial date plantation of 100 h a  requires 17,000 

w orking days per year (4). 

1.3. Date nutritional value 

It  is historically known that desert people lived on dates and milk for years 

without suffering any nutritional problems . In fact, date fruit is rich in 

nutrients. and due to its dietetic values it has always been held in high 

esteem by people. Compared to other fruits and foods (apricot: 520 

calories/kg; banana: 970 calories/kg; orange: 480 calories/kg; cooked rice: 

l , 8 00 calories/kg; wheat bread: 2,295 calories/kg; meat (without fat): 

2 245 calories/kg, dates give more than 3,000 calories per kilogram (4). 

With the present uncertainty in the world food supply and the expected 
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increase in demand, the date palm could be a good source of food of high 

nutritional value. 

The date fruit consists of 70% carbohydrates (mostly sugars), making it 

one of the most nourishing natural foods available to man. In most 

varieties, the sugar content of a date fruit is almost entirely of the inverted 

form (namely glucose and fructose), important for persons who cannot 

tolerate sucrose. The inverted sugar in dates is immediately absorbed by 

the human body without being subjected to the digestion that ordinary 

sugar undergoes. The flesh of dates contains 60 to 65% sugar, 2.5% fibre, 

2% protein and less than 2% each of fat, minerals, and pectin substances 

(5). Date fruits are also a good source of iron, potassium and calcium, with 

a very low sodium and fat content. In addition, moderate quantities of 

chlorine, phosphorous, copper, magnesium, silicon and sulphur along with 

various vitamins, including thiamine, riboflavin, biotin, folic and ascorbic 

a c i d  are also found in the date fruit. The water content is between 15 to 

30% depending on  the variety and on the maturity stage of the fru i t  (6,5). 

The rich fruit is also used as a livestock feed supplement and gi ves the tree 

m uch added va lue .  The secondary products generated from fru i ts are 

syrups, jam s, ice creams, snac ks and soft drinks ( 5). Sma l l - and 

i ntermediate-scaie i ndustri es  can rherefore be supponed over ion g  rerm 

per iods  in both urban and rural si tuat i ons.  This im portance is refl e cted in  

the date pa l m  wide ly  acknowl edged sustai nabi l i ty val ue in soc ial,  

e c o n o m ica l  and eco l og ica l  terms. 

. : 
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1.4. Geographical distribution 

D ates are cu l t ivated mainly in the hot arid regions of South West Asia and 

N orth Africa. The frui t  i s  a l so grown in some parts of Europe and the 

U SA. The world total number o f  date palms at the present t ime is  about 

100 m i l l i on, distributed in five regions. Asia has the greatest number with 

6 0  m i l l ion date palms (Saudi Arabia, Bahrain, Uni ted Arab Emirates 

(UA E), Iran, Iraq, Kuwait,  Oman, Pakistan, Turkmenistan and Yemen); 

w h i l e  A frica i s  second with 32.5 million date palms (Algeria, Egypt ,  

L i bya, Mal i ,  Morocco, Mauritania, Niger, Somal ia, Sudan, C had and 

Tunis i a). Mexico and the U S A  have 600,OQO palms followed by Europe 

( S pain) with 32,000 and Australia  with 30,000 (4,5). 

1.5. World production and trade 

T h e  d ate fruit  i s  marketed a l l  over the world as a h igh-value confectionery 

and frui t  crop, and remains an extremely i mportant subsi stence crop in 

m o st o f  the desert regions . Worldwide date production has increased 

e xponent ia l l y  over the three decades ( F igure 1). In 1963, production was 

1.8 m i l l i on tons. It increased to 2.6 and 6.7 m i llions by 1983 and 2003, 

re spect i vely . The increase of 4.9 mill ion tones s ince 1963 represents an 

annual expans ion o f  about 6.8% ( 7). 
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1963 1913 1983 1993 

Fig u re 1: Global annual date production (Mi l l ion Metric Tons) during the 

period from 1963 - 2003 (FA 0 Statistics, 2004). 

6.1 

2003 

H o wever, m ost o f  the m ajor dates produc i n g  c o u ntries have stead i ly  

e xpanded pro d u c t i o n  over the  l ast 10 years, w i th a 43% i ncrease from 1994 

to 200 1. Date e xports i ncreased by o n l y  25%, o v er the sam e  period ,  

espec i a l ly in  O ma n ,  U AE,  E gypt and Pak i st a n .  C o nv erse ly, an output  

decrease has  been o bserved  in  Iraq and Morocco ,  due  m a i n ly to war and 

8ayou d  d isease , respe c t i v e ly .  I n  the Arab wor l d ,  to ta l  date produc t ion  is  

est i m ated to  b e  about 4.5 m i l l i o n  t o ns in  2003, represe n t i n g  67% o f  the 

g l o ba l  date  product ion  ( T a b l e  1) . 
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Table 1: Date palm production in leading countries (2003). 

Countries Production (Mt) -/e Countries 

World 6,749,356 

Egypt 1,115,000 

Iran 875,000 

Saudi Arabia 830,000 

UAE 160,000 

Pakistan 650,000 

Algeria 420,000 

Iraq· 400,000 

Sudan 330,000 

Oman 238,611 

Libyan 140,000 

China 120,000 

Tunisia 115,000 

Morocco 54,000 

Source FAO statistics 2003, 
Mt: metric too. 

100.0 Yemen 

16.5 Mauritania 

13.0 Chad 

123 USA 

11.3 Bahrain 

9.6 Qatar 

6.2 Kuwait 

5.9 Turkey 

4.9 N iger 

3.5 Palestine 

2.1 Spain 

1.8 Mexico 

1.7 

0.8 Others 

• FAO estimate/or 1997 

Productioa (Mt) �-

32,500 0.5 

24,000 0.4 

18,000 03 

17,600 03 

16,508 02 

16,500 02 

10,400 02 

9,400 0.1 

7,700 0.1 

5,500 0.1 

3,732 0.1 

3,600 0.1 

536,305 7.9 

The Gulf Cooperation Counci l  (OCC) countries produced 1 .9 mi l lion tons in 2003, 

which represent 28% of the global production (8). Saudi Arabia and UAB together 

p roduced 1 .6 mi l l ion tons in  2003. Oman has 7 mi l l ion trees and a worldwide market 

acceptance. The remaining GCC countries (Bahrain Qatar and Kuwait) have fewer 

date palm trees and lower production. During the last decade, the date palm 

production has increased by 86.7%, from 1 .0 mil l ion tons in 1 994 to 1 .9 mill ion tons 

by 2003 (7). 

Rdevallt statistit.;s illdit.;ate that only around 10% of dates produced in th� 

w orld are traded.  The g l o bal im port of  dates duri ng the per iod from 1 998 -

2 000 averaged just over 560 000 tons per year. I nd i a  i s  the largest  

i m port er o f  th i s  fru i t  in  the world (aro und 40% o f  dates  e x ported) .  I t  

i m ported 244,000 tons i n  1 998. After I nd i a, there is  U AE which i m ported 
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Table 1: Date palm production in leading countries (2003). 

Countries Production (Mt) -J. Countries 

World 6,749,356 

Egypt 1 ,115,000 

Iran 875,000 

Saudi Arabia 830,000 

UAB 760,000 

Pakistan 650,000 

Algeria 420,000 

Iraq * 400,000 

Sudan 330,000 

Oman 238,61 1 

Libyan 140,000 

China 1 20,000 

Tunisia 1 1 5,000 

Morocco 54,000 

Source FAO statistics 1003, 
Mt: metric ton. 

1 00.0 Yemen 

1 6.5 Mauritania 

13.0 Chad 

1 23 USA 

1 1 3  Bahrain 
9.6 Qatar 

62 Kuwait 

5.9 Turkey 

4.9 Niger 

3.5 Palestine 

2.1 Spain 

1 .8 Mexico 

1 .7 

0.8 Others 

• FAO estimate/or 1997 

Production (Mt) -J. 

32,500 0.5 

24,000 0.4 

1 8,000 0.3 

1 7,600 03 

16,508 02 

16,500 02 

10,400 0.2 

9,400 0. 1 

7,700 0.1 

5,500 0.1 

3,732 0.1 

3,600 0.1 

536,305 7.9 

The Gulf  Cooperation Council  (GCC) countries produced 1 .9 million tons in 2003, 

which represent 28% of the global production (8). Saudi Arabia and UAE together 

produced 1 .6 million tons in 2003 . Oman has 7 mil lion trees and a worldwide market 

acceptance. The remaining GCC countries (Bahrain, Qatar and Kuwait) have fewer 

date palm trees and lower production. During the last decade, the date palm 

production has increased by 86.7% from 1 .0 million tons in 1994 to 1 .9 mill ion tons 

by 2003 (7). 

Relevant stati�ti(;s indil,;ate that only around 10% of dates produced in the 

w orl d are traded. The global  import of  dates d uring the period from 199 8  -

2000 a eraged just o ver 560,000 tons per year. I ndia is the largest 

i m p orter of t his fruit in the worl d ( around 40% of dates exported) .  I t  

i mp orted 244,000 tons  in  1 99 8 .  A fter India, t here is  U AE which imported 
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Table 1: Date palm production in leading countries (200 3) .  

Countries Production (Mt) % Countries 

World 6,749,356 100.0 Yemen 

Egypt 1,115,000 16.5 Mauritania 

Iran 875,000 13.0 Chad 

Saudi Arabia 830,000 12.3 USA 

UAE 760,000 11.3 Bahrain 
Pakistan 650,000 9.6 Qatar 

A lgeria 420,000 6.2 Kuwait 

lraq* 400,000 5.9 Turkey 

Sudan 330,000 4.9 N iger 

Oman 238,611 3.5 Palestine 

Libyan 140,000 2.1 Spain 

China 120,000 1.8 Mexico 

Tunisia 115,000 1.7 

Morocco 54,000 0.8 Others 

Source FAO statistics 2003, 
Mt: metric ton. 

.. FAO estif7UJle!or 1997 

Production (Mt) e;. 

32,500 0.5 

24,000 0.4 

18,000 0.3 

17,600 0.3 

16,508 02 

16,500 02 

10,400 02 

9,400 0.1 

7,700 0.1 

5,500 0.1 

3,732 0.1 

3,600 0.1 

536,305 7.9 

The Gulf Cooperation Counci l  (GeC) countries produced 1.9 mill ion tons in 2003, 

which represent 28% of the global production (8). Saudi Arabia and UAB together 

produced 1 .6 mi l l ion tons in 2003 . Oman has 7 mill ion t rees and a worldwide market 

acceptance. The remaining GCC countries (Bahrain, Qatar and Kuwait) have fewer 

date palm trees and lower production. Dur ing the last decade, the date palm 

production has increased by 86.7%, from 1 .0 mil l ion tons in 1994 to 1.9 mill ion tons 

by 2003 (7). 

Relevallt statistics indicate that only around 10% of dates produced iii the 

w o rld are t raded . The global i m port of  dates during the period from 1998 -

2000 averaged j ust over  560 000 ton s per year. India i s  the largest 

impo rter  of th i s  fruit in the world (aro und 40% of dates exported). It  

imported 244,000 tons in 1998. A fter I nd i a, there is U AE which i mported 
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1 00,000 tons of  dates in 1 998  and 1 8 0,000 tons in 1 999 .  In 2000, imports 

d ec reased to 4 3  000 tons (9). 

1.6. Date palm importance in UAE 

Date palm i s  considered the most important  fruit crop tree In UAE. 

Despite i ts ex treme aridity, nutrient-poor soi l  and high summer 

temperatures, the UAE's cu l t i vated area now extends over 2 . 7  m i l lion 

d onums (89 1 ,0 8 9  acres) which su pports more than 40 mil lion date palms, 

together wi th  v arious types o f  fruits  and vegetables  ( 1 0) 

T h e  date palm has been cu l tivated in U A E  for thousands o f  years. Date 

s tones  (seeds, a l so ca l led p ips) have been found in a 7 000-year-o ld  

archeologica l  site on Dalma Is land ( 1 1 ) . Traditional  cu l tivation of  palms in 

UAE's desert and mountain oases, using sophist icated techn iques for 

tapp in g  underground water, prov ided more than the fru i t  i tse l f. The date 

p a lm frond s  and trunk s  were used for many purposes, inc l ud ing basket

m ak ing, house-bu i ld ing and boat-bu i lding.  In the l ast t h i rty years, the 

a v a i l a b i l i ty  o f  more water, through tapping o f  aqu i fers, desal inati on and 

recyc l ing, has permi tted mass ive e x pansion in U AE date c u l t i vation .  The 

date  is not on l y  part of the stap l e  d iet of the U A E's peop l e; i t  i s  now the 

centre of a rap i d l y  growing agri c u l t ural industry . The country is also a 

w o r l d  l eader in date palm propagation, using ad vanced t i ssue cu l ture 

tec hn iq ues .  The U AE U n ivers i ty t issue cu l ture l aboratory annual ly  

produces  over  1 5 0,000 young p l ants o f  more than 20  date variet ies .  

(ht tp://datepalm. uaeu .ac .ae) 
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1.7. Date palm propagation 

1.7.1. Seed propagation 

Sexual propagation is  the most convenient method to propagate date palms; seeds 

available in large numbers can be stored for years and germinate easily. However, 

this method cannot be used commercially for propagating the cultivars of interest in a 

true-to-type manner. The most obvious reason is the heterozygous characteristics of 

seedlings which are related to the dioecious nature of the date palm: half of the 

progeny are male, which produce no fruits, and large variations in phenotype can 

occur in the female progeny. It is not possible to detect (in the nursery) and then 

el iminate non-productive male trees prior to field planting. Another important 

drawback of seed propagation is that the growth and maturation of seedlings is 

extremely slow. A date palm seedl ing may take 8 to 1 0  years or even more before 

fruiting occurs. Seedlings differ considerably with regard to production potential, 

fruit quality and harvesting t ime, making them very difficult to market at one harvest. 

For all of these reasons, seed propagation results in waste of time, space and money. 

This method is not practiced by date growers and is used only in exceptional cases 

when supplies of offshoots are unavai lable, or for breeding or research purposes. 
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1.7.2. Offshoot propagation 

For centuries, the propagation o f  date palms by o ffshoots (also cal led 

suckers) was the onl y  commercial method of  vegetative propagation used 

in date growing regions of the world to multip ly  the best varie ties.  

However, offshoots deve lop  s l ow l y  and the numbers of these are l imited 

and are produced only within a c ertain period in the  mother palm's life .  

The low number o f  t ransp lantable o ffshoots avai lable in t h e  life-time o f  a 

s e le cted t ree varies from 2 0  to 3 0  d epending on the cultivar and the 

cul t ivation practices used (12). No fie ld-based methods are as yet available 

with which to increase the numbers o f  o ffshoots produced by each tree.  

Offshoots have to be large enough (i . e .  1 0  to 1 2  kg) to survive w hen 

t ran s p l anted in the fie ld, a process of  regeneration that can take up to 1 0  

years .  Moreover, the traditional sucker propagation m ethod passes on 

pes ts  and diseases and t hus slows the substantial improvement of  

plantat ion quality .  

1.7.3. Tissue culture techniques 

P l ant  t issue cu l tu re refers to the in vitro cu l t ivation of  a l l  p l ant parts, 

whether  a s ingle cei l, a t issue or an organ, under asep t ic condit ions ( 1 3) 

C o m pared to the above two convent ional propagat ion methods, the 

a p p l icat ion of  t issue cu l ture techniques has man y  advantages, such as 

p r o pagat ion of  hea l thy sel ected female c u l t ivars; m u l t ip l ication at a large 

s c a l e; m u l t ip l icat ion under control led cond it ions in the laboratory 

th ro ughout the year; and product ion of genet ically uniform p lants .  This in 

vi tro technique ensures an easy and fast exchange of plant material 

between di fferent regions of a country or between countries without risk of 
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t h e  spread o f  diseases and pests;  and it i s  economica l l y  re liab le  when large 

product ion is req u i red (14, S). 

Therefore, several  e fforts  have been exerted from researchers, scientists, 

and research institutions such as U AE University Date Palm Tissue C ul ture 

Unit to e x p loit  the p lan t  tissue c u l tu re technique to overcome constraints  

re l ated to the  defects o f  the above m entioned conventional methods. Tissue 

c u l t u re enab les  the rap i d  m u l t i p l ication o f  selected c u l tivars and c lones 

which is far more reliabl e  than seed propagation and much q uicker than the 

o ffshoots method.  

There are three general kinds of  d ate palm tissue cu l ture used for rapid  

propagation. These are embryo c u l tu re, cu l ture of  meristemat ic  tissues 

( shoot t ips and buds) and the c u l tu re o f  high l y  differentiated somatic 

t i ss ue s  ( leaf, stem, inflo rescence and root section s) ( 4 ) . 

1.7.3.1. E m b ry o  c u l t u re 

A fter po l l inat ion of  an egg ce l l, an embryo deve lops which contains the 

genet ic  make-up of  both parents .  Embryo c u l ture involves  exc i sing an 

embryo asepti cal l y  from the seed and p lanting it In a ster i le n utrient 

med i u m  
(IS) Embryo c u l ture IS appl ied to save embryos that fai l  to 

deveiop nalUraiiy in rhe f ru ir or seed or grow uut hybriu embryus wiJidJ 

ar i se th ro u gh interspec i fi c  or  intergeneric  crosses (wide crosses) but d ie 

d ue to the fa i l u re of form ing a normal endosperm ( 1 6 ). Embryo c u l ture may 

a l so be u sed to reduce len gthy dormancy periods d ue to phys ical andlo r  

che m i cal  inh i bi tors present i n  the fru i t  or  seed ( 1 5 ) . I so l ated em bryos may 
• 

a l s o  be u se d  as explant materia l  in metabolic studies ( 1 7 ) . 
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Callus initiation and embryoid induction from oil palm embryos was first 

observed by Rabechault ( 1 8). Culturing date palm embryo- cotyledonary 

sheath tissue in media containing naphthalene acetic acid (NAA) produced 

callus and roots ( 1 9) . The presence of a pie�e of the cotyledon enhanced 

callus proliferation and differentiation of roots during subculturing. 

