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Chapter #1
INTRODUCTION
The date palm (Phoenix dactylifera L.) is a regal tree that is considered as the
king of Oasis and tree of life due to its captivating beauty, symmetrical shape and
highly nutritious fruit having medicinal value and good shelf life. The date fruit is
liked by all classes of human beings due to its very high sugar content (more than
70%) consisting of glucose and fructose. Further, Al-Shahib and Marshall (2003)
reported that a very wide range of reasonable quantities of carbohydrates in the form
of total sugars, fiber contents and salts (including minerals) are found in its fruit with
percent values of (44 to 48), (6.4 to 11.5) and (15) respectively along with small
amounts of fats (0.2 to 0.5), flesh oil (0.2 to 0.5), seed oil (7.7 to 0.7), proteins (2.3 to
0.6) and traces of vitamins. The seeds contain fifteen minerals and fourteen fatty
acids including both saturated and unsaturated ones, whereas, the flesh has eight of
the afore-mentioned fatty acids but in traces. Among the unsaturated (which are
linoleic, linolenic, oleic and palmitoleic acids), only oleic acid dominates with high
concentrations of 41.1-58.8 percent attesting the seed as a major sink and potential
source of this acid. As for as mineral content of the date fruit is concerned, it consists
of 15 different minerals including boron, calcium, cobalt, copper, fluorine, iron,
magnesium, manganese, potassium, phosphorus, sodium and zinc and each of them
ranges from 0.1 to 916 mg/ 100 g depending on the date cultivar. Similarly some
different minerals viz. aluminum, cadmium, chloride, lead and sulphur are also found
in the seeds. Additionally, elemental fluorine and selenium that are reported to act
against various problems like decay of teeth and cancer can be isolated from this very
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important fruit as compared to other commercial fruits of the world. Among the large
list of dates' contents, highest number of amino acids (twenty three) is found in the
form of different proteins thus proving its superiority over other promising fruits like
apples, bananas and oranges etc. Vitamins A, B1, B2, C and niacin are found in small
quantities along with pectic substances in the date fruit assuring sound health of its
consumers.
This fruit is a potential and richest source of nutrition consumed as staple food
by a large population of human beings especially in the desert areas of Africa and
Middle East. Various other secondary products are being generated as alcoholic
beverages, baby foods, ice creams, jams, soft drinks and syrups along with
preparation of feed supplement for livestock from its fruit giving the tree a much
added value. Keeping in view all of above-mentioned facts and figures
regarding nutritional and antidotal advantages, the date fruit may be deliberated as a
poise and perfect food item of the world. Thus, the industrial sector may be
strengthened on both small and intermediate scales and extended in almost all the
areas from urban to strictly rural ones for longer periods of time which reveals the
commercially, ecologically and socially endurable value of this highly admired
commodity and attests its potential as future source of staple food as well as health
for rapidly increasing population of the human beings. A large number of
commercially viable by-products, consisting of various edifice construction corporeal
and a variety of beautiful handicrafts prepared from stems and fronds of this highly
appreciated fruit plant, makes it an important multi-purpose tree and thus plays an
important role in uplifting the socio-economic status of the farming community.
The date palm tree has long been used as an essential specimen of historical
landscapes as well as the cultivated fruit in the tropical and sub-tropical climates on
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the earth globe. It is one of the oldest fruit plants, i.e., 5000-6000 BC from Iran,
Egypt, Pakistan (Alvarez-Mon, 2006), cultivated on the earth globe (Ahmad and
Ahmad, 1962). Its history can be attested since 4000 BC from Eridu, Lower
Mesopotamia (Bronze Age) and later on Akkadian and Sumerian cuneiform (2500
BC) and later from ceremonies of Judaism, Christianity and Islam. It can be produced
commercially with very low cost of production. Among fruit trees, its importance is
linked to its very long productive period and other multipurpose attributes like low
maintenance and harvesting costs (Moursy and Saker, 1998), wider adoptability,
tolerance to environmental stresses such as salinity, drought, water logging for brief
periods and high temperature. Additionally, its fruit has high nutritional value,
maximum number of mineral components (Al-Shahib and Marshal, 2003) and
medicinal effects for a number of diseases and ailments of the human beings (Darby
et al., 1977).
This blessed tree has long been used for both ornamental purposes and fruit
production. It is an income-generating source that provides employment
opportunities, raw material for handicrafts etc. and has been mentioned 21 times in
the Holy Quran and also considered as paternal aunt of human beings (Al Hedith) as
under:

"After the creation of Adam (A. H.), remaining soil paste was utilized in the
preparation of a tree, The Date palm; thus called as the paternal aunt of human
beings.” Muhammad [Peace be upon him] said, “Honor your paternal aunt, the date
palm.” (Al-Madani, 1886).
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Date palm belt stretches from Indus valley in the East to the Atlantic in the
West and its commercial cultivation is found in the desert regions of North and South
Africa, Middle East, India, Iran, Pakistan, Australia, South West USA, central and
South American countries as well as Spain and Italy in the Southern Europe. It has
been distributed throughout the world with about 105 million trees cultivated on an
area of 800,000 ha. A multifold increase of 2.9 times has been recorded in its total
fruit production along with only 1.71% increase in its export during a period of forty
years while the global population has almost become double in the same era. It gets
third position after citrus and mango in Pakistan with a total production of 566.494
thousand tonnes from an area of 90676 hectares and an export of 93.1 thousand
tonnes (Anonymous, 2009).
Date palms have the potential to be developed in other suitable marginal
areas of the earth globe owing to their high tolerance to temperature extremes, very
high salinity of 2200 ppm in problem soils with high pH value and even water logged
conditions. The microclimates of the oasis ecosystems is ameliorated significantly by
the contribution of this blessed tree because of which a vast area falling under drought
and salt affected soils can be cultivated and sustained under agriculture and forestry.
Since ancient times, seed propagation is the natural and most convenient
method of date palm multiplication, as seeds can be stored for years, germinate easily
and are available in large numbers. However, this method cannot be used
commercially for the true-to-type propagation of the selected cultivars on account of
dioecious nature of the date palm. Half of the progeny propagated from seed are
generally females and rarely any seedling surpasses its mother palm genetically along
with other half of unproductive males. The male and female plants cannot be
identified for about 8- 18 years or more until they start flowering at maturity. Further,
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no authentic method is known till present for its sex determination during early stages
of growth and development. The non-productive male trees cannot be discarded from
typical commercial plantings in the early years of nursery and field. Furthermore,
very slow rate of growth and maturation of seedlings is another serious constraint in
the seed propagation of date palm. So, the farmers in case of non-availability of
suitable offshoots use this propagation method. Anyhow, this propagation method is
only used for breeding purposes that also faces problems due to very long periods in
decades for back crosses and obtaining first offshoots from an inter varietal cross and
needs much more years which become non-commercial propagation.
The orthodox and traditional method of true-to-type multiplication through
vegetative means was only offshoots that were used to propagate the best-selected
cultivars of date palm since immemorial times. These offshoots are produced from
auxiliary buds arising from the base of trunk during the juvenile period of the palm’s
life. These offshoots are produced in very limited number on a single mother tree
with very slow growth and most of them arise from the aboveground level of tree
trunk having rudimentary roots or even no roots. However, only those offshoots,
which arise from the underground part or near ground level, give natural roots and are
the source for true-to-type multiplication. No field-based methods are yet available to
increase the number of transplantable offshoots produced by each tree. These
offshoots have to be large enough, i.e., 12 to 20 kg (Al-Ghamdi, 1988) to survive
when transplanted in the field, a process of regeneration that takes more than 10
years. Being dioecious in nature, date palm is vegetatively propagated by offshoots on
commercial basis but scarcity of rooted offshoots, variation in their age, size and
weight on a single mother tree (i.e., each tree produces 2-3 offshoots/ year thus giving
15- 30 offshoots in a period of 12- 15 years), slow growth and very high mortality
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rate of the transplanted rooted suckers are the major constraints. In vitro propagation
is also claimed for true-to-type multiplication of date palm but not tested scientifically
about mutations except only one cultivar, i.e., Barhi in the USA (Smith and Aynsley,
1995). These techniques also face problems like contamination, yellowing and
browning of callus as well as acclimatization of plants for transfer to ex vitro
conditions (Al-Ghamdi, 1993). Genetic variations were detected at molecular level in
Zaghloul cultivar when its plantlets were 6- 12 months old (Saker et al., 2000).
Similarly, somatic embryogenesis takes long time of 18- 24 months to produce a
weaned plant ready for the field. Direct organogenesis from shoot-tip portion gives a
very limited number of plants due to slow growth and development. Anyhow,
investigations are in progress in this regard whereas; the improvement of traditional
method of propagation through offshoots has almost been neglected.
Present investigations were, therefore, initiated in order to determine the effect
of hormones, their application methods and different environmental conditions for
root induction in the un-rooted (discarded) aerial offshoots to utilize them
successfully for propagation with the ultimate increase in acreage and true-to-type
production of selected date palm cultivar, Hillawi having potential to be cultivated in
marginal areas both for fruit as well as ornamental purposes because its fruit becomes
edible at early stage and displays beauty of hanging clusters as well.

Objectives:

Main objectives of this research project were:
• To suggest the best hormone and its application method for root induction
• To assess the best environmental conditions for the propagation of date palm
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The traditional method of date palm propagation through utilizing the
offshoots has been the only commercial and vegetative method for true-to-type
production of selected cultivars. Whereas, the seed propagation and tissue culture
technology are not acceptable due to its dioecious nature, longtime for sex
identification etc. and a number of constraints like controversial isolated reports about
abnormalities, genetic instability in somatic embryogenesis, very limited number of
plantlets production from organogenesis, callus contamination etc. and nonacclimatization of plants while transplantation to ex vitro conditions, respectively. A
single tree produces a limited number of offshoots and most (i.e., 80% of the total
number) of them consist of aerial and rootless ones and are discarded as such by the
farmers. A scarce research work has been conducted on the rooting of aerial
(unrooted) offshoots. Previous work was thrashed from literature and is given below:

Farries (1924) dipped the bases of high offshoots of date palm in Indole
butyric acid (IBA) at different concentrations (1000, 2000 and 3000 ppm) for one
minute each. The treatments affected differently showing positive correlation of IBA
with number of roots and their survival percentage. The highest concentration (3000
ppm) secured maximum survival percentage as 25%. IBA stimulated roots from the
pericycle when the offshoot bases were dipped in IBA solution (Hilgeman, 1951).
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Leopold (1955) narrated that IBA might have helped in translocation of food
materials when applied from zero to 3000 ppm concentrations. He concluded that
auxins are responsible for transportation of metabolites at higher concentrations.

Raz (1959) successfully generated roots in unrooted offshoots through
application of sphagnum moss (saturated with hormone) to their bases with very low
(20% or less) survival percentage, while improvement in rooting percentage (10 to
98%) was observed by treating the offshoot bases with fungicides and wrapping with
hormone saturated peat moss as reported by Winder (1968).

Amin et al. (1969) isolated p,p′-nitrophenylazobenzoyl derivative, an
estrogenic substance in the roots of moghat (Clossostemon bruguieri, Sterculiaceae)
from Iraq and in the pollen grains of Egyptian date palm (Samani) along with
cholesterol from moghat roots.

Rashid and Ali (1972) treated rootless suckers with different hormones, i.e.,
Seradix-A, sugar, acetic acid, potassium permagnate, cow urine and IBA. As a result,
Seradix A and urine (50% solution) gave 100% and 95% success in the field,
respectively.

Reuveni et al. (1972) sprayed foliage and dipped the offshoot bases in
different growth regulators viz., Indole acids (IAA, IBA, NAA) and 2,4Dichlorophenoxy acetic acid (2,4-D) and 2,4,5-TP. They also reported that higher
level of IBA induced rooting but it gave very small roots at 1500 ppm.
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Reuveni and Adato (1974) found that the total carbohydrates were greater in
large (easy-to-root) offshoots (12- 20 kg) than in small (difficult-to-root) ones (4- 7
kg) but the reducing sugar content of large was lower. They concluded that large
offshoots possess more root promoters with less root inhibitors than small ones so
deficiency of root promoters may be enhanced by the application of IBA.

Viz et al. (1977) found that the root induction is directly proportional to the
IBA levels or vice versa when applied different concentrations of IBA (1000, 2000
and 3000 ppm) by dipping offshoot bases for one minute. Similarly, Muhammad
(1978) noted more rooting by higher IBA level when treated unrooted offshoots for
30 seconds and immediately planting in mist conditions. Rooting of large offshoots
was correlated with carbohydrates and root promoters.