Moreover, Ammar and Bendadis (20) developep organic callus from the date 

palm cotyledonary sheath of zygotic embryo germinated in vitro. 

Reynolds and Murashige (2 1 ) observed a creamy-coloured grainy callus on 

embryo explants in vitro in a medium enric4ed with 2,4-dichlorophenoxy 

acetic acid ( 2,4-D). Subculturing t his callus into an auxin-free medium 

produced numerous asexual embryos. Tisserat (22)  found that using 

nutrient media containing charcoal plus high auxins levels, 10 and 100 

mg/l NAA, to culture mature zygotic embryos did produce nodular callus. 

Continuous callus subculture resulted in the formation of plantlets. By 

studying plantlet formation from date palm tissue cultures, Tisserat and 

DeMason (23 ) found that the morphological development of asexual 

embryos fr om callus closely paralleled excised zygotic embryo germination 

in vitro. 

I. 7 . 3 . 2 . Me riste m a t i c  t issues 

Meristems (0.2 to 0.5 mm in size) consist of actively dividing cells that are present at 

the tip of the shoot or root as well as in the axillary buds. They are dissected under 

the mIcroscope and can be regenerated on specific media. 
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Callus initiation and embryoid induction from oil palm embryos was first 

observed by Rabechault ( J 8). Culturing date palm embryo - cotyledonary 

sheath tissue in media containing naphthalene acetic acid (NAA) produced 

callus and roots (19). The presence of a pie�e of the cotyledon enhanced 

callus proliferation and differentiation of roots during subculturing. 

Moreover, Ammar and Bendadis (20) developep organic callus from the date 

palm cotyledonary sheath of zygotic embryo germinated in vitro . 

Reynolds and Murashige (2 1 ) observed a creamy-coloured grainy callus on 

embryo explants in vitro in a medium enriciled with 2,4-dichlorophenoxy 

acetic acid ( 2,4-D). Subculturing this callus into an auxin-free medium 

produced numerous asexual embryos. Tisserat (22)  found that using 

nutrient media containing charcoal plus high auxins levels, 10 and 100 

mg/l NAA, to culture mature zygotic embryos did produce nodular callus. 

Continuous callus subculture resulted in the formation of plantlets. By 

studying plantlet formation from date palm tissue cultures, Tisserat and 

DeMason (23 ) found that the morphological development of asexual 

embryos from callus closely paralleled excise d  zygotic embryo germination 

in vitro. 

I. 7 . 3 . 2 . Me riste m a  t i c  t issues 

Meristems (0.2 to 0.5 mm in size) consist of actively dividing cells that are present at 

the tip of the shoot or root as well as in the axillary buds. They are dissected under 

the mIcroscope and can be regenerated on specific media. 
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Shoot-tips and stem cuttings (0.5 to 1 em in size) can also be cultivated in vitro to 

produce complete plantlets. 

Culturing shoot-tips and lateral buds in vitro has many advantages as compared to 

other explant sources. They are protected by bud scales and leaves, and are usually 

easier to surface-sterilize than root or stem explants (24). Moreover, entire shoots are 

already present in shoot-tips and/or buds; thus, only root induction is required to 

produce a whole plantlet 
(25. 26). In addition, the cells of the shoot-tips and buds are 

more uniformly diploid than those derived from less meristematic regions (27). 

Growth regulators play an important role in date palm shoot tip cultures. Optimal leaf 

formation will occur when media contain 0. 1 mg/1 NAA and 0.0 1 mg/l Kinetin (28). 

In the presence of low concentrations of auxin andlor cytokinin, callus is formed at 

the cut surface of the tip cultures. In 1974, Reuveni and Kipnis (29) found that the 

callus was very short lived and its subculture was unsuccessful. Shoot-tip explants 

consisted of the apical dome with two to four leaf primordial, and varied in size from 

2 0.5 to 1 mm .  

El Hannawy and Wally (30) found that by using MS medium containing 200 mg/1 

"fermentol", that 60% bud differentiation occurred in date palm shoot tips cultured at 

After studying the conditions for bud development, Tisserat (22) and Zaid (31) 

observed that shoot-tips and lateral buds grew equally well on the same medium. 

They observed in 1983 that callus from subcultured lateral buds on nutrient media 

devoid of charcoal and supplemented with 0. 1 mg/l NAA, produced adventitious 

plantlets (32). Low concentrations of auxins added to MS half strength or Beauchesne 
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medium produced buds from the young leaves, soft tissues, shoot tips or axillary buds 

of date palm after 6 months of in vitro culture (3 3 ) . 

1 .7.3.3.  H i ghly differenti ated somatic  t issues 

H ighly different iated somat ic tissues such as leaf, stern, inflorescence and 

root,  can be used as an explant to produce in vitro plantlets . Accord ing to 

Schroe der (3 4 ) , callus was successfully produoed t hrough cultur ing of date 

palm leaf t issue and gave rise to roots several months later. Deve lopment 

of root in itials occurred at a h igh rate in the presence of low levels of 

auxins (35) .  Compar ing date palm leaf explants obtained from adult  trees, 

offshoots, seedl ings an d asexua l plantlets, Zaid (3 1 ) found t hat only sub-

cultured leaf callus from seedlings and asexual plantlets produced roots. 

T i sserat ( 2 2 )  r eported t hat date palm exp lants enlarged consi derably in size 

dur ing the first few weeks of culture. Repeated sub-cultures to fresh media 

resulted in the format ion of non -friable nodular callus. Poulain et ai .  (36 ) 

also found that callus can be successfully init iated from date palm t issues. 

Both male and female inflorescences from o il pa lm were cultured on a 

var i e t y  of media an d usually developed somewhat norma lly but ca llus was 

not obtained (37 ) .  A high auxin leve l was specu lated to decrease norma l 
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an d B la ke (35 ) .  However, date palm ovules , carpe l t issue,  partheno genetic 

en dosperm, an d the fruit  sta l k  d i d  fail in cu lture ( 29 ) .  

Startsky (38) and Schroder ( 3 4 )  were the first to inv estigate in vitro root  

cultures 10  palms. Callus was r epor ted to form at  the r oot t ip region of 
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young date palm seedlings (3 7 , 3 9) . This callus then produced l eaves and 

shoots. Scharma et al. (40) reported no growth for cultured date palm roots. 

Usually, severe browning and death of root exp lants occurred within the 

first few weeks of culture. 

1.8. Date palm tissue culture techniq ues 

Date palm plantlets can be regenerated through organogenesis or 

e mbryogen esis, the route depending on the explant developmenta l stage, 

medium composition and incubation conditions. Organogenesis, in 

g en eral, involves the differentiation of organs, e .g .  root or shoot primordia 

from cells or tissues, while embryogenesis involves the development of an 

. 
I . . b (4 1 ) mtact p ant Via  somat l c  em fyOS . 

1.8. 1. O rga nogenesis 

Organogenesis is based on the use of the naturally existing potential of the 

meristematic areas (meristems, axillary buds and the base of young leaves) to produce 

meristematic buds when the nutrient media and the incubation conditions are suitable 

(30, 4). The advantage of organogenesis is that it avoids callus formation and 

consequently avoids the production of plantlets from mutations of callus cells. 

The organogenesis technique consists of 4 steps: Initiation of meristematic bud , 

multiplication, elongation and rooting (5). The success of the technique is dependent 

on the success of the f1[st step (initiation). 

Local ized meristematic activity precedes the organized development of shoots and 

roots (42) .  The original explant in date palm is taken from the apical dome area. 
- . ... 

During in vitro culture, the apical dome increases in size up to 50 fold within a three 
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month period. lbis proliferation is influenced by plant genotype with the bud 

i n itiation results from a d irect neo-formation (43). 

There is a strong relationship between the origins of meristematic buds and the 

uniformity of organogenesis-derived plants. I f buds are pre-existent, then plants wil l  

be true-to-type, but if they are newly formed, the possibi lity exists for plant 

variation(4). 

1.8.2. Somatic embryogenesis 

Somatic (also called asexual) embryogenesis ill date palm is based on call us  

production and multiplication as a n  initial step o n  an auxi n-rich medium, fol lowed by 

the germination and elongation of derived somatic embryos (44). Once callus is 

transferred onto an auxin-free or low concentration medium, a reorganization and 

fonnation of somatic embryos occurs (45). 

Up to now, this technique had been shown to be genotype-independent with a high 

rate of multiplication and a high survival rate upon transfer to soi l  ( 1 7) .  For genetical ly 

stable species, somatic embryogenesis offers a f�t scaling-up system, especially 

when i t  i s  possible to produce embryos in bioreactors. Unfortunately, this production 

v i a  fennentors was not as simple as fIrst envisaged, and today, only a few model 

plants are successful ly produced by such technology. Several bottlenecks L imit the use 

of thi s  i nteresti ng technology. One of the main problems is genetic stabil ity (46) . 

Another d ifficulty is the loss of embryogenic capacity over time (4 1 ). It is a 

p henomenon observed in different plant species. 
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1.9. Problems in date palm tissue cu lture 

1.9.1 . B rowning 

During the course of in vitro growth and development, plant tissues not only deplete 

the nutrients that are furnished in the medium, but also release substances that can 

accumulate in the cultures. These substances, such as phenols, may have profound 

physiological effects on the cultured tissues (47). Phenolic compounds are contained 

in plant tissues and consist of at least one hydroxy group on a benzene ring. These 

are strong reducing agents, and when phenolic compounds react with enzymes, 

usually separated by cell vacuoles, the hydroxy group is oxidized resulting in the 

fonnation of quinones and water (48). This irreversible process of hydrogen bonding 

to proteins inhibits enzyme activity and leads to cell death. Oxidation and browning 

of tissue occurs instantaneously when the cut plant surfaces are exposed to air with 

damage appearing on and around the cut surf&.ce (4). Other reported factors 

influencing tissue oxidation include age of parent material, time of collection and 

explant introduction. This poses major problems in the establishment of explants 

particularly with stem sections where a large surface area is exposed. 

Date palm tissue culture, like that of many other plants, has been commonly observed 

to release discoloring substances into the medium which inhibit their own growth. 

Injury through cutting of date palm tissue is accompanied by secretion of the 

discoloring substance(s) into the medium. As explained above, browning of the date 

palm tissue and the adjacent medium is assumed to be due to the oxidation of 

polyphenols and formation of qui nones which are toxic to the tissues (49, 50). 

To m llllTIllZe browning, Murashige (27) and later on Zaid and Tisserat (5 1 )  have 

suggested the pre-soaking of explants in ascorbic and citric acid solutions and adding 

- 1 8  -



them to the culture medium. Zaid and Tisserat (32) soaked their date palm explants in 

an anti-oxidant solution ( 1 50 mgll citric acid and 1 00 mgll ascorbic acid) prior to the 

surface sterilization treatments. Addition of a combination of adsorbents including 

citrate, adenine and glutamine, retarded browning in date palm explants (52, 53). On the 

other hand, addition of other adsorbents to nutrient media, such as 

dihydroxynaphtalene, dimethylsulfoxide, were ineffective against browning in date 

palm explants (53). Apavaljrut and Blake (54) suggested that browning could be 

eliminated by a nutritionally balanced medium, while excision of brown explant parts 

during sub-culture was also advocated to prevent thi!) problem (53). 

The use of activated charcoal is preferred over cysteine and other adsorbents because 

the latter are often toxic to the plant tissues at higher concentrations (53, 55). Addition 

of 3 % activated charcoal has favored substantial root and shoot growth of date palm 

embryos. Fridborg and Erikson (56) postulated that the addition of charcoal to a 

culture medium drastically alters the properties of this medium. Hence, growth 

regulator substances are tested at high levels (e.g. 1 0  and 100 mg/l) with activated 

charcoal included in the nutrient media to obtain beq.eficial effects on tissues (57, 58, 55), 

1 . 9.2. Vitrification 

P l ant material suffering from vi tri fication (also called hyperhydric ity ) is 

cond i t ion  of metabo l ic  and morphologi cal derangement that leads to such 

abnormality ( 5 9 . 60, 6 1 ). 

V i tri fication, a widespread problem in t i ssue culture , i s  assoc iated wi th in 

vitro cul ture system s and part l y  caused by poor structural wax 
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deve lopment,  non-fu nct ion ing  stomata and l ack  o f  mesophyU o rgani sation 

prevent ing photosynthesis  and impeding growth Qf  cu l tures  (61) .  There are a 

number  of factors that contribute to this  phenomenon such as low 

potassium concentrat ions ,  h igh cytok in in  levels and low concentrations of 

so l id i fy ing  agents o r  sugar i n  the cu l ture media (4). This i s  a common 

prob lem with woody p l ant  cu ltures and can be overcome by modificat ion of 

c u l ture condit ions such as i m proving aerat iqn  (�2), coo l i ng and adj usting 

the ge l l ing  agent used (6 1 ). 

1 .9.3. Conta m i n a tion 

P l ants growing in vivo may become systemical ly infected with fungal and bacterial 

diseases. To survive and grow in vitro, plant cultures need to be largely free of both 

fungal and bacterial infections. Contaminants may be introduced with the explants, 

d ·  . u l ' 
. 

th I b d/ b 
. 

arthr d (63 64 65 unng marup ahons ill e a oratory an or y rmcrQ- opo vectors ' , , 

66). Contaminations can cause large losses during micropropagation and their control 

is usual ly  the most difficult problem encountered by commercial tissue culture 

l aboratories. If contami nation is to be avoided, it is important to detect and el iminate 

contaminating organisms before they are transferred to many culture vessels during 

routine subcultures. S imple surface steri l ization does not always remove 

contamination or i nfection by bacteria, whi le internal infections do not become 

apparent unti l  the culture has been maintained for a considerable period of time which 

may then become so severe that al l infected cultures are lost. 

Because customers are expecting plant material free from pests and diseases, the 

detection and elimination of microbial organisms should be high on the l ist of 

priorities of any tissue culture laboratory. 
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The phenomenon of microbial contami nation in plant tissue culture bas been studied 

by Cassells (63 ) , Dodds el af. (67), George ( 1 4), Leifert el af. (65 ) , Cole (68 ) , and Herman 

(69 ) . Date palm explants suffer from contamination, which usually appears 2-3 days 

after the initial culture of explants. Tissemt 
(22) 

reported that date palm explants were 

difficult to free from initial contamination. 

Culture media are rich in orgaruc compounds such as sugar, amino acids and 

vitamins, and thus provide favomble conditions for the development of bacteria and 

fungi . Microbial contamination is a serious problem in plant tissue culture because of 

competition for nutrients, release of toxins and overgrowth of plant tissue. The loss of 

p lant material can be very costly, especial ly if contamination rates go undetected at 

initiation. It is therefore necessary to eliminate micro-organisms with chemical 

disinfectants or sterilants before culture initiation. Achieving and maintaining asepsis 

throughout the entire culture process is essential if viable explants are to be 

establ ished. The decontamination and preparation of explants is a vital step in the 

culture process and therefore good hygiene and laboratory procedures must be 

observed (70) .  The induction of cultures from young actively growing tissue raised in 

greenhouses, laboratory or growth rooms is preferable as source material as compared 

to those directly col lected from the field ( 1 4 ) .  However, it is not always possible to 

obtain such material, and subsequently there is a greater degree of microbial 

contamination and therefore lhe development of suitable disinfest�t ions protocol s are 

necessary 
(60 ) .  S teri l i zat ion ro u t i nes shou l d  contro l a l l  superfi c i a l  

c o nt a m i nants,  a n d  are usual ly  rel ied u p o n  t o  s e t  up asept i c  c u l t ur e s  ( 1 4 ) .  
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1 .9.3. 1 .  Types of con taminants 

1 . 9.3. 1 . 1 .  B a c t e ri a  

B acteria consti tute the most  common and t roublesome k ind of 

contaminat ing  micro-organisms 10 plant  t i ssue cul ture.  Bacterial  

c o n tami nation i s  not  a l ways detectabl e  at the cu l ture i n i t iat io,n stage; some 

i nternal  contam inants (endophytic bacteri a.) become evident in later 

s u  bcu l tures and are d i fficu l t  to e l i m inate ( 7 1 ) . There are numerous reports 

o n  endophytic bacter ia  i n  various p lant  t i ssues,  such as seeds and ovules 

( 7 2 ) , tubers ( 73 ), roots ( 7 4) , stems and leaves ( 75 ) , and fruits ( 76) . There are 

over  1 29 bacterial  species represent ing over 5 4  genera that have been 

i s o l ated fro m  i nternal p l ant t i ssue of heal thy plants,  with Pseudomonas, 

Bacillus, Enterobacter, and Agrobacterium bei ng the most commonly  

i s o l ated bacterial genera ( 72 ,  7 7 , 78 , 79, 80, 8 1 ) . Contami nat ion wi th  bacteria 

c a n  result  in  obvious adverse effects on growth (82 , 8 3 ) , l ack  of 

reproducib i l i ty of t i ssue cu l ture protoco l s  ( 83 ) , poss ib le  hormone-med iated 

growth effects ( 84 ) ,  poss ib i l i ty  of carryi ng  pathogens ( 8 5 )  and potentia l  r isk 

to  in  vitro gene banks (8 6) . A l l  these l ead to a decrease in  the re l iab i l i ty of 

p l ant  ce l l /ti ssue cu l ture systems ( 87 , 83 ) . Bacteria can be i n troduced to in 

vitro cu l tures with the p l ant material ( 8 8 )  dur ing the handl ing of cu l tures (89) 

1 . 9 .3 . 1 . 2 .  F u n gi a n d  yeasts  

Fungi  and  yeasts have been descri bed as  contam inants 1 0  plant t i ssue 

c u l t ure by many scient ists  such �s Boxus and Terzi ( 89 ) .  A fi lamentous 

fungus  may carpet the t i ssue cul t ure with myce l i a after only a few days 

after cu l ture in i t iat ion . M any fungal genera noted as contaminants i n  
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t i ssue  cu l tures incl ude speCIes o f  Aspergillus, Candida (yeast),  

Cladosporium, Microsporium, A lternat ia, Botrytis, Epicoccum, Mucor, 

Penicillium, Rhizopus, Rhodotorula (yeast), Trichoderma and Phialophora 

which  are general l y  aerial or dust-born e  ( 1 4 , 6 5 ,  68) .  Funga l  infections 

g enera l l y  result in the death o f  the  or iginal  exp l ant, but sometimes a dua l  

cu i  ture can be obtained,  where growth of the c u ltured p l an t  material can 

c o n t i n ue but at  a very low rate ( 1 4 ) .  