Ulrich et al. (1982) treated embryogenic date palm cultivar, Medjool with a
10:8:10 percent w/ v solution of dimethylsulfoxide, glucose and polyethylene glycol,
respectively. The treated plant material was congealed to -196 ºC and melted. After
4.5 months, growth parameters were recorded as increase in fresh weight and quantity
of embryos generated during this period. Plantlet initiation was observed after 9
weeks of culture in all treatments. The calli treated with freezing and thawing
techniques experienced growth inhibition as compared with other treatments while
this inhibition disappeared when the tissues were sub cultured. The leaves of all
regenerated plantlets were analyzed through starch gel electrophoresis, which showed
the presence of alcohol dehydrogenase, esterase, peroxidase, phosphoglucomutase &
phosphoglucoisomerase but revealed identical patterns of isozyme in all treatments.
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Kronfeld and Zafrir (1982) studied that desert palm trees, Phoenix dactylifera,
reflect the uranium isotopic disequilibria of their associated water sources. In arid
zones hydrogeological reconnaissance using 234U/ 238U disequilibrium can be of
use in defining prospecting target areas. Monitoring of the palm leaves may be of
help in augmenting the number of points where few perennial surface sources exist.

Fernández et al. (1983) isolated stilbenes like trans- 3, 5, 3′, 5′-tetrahydroxy4-methoxystilbene as a major component and cis- 3, 5,3′, 5′- tetrahydroxy- 4methoxystilbene and trans- 3, 5, 4′- trihydroxystilbene as minor components in
biogenetic route from stems of Phoenix dactylifera along with other metabolites.

Gupta and Godara (1984) planted aerial suckers after treating with 0, 1000,
2000 and 3000 ppm of IBA. The root induction was directly proportional to IBA
concentration. Survival after four months in the nursery was 20% or less. The same
concentrations of IBA were applied to offshoots with sphagnum moss by wrapping in
polyethylene film and found similar trend of rooting as in aerial offshoots. But the
later intact offshoots produced 2 to 4 times more roots than the former ones at the
same level of IBA. The survival (%) of intact offshoots was recorded as 87% after 15
weeks of treatment but before their removal from mother palms and field plantation.

Gabr and Tisserat (1985) studied shoot-tip multiplication or plantlet
differentiation via embryogenesis of date palm seedlings by culturing different sizes
of explants (shoot tips) in liquid or Murashige and Skoog (MS) medium
supplemented with agar and consisting of NAA and BA (benzyl adenine) or 2iP
(isopentenyl adenine) at 0.0- 1.0 and 0.0- 15.0 mg/ L respectively. The 3 mm long
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explants showed satisfactory results. Optimum shoot tip development and axillary
budding resulted in initial explants establishment in a two weeks time after their
transfer to another medium in liquid form. The effect of MS media having growth
regulating substances like 2,4-dichlorophenoxy acetic acid, 2-isopropeoneic acid and
charcoal and another set of treatments composed of MS medium having NAA and
charcoal. The explants of Phoenix canariences, P. dactylifera L. and P. roebelenii
responded positively for callus initiation and asexual embryo development with
independent plantlets production during 4-8 months of culture, Whereas, vigorous
plantlets were reproduced in response of the MS medium having NAA.

Stegemann et al. (1986) extracted water-soluble proteins from the soft tissues
in ripe fruit of different date palm cultivars (Rcziz, Marzban, Mowahed, Kholass,
Hatmy, Shishy, Shahl and Gir) collected from Saudi Arabia and one cultivar
(Muskade) from Iraq. These proteins were freed from acidic polysaccharides by
treatment with 33 % propanol. The best protein separations and the most
characteristic patterns were obtained on PoroPAGE or PAGIF, with tube and thinlayer techniques in order to identify these cultivars. The native proteins showed
characteristic masses in the range of 20, 22, 24 and 27 kDa and differentiation by
isoelectric points either in 4– 5 or in 8– 9 pH limits. The main subunits (25 and 85
kDa) were used for final separation in SDS-PoroPAGE or in SDS-PAGE.

Leary et al. (1986) observed the true endospores of gram negative rod shaped
bacteria while examining absolutely isolated cultures through electron microscope
after three to five days on solid medium, exclusively from the tissue cultured clones
of inner and meristematic tissues of vigorous offshoots of date palm. These bacteria
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were confirmed as Bacillus circulans as per identification of a typical bilayer
membrane in thin sections of bacterial colonies through their biochemistry and
physiology. It was also seen that the majority of these isolates produced rapid,
destructive soft tissues as a result of injecting the embryo and meristem cultures with
B. circulans already isolated from similar cultures and offshoots as well.

AI-Ghamdi (1988) testified that the rate of rooting increases with increase in
the size of offshoots when he injected different concentrations of IBA (2000-8000
ppm) in three different sizes (small, medium and large) of offshoots selected from
three different date palm (Phoenix dactylifera L.) cultivars. Various sizes and
cultivars revealed different responses but IBA did not show any root formation as
compared to the orthodox and traditional and commercial method of date palm
multiplication through using 3-4 years old offshoots of 12-20 kilogram weight or size
because of very high mortality rate and lesser rooting. He suggested that some
endogenous root promoting substances are responsible for root initiation process.

Broschat and Donselman (1990) recorded insignificant root initiation among
10 unspecified palm species except Chamaedorea elegans, which was physiologically
attributed to be more mature than the other palms in their trials when treated with
IBA, 2, 4- D or NAA, each at different concentrations in a preliminary experiment.
Then they dipped the bases of mature as well as immature plants of two palms
(Chamaedorea elegans and Phoenix roebellini) in water or IBA at 3.0 g/L for five
minutes and observed that only mature palms showed good to excellent rooting in
both species irrespective of treatment.
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El-Hamady et al. (1992) treated small sized, poorly rooted and rootless aerial
offshoots of date palm with different levels (500, 1000 and 2000 ppm) of indole
butyric acid and planted them in greenhouse environment having inverted mist
system. Small and poorly rooted offshoots produced good rooting in contrast with
very few in the unrooted ones. The root number and root length showed increasing
trend with IBA levels but were at par with each other, whereas, survival percentages
were recorded as 52% and 32% in small sized and aerial offshoots, respectively.

EI-Hodairi et al. (1992) carried out experiments on date palm cultivar
Taaghiyaat by injecting various doses (50 and 100 ppm) of growth hormones viz.
indole acetic acid (IAA), indole butyric acid (IBA) and naphthalene acetic acid
(NAA) with simple distilled water as control. Statistically significant results were
obtained in response to NAA when data regarding the parameters, as dry weight,
length and number of large and small roots along with root hairs. Whereas, little
progress was recorded for the diameter of large roots in response to NAA but
comparative inhibition of all the characteristics under study was seen against IBA
application at both 50 and 100ppm levels.

Veen (1992) analyzed 23 archaeobotanical samples of occupation deposits
from Garamantian settlement of Zinchecra, Fezzan, southern Libya, dated to the first
millenium BC and identified 6113, mainly desiccated, plant remains. A number of
wild plants were found along with six cultivated crops as Triticum dicoccum,
Triticum aestivum, Hordeum vulgare, Phoenix dactylifera, Ficus carica, and Vitis
vinifera forming the first direct evidence for arable economy of the Garamantes.
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Lotfy et al. (1992) stressed that hydroxycinnamoyl CoA transferases (HT) are
specifically responsible for shikimic and quinic acids production along with the
esters. They purified 82 and 470-fold quantities of these enzymes from young green
dates and apples, respectively. Both of them showed highest activity with shikimic
and quinic acids, but the relative ratios of the Vmax/ Km values for these acids were
found to be 100: 6 for date HT and 23: 100 for apple HT. So, they termed these
hydroxycinnamoyl coenzymes as shikimate hydroxycinnamoyl transferase (HST) for
date and quinate hydroxycinnamoyl transferase (HQT) for apple. The 2 HTs had
similar Mr and optimum pH and Km values for cinnamoyl-CoA thioesters. Both the
enzymes showed distinct isoelectric point values as 4.63 for HST and 5.40 for HQT.

Kwaasi et al. (1992) observed the impact of pollen grains of date palm
(Phoenix dactylifera L.) on the antigen and allergy causing parts through skin tests
reactivity, blastogenesis of lymphocytes and regeneration of cytokinines in the atopic
as well as healthy rabbits. Approximately 22 bands of 12 to 94 kDa as molecular
weight were explored and separated using Western blotting of SDS-PAGE as well as
Sephacryl S-200 gel filtration techniques for the fractioning of the pollen extracts
under study. The confirmation of these results was accomplished by ELISA tests.
They suggested that this allergy causing material might also be added in the allergen
list of atopic patients in almost all the areas of commercial plantations of this palm.

AI-Ghamdi (1993) searched out differences between tissue types in callus
initiation, callus growth, contamination and browning in date palm cultivar, Sefir as
well as acclimatization of plants for transplantation to field conditions.
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Kwaasi et al. (1994) tested crude extracts of 10 varieties of date palm taking
their androecia, pollen grains for their allergen and antigen potentials in 6 atopic
patients already suffering from typical allergy to date pollen. The results of skin-prick
tests strongly indicated inter cultivar heterogeneity. One of 10 cultivars failed to elicit
any positive test of allergy. So, significant differences among the cultivars under
report were confirmed as compared with the results among different species.

Waisel et al. (1994) stated that the pollen of two widely cultivated and
multipurpose palm species viz. Phoenix dactylifera L. and Carya illinoensis have
allergenic potentials. The results of investigations showed more prevalence of such
patients in the high population areas of palm and pecan plantations when skin tests of
705 affected persons were performed in response to pollen samples from selected
cultivars in a specific area. However, differences in skin responses to pollen extracts
of various clones were substantiated. Air sampling revealed that pollen pollution
decreased considerably in the space away from these plants, i.e., concentrations of
airborne pollen were quite low in the air sample taken from about 100 meters away
from the pollen producing plantations. They recommended that the cultivation of
male palm and pecan trees should be avoided in concentrated living areas owing to
increased level of pollen pollution.

Corniquel and Mercier (1994) conducted RFLP analysis of offshoot leaves
surrounding the shoot tips of five cultivated varieties of date palm (Phoenix
dactylifera L.) named Barhee, Deglet Noor, Khalassa, Khadrawy & Medjool in order
to initiate tissue culture. Total deoxyribonucleic acid (DNA) digested by Eco RI was
hybridized with cDNA probes randomly selected from a cDNA library constructed
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from highly organogenic calli of cultivar, Boustammi Noire and with a heterologous
1.7-kbp nuclear rDNA fragment, amplified by PCR of jojoba genomic DNA.
Discrimination among all the five cultivars was easily made with cDNA probe 1,
which was highly polymorphic. A polymorphism among cultivars was also observed
by amplification with random primers of total DNA extracted from offshoot leaves.
Preliminary attempts made to assess the extent of variability at the DNA level as a
result of tissue culture, are also reported. RFLP is now a conceivable, rapid and
reliable cultivar identification and screening procedure of cultivated populations with
economically important traits in date palm growing countries.

Ziouti et al. (1994) analyzed and identified ferulic (FA), p-coumaric (PCA)
and p-hydroxibenzoic (PHBA) acids bound to cell walls of date palm leaves and roots
by alkaline hydrolysis of dry residue after extraction of phenol soluble forms. The
analysis showed a significant difference between leaves and roots concerning the
relative abundance of FA and PCA. Leaf cell walls accumulated 5-fold higher PCA
than FA. The amount of FA bound to root cell walls was 7 to 12 fold greater than
PCA. Results collected by ultraviolet fluorescence microscopy indicated that FA was
bound to cell walls of parenchyma and phloem cells, while PCA is more abundant in
sclerenchyma and xylem cell walls. The abundance of lignified cells (sclerenchyma
and xylem) in leaves and non-lignified cells (parenchyma) in roots may explain the
relative dominance of PCA and FA, respectively.

Al-Shayeb et al. (1995) tested date palm for its possibility to be used as biomonitor against metallic pollutants in Riyadh city, Saudi Arabia. The metal content
(Pb, Zn, Cu, Ni, Cr and Li) was determined in diverse concentrations in washed and
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unwashed leaflets selected from a number of locations consisting of numerous cities
with their surroundings, highways and industrial as well as far flung rural areas.
Differences between washed and unwashed samples revealed that metal pollutants
exist as superficial contaminants, especially levels of Pb and Zn varied in different
sources. However, the leaflets of Phoenix dactylifera were found to be suitable biomonitors for metal pollution in Riyadh and similar arid and semi-arid environments.

Doaigey and AI-Whaibi (1995) recorded increased differentiation of fibers,
xylem strands and the number of vessels in each xylem strand at lower concentration
of GA3 while at its higher concentration, the number and size of lacunae were
increased with decrease in the vessels and/or xylem strand. In contrast, 2,4-D, at
lower concentration, increased the number of lacunae, fiber and xylem strands while
its higher concentration gave opposite results.