Y e asts  are commonly defined as fungi  in  which the unice l l u lar  form is  

p re d o m inant (92) and which ferment g lucose and many other sugars under 

a n aerobic condit ions to end-products such as ethano l ,  g l ycero l ,  succinate 

a n d/o r  acetic acid  (93 ) .  I n  genera l ,  they are h igh ly  a l coho l -to l erant (92 ) . 

Y easts are i nsensitive to low p H  (growing between p H  2 . 0  and 7 .0 ) .  They 

a l s o  t o lerate high s ugar or sa l t  concentrations (growing in  media 

c o nta i n i ng 70% (w/w) g l ucose or  20% (w/w) N aC I )  and grow at l o w  

t e m p e ratures « 5 °C) (94 , 92 ) . Yeasts are widely d i stri bu ted i n  nature and are 

g enera l l y  found in habi tats such as s o i l  or water or on green l eaves where 

s i m p l e  carbon sources are presen t  i n  l o w  concen t rat ions  ( 9 5 , 92 , 96) . 

C o ntaminat ion may, t herefore, have or ig inated from t h e  s tock p lant or  the 

e n v i ronment .  

1 . 9 . 3 . 2 .  C o n t rol  o f  C o n t a m i n a t i o n  

I n  t heory ,  any m i croo rgan i sm s  which  are common l y  assoc iated w i t h  

e x p l an t  t i ssue as an ep i phyte,  endophyte or  pathogen represent a poten t ia l  

c o n t am i nant  in  p lan t  t i ssue cu l ture .  M i croorgan isms may appear on a l l  

e x terna l  p lants  surfaces ;  moreover, p l ants can harbour  some kinds o f  

bacter ia l  contaminants interst i t i a l l y  between ce l l s  such a s  Enterobacter 
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asb uriae and Pse udomonas fluorescens (97 ) . P. fluorescens may be present 

in i ntercel l u lar s paces (98 , 97) ,  or  system ical ly  in  vascu lar t i ssues (99, 1 00, 1 0 1 ) .  

S urface treatments us ing  d i s infectants wi l l  e l iminate on ly  surface 

contami nat ion  with no effect on endophytic contami nants .  Furthermore, 

l atent  contami nants do not i mmed iately reveal their  presence by v is ib le  

growth on t he p lan t  material or cul ture medium.  B acteria may not  be 

a d apted to in vitro condi tions, or m ay not be able to mul t iply unt i l  cultures 

are transferred to a new nutrient medium more favorable to their growth .  

For  most  p lant cu l tures, superficial  contam i nation needs to be  control led 

befo re the exp lants are i ntroduced to the medium. S urface d is infection 

m a y  be achieved with several d i fferent germ ic idal reagents .  In general ,  the 

best products are those which are cheap, non-toxic  to both plants and 

p eo p l e ,  and effect ive  on a wide range of p lant material ( 1 02 ) . The most 

c o m m o n l y  used materials are :  sod i um hypochlorite ( 1 03 , 7 7 ,  1 04 , 1 05 , 1 06) , 

ethano l  ( 1 07 , 1 03 , 1 00), hydrogen peroxide ( 1 08 , 1 09), mercuric chl oride ( 1 00 , 98 , 

1 1 0 ) o r  a combinat ion  of  two or  more of these ( I I I , 1 1 2 ) . 

N aGC I i s  soluble i n  water and a l though an aqueous so lution can be 

o bt a i n e d  fro m  l ab o ratory s u pp l i e r s ,  most  l &borato r i e s  use h o u se h o l d  o r  

i nd u s t r i a l  b l each s o l u t ions  a s  a c o n v e n i e n t  and c heap s o u r c e .  T h e  

b a c t e r i C i da l  ac t J O l1 o f  hypoc h l o r i te so i u t J O n s  IS  d u e  to b o t h  hypoc h i o ro us 

a c i d  ( H O C I )  and t he O C l
-

i o n  ( 1 4 ) . C o m m e r c i a l  b l each s o l u t i on s  vary I n  

t h e i r  r e spec t i ve N aO C I  c o n c e n t rat i o n s .  C l o r o x ,  J av e x  a n d  P u rex conta i n 

5 . 2 5  % w/v N aO C I  ( 5 %  avai l a b l e  c h l or i n e )  ( 1 02 , 1 1 3 ) , b u t  some other  brands 

of b l e a c h  so lutiQll contain a less act ive i�redient.  Domestos  has o n l y  4% 

avai l ab l e  ch lorine ( 4 . 2% w/v N aOC I )  
( 1 1,41; 
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The hypoch lorite ion is  usual l y  obtained from NaOCI o r  ca lc ium 

h y pochlor i te (CaOC I ) .  Calc ium hypoch l ori te i s  so ld in  powder form and 

c onsequent ly  i s  l ess  convenient ly  hand led than sod ium hypochl orite,  but 

frequent ly  i t  i s  cheaper . Scient ists have thought ca lc ium hypoch lorite to 

be  less effective than sodium hypochlor i te in removi ng contami nants ( 1 1 5 ) , 

b u t  others have found i t  equal in  act iv i ty and less l iab le  to i nduce t i ssue 

browning  or  i nj ury ( 1 1 6 ), poss ib ly  due to the h. igh concentrat ion of calc ium 

i o n s  i n  so lut ion .  

A l coho l s  are not  on ly  germ ic ida l ,  but a l so remove surface waxes from 

p l ant t i ssue ( 1 4 ) , Ethanol  is the most wide ly  u sed alcohol  for d i s infect ion,  

bu t  o n l y  rarel y  can exp lan t  materia l  be d i s i n fested in  ethanol  a lone .  D ips 

in  7 0 - 9 5 %  aqueous so lution are frequen t l y  combined wi th soaks i n  o ther 

d i s i n fectants .  Thus a pre l i m i nary d i p  in  e thanol  permi ts  plant t i ssues to be 

m o re e ffect ive ly  wetted and fac i l i tate penetrat ion by another germicide .  

The d urat i on o f  such a pre- treatment needs to be varied accord ing  to the 

type of  t i ssue or  organ ( 3 0  sec to 1 m i n  is  often recommended for soft 

mater i a l ,  1 to 2 m i n  for seeds ( 1 4) .  

A l ternat i ve d i s i n fectants, tha t  have been  reported to be  su i tab le  

a n t i m i c robia l  agents  fo r exp lants ,  are hyd rogen perox ide and potassium 

perman ganate .  Hydrogen perox ide so l u t ions  are unstable and even 

c o nc e n t rates have a l i m ited l i fe .  McC u l l oc h  and B ri ggs ( 1 1 7 ) found that  

potass i um permanganate (at 0 . 0 1 %  solut i o n  for 4 - 3 2  m i n )  was a m uch 

bet ter  d i s i n fectant than hydrogen peroxide ( 1 4 ) .  
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A nt ib iot ics  were found to work as a preventati ve measure against  the 

s p read of contaminants .  Ant ib iot ics can be added to p lant cu l ture media or 

sprayed on the mother p l ants  before explan ts are removed or  explants can 

be d i pped in a so lut ion of ant ibiot ics  before i n i t ia l  cu l tu re ( 1 4 ) .  The use of 

ant ib iot ics  in the contro l o f  bacterial contaminants o f  date palm t i ssue has 

been reported ( 1 1 8) . 

A l though there are several pub l i shed reports o f  successfu l l y  usmg 

ant ib io t ics i n  p lant  t i ssue c u l tures,  Debergh and Vanderschaeghe (1 1 9) were 

skept ica l  of the res u l ts because no ev idence is usua l l y  p rovided that the 

treatment  had e l i m i nated the contam i nant . F isse et al .  ( 1 20)  a l so stated that 

i f  anti b iot ics  had a bacteristat ic or fungistatic act ion ,  bacter ia l  growth 

c o u l d  re-occur o nce t he compound is removed.  M o reover, antibiotics are 

n o t  s u i tab le  for the routine removal of superficial contami nants because 

t h e y  are expensive,  and most  of them are o fl l y  ab le  to restrain a narrow 

spectru m o f  micro-organisms and may eventual l y  lead to the development 

of res i stant s t ra ins .  

C ontam i nat ion control  I S  therefore much better wi th  the use of s imple  

d i s i n fec tan ts  combined wi th  good i so l at ion prac t ices . An t ib io t ics shou ld  

o n l y  b e  emp loyed when exp lan ted material  contai ns  concealed mlcro

o rgall l s m s  o r  s uper f i c ia l  con tam Inants  that prove i m poss i b ie to e i i m inate 

by o t h e r  means .  

I t  i s  i mportant that a d i s infectant  makes good contact with a l l  surfaces of  

the  p l an t  t i ssue .  Penetrat ion  i s  consi derab ly  assi sted by a short  prior 

i m m ers ion  in 70% ethanol o r  by adding  a non-phytotox ic wetti ng agent to 
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the s ter i lant solut ion .  Many detergents are suitable such as Teepol® or 

L i ssapol  F® ( 0 . 0 5 -0 . 1  %) ,  Tween 20® or Tween 8 0® ( 0 . 0 1 - 0 . 0 5 %) and 

Alconox® (0 .2%)  ( 1 4) .  To e l i m inate e ndophyt ic  contami nants it may be 

necessary to w ithdraw a i r  trapped withi n the explant .  This  may be done by 

app l y i ng a partial  v accuum to the d i s i n fect ing solution conta i n i ng the 

or ig ina l  p lant  materia l  (121, 14) . 
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II. OBJECTIVES 



The aims of the present study are to: 

• Develop a reliable disinfection technique for date palm explants at initiation 

yielding a contamination rate less than 5 %. 

• Identify tissue culture bacterial contam inants of date palm and propose some 

control means. 

The expected outcomes of this study wil l  impact the success of tissue culture of date 

palm varieties as wel l  as to improve the reproducibil ity of date palm in vitro introduction 

protocols. 

- 29 -



III. MATERIALS & METHODS 
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ill .  1 .  Plant material 

The two cultivars "Khissab" and "Khenezi"of date palm (Phoenix dactylifera L.) from 

Al Ain oasis (UAE) were used in the present study. Their selection was based on 

their market importance and on availabil ity of their offshoots' (Figure 2). 

ill .  2. Offshoots preparation 

Selected offshoots were 4-5 years old with a minimum weight of 8 kg, and were 

collected from healthy, d isease-free mother palm trees. The offshoots bases were 

cleaned with running water and the outer large leaves and fibers were careful ly and 

gradual ly  removed with a sharp knife until the appearance of the soft white 

meristematic tissues (Figure 3). Special care was taken not to injure the soft 

meristematic region. Shoot tips and their surrounding primordial leaves were then 

carefully  excised and reduced to approximately 5- 1 0  cm in length and 3-5 em in 

width. Excised explants were then soaked in an antioxidant made of 1 00 mgIL of 

ascorbic acid and 1 50 mgIL of citric acid, for a period of up to 1 hour in order to 

m inimize the browning phenomenon caused by oxidation of phenols. 
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Khissa b  cv. : Its cultivation is spread between UAE Oman and KSA. The fmits are 

of good qual ity with a late to very late ripening period. Khissab's date fmit is also 

characterized by tangy flavor and dark red color at the Rutab stage. The fruit shape is 

oval-round with soft to dt texture and a medium size. 

Khenezi cv. : I ts cultivation is from Al Kat if  / Saudi Arabia and was largely 

propagated in the Gulf region. It is of good fruit qual ity but of medium season 

ripening. The fruit flavor is sweet c lose to Barhee's. The fruit color is red at the 

Rutab stage with an oval-long shape and a soft texture with a medium size. 

Figure 2 :  Fmit and tree of "Khissab" and " Khenezi" date cultivars and their 

characteristics. 

- 3 -



c 

Figu re 3 :  Date palm offshoot preparation before starting the introduction procedures: 
a. Healthy and disease-free offshoot candidate for propagation. 
h.  The outer large leaves, roots and fibers were carefully and gradual ly 
removed. 
c. Cleaned offshoot:  the outer large leaves and fibers have been removed. 
d. The soft white meristematic t issues used as source of explants . 

________________ � ____________ �- 33 -



ill. 3. Nutrient media 

The nutrient medium used for initiation of date palm explants was modified 

Murashige and Skoog medium ( 122) (MS) supplemented with: 

- Thiamine-HCL: 0.4 mgll; 

- I-inositol :  1 00 mgll; 

- S ucrose: 30,000 mgll; 

- Phytoagar: 8,000 mgll; and 

- Neutralized activated charcoal : 3 ,000 mg/l. 

Tryptic Soy Agar was used for culturing microorganisms. It consists of Tryptone 

(pancreatic digest of casein) 1 5 .0 gil, Soytone (papiac soybean meal digest) 5 .0 gil, 

sodium chloride 5 .0  gil and agar 1 5 .0 gil. Tryptic soy agar is mainly used as an initial 

growth medium for the fol lowing purposes: 

- Observe colony morphology, 

- Detennine bacterial numbers, and 

- Achieve sufficient growth for further biochemical testing and for culture storage. 

A Nutrient agar medium that supported the growth of a wide range of microorganisms 

was used to develop a pure culture. It consists of a peptic digest of animal tissue ( 5  

gil), beef extract ( 1 .5 gil ), yeast extract ( 1 .5 gil) soc;iium chloride ( 5  gil) and agar ( 1 5  

gil) .  
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• ill. 4. Explan ts d is i n fection 

The aims of this study were to develop a rel iable disinfection technique of date palm 

explants at the initiation phase yielding a contamination rate of less than 5 %, and to 

identify any bacterial contaminants so as to better propose a means of control. 

Various concentrations of sodium hypochloride (NaOCl), potassium permanganate 

(KMn04) and Aliette (Fosetyl-Al IC6H I SAl09PJ) (fungicide) were tested. The 

duration of each disinfection period was fixed to 20 min in experiment I and I I . The 

best combination of disinfectant solution in both experiments was tested for 1 5, 20 

and 25 min in experiment i l l .  Three offshoots per cultivar were used per treatment, 

which corresponds to 54 offshoots from each cultivar in experiments I and I I ,  and 1 8  

offshoots in experiment i l l .  The total number of offshoots used in this study was 1 26. 

III. 4. 1. Experiment I: Effect of NaOCI and Aliette on the efficiency of su rface 

explan ts d isinfection 

Various concentrations of NaOCl and Aliette have been tested. NaOCI at different 

concentrations (30, 40, 50 %) was combined with different amounts of Aliette ( 1 , 2 

and 3 gil ) Table (2). 
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Table 2 :  Different concentrations of NaOCI and amounts of Aliette used to disinfect 

shoot-tips of date palm. 

Factors tested NaOel" 

Treatment * (%) 

I I 30 

h 40 

lJ 50 

14 30 

15 40 

� 50 

h 30 

Is 40 

19 50 

* 1: refers to Expenment 1 .  
1 -9: refers to different concentrations of the tested disinfection solution. 

** 5 % available chlorine. 

Aliette 

(gIL) 

1 

2 

3 

After soaking the explant in  an antioxidant solution and before starting the 

d is infection trial, a sample ( 1  g) was taken from the surface of the shoot tip using 

cleaned scalpel and forceps. The explant was then surface-steril ized by immersion 

i nto 30 % of NaOCI and 1 gIL of Al iette solution and shaken wel l  for 20 min. One set 

of leaves was removed after rinsing the explant in two successive changes of steri le 

d i st i l led water, and then a second sample was taken. The explant was then immersed 

i nto 3 5  % of NaOCI and 200 mgIL of KMn04-. The emulsifiant Tween 20 was used 

at a rate of 1 0  drops / l i ter in the disinfection solution. The explant was subjected to 

frequent pressure changes using a vacuum pump (high performance vacuum pump; 

mode l :  1 560 1 ;  SPX Robinair Corp.)  in order to make sure that the disinfecting 

solution penetrates wel l  between the leaves surrounding the shoot tip area ( 1 2 1 , 1 4). The 

excised explant was then aseptical ly transferred to the culture medium. Samples were 

crushed and di luted in steri le dist i l led water ( I l l  0, I I I  00 and 1 / 1 000). This procedure 
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was fol lowed in all treatments in experiment I with both cultivars Khissab and 

Khenezi . Three offshoots were used in each treatment (27 offshoots for each cultivar; 

54 offshoots in total). 