Mycock et al. (1995) developed viable cryopreservation techniques using
glycerol and sucrose treatments prior to desiccation and dehydration comparable to
other methods for the storage of normally un-storable plant materials consisting of
tissue cultured somatic embryos and perishable seeds of different plant species.
Significant responses were recorded between pretreated and untreated specimens of
all the four plant species, viz., Coffea arabica (coffee), Manihot esculenta (cassava),
Phoenix dactylifera L. (date palm) and Pisum sativum (Sweet peas).

Zaid and Hughes (1995) recorded significant variations among treatments and
5 cultivars of the date palm consisting of two dry land (Zahidi and Sayer) and three
irrigated (Deglet Nour, Khadraoui and Majhool), when acclimatized their laboratory
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produced plantlets using polyethylene glycol treatment and plants raised by seeds in
controlled environment of greenhouse. The quantity of wax in the greenhouse grown
seedlings surpassed that of hardened in vitro multiplied plantlets, while only 15
percent wax of the former ones was isolated from the non-acclimatized in vitro
specimen plants. More wax component was analyzed in the dry land varieties than
those in the irrigated ones. The high deposition of wax in the treated plants helped
against water loss during their transplanting to open field conditions.

Smith and Ansley (1995) worked on somatic embryos of date palms, fruited
within 4 years after field planting of small plants with leaf length 100 cm and 1.5 cm
diameter at the base. Commercial quality fruit was available in 6th year and fruit
production was approaching commercial quantity by 8th year. Similar fruit characters
were seen in plants of tissue culture and suckers (offshoots) propagation. Their
findings justify commercial scale propagation using somatic embryogenesis to obtain
elite date palm planting material, especially of cultivars in short supply.

Al-Ghamdi (1996a) noted normal flowering behavior and reproductive traits
in tissue culture derived date palm cultivars, Thoory and Zahdi for two successive
seasons (1989 and 1990) and obtained significant results between cultivars and
between years regarding flowering date and duration and number of flowers produced
per tree per week and No of bunches, spikes, fruit sets, total and dropped fruits/ tree.

Al-Ghamdi (1996b) compared physical properties of date fruits of four
cultivars (Deglet Noor, Medjool, Zahdi and Thoory) produced through tissue culture
with offshoots at four developmental stages (Kimri, Beser, Rutab and Tamar) for
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different parameters viz., length, diameter, circumference, volume, color and
hardiness of both the seeds and fruits. Significant results were recorded among
cultivars in most of fruit and seed characteristics as well as between stages of
development within each cultivar. Physical properties were at par in both methods.

Al-Mana et al. (1996) observed very low survival in small aerial offshoots of
date palm while examining the effects of different rooting media and NAA and/ or
catechol application on root development of small sized ground and aerial offshoots
of cultivars Shish and Shahl. The highest rooting percentages were obtained using
perlite: peatmoss (3:1) medium, followed by wood shavings: peatmoss (1:1) and
perlite: peatmoss (1:1). Sand was considered inferior to all other media. Rooting of
ground offshoots was enhanced by NAA and/or catechol, while these treatments
appeared to be essential for good root formation and development on aerial offshoots.

Nasir (1996) treated unrooted offshoots of (12- 20 kg) size along with three
sizes, small (1- 4 kg), medium (5- 11 kg) and large (12- 20 kg) of ground (rooted)
ones using IBA at 0, 500, 1000 and 2000ppm concentrations through “Quick-Dip”
method. The results indicated supremacy of large sized rooted ones over the other
sizes and the higher doses of IBA over its lower levels regarding number & length of
roots, number of root hairs & Leaves, length of leaves and survival %age but negative
correlation was noted in case of root thickness. Whereas, in aerial (unrooted)
offshoots, the highest concentration of IBA (2000 ppm) surpassed others in case of
number and length of roots, number of root hairs and leaves, length of leaves and
survival %age while roots thickness was decreased with increased IBA doses.
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Sodagar et al. (1996) reported that offshoot propagation is the only
commercial method of true-to-type date palm multiplication used in the Gulf of
Kachchh, Gujrat, India and all over the world which is, no doubt, a common but very
long and less productive procedure due to high mortality rate of transplanted
offshoots in the field. Raising of seedling stock through sexual means gives high
genetic variability among the offsprings. While in vitro cloning is claimed applicable
in some countries whereas the rejuvenation of full-grown palms is under trial.

Abdel-Raheem (1997) submerged sterilized leaf pieces of eight species
including date palm in the Nile stream. Thirty-nine aquatic hyphomycetes were
colonized on these leaves. Eucalyptus was the best substratum for colonization of 30
species followed by date palm for 14 species. Alatospora acuminata, Triscelophorus
monosporus and Tetracladium marchalianum were found to be the major colonizers
on all leaf materials. Temperature and dissolved oxygen were the highest physicochemical parameters affecting this colonization. The results indicate that aquatic
hyphomycetes are successful colonizers on plants leaves in subtropical region.

Belal and EI-Deeb (1997) recorded very limited number of plantlet production
due to low multiplication rates accompanied by slow growth and development
through direct organogenesis in two Egyptian date cultivars (Zaghloul and Samani)
when the multiplication of their explants was experimented in (Murashige and Skoog)
M.S. media containing different combinations of IAA, NAA and benzyladenine and/
or isopentenyladenosine at 5 or 10 mg/ L. The best root growth was observed on the
medium supplemented with IAA, NAA and 10 mg of isopentenyladenosine per litre.
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Qureshi et al. (1997) compared the shoot tips, auxiliary buds, leaf sheaths and
meristematic tissues as explants on MS medium having different amounts of activated
charcoal, myoinositol, sugar and thiamine as well as agar medium supplemented with
2,4- D, NAA, benzyl adenine and isopentenyladenine. Only apical buds showed good
tissue proliferation. Somatic embryo nodules were produced in callus when
transferred to MS medium with 0.1-1.0 mg GA3 and 0.1-2.0 mg 2iP/ L. Plantlets
developed directly from embryoids. Roots were observed in the media enriched with
NAA at a concentration of 0.1mg/ L. Field survival of 8-12 cm plants was 70- 80%.

Veramendi and Navarro (1997) carried out experiments on several explants
sources from offshoots of adult date palms for callus production. Most explants
produced a delicate callus consisting of large parenchymatous cells with a
micronucleus and a large central vacuole. The friable callus from the shoot tip
differentiated auxiliary buds and leaf primordial bases converted into a nodular callus
composed of small meristematic cells with a large central nucleus and a thick
cytoplasm. Only the nodular callus produced viable somatic embryos. The leaf
primordia are successful for individual genotypes but its explants are very limited.

Aaouine et al. (1998) stated that the biotechnology played a pivotal role in
protection of Moroccan date palm industry. Tissue culture techniques were used for
large-scale propagation of the endangered, sensitive cultivar selections, combining
disease tolerance and fruit quality. The regeneration system has significant
technological, socioeconomic and environmental benefits when combined with
genetic transformation.
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Ahmed and Robinson (1998) emphasized that date fruit is an integral part of
staple food items in remarkable areas of the Arab region but there is a question about
the contamination of marketed dates with aflatoxins. Among various methods for
detection of such pollution, high performance liquid chromatography and post
column derivation and the contaminants branch (CB) methods gave average
recoveries of 75.7 and 83.5% in the fruit of two cultivars, Lulu and Naghal. While the
Best Food (BF) extraction and purification method resulted in 35% less recovery of
the contaminants as compared to that by CB method. Romer Mini column method
could not be able to identify such pollutants.

Based on isoenzyme electrophoresis, Bendiab et al. (1998) applied different
enzyme systems and identified the diverse and promising cultivars of date palm. They
concluded that the isoenzyme-based procedure is a reliable one, which is linked to the
phenotypic characteristics whereas; Ferry et al. (1998) studied the enormous genetic
variations in threatened varieties of date palm. The role of varietal inheritance of
important traits for conservation of genetic diversity is in the in vitro selection and
propagation of rare and high quality cultivated genotypes resistant to a widespread
and serious fungal infection called as Bayoud disease.

Moursy and Saker (1998) searched out that the improvement of precious tree
of date palm having potential resistance against various stresses like drought, salinity
and temperature extremes might be possible by using modern emerging
biotechnological techniques. It is an important fruit tree of arid zone in the world
offering very low maintenance and harvesting costs. Extensive breeding programmes
for the selection of its superior clones through traditional methods is slow due to long

22

Chapter 2

Review of Literature

life cycle and heterozygous nature of date palms. Introduction in vitro clonning will
contribute to increase palm (offshoots) population along with molecular techniques of
quality control, sex determination and yield improvement.

Sharon et al. (1999) regenerated multiple shoots of date cultivar, Yakubi in 910 weeks by shoot tips of (1 cm) size by culturing them in Murashige and Skoog
(MS) basal medium containing different concentrations of benzyladenine, isopentenyl
adenine and naphthalene acetic acid. About 60% of shoot tip explants produced
multiple shoots. There was no intermediary callusing phase. Differential
organogenesis directly occurred from the shoot tip explants. Isolated shoots were
rooted in MS basal medium having NAA. About 90% of shoots showed healthy root
formation, which were hardened on a 1:1 mixture of vermiculite and peat moss and
then shifted to greenhouse. Survival rate was 90% of the plantlets in greenhouse.

Ahmed and Robinson (1999) described the wide spread use of date fruit as
well as its common storage practices in hygienically dangerous and risky containers
and even at the ordinary high temperature in the Arabian countries and stressed that
the toxigenic mould like Aspergillus parasiticus grows on the surface of extract, thus
aflatoxins could be synthesized. They studied that aflatoxin content of experimental
extract was sugar dependent and mycelial growth was directly enhanced by sample
extracts along with aflatoxin regeneration of all cultivars under tests and concluded
special care during commercial processing of dates for syrups and similar products.

Kwaasi et al. (1999) evaluated the sample extracts from fruits of eight
different cultivars of date palm to determine their effect on antigen and allergen
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production. Antisera, thus, produced by skin prick tests (SPT) in individuals were
subjected to SDS-PAGE and gel-filtration chromatographic analysis. Minute
constituents of sera taken from SPT-positive patients were fractioned using ELISA,
RAST and anti-IgE immunoblot experimental trials, which revealed numerous
positive results. Almost 15-18 types of protein bands were observed along with
prominent peptide points. Significant anti-IgE-binding immunoprints were recorded
in pooled positive sera of IgE immunoblots of different extracts. The resultant values
of all the fruit and pollen-allergic patients confirmed the presence of allergens but
their potency remained significantly different in the extracts under study.

Al-Jaboory et al. (2000) placed the excised shoot tips from offshoots of date
cultivars, Medjol and Deglat-Nour on MS medium containing 2.5 mM NAA and 10
mM benzyladenine. The shoot tips were treated with 25 or 50 pulses per second for
one minute of excimer laser radiation at 200 mJ per pulse. The percentage of visible
contamination, frequency of somatic embryo formation and the number of shoots/
explant were determined 30 days after laser treatment. Laser treatment reduced
culture contamination significantly in both the cultivars. Only Medjol explants treated
with 50 pulses of laser radiation produced multiple shoots and somatic embryos.

Culikova (2000) reported that a separate branch of the botany termed as
archaeobotany was constituted after the World War II All the vegetal remains in the
forms of fruits and seeds on the first place as well as pollen grains from prehistoric
times to the post medieval period are the subjects of archaeobotany. The medieval
waste pits are the richest sources of the vegetal remains containing a lot of Diasporas
of cultural as well as wild plants. The remains of useful plants are an authentic
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document of the vegetal component of diet, even some vegetable species, for example
garlic, onion or stalk plants. Among imported fruit and spices from the peak period of
the middle Ages, they succeeded in finding a date tree, nutmeg tree (Myristica
fragrans) and a clove tree (Eugenia caryophyllata) by pollen analysis.

Hoop and Hoop (2000) quoted the contribution and collaborative efforts of a
US company to transfer the technology of micro propagation protocols to provide
Saudi farmers with superior plantlets of elite date palm varieties and reproduced the
work of various Saudi research institutes on commercial micro propagation.

Hornung et al. (2000) stressed that somatic embryogenesis is a laborious and
long procedure that takes 18-24 months to produce a weaned plant ready for field and
suggested methods of date palm multiplication on commercial scale through using
tissue culture, including selection of plant material, media preparation and the
development of callus and embryos under specific incubation conditions, weaning
procedures and hurdles in the way of somatic embryogenesis.