ID. 4. 2. Experiment I I :  Effect of NaOCI and KMn04- on endophytic 

contamination. 

D i fferent concentrations of NaOCI combined with different amounts of KMn04- were 

tested. NaOCl at 30, 40 and 50 % combined with 200, 300 and 400 mgll of KMn04-

(Table 3).  The emulsifiant (Tween 20) was used at a rate of 1 0  drops / l i ter of the 

dis infecting sol ution in order to i ncrease the s urface contact between the explant and 

the dis infecting solution. 

Table 3: Different concentrations of NaOCI and amounts of KMn04- used to disinfect 

endophytic contamination of date palm shoot-tips. 

Factors tested NaOCI * *  KMn04-

Treatment * (%) (mg/L) 

I I ,  30 

Ih 40 200 

I I 3  50 

14  30  

l I s  40 300 

T I 6 50 
, 

I I 7  3 0  

I l g  40 400 

II9 50 

* 1 :  refers to Expenment 2. 
J -9: refers to  d ifferent concentrations of the tested disinfection solution (30, 40 and 50 %). 

** 5 % avai lable chlorine. 
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the res u l ts i n  e x pe r i ment I were obta i ned (which i s  represented by the 

t bacterial  contam i nat i o n  rate) ,  e x periment I I  was i n i t i ated.  The new 

�d e x p l ants were soaked i n  an ant i o x i dant s o l u t i o n ,  and then 

erred to a fi rst d i s i n fect i o n  s o l u t i o n  which gave the l o west bacterial  

n i nat i o n  rate in  e x pe r i m e n t  I .  Steri l e  d i st i l led water was used twice 

;e the e x p l ant a n d  o n e  set  o f  l eaves was removed . The second 

c t i o n  s o l ut ion was then p repared by m i x i n g  3 0% of NaOCI and 200 

If  K M n04 - .  Tween 20 was added to the solut ion in t he range o f  1 0  

' l i te r .  Under frequent vacuum shocks, explants were disinfected for 20 

and then rinsed twice in steri l ized disti l led water under aseptic conditions, 

by a laminar airflow hood, to remove any residual disinfectant. The 

�d explants were then soaked in a presterilized container containing an 

nt solution to minimize production of phenols that cause browning, and to 

le explant from desiccation. The antioxidant solution consisted of 2 gil 

oyrolydone (PVP, Mwt = 40,000), 1 00 mgfl sodium diethydithiocarbonate, 

19/1 anhydrous caffeine. Explants were then maintained i n  this solution for 

unti l  culture. 

ry xylem and bases of leaves of the explant were cut off and the rest of the 

is sectioned in hal f at right angles around the apical dome. The apical 

ic area was divided into about 0.5 to I cm3 pieces. One of these pieces was 

as a second sample and the remaining were cultured on a 20 ml initiation 

24 x 200 mm test tubes. The sample was crushed and dil uted in steri le 

lter ( 1 1 1 0  and 111 00). This procedure was fol lowed through out all  

1 experiment I I .  

- 1 8  -



ce the resu l ts i n  e x p e r i ment I were obtained (which i s  represented by the 

vest bacterial  conta m i nation rate) ,  experiment I I  was i n i t iated.  The new 

� i se d  e x p lants  we re soaked in an antiox idant s o l u t i o n  and then 

n s ferred to a fi rst d i s i n fect i o n  s o l ution which gave the l owest bacte r i a l  

I tam i n ation rate i n  e x periment 1 .  Steri le d i st i l l ed water w a s  u s e d  twice 

r i n se the e x p l ant  a n d  o n e  set o f  l eaves was removed . The second 

i n fe c t i o n  s o l u t i o n  was t h e n  p repared b y  m i x i ng 3 0% o f  NaOel and 200 

IL o f  K M n04- .  Tween 20 was added to the sol u t i o n  i n  the range o f  1 0  

' p s  I l i ter .  Under frequent vacuum shocks, explants were disinfected for 20 

lUte and then rinsed twice in steri l ized distil led water lillder aseptic conditions 

vided by a laminar airflow hood, to remove any residual disinfectant. The 

infected explants were then soaked in a presterilized container containing an 

ioxidant solution to minimize production of phenols that cause browning, and to 

tect the explant from desiccation. The antioxidant solution consisted of 2 gil 

yvi ny lpyrolydone (PVP, Mwt = 40 000), 1 00 mgll sodium diethydithiocarbonate, 

I 200 mg/l anhydrous caffeine. Explants were then maintained i n  this solution for 

3 m i n  lillti l  culture. 

� primary xylem and base of leaves of the explant were cut off and the rest of the 

,lant was sectioned in hal f at right angles arolilld the apical dome. The apical 

ri tematic area was d ivided into about 0.5 to 1 cm3 pieces. One of the e pieces was 

n taken as a second ample and the remaining were cultured on a 20 mJ in i tiation 

diurn in  24 x 200 mm test tube . The ample was cm hed and di luted in steri le 

, i l led water ( I l l  0 and 1 1 1 00). This procedure was fol lowed through out al l 

ttments in experiment I I .  
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Once t h e  res u l ts i n  e x pe r i m e n t  I were obtained (which i s  represented by the 

l owest b acterial  c o n t a m i nat ion rate),  experiment I I  was i n i t iated.  The new 

e x c i sed e x p l ants were soaked in an antiox idant s o l u t i o n ,  and then 

t r a n s fe rred to a fi rst d i s i n fection solut ion wh ich gave the lowest  bacteria l  

c o n t a m i nation rate i n  e x pe r i m e n t  1 .  S teri l e  d i st i l led water was used twice 

to r inse t h e  explant  a n d  o n e  set o f  l eaves was removed . The second 

d i s i n fe c t i o n  so l ut i o n  was then p repared by m i x i ng 3 0% o f  NaOCI and 200 

m g/L o f  K M n04 - .  Tween 2 0  was added to the so l ut i o n  i n  the range of 1 0  

d r o p s  I l i ter .  U nd e r  frequent vacuum shocks, explants were disinfected for 20 

m i n utes, and then rinsed twice in sterilized distil led water under aseptic conditions, 

provided by a laminar airflow hood, to remove any residual disinfectant. The 

disinfected explants were then soaked in a presterilized container containing an 

antioxidant solution to minimize production of phenols that cause browning, and to 

protect the explant from desiccation. The antioxidant solution consisted of 2 gil 

polyv i nylpyrolydone (PVP, Mwt = 40,000), 1 00 mgll sodium diethydithiocarbonate, 

and 200 mgll anhydrous caffeine. Explants were then maintained in this sol ution for 

2 - 3 m i n  unti l  culture. 

T he primary ylem and base of leaves of the explant were cut off and the rest of the 

explant was sectioned in hal f at right angles around the apical dome. The apical 

meristematic area was divided into about 0 .5  to 1 em) piece . One of these pieces was 

then taken as a second ample and the remaining were cultured on a 20 rnl initiation 

medi um in 24 200 mm test tubes. The sample was eru hed and di luted in steri le 

d isti l led water ( 1 1 1 0  and 1 / 1 00). This procedure was fol lowed through out al l 

treatments i n  experiment I I .  
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m. 4. 3. Experiment m: Effect of time on the efficiency of the best combinations 

obtained from experiment I and I I  

After detennining the best two combinations from experiments I and I I  that yielded 

the least contamination, they were re-tested for 1 5, 20 and 25 min. The previous 

disinfection process was fol lowed in experiment i l l .  Three different samples were 

taken during the disinfection procedure. The first two samplings were before and 

after applying the first disinfection solution with samples di luted in steri le disti l led 

water ( 1 / 1 0, 1 1 1 00 and 1 1 1 000). The last sample was taken after the second 

disinfection solution. Samples were crushed and diluted in sterile distil led water 

( 1 1 1 0  and 1 / 1 00). Three offshoots were tested from both cultivars (Khissab and 

Khenezi) at 1 5, 20 and 25 min ( 1 8  offshoots in total) .  

ill.  5. Bacteriological a nalysis 

In  the present study, date palm tissues were col lected in a steri le container using 

aseptic techniques and processed as rapidly as possible. To avoid sampling errors, the 

sol id  t is ue samples were homogenized using a steri l ized mortar and pestle. 

I I I .  5. 1 .  Total bacterial count 

Total bacterial counts were enumerated on standard plate count (T A) agar ( 1 23). 
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I I I .  s. 2. I solation of pure culture 

Isolation of bacterial colonies was obtained by the streak plate method using nutrient 

agar media The Gram stain was used to distinguish between two groups of bacteria 

by the identification of differences in the structure of their cel l walls. 

In.  s. 3. Bacterial identification 

Pure strains were subjected to classical bacteriological tests at Tawam hospital I AL 

Ain and the Environmental Agency I Abu Dhabi, UAE: Gram's stain, shape, moti lity 

and catalase tests were used for i nitial characterization. Identification of Gram

negative strains to species level was made using the API E20 test strips (API-system 

B io-Merieux, France). The results were analyzed by the API computer identification 

software and further analysis was carried out by matching the 1 6S ribosomal DNA 

sequence of the unknown isolates with the bacterial database at the Advance 

Biotechnology Lab in Dubai UAE. The 1 6S rRNA genes (rDNAs) from bacterial 

DNA ( 1 24, 1 25) were amplified by using universal primers ( 1 26) . The peR products 

were cloned ( 1 27) and sequenced (ABI Prism 377 DNA sequencer; Perkin-Elmer). The 

16 rDNA sequences were al igned with al l accessible sequences, obtained through 

the Rib  omal Database Project (RDP), with the program sequence Alignment ( 1 28)
. 

(Further details about this procedure are in Appendix VI) .  

-
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Figu re 4 :  Various steps of meristematic tissue disinfection used during experiments I ,  
I I  and I I I :  

a .  Storage o f  the explant source in a n  antioxidant solution ti l l  disinfection. 
b. First disinfection step in  fungicide solut ion (NaOCI and Al itte). 
c. Rinsing the explant twice to remove any residual disinfectant solution . 
d.  Second disinfection step using NaOCI and KMn04- under pressure ensured by 

a vacuum pump. 
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F i g u re 5: Sampling stages before and after the first and second disinfection solutions: 
a. Explant in  the anti -oxydant solution; 
b. F irst surface disinfect ion of the explant; 
c.  Rinsing the explant twice with autoclaved dist i l led water; 
d. Removal of one set of the outer leaves; 
e. Explant soaked in 2nd disinfection solution and subjected to frequent 

pressure change provided by a vacuum pump. 
f. Explant divided into smal l p ieces under aseptic condition provided by 

a laminar air flow hood. 
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IV. RESULTS & DISCUSSION 



The d isinfection of a specIes is strongly dependent on the explant size, source, 

dis infectant concentration and time of steri l ization ( 129). Several chemical and physical 

treatments have been appl ied to obtain clean cultures. The most common procedure 

i n volves immersion of explants in sodium hypochlorite (NaOCI) solution, containing a 

few drops of emulsifier (Tween 20) for 1 5  to 30 min. The explant is then usually rinsed 2 

or 3 t imes with steri le d istil led water to remove any residual disinfectant. In the current 

study, d i fferent concentrations of NaOCI combined with different amounts of A l iette 

(fungicide) or potassium permanganate (KMn04) have been tested on shoot tips of two 

date palm cuJtivars (Khissab and Khenezi). The size of the explants was approximately 5 

- 1 0  cm i n  length and 3 - 5 cm in width. The best combination from NaOCI and A l iette 

were then combined with the best combination from NaOCl and KMn04• and retested for 

d i fferent t ime periods of 1 5 , 20 and 25 min. 

IV. 1 .  E ffect of NaOCI and Aliette on the su rface contamination 

I ntroduction of bacteria with insufficiently steri l ized plant material is estimated to cause 

between a q uarter and hal f of observed contam ination ( 1 30)
. Plant surfaces carry a wide 

ran ge of m icrobial contaminants. Their origins, identit ies, and popUlation densities are, in 

many ca es,  unknown ( 1 3 1 ). Therefore, the plant material must be thorough ly steri l ized 

before being inoculated. To our knowledge, most of the date palm tissue cu lture 

latiorator ies beneve in the fact that guarantee cornp!ete 

exterior steri l ization of the explant. 
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Total bacterial contamination after disinfection used in experiment I for 20 min m 

different concentrations for both Khissab and Khene2ji cultivars is shown in tables 4 and 

5, respectively. 

Table (4) il1ustrates the effect of combination of different concentrations of NaOCl with 

various amounts of Aliette on total bacterial count (lo�) in date palm shoot tips culture on 

Khenezi cv. The results obtained show that the Total bacterial count before disinfection 

ranged from 3 .36 to 4.68 10glO cfu. After sterilizing the explants using the above 

mentioned disinfectant solution, the total bacterial count ranged between 0 and 1 . 12 10glO 

cfu. This reduction in the total bacterial count was attributed to the bactericidal action of 

hypochlorite solutions, i.e both hypochlorous acid (HOCI) and hypochlorite (OCI ) ion 

(14). The highest reduction rate of bacterial number, which is represented by 100 %, was 

achieved in four different concentration of the disinfection solution. These 

concentrations were 30% of NaOCI with 1 gil of Aliette, 50 % of NaOCI with 2 gil of 

Aliette and 40 and 50 % of NaOCI with 3 gil of Aliette (for further details see appendix 

n. 
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Table 4: Effect of combinations of different  NaOCI concentrations with various 
a mou nts of Aliette on total bacterial count  (log 10 cfu) in date palm shoot tip cultures 
�enezi cv.). 

Treatment TBC ± SD* *  TBC ± SD 

Aliette NaOCI * Before treatment After treatment Reduction Rate 
( %  ) 

(gil) (%) 

30 4.68 ± 0.26 0 1 00 

1 40 4.64 ± 0. 1 2  0.47 ± 0.8 1 89.87 

50 4.45 ± 0. 1 7  0.80 ± 1 .39 82.02 

30 4. 1 7  ± 0.75 1 .00 ± 1 .73 76.02 

2 40 3 .87 ± 0.85 0.57 ± 0.98 85 .27 

50 3.78 ± 0.84 0 1 00 

30 3 .36 ± 0. 1 4 1 . 1 2  ± 1 .94 66.67 

3 40 4.49 ± 0. 1 1  0 1 00 

50 4. 1 7  ± 0.45 0 1 00 

(*) 5 % avatlable chlonne. 
( * *) TBC ± SO: Total bacterial count ± Standard deviation (log) .  

Table 5: Effect o f  combinations o f  different  NaOCI concentrations w ith various 
amou n ts of Aliette on total bacteria l count  (log10 cfu) in date palm shoot tip cultures 
(Kh issab cv.). 

Treatment TBC ± SO** TBC ± SO 

A l iette NaOCI*  Before treatment After treatment 
Reduction Rate 

(%) 

(gil) (%) 

30 4. 1 7  ± 0.20 0 100 

1 40 4.36 ± 0.24 0.93 ± 0.8 1 78.67 

50 4.47 ± 0.25 0 1 00 

30 4.7 1 ± 0.5 1 0.47 ± 0.8 1 90.02 

2 40 4.30 ± 0.40 0 1 00 

50 4.32 ± 0. 1 3  0.47 ± 0.8 1 89. 1 2 

30 4.62 ± 0.06 0.47 ± 0.8 1 89.83 

3 40 4.52 ± 0.25 0 1 00 

50 3.76 ± 0.40 0 ] 00 

( *) 5 % avai lable ch lorine. 
( * * )  TB ± SD: Total bacterial count ± Standard deviation (log). 
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Results obtained with Khissab cv. (Table 5) using the same disinfection treatments were 

simi lar to Khenezi cv. These treatments were found appropriate and the disinfection 

solution had almost a complete minimizing effect on the surface Total bacterial count. 

The Total bacterial count on the surface of the Khissab explant before the disinfection 

trial ranged from 3 .76 to 4.7 1 10glO cfu. This  number has reduced after applying different 

combination of disinfection solutions. The best result (1 00 % reduction) was obtained by 

applying 30 and 50 % of NaOCI with 1 gil Al iette; 40 % of NaOCI with 2 gil Aliette and 

in 40 and 50 % of NaOCI with 3 gil Al iette (for further detai ls see appendix I I). Based on 

these data, 40 % of NaOCI with 3 gil A liette has been selected as the best disinfection 

solution for el iminating surface bacteria. I ndeed, surface contaminations which result in 

losses during the in vitro stages of plant tissue culture (87. 83) may be substantial ly reduced 

by using various concentrations of NaOCI combined with Aliette. 

IV. 2. Effect of NaOCI and KMn04- on the endophytic conta mination 

Whi le most of the yeast and fungal microorganisms are e l iminated during surface 

steri l ization ( 1 32), endophytic bacteria survive througn successive multipl ication, as they 

are not exposed to the steri lant during treatment ( 1 3 3). Casse l l s  ( 1 34) explained such delays 

in appearance of bacterial contamination as due to the presence of tannins in sap extracts, 

,vh ich may inhihi t  Oi delay thc 151 0vvth vr m i;.;ruorgan i·�n js .  SoniC endophytic buctei�a �rc 

l atent. producing no v is ib le plant symptoms or growth in the medium through many 

subcu l ture cycles. Others are non- latent endophyt ic bacteria which are in i t ia l ly  detected 

from a halo or c loudiness around the base of the explant in the medium in surface-treated 
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explants ( 1 33). Propagation of explants infected with latent endophytic bacteria can cause 

severe losses at later stages of tissue culture or after weaning of plants ( 1 35, 1 36, ( 37). This 

endophytic contaminant can be control led through use of specific concentration of 

NaOel combined with KMn04' plus Tween 20 for 20 m in under frequent vacuum 

shocks. 