Kwaasi et al. (2000) standardized the allergen components of various date
palm varieties for unveiling actual cause of allergenicity and its intensity. They ran
extracts of 18 commonly marketed varieties on SDS-PAGE to identify protein
profiles for the estimation and confirmation of this problem and used SPT, IgE-based
ELISA and immunoblotting techniques. The resultant values revealed that different
SPT-reactive varieties behaved differently highlighting the cultivar-specific trait
causing allergen production and adverse reaction to their recipient individuals. It was
concluded that cultivar specific allergens might be standardized in date palm.
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Puri et al. (2000) used macrophage migration index (MMI) to observe cellmediated immunity, haemagglutinating antibody (HA) titres and humoral immunity
in terms of number of plaque-forming cells (PFC) in different plant parts like Prunus
amygdalus (Almond), Buchanania lanzan (Chirronji), Euryale ferox (Tel makhana),
Phoenix dactylifera (Chhohara) and Zingiber officinale (Sonth) used in feed by
mothers after delivery of child for catalizing both CMI and humoral immunity
through increasing the number of titres as well as PFC. These results testify the
importance of such plants or their parts to the mothers at post-delivery time.

Saker et al. (2000) detected somaclonal variability at molecular level in 6-12
months old cultures of date palm cultivar, Zaghloul. The frequency of variations was
age dependent when they used isoenzyme analysis and activities of peroxidase (PER),
polyphenol oxidase (POD) and glutamate oxaloacetate transaminase (GOT) [aspartate
aminotransferase] and RAPD fingerprints for the analysis of somaclonal variations in
tissue culture propagated date plants.

Al-Khayri and Al-Bahrany (2001) measured significant influences of silver
nitrate (AgNO3) and 2iP on the weight of callus, number & elongation of embryos
cultured from offshoot tip of date palm (Phoenix dactylifera L.) in MS medium
supplemented with different concentrations of AgNO3 and 2iP. An increasing trend
in the number of embryos was observed by increasing silver nitrate concentration in
the absence of 2iP but opposite pattern was resulted in the presence of 2iP. Similar
results were observed in case of embryo elongation. It was concluded that the growth
of all the parameters under study viz., callus proliferation, formation and elongation
of somatic embryos of date palm was stimulated positively by AgNO3 but modified or
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even inverted trend was found with addition or subtraction of 2iP in the basal
medium. So, AgNO3 might be used for the improvement of biotechnological
regeneration systems like somatic embryogenesis of recalcitrant date palm cultivars.

Al-Sakran (2001) described that the absence of felt need among farmers for
tissue culture technology, incompatibility, uncertainty about its results and impacts
and wide spread of seedless fruits in certain date palm cultivars are the main reasons
for rejection of tissue cultured plants by Saudi farmers.

Copley et al. (2001) narrated the socioeconomic importance of palm family in
modern era to the people in Egypt, as in other parts of the world. Various parts of this
tree are used but the fruit is of prime value. In antiquity, it is expected that the palm
fruit would also have been of great importance to people in the region. Different
forms of saturated acids consisting of C12-C18 types were isolated from the remains of
archaeohistorical pottery by conducting chemical analysis of the ceramic vessels
using various chromatographic and spectrometric separation techniques. Higher
quantities of C12 acids were dominant in contrast to its lower normal ratios. Similar
trend was identified in the recently produced and oldest seeds of date and Dom palms
by the use of which the 1st direct and reliable procedure has been evaluated for the
discovery of the date palm's lost center of origin.

Elbadri et al. (2001) conducted a study for the identification of various
nematode organisms invading different crops parasitically. Seven species belonging
to seven different genera of Tylenchida were identified, which are Paratrophurus
lobatus, Scutellonema clathricaudatum, Hoplolaimus aegypti, Filenchus cylindricus,
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Helicotylenchus plumariae, Pratylenchus thornei and Malenchus andrassyi as new
records for Sudan. These seven species were compared with the previous literature
and differences or variations were discussed between them. Additional morphological
data were described by means of scanning electric microscopic (SEM) analysis.

Ghelawi et al. (2001) testified that food spoilage is mainly caused by
infestation by insects, contamination by bacteria and fungi and deterioration by
enzymes. In the developing world, it has been estimated that 25% of agricultural
products are lost before they reach the market. These losses may decrease by
treatment with ionizing radiation and maximum permitted doses have been
established for treatment of a wide variety of foods. For dates, this dose is 2.0 kGy.

Ishrud et al. (2001) investigated a water-soluble polysaccharide & CrO3
oxidation, NMR spectroscopy and reaction with Bandeiraea simplicifolia lectin and
α-galactosidase. The polysaccharide consists of β-mannopyranosyl-based skeleton &
carries only one galactopyranosyl.

Majourhat et al. (2002) isolated successfully peroxidases consisting of two
enzyme fractions by analyzing the date palm's foliage selected and collected from
both the male and female trees of mature age. The evaluation of such enzymes can be
assessed as important markers for date palm's (Phoenix dactylifera L.) gender
identification.

Bu-Olayan and Thomas (2002) quantified significantly different values of
lead content when analyzed the date palm (Phoenix dactylifera L.) parts, i.e., green
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leaves, tree skin, fruit as well as the soil under those palm trees from 12 localities in
the arid region of Kuwait. Highest concentrations of lead were recorded in the
samples collected from industrial areas followed by those from main roads with
lowest in urban areas. Similarly, its maximum level was detected in the leaves
followed by fruit and bark.

Shenasi et al. (2002) found that the fully ripe fruits of various date palm
(Phoenix dactylifera L.) cultivars were free of any aflatoxin and aflatoxigenic
aspergillus species when the fruit was analyzed immediately after harvest as well as
after their storage in modified environment. Whereas, significantly different results
were recorded regarding the microbes in ascending order from first to the last stages
of maturity with the presence of lactic acid bacteria at only second maturity stage of a
few cultivars under study.

Ishurd et al. (2002) isolated polysaccharides in the extracts taken from Libyan
dates with hot water and 0.05 M NaOH by using the separation and purification
techniques of gel filtration chromatography and ion exchange. The results indicate the
D-glucan to be linear and to contain both (1→3) - and (1→4)-linkages. The anomeric
NMR measurements confirmed for the foremost evidence of beta-glycosidically
linked sugar residues as constituents of the date fruit.

Moore et al. (2002) testified the need of hand washing against Cladosporium
cladosporioides and Sporobolomyces roseus on scientific basis owing to the growth
and development of these organisms in tangible colonial forms in the ripe and
consumable date fruits for the very first time.
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Kwaasi et al. (2002) discovered countable cross-reactivity among various
epitops like polypeptides in the date palm berries and pollen antigens. Such type of
reactions have also been observed among the polypeptides of berries and antigens of
usually consumed food items as well as culinary horticultural crops which have
entangled in some allergenic problems. Similarly, Vayalil (2002) reported for the first
time about the regulation of superoxide, hydroxyl radicals, lipid per oxidation and
protein oxidation as influenced by different concentrations of various antioxidant and
antimutagenic substances in date fruit by using specific methods like photoreduction
of riboflavin and degradation of deoxyribose etc. and found significant potential of
such antioxidant and antimutagenic activities in berries of date palm.

Diaz et al. (2003) developed an accurate and fast methodology of genetic
markers for the identification of different cultivars of the date palm (Phoenix
dactylifera L.) when multiplied through cloning in vitro. They analyzed about 310
fragments through finger printing in three tissue cultured promising date cultivars by
using amplified fragment length polymorphism (AFLP) technology.

Al-Khalifah and Askari (2003) analyzed the germplasm of 13 cultivated
varieties of the date palm in the Kingdom of Saudi Arabia through the detection,
amplification and identification of genetic markers and recorded significant results of
37 reproducibly screened RAPD (randomly amplified polymorphic deoxyribonucleic
acid) primers revealing polymorphism out of the 140 detected ones. All 13 genotypes
were distinguishable by their unique banding patterns. These results attest the
supremacy of RAPD marker technique over all the others for the purpose of
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specification of selected and superior genotypes and ultimately their commercial scale
reproduction through tissue culture technology in the best interest of mankind.

Ishurd et al. (2003) conducted the biochemical analysis of date seed following
methodology of methylation and hydrolysis successfully with significant results of
countable polysaccharides along with characterization of hemicellulose content
associated with important polymers of carbohydrates useful in the hardening and
resistance of date palm against extreme environmental stress conditions.

Daayf et al. (2003) found the amassment of various chemical substances like
phenols and some hydroxycinnamic derivatives in the cultures of a bayoud resistant
date palm variety when developed callus by using explants of two varieties. In these
experiments, production of phenolic compounds was achieved as a result of elicitative
filtrate technology showing the indication of an important function in the process of
resistance creation against bayoud.

Al-Shahib and Marshall (2003) reported that a very wide range of reasonable
quantities of carbohydrates (in the form of total sugars), fiber content, and salts
(including minerals) are found in its fruit with percent values of (44 to 48), (6.4 to
11.5) and (15) respectively along with small amounts of fats (0.2 to 0.5), flesh oil
(0.2 to 0.5), seed oil (7.7 to 0.7), proteins (2.3 to 0.6), and vitamins. The seeds contain
fifteen minerals and fourteen fatty acids (both saturated and unsaturated) whereas the
flesh has eight of these fatty acids but in traces. Among the unsaturated (which are
linoleic, linolenic, oleic and palmitoleic acids), only oleic acid dominates with high
concentrations of 41.1-58.8 percent attesting the seed as a major sink and potential
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source of this acid. The mineral content of date fruit consists of 15 minerals as boron,
calcium, cobalt, copper, fluorine, iron, magnesium, manganese, potassium,
phosphorus, sodium and zinc and each of them ranges from 0.1 to 916 mg/ 100 g
depending on cultivar. Similarly some other minerals viz. aluminum, cadmium,
chloride, lead and sulphur are also found in the seeds. Additionally, elemental
fluorine and selenium that are reported to act against various problems like decay of
teeth and cancer can be isolated from this very important fruit as compared to other
commercial fruits of the world. Among the large list of date's contents, highest
number (twenty-three) of amino acids is found in the form of different proteins thus
proving its superiority over other promising fruits like apples, bananas and oranges
etc. Vitamins A, B1, B2, C and niacin are found in small quantities along with pectic
substances in the date fruit assuring sound health of its consumers. Keeping all
nutritional and antidotal facts and figures in view, date fruit may be deliberated as a
poise and perfect food item of the world. Hence, this fruit is a potential and richest
source of nutrition as staple food especially in desert areas of Africa and Middle East.

Fki et al. (2003) developed an improved protocol for the large-scale micro
propagation of an elite cultivar of the date palm. Highly proliferating cultures were
successfully used for the regeneration of colonial plants. Friable embryogenic calli
were initiated from both leaf and inflorescence explants. Suspension cultures
consisting of pro-embryonic masses were established from calli showing a high
competency for somatic embryogenesis. The subculture of suspensions in liquid
medium enriched with low amounts of plant growth regulators, i.e., 1 mg /L of 2,4dichlorophenoxyacetic acid with 300 mg /L of charcoal increased the productivity of
cultures up to 20 times in the shape of somaclonal embryos when embryogenic
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suspensions were used on solid media instead of standard cultures. The overall
production of somatic embryos reached 10,000 units per liter per month. Partial
desiccation of the mature somatic embryos, corresponding to a decrease in water
content from 90% to 75%, significantly improved germination rates (from 25% to
80%). The cutting back of the cotyledonary leaf was also found to stimulate embryo
germination. Flow cytometric analysis showed that the propagation protocol followed
here did not affect the ploidy level of somatic embryo-derived plantlets.

Hodel and Pittenger (2003a) strongly recommended the use of rooted
offshoots of date palm for commercial abd true-to-type propagation on the basis of
their experiments resulting in mobilized regeneration and establishment of new roots
induced at the points of older roots when the later were cut from the offshoot bases
immediately after their removal from mother trees and prior to plantation. They
further reported the leaf growth as a better aboveground parameter for the indication
and confirmation of successful underground root system. In another experiment,
Hodel and Pittenger (2003b) observed that root enhancement in the offshoots depends
significantly on the offshoot size when they categorized root regeneration capabilities
of different sized offshoots viz. small (<10 cm as diameter), medium (10-35 cm) and
large (>35 cm). Their results showed significant differences among the number of
regenerated roots in different sizes of the offshoots, i.e., the number of regenerated
roots was directly proportional to the size of offshoots under trial. They anticipated
that this rooting trend is dependent on the potential carbohydrate concentration and
other rooting compounds in the offshoot and suggested the need of further studies in
order to find out the actual biochemical and physiological causes of rooting.
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Al-Qarawi et al. (2003) observed significant results while studying the
influence of water and ethanol content (extracted from two parts, i.e., flesh and pit of
the date fruit by different methods), clonidine and yohimbine on the gastrointestinal
test (GIT) in mice. Increasing values of GIT were calculated in response to yohimbine
only as compared with decreasing profile of GIT as affected by the fruit extracts and
Clonidine. It was also noted that the rise or fall in GIT readings was dependent on the
method of ethanol and water extraction from the date berries.

Ishida et al. (2003) succeeded to estimate the application of intensive
irrigational system used during the early times from fourth to thirteenth century A.D.
at different archaeological sites of Kush in Arabian Gulf region through the phytoliths
analysis consisting of different stages of cell growth and development in date palm.