Before starting experiment II, the total number of enqophytic bacteria was determined in 

surface steri l ized shoot tips from both date palm cultivars. The Total bacterial count was 

1 .4 1  10glO cfu. The effect of d ifferent concentrations of NaOel and varying amounts of 

KMn04' on the endophytic bacteria were tested in Khenezi and Khissab exp\ants, see 

results in Tables 6 and 7. 

I n  Khenezi cv.,  the Total bacterial count was reduced from 1 .4 1  \OglO cfu before treatment 

to 0. 1 3  ± 0.23 10glO cfu after. The highest reduction rate (90.78 %) was accompl ished 

when 40 % of NaOel was combined with 400 mg/I of KMn04'. Wh ile the lowest 

red uction rate was obtained when 30 % of NaOCI was combined with 300 mg/I of 

KMn04' (for further details see appendix I I I). 
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Table 6: Effect of combinations of d ifferent NaOCI concentrations with various 
amou nts of KMnO.- on total bacterial count  (IoglO du) in date palm shoot tip 
cultures (Khenezi cv.). 

Treatment TBC ± SD * *  

KMn04- NaOCI * After treatment Reduction Rate 
( %  ) 

(mg/I) (%) 

30 037 ± 035 73.76 

200 40 0.57 ± 0.5 1 59.57 

50 0.53 ± 0.46 62.4 1 

30 1 .37  ± 0.35 2.84 

300 40 0.76 ± 0.79 46. 1 0  

50 0.50 ± 0.87 64.54 

30 0.27 ± 0.23 80.85 

400 40 0. 1 3  ± 0.23 90.78 

50 0.89 ± 0.50 36.88 

(*) 5 % avai lable chlonne. 
(* *) TBC ± so: Total bacterial count ± Standard deviation (log). 

Table 7: Effect of combinations of d i fferent  NaOCI concentrations with various 
amoun ts of KMn04- on total bacterial count  (loglO cfu) in date palm shoot tip 
cultures (Khissab cv.). 

Treatment TBC ± SO * *  

KMn04- NaOCI * After treatment Reduction Rate 
( %  ) 

(mg/ l ) (%) 

30 0. 1 3  ± 0.23 90.78 

200 40 1 .3 1  ± 0.38 7 .09 

50 0.53 ± 0.46 62.4 1 

30 0 .53 ± 0.46 62.4 1 

300 40 1 .22 ± 1 .04 1 3 .48 

50 1 .09 ± 0.60 22.70 

30 0.47 ± 0.50 66.67 

400 40 0.45 ± 0.78  68.09 

50 0.57 ± 0.98 59.57 

(*) 5 % avaJ lable ch lorme. 
( * * )  TBC ± 0: Total bacterial count ± tandard deviation (log). 

� .  
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In "Khissab" cv., the h ighest reduction rate (90.78 %), and the lowest endophytic 

bacterial numbers (0. 1 3  ± 0.23 logIO cfu), have been achieved when 30 % of NaOCl was 

combined with 200 mg/I KMn04" On the other hand, the lowest reduction rate (7.09 %), 

yielding the highest survival of endophytic bacterial ( 1 .3 1  ± 0.38 iogIO cfu) was when 40 

% of NaOCI was combined with 200 mg/l of KMnQ4' (for further details see appendix 

IV). 

I n  consultation with the thesis advisor, it was decided to el iminate the concentration 40 % 

NaOCI and 400 mg/1 KMn04' since its original data was not rel iable. Therefore, 30 % of 

NaOCI with 400 mg/I of KMn04' was selected as the best disinfection solution for 

e l i m i nati ng endophytic bacteria. A lthough the reduction rate of concentration by 200 

m g/I of KMn04' is higher than 400 mg/I of KMn04' concentration; we selected this last 

combination because it had the low average of total bacterial count after treatments. 

IV. 3. Effect of the best combination of d isinfection solution d u ring 

d i fferen t  pe riods of t ime 

The best two combinations from experiment I and the best two combi nations from 

experiment I I  were combined and retested using 1 5, 20 and 25 min to determ ine the 

optimum t ime for both experiments. 

IV.  3. 1.  Effect of the l SI disinfection solu tion du ring different periods of time 

The re u l ts of the effect of the I S [ d is infect ion solut ion (NaO I + Al iette) on the surface 

bacterial count duri ng d i fferent t ime periods are shown in Figures 6, 7 and 8. 
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The average total bacterial number found on the surface of both cul t ivars of date pal m 

shoot t ips before start ing treatment for 1 5  m in  was 3 .75 ± 0.26 and 3 .65 ± 0.22 10g lO  cfu 

on Khenezi cv. and on Khi  ab cv.  re pect ively (Figure 6). These numbers have been 

marked ly decl ined reaching 0 .79 ± 0.77 10glO cfu with 78 .93 % reduction rate on Khenezi 

c . and 0.96 ± 0.85 10g lO  cfu with 73 .70 % reduction rate on Kh issab cv. 
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c.2 3.5 0 
<> 
@) 3 
S 2.5 c 
::l 2 0 • TBC after treatment 0 

(;j 1 .5 • TBC before treatment ·c 0 1 
� 0.5 CO 

Khissab 

Figu re 6: Effect of the best combination of aOCI and A l i ette solution on surface 
bacterial number on shoot-t ips of both date palm cu lt ivars during 1 5  min .  
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Figu re 7: Effect of the best combination of NaOCI and A l iette solution on surface 
bacterial number on shoot-tips of both date palm cul tivars during 20 min .  
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Figu re 8: Effect of the best combination of NaOCI and A l i ette so lut ion on surface 
bacterial number on shoot-t ips of both date palm cult ivars during 25 m in .  

By  i ncreasing the  exposure period of the shoot t ips to  the d is i n fection solut ion from 1 5  

m in  to 20 m in, the reduction rate ranged between 7 1 .90 % and 57.70 % (F igure 7). The 

surface total bacterial count decreased from 3 .06 ± 0.95 log l o  cfu to 0.86 ± 0.96 logl o cfu 

and from 3 . 57  ± 0.32 [oglO cfu to 1 .5 1  ± 0.92 10gIO cfu i n  K henezi and Khissab, 

respect ively. The opt imum reduction rate was ach ieved when the exposure period was 

e levated to 25 m in  reaching 98.06 % on K henezi shoot t ips where the log total bacterial 

count had a massive depress ion from 3 .60 ± 0.30 10g IO cfu to 0.07 ± 0. 1 3  10gIO cfu. On 

the other hand, the reduction rate on Kh issab variety was 5 7 .70 %, where the total 

bacteria l  number decreased from 4 . 1 3  ± 0.22 10gIO cfu to 1 .74 ± 0.57 [oglO cfu (for further 

deta i l s  see append ix  V). 

In conc lusion, exposure t ime has no major effect during 1 5 , 20 and 25 m in .  But, the use 

of 25 m i n  durat ion is recommended . 



IV. 3. 2. Effect of the 2ad d isinfection solution during different periods of time 

The effect of time on the endophytic contaminations while applying the best combination 

of NaOCI and KMn04- solution in both date palm cultivars is illustrated in Figures 9, 1 0  

and 1 1 . 

Endophytic contamination on Khenezi cv. did fall-off from 1 .4 1  loglO cfu before 

treatment to 0.27 ± 0.23 10gIO cfu after treatment during exposure for 1 5  min, realizing a 

80.85 % reduction rate. The total bacterial infestation on Khissab cv. has completely 

disappeared achieving a reduction rate of 1 00 % (Figure 9). 

Using the same concentration of disinfection solution during exposure for 20 min did not 

show any significant effect on the total bacterial count on Khenezi shoot tips (Figure 1 0). 

However the total bacterial count showed a slight decrease on Khissab shoot tips, 

reaching 0.37 ± 0.35 loglO cfu, accomplishing a reduction rate of 73.76 %. 

During the 25 min exposure, bacterial numbers on Khenezi explants showed a massive 

dec l i ne accomplish ing 1 00 % reduct ion rate (Fig\Jre 1 1 ). On the other hand, the 

disinfection concentration, during the same time has insignificant effect on the bacterial 

count on Kh issab explants as compared with Khenezi explants ( for further deta i l s  see 

append ix  VI ). 
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Figu re 9: Effect of the best combinat ion of aOCI  and KMn04- solut ion on 
endophyt ic bacterial number on shoot-t i ps of both date palm cu l t ivars duri ng 1 5  m in .  
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Figu re 10 :  Effect of the best combinat ion of NaOCI and KMn04- solut ion on 
endophyti c  bacterial number on shoot-t ips of both date palm cult ivars dur ing 20 m in  
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Fig u re 1 1 :  Effect of the best combinat ion of NaOC I and KMn04- solution on 
endophyt ic bacterial number on shoot-t ips of both date palm cul t ivars during 25 m in .  

The data obtained can be  summarized as  fol lows: 

• During 1 5  min  exposure, both Khenezi and Khissab explants showed a signi ficant 

reduction rate of 80.85 and 1 00 %, respect ively. 

• When this exposure is increased to 20 m in . ,  only Kh issab cv.  had a h igh reduction 

rate (73 .76 %). 

• At 25 min . ,  only Khenezi cv.  showed the h ighest reduct ion rate ( 1 00 %). 

• As a conclusion, i n  both date palm explants, the h ighest reduction rate i s  obtained 

with 1 5  min  d is infection exposure. 

IV.4. Identification of bacteria 

Colonies for most bacterial m icroorgan isms were vis ib le on Tryptic Soy Agar plates in 

only 3 days of i ncubat ion .  The most frequent ten bacterial colon ies were isolated and 

purified on nutrient agar media. Colony p igmentat ion varied from cream to l ight cream 

yel low to whit ish yel low, p ink to p ink-red and orange colored. Purified bacteria were 



observed under microscope (Olympus PX50) after proper staining. Two of them were 

gram negative and the rest were gram positive. The ten isolates were found to contain 

fi ve that were identical ; which brings the samples of analyzed isolates to six samples. 

The cel l  morphology was rod shaped for aU the samples except two were spherical cel ls 

(cocci). Only Gram-negative were further tested with API 20E and results were analyzed 

by the API computer identi fication software. The results were Serratia marcesceus 

(Good I .D to the genus 83.9 %) and Entrobacter aerogenes (Good LD 96 %). Bacterial 

strains were then transfered to Advanced Biotechnology Lab (Dubai) for identification by 

1 6S rDNAs. The obtained results are shown in Table 8.  

Table 8: Morphological and biochemical char�cteristics of identified selected 

isolates. 

No. Bacteria 
Colony Gram 

Rods Motility Catalase 
Color stain 

1 CeLlulomonas cellulans Yellow + + + / - + 

2 Cellulomonas uda 
Whitish 
yel low 

+ + + / - + 

3 Bacillus fusiformis Light cream + + + + 

4 Serratia marcescens Rose - + + + 

:"l K ocuria rosea Orange -t- - -t- + 

6 Enterobacter aerogenes Cream - + + + 
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Rafferty et af. ( 1 38), reported that Serratia marcescens may become pathogenic to the in 

vitro m icro-propagated cultures of cabbage. Enterobacteriaceae contaminant is also 

found by Leifert and Woodward ( 1 39) in in vitro plant propagation due to inefficient 

d is infection of explants. Many scientists such as Trick and Lingens (9 1 )  and Cornu and 

M ichel (88) reported that Bacillus and Enterobacter species have frequently been found in 

p lant tissue cultures. Habiba et af. ( 140) found Cellulomonas uda during their study of 

endogenous bacterial contamination in in vitro culture of table Banana 
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Figu re 12:  Different types of endophyt ic  bacteria found at various stages of in vitro 

mult ip l ication of date palm :  
3. Veil  bacteria occur  usual ly at the surrounding area of the explants base . It 

appears mostly at the mul t ip l icat ion,  e longation and root ing stages. 
b. Yel low bacteria common ly found at the surface of the nutrient media. 
c. White creamy bacteria commonly found at the surface of the nutrient 

media  but rapidly i nvading the cultured explants. 
d.  Rose bacteria at  both the surface and ins ide the nutrient media. 
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IV. 5. Orga nogenesis tech nique 

Organogenesis  technique has the advantage of omitting both the cal lus and embryoid 

phases and signi ficantly reducing the total number of stages in culture by the direct 

fonnation of new shoots from the explants. Organogenesis process is made from the 

fol lowing four (4) stages: 

IV. 5. 1 .  I n itiation stage 

Once the explant is fully d isinfected, it is transferred to the laminar airflow hood in order 

to i n itiate the culture of fi rst explants. Explants were rinsed twice with steri l ized dist i l led 

water to remove any residual disinfectant solution. On steri l ized surface, the 

m eristematic t issues were placed in a steri l ized petri dish containing an antioxidant 

sol u tion (mentioned in experiment I I )  to avoid browni ng and desiccation of explants 

d u ring culturing. The primary xylem and bases of leaves were then cut off using 

ste ri l ized surgical blades. Meristematic explants were then divided into small pieces each 

of about 3-5 mrn). Each explant was then cultured on a 20 m l  i n itiation medium in 24 x 

200 mm culture tubes, capped with aluminum foi l  and Nalagin plastic cover. The 

explants were kept in a special growth room, in complete darkness at a temperature of 

28° C ± 1 ,  during around 4 months. 

The med ium which have been used for init iation of date palm explants is the modi fied 

M urash ige and koog ( 1 22) as detai led in Materials and Methods. 
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I V. 5. 2. M u ltiplication stage 

After seven to twelve months on initiation medium, first buds are initiated and were 

transferred to a multipl ication medium containing th� same components as in in itiation 

medium but devoid of activated charcoal and supplemented with 30 gil sucrose instead 

of 40 gil. Cultures were then maintained under l ight conditions of 1 6/8-bour 

photoperiod. Cultures were subcultured every four to five weeks, and consequently 

several thousand buds true-to-type to the mother plant are produced. 

IV. 5. 3. Elongation stage: 

Formed buds were isolated and individual ly cultured on an elongation medium. This 

medium contained the same components as in the initiation medium, but without 

activated charcoal and growth regulators, and supplemented with 30 gil sucrose. The 

culture would take one month in this stage under a 16/8-tlOur photoperiod regime, at 30 

IJrnol m·2 sec-J before being transferred to the rooting stage. 

IV. 5. 4. Rooting stage: 

Thi i the l a  t tage in vitro before transferring to the hardening process. As soon as the 

elongated shoots reach 13- 18 cm in length, they were transferred to a rooting medium 

ontain i ng the arne basic component as in the in i tiation med ium.  but without charcoal, 

and upplemented with 30 gil ucrose and J mgll NAA. u l tures were kept under the 

same l ight regime as in the mult ip l icat IOn and e longation stages, unti l they were ready to 

t ransfer to the greenhouse, th i s  may take about four week . 
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I V. 5. 5. Hardening-<>ff: 

Date palm as most species grown in vitro requ ire an accl imatization process before 

transferring to the open field. In vitro environments produce plants which cannot survive 

under harsh field conditions because of many reasons, such as the in vitro high relative 

humidity .  More over, the in vitro plants are having a heterotrophic growth since a carbon 

source is provided in the media. 

Because of the above physiological abnormal ities in vitro plants wi l l  not survive if they 

are direct ly transferred from the tissue culture laboratory to the field. Therefore, several 

intermediate stages are necessary in  which vitroplants are gradually accl imatized to the 

outside environment by reducing relative humidity and increasing progressively the 

temperature (from 27° C to 35° C). After transferring the plant to in vivo conditions, a 

gradual reduction in  relative humidity levels and as i ncreasing of temperature wil l assist 

the plantlets to begin a new autotrophic growth. In this way, the plants become 

accl imatized to the new growth soi l conditions and can overcome the shock of 

tran p lantation before they are planted in there final holes in the open field. 
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Figu re 13: Various stages of the organogenesis t issue cul ture techn ique: 
a. In itiation stage· 
b. 1u l t ip l ication stage; 
c. Elongation stage· and 
d. Rooting stage. 



Figu re 14 :  Variolls steps of harden ing :  
a .  Vitro p lant 1 (VP I )  at  the first acc l i matizat ion ollts ide the test tubes (6 

months). 
b. Vitro p lant 2 (VP2) transfer from Geffry pots to 1 L plastic bag ( I  year). 
c. Vitro plant 3 (VP3) transfer to 7L p lastic bag ( I  year) . 
N.B: Each stage is having a special i rr igat ion and nutrit ional requ i rement. 



v. CONCLUSIONS 



The aims of this study were to develop a rel iable disinfection technique of date palm 

explants at the initiation phase yielding a contamination rate of less than 5 %, and to 

identify any bacterial contaminants so as to better propose control mean. 