Zehdi et al. (2004) examined the genetic diversity of date palm by targeting
fourteen micro satellite loci and recognized all the local cultivars through successful
fingerprinting, which resulted in significant polymorphism. The micro satellite data
confirmed previous results. These studies can be helpful for the confirmation of trueto-type multiplication by traditional means and/ or tissue cultured clones.

Léonard et al. (2004) identified genes putatively encoding enzymes involved
in N-glycosylation of an agro economically important group of plants including date
palm and examined the structures of N-glycan biosynthesis in a recombinant form.

Ali-Mohamed and Khamis (2004) narrated that the mineral ion composition of
seeds of six different cultivars of Bahraini date palm, i.e., Khalas, Murzban,
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Khunaizi, Khawajah, Khasaib Asfor, and Khaseeb, were analyzed using flame atomic
absorption spectroscopy (AA and ICPS). Murzban contained higher mineral ion
content. The essential bulk metal ions in all cultivars were dominant, where K+ was
the highest and Ca2+ was the lowest. The decreasing order of essential trace metal ion
concentrations is Fe2+ > Mn2+ > Zn2+. While the lead ion content was found to be
higher than cadmium ion as metal ion pollutant.

González-Pérez et al. (2004) evaluated the diversity of local Canary Island
palms (Phoenix canariensis) through electrophoresis and compared their genetics
with another species P. dactylifera as well as intermediary types between them. Their
study indicated 75% variation at higher levels within the former specie as compared
to others under study. The comparison between the alleles of Phoenix canariensis and
the intermediate palms unveiled their relation through the Principal Component
analysis (PCA). Owing to the highly identical nature of both species, it was
concluded that the former has been developed from a close relative of the later one.

Rajendra et al. (2004) reported successful cultivation of multipurpose woody
perennials including date palm through runoff farming system in the Jaisalmeer
district of Rajasthan having low annual precipitation since long.

Al-Khayri and Al-Bahrany (2004) investigated the effect of silver nitrate
(AgNO3), naphthalene acetic acid (NAA) and 2-isopentenyladenine (2iP) on in vitro
cloning of date palm and variation in their genetics during somatic embryogenesis.
Highly significant results were observed in callus growth, proliferation and embryo
development among cultivars and different concentrations of AgNO3 and hormones.
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Besbes et al. (2004) analyzed seed contents (ash, oils, proteins and total
carbohydrates) of two date palm varieties Deglet Noor and Allig. Difference was
recorded in major saturated acids viz., lauric and palmitic acids and unsaturated
fatty acid (i.e., oleic acid) along with capric, linoleic, linolenic, myristic, myristoleic,
palmitoleic, and stearic acids in both cultivars by gas liquid chromatography which
attest possible use of its oil content in cosmetic, food and pharmaceutical industries.

Ishurd and Kennedy (2005) isolated antitumor substances like glucans with
(1→3)-β linkages in date berries through the application of derivatisation procedures
consisting of methylation, periodate oxidation and acetolysis.

Mansouri et al. (2005) determined highly positive correlation between
antioxidant phenols as gallic acid equivalents and antiradical efficiencies of seven
date palm cultivars following DPPH and Folin–Ciocalteu methods and estimated
ferulic, p-coumaric, sinapic acids and few cinnamic acid derivatives as major contents
along with three isomers of 5-o-caffeoylshikimic acid and identification of some
flavonoids consisting of flavanones, flavones and flavonol glycosides.

Al-Farsi et al. (2005a) conducted experiments on the sugars, fibers, minerals,
organic acids as well as sensory characteristics in date palm cultivars, Fard, Khalas
and Khasab. Their results depicted low fats and proteins, high sugars (56.1 to 62.2 g/
100 g of fresh fruit weight), fibers (6.26 to 8.44 g/100 g of which 84-94% was
insoluble fiber) and minerals along with rich energy reserves (278-301 kcal/100 g).
Twelve minerals were found, among which the major were potassium, calcium,
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magnesium and phosphorus. These varieties were also found to be an excellent source
of selenium (ranging from 0.36 to 0.53 mg/100 g). These results confirm the
supremacy of Khalas over others due to significantly higher levels of sugars,
selenium and energy. While exploring further potential of same varieties, Al-Farsi et
al. (2005b) examined the antioxidant activity and total contents of anthocyanins,
carotenoids and phenolics as well as free and bound phenolic acids in the fresh and
sun dried fruits. All of them proved to be rich in antioxidants (11687-20604 μM of
Trolox equiv/g), total anthocyanin contents (0.24-1.52 mg of cyanidin 3-glucoside
equiv/100 g), carotenoids (1.31-3.03 mg/100 g), phenolics (134-280 mg of ferulic
acid equiv/100 g), free phenolic acids (2.61-12.27 mg/100 g) and bound phenolic
acids (6.84-30.25 mg/100 g). A significant amount of antioxidants and carotenoids
was lost after sun drying of dates, whereas the total content of phenolics and free and
bound phenolic acids increased significantly at 5% level of probability. Anthocyanins
were detected only in fresh dates. Date varieties had different levels and patterns of
phenolic acids. Four free and nine bound phenolic acids were tentatively identified.
Of the date varieties studied, Khalas, which is considered to be premium quality, had
higher antioxidant activity, total carotenoids and bound phenolic acids than other
varieties. These results suggest that all date varieties can be utilized as staple food
owing to abundant antioxidant contents.

Almehdi et al. (2005) conducted surveys of three sites of date palm cultivation
to assess allergenecity of their pollens and estimated intensity of allergens in the
allergic patients through Radio Allegro Sorbent test (RAST) and total IgE within the
farms and at 100 and 200 meters away from planting sites. Some other parameters
like texture and protein content of aero biological pollen were under taken by using
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electron micrograph and high performance liquid chromatographiy. These results
indicated low allergic effect of date palm pollens at distance from plantings. It was
concluded that more distance from pollen source, shorter duration of pollination and
lesser molecular mass might be some of the major reasons for low allergenicity in the
area 200 meters away from the date farms.

Shani et al. (2005) observed more biomass production and transpiration as a
result of eliminating saline water from samples when studied the response of different
plants to various stresses like salts and growth regulators including nitrates and boron.

Al-Obeed (2005) removed the aerial (high and unrooted) offshoots from 4
date palm cultivars (Succary, Seleg, Segie and Khalas), wrapped their bases using
polyethylene bags and treated with commercial NAA at 0.0 or 0.8%. After 6 months
of treatment in the first season, Segie and Khalas produced well-developed root
systems, while Succary and Seleg produced poorly developed root systems. In the
second season, Segie and Khalas rooted easily within 4 months, whereas Succary and
Seleg did not produce roots until after a longer period (8 months after treatment). The
cultivars varied in terms of the number of small roots (having a diameter of less than
0.5 cm), number of large roots (more than 0.5 cm as diameter), mean root length,
weight of large and small roots, percentage of large and small roots and total root
weight during both seasons that reached 2.4 g in Seleg and 45.3 g in Succary at 6
months after treatment, compared to 163.5 and 477.6 g, respectively in both cultivars
after 8 months of treatment. On the second year, the mean root length was increased
significantly in Succary than others. The untreated offshoots in second season gave
higher root weight, smaller root length and percentages of small and large root
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weights compared to the NAA-treated offshoots. Wrapping the offshoot bases with
polyethylene bags remained suitable for rooting.

Andreas et al. (2005) studied nutrient levels of two sites cultivated with date
palms using traditional irrigation system in Eastern Arabia for a period of two years
and found similar nutritional status in both sites.

El Hadrami et al. (2005) reviewed the potential use of toxins like fusaric,
succinic and 3-phenyl lactic acids as well as their derivatives, marasmins and peptidic
toxins for selecting date palm individuals with a suitable resistance level to bayoud
disease using toxin-based selective media. Conventional and non-conventional
methods of breeding programs are also under development to search out the resistant
individuals. The use of pathogen toxins as selective agents at the tissue culture step
might be a source of variability that can lead to the selection of individuals with
suitable levels of resistance to the toxin and/or to the pathogen among the genetic
material available. This review does not pretend to be comprehensive or exhaustive.

Pillay et al. (2005) observed variations in boron concentration in soil samples
and corresponding leaves and dates indicating it as a probable factor affecting
biennial bearing in the date palm (Phoenix dactylifera L.) trees. Similarly the
potassium/ boron (K/B) and calcium/ boron (Ca/B) ratios were studied in context with
the boron optimization for normal plant growth and development processes which
revealed positive effect of K/B ratio (as 2500) in the "off" palms only thus
contributing the climatic studies in arid areas.
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Siebert et al. (2005) described the existence of very old and prehistoric
monuments (as tower tombs) at Shir plateau but there is not any indication of plants
like date palms (Phoenix dactylifera L.) during that era of about 5000 years ago. The
only relevance of agriculture is considered due to the coastal trade routes during 1000
AD.

The work of Al-Qarawi et al. (2005) tested dialyzed and undialyzed date fruit
samples by giving their extracts to experimental rats in order to observe their benefits
and harms because of the proverbial thoughts as anti-ulcer gastric agents in the
human beings. The results showed decrease in the ulcer producing substances like
gastrin, histamine and mucin. Ethanol undialyzed doses surpassed all the other
extracts. So it was suggested that these multifactor gastro protective activities of the
date fruit might be the result of some antioxidant production in the ulcer-minimizing
phenomenon.

Divrikli et al. (2006) determined the metal content of date palm (Pheonix
dactylifera L.) samples in dry season from Denizli area in Turkey for investigation
about pollutants, i.e., heavy metals in the traffic rich environment. The levels of iron,
copper, zinc, lead, cadmium, nickel, chromium and manganese ions in the leaves of
thirty five date palm (Pheonix dactylifera L.) samples collected from various levels of
traffic in the streets were determined by graphite furnace or flame atomic absorption
spectrometry. The levels of the heavy metal ions under investigation were the highest
in the samples from high traffic level. Also correlation between different levels of
these metals and traffic volume were investigated. It was confirmed on the basis of
these findings that date palm (Phoenix dactylifera L.) leaves are trustworthy
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biological monitors for atmospheric pollution caused by heavy metal ions. Significant
correlations were obtained between traffic levels and heavy metal ion concentrations.

Awad (2006) observed that a number of characteristics of the date fruit, i.e.,
growth, development, quality and yield of berries and biennial bearing habit are
affected by flower and/ or fruit thinning practices in the date palm (Phoenix
dactylifera L.). He succeeded to induce flower thinning with water spray but
suggested more work to evaluate the time and duration of spray with specific
reference to the variety, method of its pollination and geographical location of the
palm plantation.

Namsi et al. (2006) described that the analytical assay of PCR from the
diseased leaflets of date palm (Phoenix dactylifera L.) by “Maladie des feuilles
cassantes” (MFC) or “Brittle leaf disease” revealed multi-fold production of
chloroplast-encoded RNAs regardless the cultivar type, stage of disease and/ or area
of plant production in contrast to the response of abiotic and biotic factors. So, this
assay can successfully be used for the diagnosis of MFC only.

Jasim and Ramaswamy (2006) reported non-significant differences among the
physiochemical characteristics of the date fruit of three varieties except texture which
differ significantly in one variety (Lulu) as compared with others (Bumaan and
Khalas).

Sané et al. (2006) described that the date palm is a dioecious perennial
species, which can be successfully multiplied through using the tissue culture
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techniques for obtaining true-to-type plantlets on commercial scale in order to renew
the original plantations of an important variety named as 'Amsekhsi'. They succeeded
to produce the complete plants through different stages of embryogenesis like
callogenesis, cellular embryogenic cell suspensions and somatic embryos
development. The histological examinations of the tissue cultured plant material at
each stage revealed that the cell division process initiated near the vascular region
of the foliage. Further, similarities in the anatomical characteristics of both the
seedlings and tissue cultured somatic embryos were observed with some differences
in the protein sinks of individual cells as massive quantities were analyzed in the cells
of zygotic embryos in contrast to no storage in the somatic cells. They suggested the
need of further investigations in order to evaluate the role of protein content as well
as other mercantile agents affecting the regeneration of somaclonal process at the start
of callogenesis.

Dreyer et al. (2006) examined fungi and their spores in the mycorrhizal roots
of various palm species including the date palm (Phoenix dactylifera L.) through the
autofluorescence microscopic procedure and stressed that it is a reliable method for
testing the colonial growth and development.