These goals were approached through three experiments. I n  experiment I, d ifferent 

concentrations of NaOCI (30, 40 and 50 %) and A liette ( 1 ,  2 and 3 gil) were tested in 

order to el iminate surface contamination. In experiment n, various concentrations of 

NaOCI (30, 40 and 50 %) and KMn04- (200, 300 and 400 mgll) were tested to reduce the 

endophytic contaminations. The best two combinations from experiments I and II that 

yielded the least contamination, were re-tested for 1 5, 20 and 25 min. Two date palm 

cultivars (Khissab and Khenezi) were used in this study in a total of 1 26 offshoots. 

Bacterial identification was carried out by using classical b iochemical test and by 

matching the 1 6S Ribosomal DNA sequence of unknown isolate with the bacterial 

database. 

The best disinfection concentration that can el iminate surface contamination is 40 % of 

NaOCI and 3 gil Al iette during 25 min .  The best disinfection concentration that can 

reduce endophytic contamination is 30 % of NaOCI and 400 mgll of KMn04- during 1 5  

mm.  The most frequent bacterial strains identi fied were Cellulomonas cellulans 

Enterobacter aerogenes, Bacillus fusiformis, Serratia marcescens, Kocuria rosea and 

Cellulomonas uda. 
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The future aims of th is study are to apply the present selected disinfection technique to all 

date palm cultivars under multiplication in the Date Palm Research and Development 

Unit of UAE University, and to strengthen the achievement of less than 5% 

contamination rate of the Unit and consequently bring it down to less than 1 %. 

- 66 -



VI. REFERENCES 



1 .  Popenoe PB. The date palm. Henry Field, ed. ,  Field Research Projects, Coconut, 

Miami, Florida; 1 973 . 247 pp. 

2. Dowson VHW. Date production and protection with special reference to North 

Africa and the Near East FAO Technical Bulletin No. 35 .  1 982; 294 pp. 

3 .  Danthine H .  Le palmier dattier et les arbres sacres dans l'iconographie de l'asie 

occidentale ancienne. Paris :  1 937; 227 pp. 

4. Zaid A. Date palm cultivation. Plant Production and Protection Paper, No 

1 56.Rome. FAO 2002. 

5 .  Zaid A and De Wet PF. Date Palm Cul tivation. Plant Production and Protection 

Paper, No 1 56. Rome. F AO 2002. 

6 .  Barreveld WH. Date Palm Products. Italy: FAO of the United Nations; 1 993. 

7. Erskine W, Ahmed TM, Ahmed EO, Zaki L, Arash N, Tamer B and Subhy MR. 

Date palm in GeC countries of the Arabian Peninsula, 2004, [29/ 1 2/2005] .  

Available from:  

body.htrn. 

http://www. icarda.orglAPRPlDatepalmlintroductioniintro-

8 .  F AO Statistics, Global annual date production, 2004. 

9. lalbani ME. Dates: The chief of al l fruits in the world. 2002, [9/412005] .  

Availablefrom:http://www.pakistaneconornist.com/issue2002/issue48&49/i&e4.ht 

m 

1 0. UAB interact UAB cultivated area extends over 0.89m acres. 2004. [ 1 1 141200 5 ]  

Available: http://www. uae i nteracLcom/news/defaul t . asp? I D= 1 8 . 

1 1 .  Beech M and Shepherd E. 'Archaeobotanical  evidence for early date 

consumpt ion on Dal ma I s land,  Un i ted Arab E m i rates ' .  A ntiqui ty. 200 1 

[2005  l un 1 7 ] ;  7 5 : 8 3 -9 . Avai lable from: http://www.adias-uae.comldatesl. 

1 2 . Nixon RW and Carpenter lB .  Growing dates in the United States. Washington, 

D.C . :  USDA Infonn . Bul l ;  1 978 . 207 pp. 

1 3 . Chawla HS.  Introduction to P lant Biotechnology. 2nd ed. ,  USA: Science 

Publishers, Inc; 2002. 

1 4 . George EF. P lant Propagation by Tissue Culture. 2nd ed. part 1 ,  England : 

Exegetics Limited; 1 993. 

1 5 . Hoder D. Notes on embryo culture of palms. 1 977; 2 :  1 03- 1 08 .  

1 6 . lohnston FB and Stem H. Mass isolation of viable wheat embryos. Nature. 1 957 ;  

1 79 :  1 60- 1 6 1 .  

• 



1 7. Raghavan V. Experimental Embryogenesis in Vascular Plant London: Acad. 

Press Inc . '  1 976. 603 pp. 

1 8 . R..a.becbault H. Recherches sur la culture in vitro des embryons de palmier a huile 

(E. guineensis I.) 1 .  Effets de l 'acide B-indoleacetic. Oleag. 1 962; 1 7: 757-764. 

1 9. Reuveni O. Embryogenesis and plantiet growth of date palm (P. dactyli/era L.) 

derived from callus tissues. Plant Physio. 1 979; 63 : 1 3 8  (Abstract). 

20. Ammar S and Benbadis A. Multiplication vegetative du palmier dattier (Phoenix 

dactylifera L.) par la culture de tissus de jeunes plantes issues de semis. Serie D, 

C.R Acad. Sci Paris; 1 977. 284: 1 789- 1 792. 

2 1 .  Reynolds  IF and M urachige T. A sexual embryogenesis  III cal l us 

c u ltures o f  palms.  In vitro . 1 979;  1 5 : 3 8 3 - 3 8 7 .  

22 .  Tisserat BH.  Tissue culture of the date palm. Jour. Hered. 1 979. 70: 22 1 -222. 

23 .  Tisserat BH and DeMason D. A histological study of the development of 

adventive embryos in organ cultures of Phoenix dactyli/era L. Ann. Bot. 1 980. 

45 :  465-472. 

24. Morel G. Producing virus-free cymbidiums. Am. Orch. Soc. BulL 1 960; 29:495-

497. 

2 5 .  Morel G .  Clonal propagation o f  orchids by meristem culture. Cymbidim Soc. 

News 1 965; 20:3- 1 1 .  

26 .  Williams RF. The shoot apex and leaf growth. A study in quantitative biology. 

Printed in Great Britain. Cambridge Univ. 1 974; 256 pp. 

2 7 .  Murashige T .  Plant propagation through tissue culture. Biologist 1 974; 2 1 :  87-93 . 

2 8 .  Reuveni 0 ,  Adato Y and Kipnis HL. A study o f  new and rapid methods for the 

vegetative propagation of date palms. Date Growers' Institute. 1 972; 49: 1 7-24. 

29.  Reuveni O.  and Kipnis H L. Studies of the in vitro culture of date palm (P. 

dactyli/era L.) tissues and organs. The Volcani .  Inst. Agric. 1 974. Research 

Pamphlet No: 1 45 .  

3 0 .  El  Hennawy MM and Wal ly Y A .  Date Palm (Phoenix dactyli/era L.) bud 

differentiation in vitro, Egypt J Hortic. 1 978;  5 :  8 1 -82. 

3 1 .  Zaid A.  Rapid propagation of the date palm through tissue culture. Master of 

Sciences thesis prepared at the U.S. Date and Citrus Station, Indio, Cal i fornia 

(U.S.A.); 1 98 1 .  1 78 pp. 

32 .  Zaid A and Tisserat BH.  Morphogenetic responses obtained from a variety of . 

somatic explant tissues. Bo4 Mag. Tokyo. 1 983b; 96: 67-73.  



3 3 .  Beauchesne G ,  Zai d  A ,  Rhiss A .  Meristimatic potentialities o f  bottom o f  young 

leaves to rapidily propagate date palm. Second Symposium on date palm in Saudi 

Arabia, 3-6 March. 1 986; 87-95 . 

34 .  Schroeder CA. Tissue culture of date shoots and seedlings. Date Growers' 

Institute; 1 970. 47: 25-27. 

3 5 .  Eeuwens CJ and Blake J .  Culture o f  coconut and date palm tissues with a view to 

vegetative propagation. Acta Horticulturae 1 977; 78: 277-286. 

36 .  Poulain C,  Rhiss A and Beauchesne G.  Multiplication vegetative en  culture in 

vitro du palmier dattier (P. dactylifera L.). C.R. Acad. Agric. 1 979; 1 1 : 1 1 5 1 -

1 1 54. 

3 7 .  Smith ZK and Thomas JA. The isolation and in vitro cultivation of  cel ls of  Elaeis 

guineensis. J .  Oleag. 1 973; 3 :  1 23- 1 27. 

3 8 .  Startsky G .  Tissue culture of the oi l palm (E. guineensis J.)  as a tool for its 

vegetative propagation. Euphetica 1 970; 1 9: 2S8-242. 

39 .  Smith SN. Vegetative propagation of the date palm by root-tip culture. Bull . 

d'Agron. Saharienne 1 975; 1 :  67. 

40. Scharma DR, Kumari R and Chowdhry JB. In vitro culture of female date palm 

(P. dactyli/era L.) tissues. Euphytica 1 980; 29: 1 69- 1 74. 

4 1 .  Zaid A and Djerbi M . An up to date bibliography on tissue culture and vascular 

wilt diseases of date palm and some other palm species. National Institute of 

Agronomic Research, Morocco and Regional Project for Palm and Dates 

Research in the Near East and North Africa, FAO 1 984; 5 1  pp. 

42.  Torry JG. The initiation of organized development in plants. Adv. Morphogenesis 

1 966; 5: 39-9 l .  

43 . Drira N. Multipl icat ion vegetative du palmier dattier [ Phoenix dactylifera L) par 

les neoformationsinduites en culture in vitro sur des organs vegetatifs et flo raux 

preleves sur la phase adulte. Tunis: Fac. des Sciences 1 985 (These de Doctorat 

Es-Sciences N aturel I es). 



44. Cheikh R, laid A and Ait Chitt M. Travaux de recherche conduits sur 

l'embryogenese somatique chez Ie palmier dattier. Compte Rendu du Deuxieme 

Seminaire Maghrebin sur la multiplication du palmier par les techniques in vitro. 

PNUDIINRA, Marrakech 9- 1 2  Oct. 1 989. Projet FADIRAB/88/024. 59-69. 

45.  Kohlenbach HW. Comparative somatic embryogenesis. In: Thorpe TA, editor, 

Frontiers of Plant Tissue Culture. Calgary,Canada: International Association for 

P lant Tissue Culture Publishers; 1 978. 59-66. 

46. Litz RE, Mathews VH, Moon PA, Pliego-Alfaro F, Yurgalevitch C and Dewald 

SG. Somatic embryos of mango (Mangifera indica L.). In: Redenbaugh K, editor, 

Synseeds. Application of synthetic seeds to crop improvement. CRC press, Boca 

Raton, Ann Arbor, London, Tokyo; 1 993. 409-425 . 

47. Constantin MJ, Henke RR and Mansur MA. Effect of activated charcoal on callus 

growth and shoot organogenesis in tobacco In vitro. 1 977; 1 3 : 293-296. 

48 .  Taj i  AM and Williams RR. Overview of plant tissue culture. In Tissue Culture of 

Australian Plants: Past, Present and Future. (Eds.). Armidale, Australia: 

University of New England Press; 1 996. 1 - 1 5  . .  

49. M aier VP and Metzlier OM. Quantitative changes in date polyphenols and their 

relation to browning. J.  Fd. Sci . 1 965; 30: 80-84. 

50. Zaid A. Multiplication Rapide du Palmier dattier par culture de tissus, Serninaire 

Agronomie Saharienne. Marrakech, Maroc, du 6 au 8 Mai. 1 985.  

5 1 .  Zaid A and Tisserat BH.  In vitro shoot tip di fferentiation in Phoenix dactyli/era L. 

Date Palm Journal 1 983a; 2 (2): 1 63- 1 82.  

52 .  Rhiss A, Poulain C and Beaicjesne G. La culture in vitro appliquee a la 

multipl ication du palmier dattier (P. dactyli/era L.) Fruits. 1 979; 34: 55 1 -554. 

53 . Zaid  A .  In vitro Browning of tissues and media with special emphasis to date 

palm cultures. Date Palm Journal 1 984. 3( 1 ) :  269-275. 

54. Apavatjrut P and Blake 1 .  Tissue culture of stem explants of coconut (Cocos 

nuci/era L. ). 1 977. 

5 5 .  Zaid A .  In vitro hardening-off o f  date palm (Phoenix dactylifera L. )  plantlets. Ph

D Thesis, Colorado State Univers i ty, USA. 1 990; 1 60pp. 

56 .  Fridborg G and Erikson T. Effects of activated charcoal on growth and 

morphogenesis in cell  cultures. Physio! . Plant 1 975; 34:  306-308. 

57 .  Zaid A .  Review of  Date Palm Tissue Culture. Second Symposium of Date Palm 

held in Saudi Arabia. 3-6 March 1 986a; 67-75. 



5 8 .  Zaid A .  Present research undertaken with date palm tissue culture. IN: 
Horticultural Development in Morocco, by Lasheen A.M. Univ. of Minnesota, 

U SAJD-IA Vll. 1 986b; 95-98. 

59.  Ziv M. Vitrification: morphological and physiological disorders of in vitro plants 

.In Debergh PC and Zimmerman RH, editors, Micropropagation Technology and 

Application. Netherlands: Academic Publishers. 1 99 1 .  45-69. 

60. Barlass M and Hutchinson J. Commercial mi�ropropagation of Australian native 

plants. In Taji AM, Williams RR, eds. Tissue Culture of Australian Plants: Past, 

Present and Future. Australia: University of New England Press, Armidale; 1 996. 

1 80-203 . 

6 1 .  Johnson KA. The application of in vitro tecJmology to Australian plants (with 

particular emphasis on the nutritional requirments). In: Tissue Culture of 

Australian Plants: Past, Present and Future. 1 996; 1 6-55.  

62 . Rossetto M, Dixon KW and Bunn E. Aeration: A simple method to control 

vitrification and improve in vitro culture of rare Australian plants. In Vitro CeU. 

and Deve. Bio. 1 992; 28P: 1 92- 1 96. 

63 . Cassells AC. Problems in tissue culture: culture contamination. In Debergh PC 

and Zimmerman RH editors. M icropropagation Technology and Appl ication. 

Kluwer Academic Publishers Dordrecht 1 99 1 .  3 1 - 44. 

64. Lei fert C, Camotta H and Waites WM. Effect of antibiotics on micro propagated 

p lant cultures. Plant Cell Tiss. Organ Cult. 1 99 1 a; 29: 1 53- 1 60. 

65. Leifert C, Morris CE and Waites WM. Ecology of microbial saprophytes and 

pathogens in tissue culture and field-grown plants: Reasons for contamination 

problems in vitro. Critical Rev. of Plant Sci. 1 994; 1 3 : 1 39- 1 83. 

66. Berger F. ,  Keetley J and Leifert C .  An improved surface disinfection method for 

shoot explants from Iris rhizomes infected with bacterial soft rot (Erwinia 

carotovora). J .  Hort. Sci 1 994; 69:49 1 -494. 

6 7 .  Dodds J H, Taj i A, Hayward C and Dodd B.  ( 1 992).  An unrecognized problem in  

p lant tissue culture. Austral ian Hort i .  1 992; 46-50. 

6 8 .  Cole M.  M icrobial contaminants and aseptic techniques in plant tissue culture. In  

A Taj i and R Will iams editors. Tissue Culture of  Australian Plants. Armidale, 

Austral ia: University of New England Press; 1 996. 204-239. 

69. Herman EB. Recent Advances in Plant Tissue Culture. Vol .  4. Microbial 

Contamination of Plant Tissue Cultures. New York: Agritech Consul tants; 1 996. 



70. Krikorian AD. In vitro culture of plantation crops. In: Vasil IK and Thorpe T� 

editors, Plant Cell and Tissue Culture. DordrechtIBostonlLondon: Kluwer 

Academic Publishers; 1 994. 497-537. 

7 1 .  Thorpe T A and Harry IS. In: Rodriguez R, editor, Plant Aging: Basic and Applied 

Approaches. New York: Plenum Press. 1 990; 67-74. 

7 2 .  Mundt J O  and Hinkle NF. Bacteria wi thin  ovules an d  seeds. Appl. Environ. 

Microbiology. 1 976; 32:  694-698. 

73 . Trevert IW and Hollis JP. Bacteria in the storage organs of healthy plants. 

Phytopath. 1 948; 3 8 :  960-967. 

74 . Phil ipson MN and BLair ID. Bacteria in clover root tissue. Can. J. Micro. 1 957; 3 :  

1 25- 1 29.  

75.  Hennig K and V ill  forth F.  Experimental Untersuchungen zur Frage der 

Bakteriensymbiose in h5heren Pflanzen und ihrer Beeinflu�ung durch 

Leitelrnente. Biochem. Z. 1 940; 305: 299-309. 

76.  S harrock KR Parkes SL, Jack HK, Rees-George J and Hawthorne BT. 

Involvement of bacterial endophytes in storage rots of buttercup squash 

(Cucurbita maxima D. hybrid 'Del ica'). N. Z. J. Crop Hortic. Sci. 1 99 1 ;  1 9 : 1 57-

1 65.  

77.  Gardner JM, Feldman A W and Zab lotowi c s  RM. I denti ty and behav i our 

of x y l em-residing bacteria in rough lemon roots of F l orida citrus trees .  

A pp l .  Environ.  M i crobio l .  1 9 8 2 ;  4 3 : 1 3 3 5  - 1 3 4 2 .  

78 . M c I n roy J A  and K l oepper J W .  S urvey o f  i n d i genous bacteri a l  

e n d o pbytes from cotton and sweet corn.  P l ant S o i l  1 99 5 a ;  1 7 3 :  3 3 7 -

3 4 2 .  

7 9 .  Sturz A V .  The role of endophytic bacteria during seed piece decay and potato 

tuberization. Plant Soi l 1 995 ; 1 75 :  257-263 . 

80.  Hal lrnann JR, Rodriguez-Kabana and Kloepper JW. Indigenous rhizosphere and 

endophytic microorgani sms associated with chitin-induced nematode 

suppressiveness. Nematropica (Abstr. ) 1 997c. 

8 1 . Mahafee WF and Kloepper JW .  Microbial changes in the bacterial communities 

of soi l ,  rhizosphere, and endorhiza. Micro. Ecol . 1 997. 

82 .  Leifert C and Waites WM. Bacterial growth in plant tissue culture media. J .  Appl.  

Bacteriology 1 992; 72: 460-466. 



8 3 .  Thomas P .  In vitro decline in plant cultures: Detection of a legion o f  covert 

bacteria as the cause for degeneration of long-term micropropagated triploid 

watennelon cultures. Plant Cell Tiss. Org. Cult 2004; 77: 1 73- 1 79. 

84. Holland MA and Polacco lC. PPFMs and other covert contaminants: Is there 

more to plant physiology than just plant? Annu. Rev. Plant Physiology 1 994; 45: 

1 97-209. 

8 5 .  Cooke DL, Waites W M  and Leifert C .  Effect o f  Agrobacterium tumefaciens, 

Erwinia carotovora, Pseudomonas syringae an9. Xanthomonas campestris on plant 

tissue cultures of Aster, Cherianthus, Delphinium, Iris and Rosa, disease 

development as a result of latent infection in vitro. 1. Plant Dis. Protect 1 992; 99, 

469-4 8 1 .  

86.  Van den houwe I and Swennen R.  Characterization and control of bacterial 

contaminants in in vitro cultures of banana (Musa spp.). Acta Horticulture 2000; 

530:  69-79. 

87 .  Leifert C and Cassells AC. M icrobial hazards in plant tissue and cell cultures. In 

Vitro Cell .  Dev. BioI. Plant 200 1 ;  37:  1 33 - 1 38 .  

8 8 .  Cornu D and Michel MF. Bacteria contaminants i n  shoot cultures o f  Prunus 

avium L. choice and phytotoxicity of antibiotics. Acta Horticulturae 1 987; 2 1 2, 

83-86. 

89.  Boxus PH and Terzi 1M. Big losses due to bacterial contamination can be 

avoided in mass propagation scheme. Acta Horticulturae 1 987; 2 1 2, 9 1 -93 . 

90. S i ngha S, Bissonnette GK and Double ML. Methods for steri l izing i nstruments 

contaminated with Bacillus sp. from plant tissue cultures. Horticultural Science 

1 987; 22:  659. 

9 1 . Trick I and L ingens F. Aerobic spore-form i ng bacteria as detrimental infectants i n  

plant tissue cultures. Appl ied M icrobiology and Biotechnology 1 985;  2 1 ,  245-

249. 

92.  Davenport RR. An introduction to yeasts and yeast- l ike organisms. In  Skinner 

FA Passmore S M .  and Davenport RR, editors. Biology and Acti vities of Yeasts. 

London : Academic Press; 1 980. 1 -27 .  

93 . Sols A, Gancedo C and DeLaFuente G .  Energy-yieldi ng metabol ism i n  yeasts. i n  

Rose AH and H arrison JS, editors, The Yeasts. V o l .  2 .  Physiology and 

Biochemistry of Yeasts. London: Academic Press; 1 97 1 .  27 1 -308. 



94. Tilbury RH. Xerotolerant (osmophilic) yeasts. In Skinner FA, Passmore SM and 
Davenport RR editors, Biology and Activities of Yeasts. London: Academic 

Press. 1 980; 1 53- 1 80.  

95.  Dickinson CH. Distribution of yeasts and yeast-like organisms on aerial surfaces 

of developing apples and grapes. In Dickinson CH and Preece TF, editors. 

Microbiology of Aerial Plant Surfaces. London:  Academic Press; 1 976. 275-293 . 

96. Phaff H1 and Starmer WT. Specificity of natural habitats for yeasts and yeast-like 

organisms. In Skinner FA, Passmore SM and Davenport RR, editors, Biology and 

Activities of Yeasts. London: Academic Press; 1 980. 79- 1 02.  

97. Quadt-Hallmann A, Kloepper JW. Immunological detection and localization of 

the cotton endophyte Enterobacter asburiae J M22 in different plant species. 

Canadian Journal of Microbiology 1 996; 42: 1 1 44- 1 1 54.  

98 .  H o l l i s  JP .  Bacteria i n  heal thy potato t i s s u e .  P hytopathology 1 95 1 ;  4 1 : 

3 5 0 - 3 6 7 .  

99. Hayward AC. Latent infections by bacteria Annual Review of Phytopathology 

1 974; 1 2 : 87-97. 

1 00.  Gagne S, Richard C, Rousseau H and Antoun H. Xylem-residing bacteria in 
alfalfa roots. Canadian Journal of Microbiolo� 1 987; 3 3 :  996- 1 000. 

1 0 1 .  Lamb TG, Tonkyn OW and Kluepfel DA. Movement of Pseudomonas 

aureo/adens from the rhizosphere to aerial plant tissue. Canadian Journal of 

M icrobiology 1 996; 42:  1 1 1 2- 1 1 20. 

1 02 .  Smith DR and Thorpe T A. Root initiation in cuttings of Pinus radiata seedlings. 

J .  Exp. Bot. 1 975; 26, 1 84- 1 92. 

1 03 .  F i sher P J ,  Petri n i  0 and S cott H M L .  The d i str ibution of some fungal  

and  bacter ia l  endophytes  in maize ( Zea mays L . ) .  New Phyto l .  1 99 2 ;  

1 2 2 :  299-3 0 5 . 

1 04 .  H i nton DM and Bacon C W o  Enterobacter cloacae i s  an endophyt ic  

symbiont of  corn.  Mycopatho l ogia 1 9 9 5 ; 1 2 9 :  1 1 7 - 1 2 5 .  

1 05 .  Quad t -Ha l l m ann A ,  Ben hamou N and  K l oep per J W .  Bacter ia l  

endophytes i n  cot ton : Mechan isms of enter i ng  the p lant .  Can .  J .  
M icrobi o l .  1 99 7 a ;  4 3 :  5 7 7 - 5 8 2 .  

1 06 .  Q uad t - H a l l rn an n  A ,  H a l l mann ] and K l o e p pe r  J W .  Bacterial  endophytes 

in cotton : Locat ion  and i n terac t ion with o ther p l an t -assoc iated bac ter ia .  

Can .  J .  M i crobi o l .  
.
1 99 7 b ;  43 : 2 5 4-2 5 9 .  



1 07. Dong Z, Canny M J ,  M c C u l ly M E ,  Roboredo M R, Cabad i l l a  C F ,  Ortega 

E and Rodes R. A n i trogen- fi x i ng e ndophyte of s ugarcane stems.  P Lant 

Physiol ogy 1 994 � 1 05 :  1 1 39- 1 1 4 7 .  

1 08 .  M c I n roy J A  and Kloepper J W .  S t u d i e s  on i nd igenous e ndophytic 

bacteria o f  sweet corn and cotton.  I n  Gara F O ,  Dowling D N ,  and 

Boesten B, e d i tors, Molecular Eco logy of Rhinzosphere 

M i croorganisms.  W ie n heim,  Germany: V C H  Verlagsgesel l schaft�  

1 994 . 1 9-28 .  

1 09.  M i saghi I J  and Don n d e J i n ger C R .  E ndophytic bacteria i n  symptom-free

cotton pl ants. Phytopathol ogy 1 990;  8 0 :  808-8 1 1 .  

1 1 0. S ri skandaraj ah S ,  Kennedy I R ,  Yu D and Tchan YT. E ffects o f  plant 

growth regul ators on acetylene-reducing associations between 

A zosprillum brasilnese and wheat . P l ant S o i l  1 99 3 ;  1 5 3 :  1 65 - 1 77 .  

I l l . C aetano-An o l Jes G ,  Favel ukes G and Bauer W D .  Opt i m izat i o n o f  

surface steri l ization for l egume seed . Crop S c i .  1 990 ;  30 :  7 0 8 - 7 1 2 . 

1 1 2 .  P le ban S ,  I ngel F and Ceht I .  Control of Rhizoctonia solani and 

Sclerotium rollsii  i n  the greenhouse using endophyt i c  Bacillus spp . J .  

P l an t  Pathol ogy 1 99 5 ;  1 0 1 :  665-672 .  

1 1 3 .  Dodds J H  and Roberts LW. Experiments i n  Plant Tissue Culture. Cambridge 

U niversity Press, Cambridge, London, New York; 1 982. 

1 1 4 .  A lderson PG and Barghchi M. The potential for Pistacia propagation through 

shoot, leaf and callus culture . Fuj iwara 1 982; 739-740. 

1 1 5 . Gorter CJ. Vegatative propagation of Asparagus officinalis by cuttings. J. Hort . 

Sci .  1 965; 40, 1 77- 1 79. 

1 1 6 . Sweet HC and Bolton W A. The surface decontamination of seeds to produce 

axenic seedl ings. Am. J .  Bot. 1 979; 66: 692-698. 

1 1 7 . McCul loch and Briggs. Preparation of plants for micropropagation. Comb. Proc . 

Int. P lant Prop. Soc. 1 983;  3 2 :  297-304. 
1 1 8 . Benj ama, A. and Charkaoui B. Control of baci l lus contaminat ing date palm tissue 

in micropropagation using antibiotics. Cassells A.C, editor. In K luwer D. 

pathogen and microbial contamination management in micropropagation . 1 997. 

207-2 1 2. 



1 1 9. Debergh PC and Vanderschaeghe AM. Some symptoms indicating the presence 

of bacterial contaminants in plant tissue cultures. Acta Horticulture 1 988; 225: 

77-8 1 .  

1 20. Fisse J Battle A and Pera J. Endogenous bacteria elimination in ornamental 

explants. Acta Hort. 1 987; 2 1 2: 8 7-90. 

1 2 1 .  Pierik RLM. In Vitro Culture of Higher Plants. Netherlands: Martinus Nijhoff 

Publishers. 1 987. 

1 22. Murashige, T. and F. Skoog. 1 962. A revised medium for rapid growth and 

bioassays with tobacco tissue cultures. Physiol. Plant 1 5 :473-497. 

1 23 .  Marth EH. Standard Method for the Examination of Dairy products. 1 4th ed. 

Washington, DC: Am . Publ. Heath Assoc.; 1 978.  

1 24 .  Birnoboim HC and Doly J. A rapid alkaline extraction procedure for screening 

recombinant plasmid DNA. Nucleic Acids Res. 1 979; 7 : 1 5 1 3- 1 523. 

1 25 .  Bollet C, Gevaudan MJ, de Lamballerie X, Zandotti C and de Micco P. A simple 

method for the isolation of chromosomal DNA from gram positive and acid-fast 

bacteria. Nucleic Acids Res. 1 99 1 ;  1 9: 1 955.  

1 26. Jalava J, Kotilainen P, Nikkari S, Skumik M, Vanttinen E, Lehtonen OP, Eerola E 

and Toivanen P. Use of the polymerase chain reaction and DNA sequencing for 

detection of Bartonella quintana in  the aortic valve of a patient with culture

negative endocarditis. Clin. Infect Dis. 1 995; 2 1  :89 1 -896. 

1 27. Sambrook J, Fritsch EF and Maniatis T. Molecular Cloning: A laboratory Manual, 

2nd ed., Cold Spring Harbor Laboratory Press, Cold Sprig Harbor, N.Y. 1 989. 

1 28 .  Maidak BL, Cole JR, Parker CT, Jr., Garrity GM, Larsen N, Li  B, Lilburn TG, 

McCaughey MJ, Olsen GJ, Overbeek R, Pramanik  S, Schmidt TM, Tiedje 1M and 

Woese CR. A new version of the RDP (Ribosomal Database Project). N ucleic 

Acids Res. 1 999; 27: 1 7 1 - 1 73 .  

1 29 .  Pierik RLM.  In Vitro Culture of  Higher Plants. Dordrecht : Martinus Nij hoff 

Publ ishers. 1 989. 

1 3 0 .  Lei fert C ,  Waites  WM and N ic ho l as J R .  Bacterial contam inat i on o f  

m i cro propagated p lant cu l tures .  J o urnal o f  A p p l i ed Bacter io l ogy 1 98 9 .  

6 7 :  3 5 3 - 3 6 1 .  

1 3 1 .  Taber RA,  Thielen M A ,  Falk i nham J O  and S m i th RH.  Mycobacterium 

scrofulaceum : A bacter ial contam i nant in  p lant ti ssue c u l t ure.  E lsevier  

S c i enti fi c  P ubl i shers I re land Ltd . P l ant  Sc ience; 1 99 1 . 7 8 :  2 3 1 -236 .  



1 3 2 .  S e s s itsch A ,  R e i ter B ,  P fe i fer U and W il h e l m  E .  C u l t i vation

i ndependent p o p ulation analysis of bacterial endophytes in three potato 

varieties based o n  eu bacterial and Acti nomyces-spe c i fic PCR of 

1 6rRNA genes.  FEMS M icrob. Eco l .  2002;  3 9 :  2 3 - 3 2 .  

1 3 3 .  B un E and Tan B .  M icrobial  contam i nant i n  plant  t issue cul ture 

prop agati o n .  I n  S iv asithamparam K, D i x o n  K W  and Barrett RL, e d i tors, 

M i croorganisms in Plant  C onservation lind B iod iversity.  Netherlands : 

K luwer Acad e m i c  Publ i shers.  2002.  

1 3 4 .  C asse l l s  AC.  Tec h n i ques fo r detection a n d  d iagnos i s  i n  p lant pathology. 

I n :  Duncan J M  and Torrance L,  editors .  London, U K :  B utterwort h ;  

1 990.  1 97-2 1 2 . 

1 3 5 .  Long RD, Curt i n  TF and Casse l l s  A C .  Acta H orti c 1 98 8 ;  22 5 : 8 3 -9 1 . 

1 3 6 .  H o fferbert H R .  M asters The s i s .  Germany : U n i versity o f  Gotti ngen . 

1 990 .  

1 3 7 .  C o o k e  D L ,  W a i t e s  W M  a n d  L e i fert C .  I n :  Lemat tre S ,  Freigoun S ,  

Rudolph and S wi ngs J G ,  e d itors,  P lant Pathogen i c  B acteria.  V e rsai l l es 

C edex,  France : I N RA Edit ions.  1 994; 1 8 3 - 1 94 .  

1 3 8 .  R a fferty S M ,  W i l l iams S ,  Falkiner  F R  and Casse l l s  A C .  Persistence o f  

h u m an food p o i s o n i ng pathogens (Escherichia coli and Serratia 

marcescens) in m i c ropro pagated cabbage . A cta H o rt i c .  5 3 0 .  

1 3 9 .  L e i fert C a n d  Woodward S .  Laboratory contam i nation managem ent : 

The req uirement for m i c rob i o l ogical q ual i ty assurance. P l ant  C el l ,  

T i ssue and O rgan C u l ture 1 99 8 ;  5 2 : 8 3 - 8 8 .  

1 40 .  H a b i ba U ,  Reza S h ,  Lal Saha M ,  Khan M R  and H adi uzzaman S .  

E n d o gen ous bacte r i a l  c o ntam i n at ion d u r i n g  in vitro c u l t ure o f  Tab l e  

B anana : Iden t i fi cat i o n  and prevent io n .  P l ant Ti ssue C u l tu re 2002 ; 

1 2 ( 2 ) :  1 1 7 - 1 24 .  



VII. APPENDICES 



Appendix I :  Experiment I :  Total bacterial count on the shoot tip surface of Khenezi cv. 

before and after applying 1st d isinfection solution during 20 min. 

I I I I 
Treatment Samples 111 00 1/1 000 11100 1/1 000 

S I  1 1 6 1 8 1  40 50 0 0 0 0 
1 1  S2 1 54 4 1 0  1 58 1 54 0 0 0 0 

53 6 1  1 00 53 85 0 0 0 0 
S I  1 50 1 5  54 60 0 0 0 0 

U 52 1 1 9 232 82 70 0 0 0 0 
S3 2 1 4  205 1 00  79 I 0 0 0 
S I  125 2 1 0  32 95 0 0 0 0 

13 S2 1 94 1 40 50 43 0 0 I 0 

S3 30 95 29 3 1  0 0 0 0 
S I  3 8  49 8 1 4  0 0 0 0 

14 S2 1 3 8 525 7 95 1 0  1 0  I 1 

S3 25 42 26 62 0 0 0 0 
S I  324 2 1 4  1 8  40 2 0 0 0 

15 S2 77 34 45 33 0 0 0 0 

S3 1 1  1 9  1 0 0 0 0 0 

S I  67 60 t o  6 0 0 0 0 

16 S2 9 52 2 0 0 0 0 0 

S3 327 305 62 84 0 0 0 0 

S I  1 4  72 3 6 0 0 0 0 

17 S2 75 56 8 20 0 0 0 0 
S3 4 79 35 5 1 0 9 0 

S I  227 1 26 60 70 0 0 0 0 

18 S2 282 240 32 33 0 0 0 0 

S3 55 1 80 43 4 1  0 0 0 0 

S I  1 00  44 27 1 8  0 0 0 0 

19 S2 343 206 75 43 0 0 0 0 

S3 1 48 90 1 3  30 0 0 0 0 
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Appendix n :  Experiment I: Total bacterial count on the shoot tip surface of 

Kh issab cv. before and after applying 1 st disinfection solution during 20 min. 