Sánchez et al. (2006) elucidated different compounds, which originate from
fermentative pathways during the ripening of dates (Phoenix dactylifera L.) and rusty
figs (Ficus rubiginosa), which are consumed by fruit bats in order to determine the
change in emission rate. They analyzed that the ethanol, acetaldehyde and acetic acid
were the only volatile compounds detected as products of fermentation in both fruits.
In dates, emission rates of these compounds increased during maturation. Although
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methanol is not a fermentation product, yet it increased in emission rate during
ripening in both fruits. They found that Egyptian fruit bats (Rousettus aegyptiacus)
were neither attracted nor deterred by the smell of methanol at any of the
concentrations used. Although the odor of ethanol emanating from food containing
concentrations similar to those found in ripe fruit did not attract the bats at relatively
high concentrations yet the smell of ethanol deterred them. Thus, high concentrations
of ethanol may serve as a signal for bats to avoid overripe and unpalatable fruit.

Hong et al. (2006) described that the dates contain a wide array of phenolic
antioxidants at different stages of fruit development and characterized such
compounds in khalal form of the fruit berries of variety, Deglet Noor following the
methodology

of

liquid

chromatography-electrospray

ionization-tandem mass

spectrometry (LC-ESI/MS/ MS) and a total of nineteen isomers of 13 different
flavonoid glycosides were qualified with the mass spectrum of the isomers of both
methylated and sulfated types of luteolin and quercetin.

Asensio et al. (2007) analysed the mycobiota of date palm (Phoenix
dactylifera L.) leaves using several techniques. Profusely sporulating fungi
(Penicillium and Cladosporium spp.) developed when plating leaf fragments and leaf
washings. Fusarium oxysporum was particularly abundant in leaves.

Elshibli and Korpelainen (2007) investigated the country based cultivated
strains of both genders in date palm (Phoenix dactylifera L.) from two geographical
regions, i.e., date germplasm from Sudan and Morocco and found genetically
different results among the cultivars of both countries as well as their male
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populations. But those from the Sudan origin could not be clearly diversified by
microsatellite priming technology. They proposed the addition of further
investigations especially in the Sudan group of date palm cultivars.

Abdelaziz and Omar (2007) reported that leaves of date palms (Phoenix
dactylifera L.) were evaluated as biomonitors of heavy metal contamination in Aqaba
city of Jordan when they determined the metal content consisting of chromium,
copper, iron, lead, nickel and zinc quantitatively through using flame atomic
absorption spectrophotometer. Samples of unwashed leaves for testing were collected
from different locations urban, suburban, industrial, highway and rural sites. Samples
collected from industrial areas were found to have high contents of all metals except
for nickel, copper and lead, which were found at high concentrations in the samples
collected from highway sites and compared with control samples taken from out side
the city. Significant reduction in the heavy metal contents was recorded in washed
and unwashed leave samples of date palm trees. Analysis provided significant
information about the origin of heavy metals in palm trees.

Hafid et al. (2007) investigated the sequence of physiological processes
during ripening of date fruit (Phoenix dactylifera L.) by applying chromatographic
techniques and found the accumulation of carotenes especially lutein and β-carotene
visualizing the changes of disappearing carotenoid content associated with the
external color of date berries at different stages of ripening in three promising
cultivars of Algerian date palm.
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Awad (2007) reported that numerous covering materials like ordinary paper;
polyethylene in black and blue colors; polypropylene (white) and sheep wool can
successfully be used to enhance the ripening process and production of date fruits
(Phoenix dactylifera L.). He covered the fruit bunches (at growth and development
stage) with the bags made of aforesaid materials and observed that the foremost
material (in both colors) surpassed all the others significantly by improving the
ripening and yield of berries in each fruit bunch. He also studied the effect of various
chemical treatments like injections and spray of ethrel on the fruit bunches with nonsignificant results. Whereas, a number of other techniques viz. immersing of the
harvested fruit in materials like abscisic acid and ethrel (for few minutes) and simple
water (for ten hours); and ethanol vapors treatments to both the mature (on the basis
of fruit density as well as total soluble solids) and immature fruits placed in
desiccators at room temperature for ten days, exerted significantly positive influences
on the ripening of the date fruits of the cultivar 'Helali'. In contrast, an inhibitor of
ethylene production called ABG-3168 stopped the ripening process completely. So, it
was concluded that the bunch bagging techniques of all the materials under study
might be useful to save the tangible (60-70%) losses of the date fruit that remains
unripe otherwise as general experience under normal conditions.

Fang and Chao (2007) studied that the processes like methylation, demethylation of loci and hypomethylation of DNA in the offshoots of date palm
(Phoenix dactylifera L.) and their mother plants reveal differences at molecular level
leading to the gene expression throughout the growth and development phases of
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offshoots when several banding patterns of these processes were examined and
assessed by methylation sensitive amplified polymorphism (MSAP) technique.

Chabane et al. (2007) reported callus formation from protoplasts in date palm
(Phoenix dactylifera L.) for the first time. Protoplasts were isolated from new leaves
of offshoots and embryogenic calli in Deglet nour and Takerboucht genotypes. The
protoplast yield depended on genotype, donor plant material, mixture of enzyme
solution and incubation time. With regard to the donor material, very good response
was observed with callus. Cell division was induced in both liquid culture and nurse
culture. The best donor material for cell division was callus and similar response was
also observed with the feeder layer, which induced a division rate of 30% in Deglet
nour and 15% in Takerboucht genotypes. The dividing cells developed to microcalli
on the feeder layer; the microcalli developed to calli on modified MS medium; but the
calli failed to produce into roots or shoots.

Rivas et al. (2007) investigated xylanolytic bacteria from randomly selected
leaf bracts of the date palm trees and identified various types showing differences
between their genotypes and phenotypes. These studies indicated the involvement
of complex types of bacteria in the process of spoilage and decomposition of the dried
bracts of this important plant specie.

Tahraoui et al. (2007) conducted survey about the traditional plants having
potential remedial contents against different diseases and ailments according the
folklores of the southeastern region of Morocco. Four hundred individuals, who had
knowledge and experience of using medicinal plants along with some herbal healers
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for the indicated diseases were interviewed throughout different regions of the
province. Extensive investigations have brought to light 64 medicinal plants
belonging to 33 families; 45 of these plants are used for diabetes, 36 for hypertension,
and 18 for both diseases. Further, 34% of these plants grow in the wild, 44% are
cultivated and 22% are not indigenous to the area and are brought from other parts of
Morocco or from outside the country. The survey showed that 78% of the patients
regularly use these medicinal plants. In this region, the most frequently used plants
against diabetes and hypertension consist of fourteen different types of herbs and
trees including the date palm (Phoenix dactylifera L.). The local people recognize
toxic plants and are very careful in using such plants, which are Citrullus colocynthis,
Datura stramonium, Nerium oleander, Nigella sativa, Peganum harmala and
Zygophyllum gaetulum. Their findings revealed that traditional medicine in the
southeastern Moroccan population has not only survived but has thrived in the
transcultural environment and intermixture of many ethnic traditions and beliefs.

Bendahou et al. (2007) isolated hemicellulose-type polysaccharides from the
leaflets and the rachis of palm tree (Phoenix dactylifera L.) by alkaline extraction and
then separated by precipitation method. The structural investigations were obtained
by sugar analysis and NMR spectroscopy. Three fractions were obtained and purified
from leaflets as well as from rachis. The analysis of leaflets revealed that watersoluble

fractions

were

assumed

to

be

arabinoglucuronoxylans

having

glucopyranosyluronic acid linkages at C2 and arabifuranosyl at C3. The water nonsoluble fraction from leaflets and all fractions extracted from rachis were assumed to
have linkages at C2 by xylan having methyl-α-d-glucopyranosyluronic acid. The
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sugar composition and the H1 and C13 NMR spectra showed that their chemical
structures were very similar, but with different proportions of 4-O-Me-d-GlcA.

Zouine and El Hadrami (2007) studied the impact of 2,4-dichlorophenoxy
acetic and glutamic acids on the somatic embryogenesis in the germplasm of two date
palm (Phoenix dactylifera .L) varieties, Bousthami Noir and Jihel and observed the
increasing trend in the embryo production with increasing levels of glutamic acid till
an optimum critical value of 6.7 × 104 M and above this critical concentration, nonsignificant increase in embryo yield was recorded. In order to find out the causes of
these results, they examined biochemical status of the medium and determined higher
concentrations of proteins and sugars at the aforesaid critical dose of glutamic acid
treatment in both the cultivars under study. In contrast, the embryos yield revealed an
inversely proportional pattern with different levels of another compound, BAP but
resulted in increasing secondary embryogenesis.

Al-Khateeb (2008) investigated the rapid propagation of date palm (Phoenix
dactylifera L.) cultivar Khanezi through tissue culture techniques as influenced by
various doses and kinds of sugars and obtained significantly different results
regarding almost all characteristics but excluding bud formation. Among the sugars,
sucrose surpassed all the others significantly by inducing the largest mass in terms of
dry weight whereas all the response of all the other sugars under study remained at
par with each other. Root induction trend to the buds was also increasing with
increased concentrations of sugars and ultimately the process of multiplication of
more buds was retarded in response to the rooting even in the highest levels of sugar
contents.
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Gómez-Vidal et al. (2008) optimized a protein extraction procedure for date
palm (Phoenix dactylifera L.) leaves, a highly recalcitrant plant tissue for 2-DE.
Phenol/ SDS extraction with methanol/ammonium acetate precipitation, followed by
DOC pre incubation and TCA/acetone precipitation and finally solubilization by
shaking in rehydration solution was found to be the best protein extraction method.
They suggested that DOC with TCA/acetone precipitation step eliminates interfering
compounds, thus allowing efficient resolubilization of date palm leaf proteins. This
method could be appropriate for proteomic studies.

Biglari et al. (2008) analyzed the antioxidant contents comprising of phenols
and flavonoids in the flesh of eight different kinds of promising date cultivars
consisting of 4 soft kinds (SD) i.e., Honey, Bam, Jiroft and Kabkab dates, 3 kinds of
semi-dry dates (SDD) which are Sahroon, Piarom and Zahedi and one dried date
(DD) type called as Kharak by three different methods viz. Trolox equivalent
antioxidant capacity method, Azinobis (3-ethylbenzothiazoline-6-sulphonic acid)
radical cat ion assays and the Ferric reducing/antioxidant power method. The
quantification of total phenols (TP) was done through Folin–Ciocalteau method and
total flavonoids (TF) by aluminum chloride colorimetric procedure. The resultant
values depicted positive linear correlation between their AA (FRAP assay) and TP or
TF contents thus proving these varieties as important nutritional commodities of Iran.

Luedeling and Buerkert (2008) stated that available water reserves are used
for irrigational purposes in oasis systems to grow various crops including huge date
palm plantations in most locations of Oman. These oasis types have been defined and
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categorized into 6 classes, i.e., ‘Plain Oases’ irrigated by underground water and
Foothill Oases’ by channels of underground rock flows. Mountain Oases, Kawr Oases
by natural springs and the largest ‘Drainage Oases’ alongside the regional huge drain
channel and ‘Urban Oases’ constituting the public recreational parks and playgrounds
on the basis of all input parameters of mega national hydrological data analysis.

Sghaier et al. (2008) carried out research experiments on the improvement of
tissue culture techniques for multiplication of date palm (Phoenix dactylifera L.)
cultivar Deglet Noor through embryogenesis of both somatic and zygotic tissues.
Significant differences between the two types of embryos were observed regarding
the dry weight and protein contents. The somatic emberyogenesis was completed in
three phases and the dry weight of embryo remained similar in the first and second
phase of embryo development but showed a little decrease in the last one with no
distinct alteration in the total protein content. While, the protein content of zygotic
embryo remained at its minimum during the early stages of development with the
highest accumulation at final maturity time which was, perhaps, due to the synthesis
and accumulation of a 22 skDa protein called as glutelin which could not be detected
in case of somatic embryos growth and development.
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The present study was planned to induce the roots in the un-rooted offshoots
of date palm (Phoenix dactylifera L.) cultivar Hillawi. The research was conducted at
the Institute of Horticultural Sciences, Postgraduate Agricultural Research Station
(PARS), Protein Molecular Biology Laboratory, Department of Chemistry and
Biochemistry, and Hi-Tech. Plant Physiology Laboratory of Botany Department,
Agriculture University, Faisalabad. This research work has been completed under a
grant for promotion of research, Directorate of Research, University of Agriculture,
Faisalabad, Pakistan.

Materials
Aerial (un-rooted) Offshoots:
The aerial (un-rooted) offshoots of date palm (Phoenix dactylifera L.) cultivar
Hillawi of uniform weight (12-20 Kg) were selected and detached from their mother
plants carefully.

Chemicals:
High quality chemicals from companies like Acros, Fluka, ICN, Merck,
Pharmacia and Sigma-Aldrich were utilized in this study.

51

Chapter 3

Materials and Methods

Instruments:
The instruments used for different processes during the study with their
company are as follows:
S.# Name of instrument

Manufacturing company

1.

Blender

Mamrelax, Fait Common, France

2.

Centrifuge H-200NR

Kokusan, Japan

3.