-Bd4- - - - - -.  .- - - - - - - .. 

I ort! trt!atment I I Af1.er trt!atment I 
Treatment Samples 1/100 111000 11100 1/1000 

S I  1 06  95 20 22 0 0 0 

1 1  S2 85 70 33 43 0 0 0 
S3 1 30 63 9 8 0 0 0 

S I  1 35 25 55 1 3  1 0 0 

12 S2 70 0 70 86 0 0 0 

S3 0 0 34 2 1  ] 0 0 

S I  ] 87 92 44 40 0 0 0 

D S2 3 1 0  90 5 1  1 20 0 0 0 
S3 4 1  1 60 1 9  29 0 0 0 

S I  379 332 276 450 1 0 0 

14 S2 390 2 1 0  1 9  20 0 0 0 

S3 29 96 5 1  49 0 0 0 

S I  8 1  1 65 25 3 1  0 0 0 

15 S2 43 1 3  7 20 0 0 0 

S3 300 225 24 1 20 0 0 0 

S I  94 l O5 35 37 0 0 0 

16 S2 l OO 45 8 36 1 0 0 

S3 1 50 1 50 38  3 8  0 0 0 

S I  57 250 1 1 0 22 ] 0 0 
17 S2 59 87 63 67 0 0 0 

S3 1 55 1 22 70 95 0 0 0 

S I  391  32 1 48 59 0 0 0 

18 S2 1 1 6 103 1 8  28 0 0 0 

S3 3 1 5  59 94 62 0 0 0 

S I  1 3  93 9 1 1  0 0 0 

19 S2 1 1 8 58 22 9 0 0 0 

S3 9 23 2 3 0 0 0 
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Appendix m: Experiment II :  Total bacterial count of the endophytic contaminatioa .r 
Khenezi cv. after applying the 2ad disinfection solution "uring 20 min. 

1- - - - - - - - - - - - - .,  
I Aller treatment I 

Treatment Samples 1110 1/100 
S l  1 1 0 0 

I T I  S2 I 0 0 0 
S3 0 0 0 0 
S l  0 0 0 0 

112 S2 3 I 0 0 
S3 2 0 0 0 
S l  2 0 0 0 

l l3 S2 0 0 0 0 
S3 2 1 0 0 
S l  0 0 1 0 

ll4 S2 0 0 2 0 
S3 4 0 0 0 
S I  2 0 0 0 

ITS S2 0 0 0 0 
S3 2 3 1 0 
S I  0 0 0 0 

I I6 S2 0 3 I 0 
S3 0 0 0 0 
S l  I 0 0 0 

I I 7  S2 I 0 0 0 
S3 0 0 0 0 

S l  ] 0 0 0 

I I8 S2 0 0 0 0 

S3 0 0 0 0 

S l  0 0 I 0 

I T9 S2 1 0 0 0 

S3 1 2 0 0 
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J\.ppendix IV: Experiment D:Total bacterial count of the endophytic contamination 

of Khissab cv. after applying the 2nd disinfection solution during 20 min. 

,.. - - - - - - - - - - - - , 
I After tr � 

Treatment Samples 1110 111 00 
S I  0 0 0 0 

I I I  S2 1 0 0 0 
S3 0 0 0 0 
S l  I 2 0 0 

ll2 S2 3 2 I 0 
S3 I 1 I 0 
S I  0 0 0 0 

ill S2 3 0 0 0 
S3 2 0 0 0 
S l  0 0 0 0 

II4 S2 2 I 0 0 
S3 I I 0 0 
S l  1 7  3 1  2 3 

l I S  S2 3 0 0 0 
S3 I 0 0 0 
S I  0 0 I 0 

U6 S2 1 1 0 1 
S3 1 0 0 0 
S l  1 3 0 0 

I I7 S2 I 0 0 0 
S3 0 0 0 0 
S l  0 0 0 0 

US S2 3 6 0 0 
S3 0 0 0 0 
S l  0 0 2 0 

I I9 S2 0 0 0 0 
S3 0 0 0 0 
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Appendix VI :  Procedure used for the identification of selected 

bacteria isolates(Advanced Biotechnology Center / Dubai) 

A) Pure bacterial colony picked from the nutrient agar plate and proceeded 
for DNA extraction 

I-DNA extraction protocol using DNA Extraction using QIAGEN DNA mini kit 

Steps Action 

Pick a full grown colony and suspend in 200 �l of distilled water, vortex and 

1 centrifuge for 5 min at 5000 x g (7500 rpm) 

Note: Perform Step 1 and 2 in tbe Bio-Safety Class II cabinet. 

2 
Calculate the volume of the pellet or concentrate and add buffer A TL to a total 

volume of 1 801lL 

3 
Add 20 111 of the proteinase K and Incubate at 56°C with shaking unti l  the tissue is 

completely lysed. 

7 Briefly centrifuge the tubes to remove the drops from the inside of the lid 

8 
Add the Internal Control (IC) at the volum� of 0. 1 111 per 1 111 elution volume. 

The IC is added to check for the isolation pr<;>cedure. 

Add 200 �L buffer AL to the sample, mix by pulse-vortexing for 1 5  sec and 

8 incubate at 70°C for 1 0  min. Briefly centrifuge the tubes to remove the drops from 

the inside of the lid. 

Add 200 ilL ethanol to the sample. Mix by pulse-vortexing for 15 sec. Briefly 

centrifuge the tubes to remove the drops from the inside of the lid. 

9 Apply the mixture to the QIAamp spin column without wetting the rim. 

1 0  
Close the cap and centrifuge at 6000 x g for I min. Place the QIAamp spin column 

in clean 2 ml collection tube and discard the tube containing the filtrate 

Add 500)11 of A W l buffer. Close the caps and centrifuge at 6000 x g for I min. 
I I  

Discard the fi ltrate. 

1 2  
Place the column i n  fresh 2 m l  vial. Add 500 )11 of A W2 buffer. Close the caps 

and centrifuge at 20000 x g for 3min. Discard the filtrate . . 

1 3  
Keep the spin column in the 2 ml col lection tube and centrifuge at 20000 x g for 

l m in. This step wil l  remove the remaining ethanol. 

Place the spin column in 1 .5 011 m icrocentrifuge tubes and add 200 II I of AE 

1 4  buffer or distilled water. l ncubate at room temperature for I min and centrifuge at 

6000 x g for I min. 



I I-PCR Amplification of the Extracted DNA 

Steps Action 

I 
Prepare the sample sheet to perform the PCR reaction. Perform the PeR in 02ml tubes 
as follows 

I f  preparing Then combine the following 

Negative Control 
• 25j.1 1 of PCR Master Mix 
• 25j.1 1 of sterile de ionised water 

• 25j.l l of PCR Master Mix 
Positive control • 25j.l 1 of 1 nglj.l l Positive 

control DNA 
• 25j.1 1 of PeR Master Mix 

Sample • 25j.1 1 of Extracted 1 :4 dil. 
DNA 

2 
Cap the tubes and placed them in the ThermaJ cycler and perform the PCR reaction as 
per the following conditions; 

I nitial Each of 30 cycles Fmal Final  
incubation Melt I Anneal I Extend extension step 

Hold Cycle Hold Hold 

95°C 96°C I 60uC I nuc 72uC 4uC 
10 min 30 Sec 30 sec 45 sec 1 0  min forever 

3 
Check the PCR product using 1 .5% Agarose gel electrophoresis with suitable DNA 
marker. 

Note: If not proceediog to cycle sequenciog tben store the product at-20
o
e for 

further use 

I I I- Analyzing the PCR Products: 

Steps Action 

1 Prepare 1 .5% of the Agarose in I X  TBE buffer ( 1 .5gm Agarose n I OOml I X  TBE 
buffer). 

2 D issolve the Agarose using M icrowave oven. 

3 Cool the gel to 55QC and add 1 0  ul of ethidiwn bromide ( 1 0mg/ml) & pour the gel 
in gel forming tray. Put the comb and al low the gel to solidify. 

4 After the gel solidifies carefully remove the combs and put the tray in 
electrophoresis apparatus containing I X  TBE buffer. 

5 Mix 5/1 1 of the PCR products with 3 ul of the gel loading dye and load the 
sampJes in appropriate wells. 

6 
In one of the well load the DNA ladder for locating the product size (mix 5j.1lof 
the ladder DNA and 2/11 of the gel loading dye). 

7 Close the assembly with proper positive and negative terminus and run the gel at 
100V for 30-35 min. 

8 
A fter electrophoresis put the gel tray on UV transil luminator. Wear eye safety 
goggles. 

9 Locate the 500bp product with the positive and unknown samples. No product 
should be visible in the negative control . 

1 0  Proceed for the PCR product purification step. 

I I  Note: If not proceeding to cycle seq uencing then store the product at -20oe 
for fu rther use 



IV - Purifying PCR product 

IV 1 U '  E I/SAP smg xo enzyme tr tm ea ent 
Steps Action 

1 
For the remaining PCR product (-3SJ.l.1) add 2J.1.1 of the Exo I ( l 0U/J.l.1) ISAP 
( l U/J.l.l) enzyme mix. 

2 Incubate the tubes at 31'C for 2hrs I the thermal cycler. 

3 Incubate at 8SuC for lSmin to inactivate the enzymes. 

4 The PCR product is ready for sequencing. 

IV.2. Purifyin� using Microcon 1 00 Microconcentrator columns: 
Steps Action 

1 
Assemble the Microcon- l 00 column and label the tubes properly as per the 
protocol. 

2 Add SOOJ.l.I deionized water to the column. 

3 Spin the column at SOO x g in fixed angle rotor for 6 min. 

4 Add 400J.11 deionized water to the column. 

S Add the entire PCR product to the column. 

6 Spin the colwnn at 500 x g in fixed angle rotor for 1 5  min. 

7 Remove the collection tube and discard it 

8 Add 25J.1.1 of deionized water to the coLumn and tap briefly. 

9 Invert the column and attach it to a new collection tube. 

l O  
Spin the inverted column at 1 000 x g in fixed angle rotor for 3 min to collect the 
sample in the collection vial. 

I I  Discard the coLwnn and proceed to cycle sequencing. 

Note: If Dot used the product should be k�pt at -20°C till further use. 

v - Cycle sequencing of the 500bp product: 

Steps ActiOn 
Combine the fol lowing in two separate O.2-mL peR tube: 

• 7 J.1L of purified PCR product (Approx 5-2Ong) 
1 

• 1 3  J.1L of Forward or Reverse Sequencing Mix 

Cap the tubes and place them in the thermal cycler, perform the thermal cycling 
using the following program 

Each of 25 cycles Final step 
Melt I An nea l I Extend 

2 

I 
Cycle 

I 
Hole! 

I 960e I 500e I 60°C 40e 
1 0  Sec 5 sec 4 min forever 

4 Perform thermal cycl ing using the parameters above. 

Upon completion of thermal cycling, briefly spin the tubes to col lect the liquid at 
5 the bottom of the tube. 

After the program is finishea, proceed to "PurifYing Extension 
6 Products" 

M lcroSeq 500 rDNA sequencrng Kit Protocol 



VI- Purifying Extension Products (precipitation in Microcentrifuge Tubes) 

Steps Action 

For each sequencing reaction, prep� a 1 .5-mL microcentrifuge 
tube containing the fol lowing: 

• 2.0 ilL of 3 M sodium acetat� (NaOAc), pH 

1 
4.6 

• 2.0 ilL of 1 25 mM EDTA (If using Big dye v 1 . 1 .) 
• 50 ilL of 95% ethanol (EtOH) 

Note: Make sure that the EDTA aqd Na-Acetate reaches to the 
bottom of the tube. 

2 
Pipette the entire contents of each extension reaction into a tube of 
Sodium acetate/ethanol mixture. Mix thoroughly. 
Vortex the tubes and leave at room temperature for 1 5  minutes to 

3 
precipitate the extension products. 
Precipitation times < 1 5 minutes will result in the loss of very short 
extension products. 

4 
Spin the tubes in a micro centrifuge for 20 minutes at maximum 
speed. 

5 
Discard the supernatant by inverting the tube carefully and soak the 
last drop of the liquid on tissue paper. 

6 
Rinse the pellet with 70 ilL of 70% ethanol. 

Spin for 5 minutes in a microcentrifuge at maximum speed. Again, 
7 discard the supernatant by inverting the tube carefull y  and soak the 

last drop of the liquid on tissue paper. 

8 Repeat step 5 and 6 one more time 

9 
Dry the pellet at room temperature for 30-45 min, ti l l  all the alcohol 
evaporates. 

1 0  
Add 1 5JlL of Hi-Di formamide, vortex mix and briefly spi n the 
tubes. 
Denature the tubes at 95uC for 2 min and chi l l  at 4uC for 3-4 min. 
Spin briefly and pipette the entire volume to the corresponding 96-

1 1  well plate (if using 3 1 00 Avant) or the 0.5ml sequencing tubes(if 
using 3 1 0  genetic analyzer). 

Proceed to "Sample Electrophoresis" on 3 1 0  or 3 1 00 genetic 
1 0  analyser as per the instruction. 



I nstructions to switch on 3 1 00  Avant 

Steps 

I 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

I I  

1 2  

1 3  

ActioD 

Switch on the computer. 

Switch on the machine. 
Note: Wait till the greeD light stabilizes. 

On the desktop click: on 3 1 00 Avant data collection icon. Wait till  all the colour 
on the service console window turns green. 

Click: on gh 3 1 00  Avant icon> Plate manager> New 

On the new plate dialogue window; 
}> Name : MicrostXLB500_Expt No.� Date of Exprt. 
» Description: Sample type e.g. blood . . . . . . . . . . . .  
» Application: Sequencing analysis 
» Plate type : 96-well 
» Owner Name: source of the lab 
» Operator : Initials of the operating person 

Click OK the plate view will  come in the 9()-well format 
In the sequence analysis plate editor window: 

» Well Position of the sample A I ,  B l ,  C l . . .  etc. 
» Sample Name: Give the name for each sample. 
» Result Group: StXLResult_ Group. 
» Instrument Protocol: give the name of the protocol. 

Click OK 

Click 3 1 00 avant-I> Run Scheduler>Plate view > Find aU 

Highlight your plate. Click on the plate icon having yellow background. 

A fter linking the plate, the colour changes to yellow and the green button at the 
top left hand comer gets activated. 

Start the sequencer by click on this green button. 

For checking the run status, go to 3 1 00 Avant- I ,  Instrument status. Check the 
status for current, temperature etc. 
Note: Arter tbe run is com pleted the data is a u tomatically save in the data 
folder i.e. My computer>E d rive>Applied Biosystem> U DC>Data 
collection>Data>Choose file. 
After the run completed switch off the data collection software, then the machine 
and then shut down the computer if not required. 

. .... 



MicroSeq ID Analysis Software Version 1.0 

Steps 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

Action 

Click on to the MicroS� v l .O analysis icon on the desktop. 

Give the password 

Select File>New project to open the select project setting dialog box in the New 
Project wizard. 

Complete the fi led in the dialog box: 
• Project Name: Type name for the project. 
• Matches to display: You can choose to display from 3 to 20 matches. 
• Kit: Select the kit used to generate the sample data in the project. 
• Analysis Protocol: Select the analysis protocol to use for the analysis. 

• Library available: Select the horaries to use for the analysis. 
Click Next The Create Sp_ecimen dial02 box appears. 
To navigate the l ibrary for the sample; 
My computer>E drive>Applied Biosystem> UDC>Data coUection>Data>Choose 
me. 
Select the samples to be analyzed: 

• Click the New Specimen 
• Select the sample file(s) of interest 
• Click Add Sample 

Click Next to view the project setup summary. lfyou want to make any changes to 
the project settings, click Back. 

After the confirmation c lick on Finish •• d Analyze 
The analysis QC report provides the following information; 

• Summary: display project information and the specimen in the 
report. 

• Specimen Analysis: Display the specimen name, no. of samples in 
the specimen, status of the analysis steps, specimen score, the top 
library match, and the % Match. 

• Sample Ana lysis : Display sample analysis errors and details. 
To evaluate results in the Analysis QC report �lect: A na lysis>Report Manager 
then select QC report; 

• Check the analysis step columns for unsuccessful analysis (yellow 
or red icons) 

• Check the values i n  the specimen score column. Val ues above 30 
indicate high-quality values. 

• Check values displayed in the % match column. 
To evaluate results in the Library search report Select: Aoa lysis>Report Manager 
then select Library search report; 

• 

• 
• 

S u m m a ry:  Display project information and the specimens in the 
report. 
Library: Display the libraries searched. 
H it list: Displays the l ibrary matches found; their % match, the no. 
Gfbases searched., aDd the no. of bases UI the CU[ llienSllS �el.Juelll,;t: 
that did not matched the l ibrary sequence. 

• Concise A lign ment:  For each specimen with a % Match < 1 00, 
displays the position each mismatch occurred, the base called in the 
consensus sequence for that position, and the base present for that 
position in the library. 

• Phylogenetic tree: For each specimen listed in the hit l ist, displays 
a phylogenetic tree diagram . 

For exporting the result in the * .PDF fonnat Use the following; 
F i le> Export >Resu lt Give the name 



Cellulomonas cellulans, Enterobacter aerogenes : n-.I\.S c..w\.S I �I :..., .::( .11 I..?- J .J - � 

Bacillus fusiformis, Serratia marcescens Kocuria rosea and Cellulomonas uda. 
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