Spectrophotometer U-2001

Hitachi, Japan

4.

Ultra low Freezer

Sanyo, Germany

5.

Microplate Stirrer

Clifton, China

6.

Electric Balance MP-300

Ohyo, Japan

7.

Water Bath

Memmert, Japan

8.

Magnet Stirrer

GallenKamp, England

9.

Orbitrary shaker

Gallenkamp, England

10. HPLC system

Sykum

11. Rotary Flask Evaporator

Eyela, Rikakikai, Japan

12. Sonicator

UTECH, USA

13. Microscope with fitted camera

Nikon, Japan

14. Verniercalliper

MAUe, Poland

Lay out plan of experiments:
Present studies were splitted into following components:
3.1: Pre-treatment planting of un-rooted offshoots under natural/ local conditions.
3.2: Induction of roots in the un-rooted offshoots of date palm under different
environments.
3.3: Soil and water analysis of experimental plots and recording of temperature and
relative humidity (RH) of the environments under study.
3.4: Physiological study of the offshoots prior to treatment application.
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3.5: Comparative biochemical analysis of the newly induced roots with untreated
samples.
3.6: Anatomical studies of the induced root tips.

3.1: Pre-treatment planting of un-rooted offshoots under natural/
local conditions
The aerial un-rooted offshoots of date palm (Phoenix dactylifera L.) cultivar
Hillawi were planted in the open field conditions at Postgraduate Agriculture
Research Station, University of Agriculture, Faisalabad during 2003-04 for
preliminary testing of their behavior and survival with application of only irrigational
water.

3.2: Induction of roots in un-rooted offshoots of date palm under
different environments
Aerial (un-rooted) offshoots of date palm cultivar Hillawi were carefully
separated from their mother trees at Postgraduate Agricultural Research Station
(PARS) and kept under shade. Then large sized (12-20 Kg) offshoots were selected in
order to have uniformity in experimental plant material. These offshoots were treated
with different growth regulators/ hormones viz. indoleacetic acid (IAA), indolebutyric
acid (IBA), naphthalene acetic acid (NAA), 2,4-dichlorophenoxy acetic acid (2,4-D)
and gibberellic acid (GA3) along with their combinations by two different methods,
i.e., quick-dip and injection methods.

3.2.1 Treatments:
Various hormonal levels and their combinations were considered as treatments
and following concentrations were prepared according to the formulae as described by
Hartman and Kester (1969):
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Table of Concentration
Treatment #

Description

T0

Control

T1

IAA @ 1000 ppm

T2

IAA @ 2000 ppm

T3

IAA @ 3000 ppm

T4

IBA @ 1000 ppm

T5

IBA @ 2000 ppm

T6

IBA @ 3000 ppm

T7

NAA @ 1000 ppm

T8

NAA @ 2000 ppm

T9

NAA @ 3000 ppm

T10

2,4-D @ 1000 ppm

T11

2, 4-D @ 2000 ppm

T12

2,4-D @ 3000 ppm

T13

GA3 @ 1000 ppm

T14

GA3 @ 2000 ppm

T15

GA3 @ 3000 ppm

T16

T3 + T4

T17

T1 + T6

T18

T3 + T6

T19

T4 + T9

T20

T6+ T7

T21

T6 + T9
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It is added that IAA and IBA were firstly dissolved in 2-5 mL of pure methyl
alcohol whereas NAA in alkali (0.1N NaOH) and then diluted in distilled water
according to each concentration because they are directly insoluble in water.

3.2.2 Treatment Methods:
The treatments were applied to the offshoots by using two methods as given
below:

3.2.2.1 Quick Dip Method (M1):
In this method, the bases of selected offshoots were dipped in the treatment
solutions for one minute and then transplanted in the respective experimental plots
under open field conditions.

3.2.2.2 Injection (M2):
Different treatment solutions (20-25 mL) were injected into the offshoot
bases with the help of disposable B. D. syringes and then planted in the experimental
plots.

3.2.3 Environments:
The treated offshoots were planted in the experimental plots in two different
environmental conditions as mentioned below:

3.2.3.1 Open Field conditions:
The treated offshoots were planted in the furrows in between citrus plantations
in the natural local climatic conditions during the spring months, i.e., March-April,
2004. All the other cultural practices like irrigation, hoeing and weeding etc. were
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applied to all experimental plants uniformly along with insect/pest and disease
control.
3.2.3.2 Greenhouse/ Plastic Tunnel conditions:
Offshoots of the date palm treated with the same growth regulators using the
same methodology were repeated in the plastic tunnel conditions during the months of
November-December of the same year.

3.2.4 Layout Plan:
Two experimental trials were conducted first using quick-dip and the second
by injection method. The offshoots of uniform size by weight (12-20 Kg) were
removed from their mother plants carefully with a sharp chisel and planted in the open
environmental conditions as well as in greenhouse/ plastic tunnel at Postgraduate
Agriculture Research Station, University of Agriculture, Faisalabad after treating
them with different concentrations and combinations of growth regulators.
Both layout plans for these experimental trials were adopted according to
randomized complete block design (RCBD) with factorial arrangements by keeping
the treatment methods in main plots and treatments in sub-plots randomly.

3.2.5 Data collected:
The data were recorded after one year of treatments application in
spring 2005 on following parameters:
i)

Number of roots: The average number of roots per offshoot when
uprooted from the soil was counted.

ii)

Number of root hairs: The average number of hairs per root of the
offshoots was recorded.
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iii)

Root Length (cm):

Root length was recorded in centimeters.

iv)

Root Thickness (mm):

Thickness of newly induced roots was
measured with help of vernier calipers.

v)

Survival percentage:

Survival %age of the offshoots was recorded
after one year of treatment application.

3.2.6 Statistical Analysis:
The data of these experiments were analyzed using Minitab 15 statistical
software and the resultant values were differentiated by analysis of variance technique
(Steel et al., 1997). The treatments showing significant differences were subjected to
Duncan’s New Multiple Range test for comparing their means (Duncan, 1955).

3.3: Soil and water Analysis from the experimental area and
recording of temperature and relative humidity (RH) of the
environments under study

3.3.1 Soil analysis:
The soil samples were analyzed at the Soil Fertility Laboratory, Ayub
Agricultural Research Institute, Faisalabad. Data regarding soil texture, soil pH,
saturation percentage, organic matter percentage, available phosphorus (ppm),
available potassium (ppm) and electric conductivity (dS/m) was recorded at depths of
0-15 cm, 16-30 cm and 31-45 cm.

3.3.2 Water analysis:
There were two sources of irrigational water, i.e., canal and tube well. The
water samples were collected from both the sources and got analyzed from the Soil
Fertility Laboratory, Ayub Agricultural Research Institute, Faisalabad and status
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about total soluble solids in ppm, sodium adsorption ratio, residual sodium carbonates
were recorded whereas Meq/L of Calcium& Magnesium, sodium, carbonates,
carbonates and chloride were noted. The tube well water was at 80 feet depth.
3.3.3 Temperature and Relative Humidity (RH) recording:
Both the environmental parameters were observed using environmental
thermometer and thermo-hygrometer and the observations were recorded.

3.4: Physiological studies of the offshoots prior to treatment
application
The pre-treatment hormonal level of the offshoot bases was studied using two
different methods as given below:
3.4.1 Spectrophotometery:
The quantification of indoleacetic acid and gibberellic acid was performed
following the method as described by Thimmaiah (2004).
3.4.2 High Performance Liquid Chromatography (HPLC):
3.4.2.1 Extraction and purification:
Plant hormones were identified and isolated by adopting analytical
methodology as reported by Guinn et al. (1986) with few modifications. Fresh
material from the root zone of offshoots already stored at –80 0C was homogenized in
an aqueous solution of 80% methyl alcohol (Me OH) and BHT supplemented with
imidazol for separation and extraction. The calculated and selected quantities of
growth regulators under study, i.e., 8.76, 7.623, 18.64 and 10.00g of IAA, IBA, NAA
and GA3 were also added for checking the isolated contents before homogenization as
internal standards respectively. The homogenates were centrifuged for ten minutes
and then passed through filtration process with vacuum suction apparatus using
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Whatman paper No. 42. The remaining residual contents of the homogenates from the
surfaces of flask as well as filter paper were cleansed thrice by repeated applications
of aliquot (ten milliliter of the extracting solvent solution) and twice in pure methyl
alcohol. The promiscuous of all these extracted parts was collected and then divided
into two equal samples (Kusaba et al., 1998). One sample was used for IAA, IBA, and
NAA purification and the remaining sample was used for GA3 purification. Then the
rotary flask evaporation (RFE) apparatus with suction pump was employed to
condense this extracted material into residual form at a temperature of 35 0C and
phosphate buffer was added at pH7 to minimize the processing privations. This
concentrated residual material was subjected to hexane and n-hexane at a pH 8 thrice
in order to separate and discard the chlorophyll and lipid contents. After partitioning
in n-hexane, the diethyl ether was used thrice for more accuracy and this was
performed only for the purification process of IAA and IBA. The partitioning process
with the addition of n-hexane was again repeated thrice by adjusting the pH value as 3
with 0.1N hydrochloric acid and then these fractions were again discarded. The
remaining samples were then subjected to centrifugation at 13000g for fifteen minutes
after making their pH as 2.8 with 0.1 H HCl in order to separate and discard even
traces of the residues. Then, the topmost portion was transferred to polypropylene
tubes and subjected to a diethyl ether-BHT solution at low temperature for further
partitioning for three times with immediate replacement of ether fraction each time by
using equal quantity of 1 mM HCl, i.e., the same volume of this HCl was applied to
different ether parts simultaneously, all of which were collectively processed in RFE
apparatus till complete dried level and immediately mixed, rinsed and transferred to
eppendorf tube with 500 μL of 80 % ice-cold MeOH-BHT solution. This material was
stored as such at a temperature of -70 oC for 24 hours and then subjected to the

59

Chapter 3

Materials and Methods

centrifugation process for ten minutes at a speed of 25000g after bringing at a
temperature of -10 oC. Similar modality was followed for the preparation of internal
standards of the growth regulators under study. After filtration, the supernatant was
ready to be injected for HPLC analysis.
3.4.2.2 HPLC Analysis:
The selected floating (supernatant) portions of samples were passed through
filters and analyzed using HPLC apparatus having S-1121 dual piston solvent delivery
system and S -3210 UV/VIS detector manufactured by Sykam GmbH, Kleinostheim,
Germany. Following Guinn et al. (1986) with some modifications, known volume of
the prepared sample extracts was analyzed by injecting it into a Hypersil ODS
reverse-phase (C18) column (4.6 x 250 mm, 5-0m particle size: Thermo Hypersil
GmbH, Germany) and processing in an elution system using the solvent (consisting of
pure methanol and glacial acetic acid in a ratio of 52:48 v/v) and adjusted at the
running rate of 1.10 mL/ min. at a temperature of 40 oC. The hormones were detected
with co-chromatography at 280 nm with reliable standards. The SRI peak simple
chromatography data acquisition and integration software (SRI Instruments, Torrance,
California, USA) was used to measure and calculate the area of resultant and relevant
computerized peaks and were finalized by comparing them with the internal standards
already prepared from selected quantities of the growth regulators under these studies.

3.5: Comparative biochemical analysis of the newly induced roots
with untreated samples
3.5.1 Protein content determination:
The soluble proteins of the samples were determined by Bradford method
(Bradford, 1976). The extraction was carried out in 10 mM potassium phosphate
buffer (pH 7). Each sample, 10 µL, was taken in eppendorf tube in triplicate and
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mixed with 1.0 mL of Bradford reagent (BioRad). These sample solutions were
incubated at 37 oC for 10-15 minutes along with the blank and absorbance was noted
at 595 nm. Protein concentration was determined from standard curve prepared with
different concentrations of bovine serum albumin (BSA).
3.5.2 Protease:
The activity of proteases was determined by casein digestion assay described
by Drapeau et al. (1974). A series of tubes were equilibrated with 2.0 mL of 1%
casein at 37 oC for 5 min. To all the tubes 100 u L of protease extract was added and
mixed well. A reagent blank was also included. Exactly 10 min after adding samples,
reaction was stopped by adding 2.0 mL (10%) TCA solution. Tubes were kept as such
for ten minutes and this solution was filtered to remove the precipitate formed during
the reaction. The Spectrophotometeric measurements were recorded as absorbance of
the filtrate at 280 nm. The amount of enzyme that released acid soluble fragments
equivalent to 0.001 units per minute was considered as a single unit of protease
activity.
3.5.3 Superoxide dismutase (SOD):
The procedure of Giannopolitis and Ries (1977) was adopted to determine the
SOD activity in which the ability of SOD was measured against the restriction of
photoreduction process of nitroblue tetrazolium (NBT).A known volume (three
milliliters) of reaction solution (containing 50 µM, 1.3 µM, 13 mM, 75 mM, 50 mM
and 100 µL of NBT, riboflavin, methionine, ethylene di-amine tetra acetic acid,
phosphate buffer at 7.8 pH and enzyme extract, respectively) as well as plant material
was subjected to irradiation at 78 µmol m-2 s-1 of light bank (15 fluorescent lamps)
for fifteen minutes and its Spectrophotometeric analysis was carried out at 560 nm.
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The quantity of SOD required for restriction of NBT up to 50% through photoreduction process, was considered as a single unit.
3.5.4 Catalase (CAT) and peroxidase (POD):
The activity of catalase and peroxidase was measured following the method of
Chance and Maehly (1955). The CAT reaction solution (3 mL) contained 50 mM
phosphate buffer (pH 7.0), 5.9 mM H2O2, and 0.1 mL enzyme extract. The reaction
was initiated by adding the enzyme extract. Changes in absorbance of the reaction
solution at 240 nm were read every 20 s. One unit of CAT activity was defined as an
absorbance change of 0.01 units per min. The POD reaction solution (3 mL) contained
50 mM phosphate buffer (pH 5.0), 20 mM guaiacol, 40 mM H2O2, and 0.1 mL
enzyme extract. Changes in absorbance of the reaction solution at 470 nm were
determined every 20 s. One unit of POD activity was defined as an absorbance change
of 0.01 units per minute. The activity of each enzyme was estimated on the basis of
protein concentration in the crude extract and measured by the method of Bradford
(1976) as already described in protein determination.
3. 5. 5 Amylases:
The α-amylase activity was determined by the modified method as reported by the
Varavinit et al. (2002). In 0.5 mL of the stored extract and added 1.5 mL 2% soluble
potato starch solution containing 500 ppm of calcium ion (cofactor). Added 1 mL of
100mM tri (hydroxymethyl amino methane/HCl buffer) pH. 7. The mixture was
incubated in a water bottle with constant shaking at 40oC for 15 minutes. One
milliliter of dinitro salicylic acid was used to stop the reaction and this mixture was
boiled for ten minutes till its color was changed to brown. Then distilled water was
added to make its final volume five milliliter and analyzed to measure its absorbance
using spectrophotometer (Hitachi-U 2001) against blank prepares following similar
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procedure with the exception of mixing the enzyme solution after the addition of DNS
solution. Calibration curve by measuring the absorbance of known concentrations (0,
10 to 320 g/mL) of maltose was established. The one unit (U) of amylase was
defined as the amount of enzyme that librates one mol of maltose per minute within
assay condition.

3.6: Anatomical studies of the induced root tips
The part of the project was envisaged to study the histology of the tips of
newly induced root. While getting the data of root parameters after careful digging of
the earth balls in respective root zones of the successful offshoots and exposing the
roots up to 3 feet depth in the soil profile with gentle water spray using knapsack
sprayer.
3.6.1 Collection of plant material:
The 5mm long tips were cut with a sharp knife and immediately kept in
plastic bottles having fixative fluid (FAA) already prepared by using formalin , acetic
acid and alcohol (ethanol). In order to prepare sections for microtome, the techniques
as outlined by Chamberlain (1924) were adopted as detailed below:
3.6.2 Killing and Fixing:
The material was slayed and stabilized in a mixture of chemicals prepared
according to the following formula:
Alcohol (70%)

: 85 mL

Commercial Formalin

: 10 mL

Glacial acetic acid

: 5 mL

The fixative fluid used was approximately twice in weight to the material to
which it was required to kill and fix.
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3.6.3 Washing, Hardening and Dehydration:
The samples were kept stored at –80 0C in the fixative fluid till required for
microtome. After thorough washing with water, loosely tied in a piece of muslin cloth
and suspended in running water for 24 hours to clean them of the fixative fluid.

For hardening and dehydrating, the samples were passed through alcohol
grades viz. 20, 50, 70, 95 and 100% alcohol. The grades were changed twice daily and
later on once in 24 hours. The material was kept in absolute alcohol for 48 hours
changing twice to get rid of water completely. The used absolute alcohol from this
step was utilized for making lower grades but for this step fresh alcohol was
employed, to be sure that no trace of water remains in the material.

3.6.4 Cleaning and Transferring to Paraffin Wax:
Xylol was employed in different grades viz. 6.25, 12.25, 50, 75 and pure xylol
in this step. Quantity of the pure xylol used was 3 to 4 times the weight of the
samples. In each grade, the material was kept at least for 12 hours and for 24 hours in
pure xylol with three or four changes. The excised roots were kept in their original
containers throughout all these processes, from the clearing agent the material was
transferred slowly to pure paraffin wax. A small quantity of wax was put in the tubes
containing the clearing agent and the material along with the containers was placed on
improvised paraffin bath to facilitate the penetration of wax into the tissue. Paraffin
wax was dissolved in the tubes bit by bit and the material was kept on the bath
constantly increasing the concentration of wax, as explained above, for about 24
hours.
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3.6.5 Infiltration of wax and block making:
The mixture of xylol and wax was poured off and replaced by melted paraffin
of 48-50 ºC boiling point after 24 hours on the bath. The material was put in small
tubes and kept over the paraffin bath for 48 hours with three or four changes of pure
paraffin. This time was found to be quite sufficient for the complete penetration of
wax into the tissues of the excised roots and the replacement was done in the inverted
tops of coplin jars and blocks were made.

3.6.6 Cutting and fixing sections to Slides:
The blocks were trimmed into perfectly rectangular shapes of convenient size
and were fixed to the holder. Rotary microtome was used for section cutting and
ribboning. The sections were cut ranging from 15 to 20 microns thickness. Then these
ribbons were fixed to the slides by Mayers fixative fluid which was prepared as
follows: -

White of an egg (active principle)

: 50 mL

Glycerin (to keep it from drying)

: 50 mL

Carbolic acid

:1g

A small drop of the above fixative was put and smeared evenly on the surface
of the slides and wiped off with a clean finger to leave only a scarcely perceptible film
on them. Several drops of distilled water were added on the slides and ribbons were
floated on them. Later on, the ribbons were smothered of wrinkles by gentle warming
on a spirit lamp and touching with a needle at each end. The slides were made to stand
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in a slanting position overnight so that the excess of water is completely removed and
the slides dried out. Three to four slides were prepared for examination later on.
3.6.7 Removal of Paraffin:
To remove the paraffin of the sections, the slides were placed in the coplin jars
of xylol for 5 minutes and the process was repeated to remove wax.
3.6.8 Staining, Dehydrating, Clearing and Mounting in Balsam:
Safranin solution was prepared and used for staining as follows:
Safranin

:

1g

Alcohol (50%)

:

100 mL

The schedule followed was as under:
1. The paraffin was dissolved in xylol for 5 minutes and passed through xylol to
remove sticking wax.
2. Xylol and absolute alcohol in equal parts were used for 5 minutes. Then, 100%
alcohol was employed followed by 95%, and 70% for 5 minutes each.
3. Safranin (alcoholic) for six hours or overnight.
4. Rinsing in 50% alcohol followed by 70, 85, 95 and 100% grades each for 5
minutes.
5. Absolute alcohol and xylol in equal parts for 5 minutes.
6. Xylol for 2-5 minutes.
7. Mount in xylol-balsam.
8. Thus the glass slides of these cross sections were prepared and stored.
3.6.9 Microscopy and photography:
High power resolution light microscope fitted with overhead camera was used
to view and prepare photographs of selected slides for data collection and comparison.
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RESULTS AND DISCUSSION
Present studies comprised a series of experiments initiated to
induce rooting to the discarded/ aerial (un-rooted) offshoots of date
palm (Phoenix dactylifera L.) cultivar, Hillawi for the assessment of
hormonal treatments and recommendations regarding their application
modes in suitable environmental conditions.
A number of experiments were carried out under different
projects at the Institute of Horticultural Sciences and Postgraduate
Agricultural Research Station, University of Agriculture, Faisalabad.
These experiments were laid out according to two factor randomized
complete

block

design

using

three

levels

each

of

five

growth

regulators, viz. indoleacetic acid (IAA), indolebutyric acid (IBA),
naphthalene acetic acid (NAA), 2, 4-dichlorophenoxy acetic acid (2, 4D) and gibberellic acid (GA 3 ) along with their combination as
treatments applied by Quick-dip and Injection methods and planted in
two environments as given below:

First Part of the Project
Effect of Growth Regulators on the Rooting of Un-Rooted Offshoots
of Date Palm Cultivar Hillawi under Open Field Conditions
Two experiments were conducted (one using quick-dip method and the second
by injection method). The offshoots of uniform weight (12-20 Kg) were removed
from their mother plants carefully and planted in the open environmental conditions at
Postgraduate Agriculture Research Station, University of Agriculture, Faisalabad
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during 2003-04 and 2004-05 after treating them with different concentrations and
combinations of growth regulators. Plant samples were also collected from the base of
each offshoot immediately after removal and before treatment application for
physiological studies.

Plate 1: Digging operation in progress for exposure of root zone.
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Plate 2: Exposing the root zone with water spray to avoid damage to root hairs

Plate 3: Exposed roots with prominent root hairs
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Plate 4: Supervisor examining newly induced roots

Highly significant results were recorded among mean values of different
parameters, i.e., number of roots/ offshoot, number of root hairs/ root, length and
thickness of roots and survival percentage of the offshoots when the data subjected to
statistical analysis. The interaction between treatments and methods of their
application was also significant as given below:

Number of Roots per Offshoot
Data regarding the parameter under study indicated highly significant
differences among treatments and interaction between treatment and method of
application was also highly significant. The difference between application methods
was non-significant (Table 1). The mean values of different treatments which induced
roots in combination with method are arranged in original and ranked orders in the
Table-2 which reveals that the highest number of roots was resulted by the interaction
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of T6 (IBA @3000 ppm) with injection method (M2) as 103.00 followed by the same
treatment with quick-dip method (M1) as 83.67. The resultant values are ranked
below:
Table 1: Analysis of variance for No. of roots/ offshoot in open field conditions

S.O.V.
Replication

d.f.
2

S. S.
461.700

M. S.
230.850

F. R.
1.5507

Method (M)

1

74.817

74.817

0.5026 NS

Treatment (T)

9

37521.350

4169.039

28.0050**

Interaction (MxT) 9

9682.017

1075.780

7.2264 **

Error

38

5656.967

148.868

Total

59

53396.850

Prob.
0.2252

D.M.R. @ 5%, ** = highly significant and NS = Non-significant
Table 2: Comparison of means for No. of roots/ offshoot in open field conditions

M1 T0
M1 T1
M1 T2
M1 T3
M1 T4
M1 T5
M1 T6
M1 T8
M1 T16
M1 T17
M1 T18
M2 T0
M2 T1
M2 T2
M2 T3
M2 T4
M2 T5
M2 T6
M2 T8
M2 T16
M2 T17
M2 T18

Original order
0.00 h
53.00 bc
53.67 bc
44.00 bcd
10.33 fgh
29.00 def
83.67 a
0.00 h
4.00 gh
24.33 defg
33.67 cde
0.00 h
0.00 h
62.00 b
10.67 fgh
15.00 efgh
41.00 bcd
103.00 a
39.00 cd
0.00 h
4.00 gh
38.67 cd

Ranked order
M2 T6
103.00 a
M1 T6
83.67 a
M2 T2
62.00 b
M1 T2
53.67 bc
M1 T1
53.00 bc
M1 T3
44.00 bcd
M2 T5
41.00 bcd
M2 T8
39.00 cd
M2 T18
38.67 cd
M1 T18
33.67 cde
M1 T5
29.00 def
M1 T17
24.33 defg
M2 T4
15.00 efgh
M2 T3
10.67 fgh
M1 T4
10.33 fgh
M1 T16
4.00 gh
M2 T17
4.00 gh
M1 T0
0.00 h
M1 T8
0.00 h
M2 T0
0.00 h
M2 T1
0.00 h
M2 T16
0.00 h
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Both were at par with each other followed by M2T2, M1T2, M1T1, M1T3 and
M2T5 that also remained statistically similar with each other showing mean values of
62.00, 53.67, 53.00, 44.00 and 41.00 respectively and the lowest number of 4.00 roots
by M2 T17, whereas, T1, T8 and T16 induced roots only in one method, i.e., M2, M1 and
M2, respectively. But no rooting was seen in the other method against these three
treatments. Among the hormones under study, all concentrations of IAA and IBA
(individually or in combinations) remained successful except IAA @ 1000 ppm that
stimulated rooting in quick-dip method only.

Similarly NAA showed positive response @ 2000 ppm when applied by the
injection method only. Whereas, gibberellic acid (GA3) and 2, 4-Dichlorophenoxy
acetic acid (2,4- D) did not motivate root induction. As for as the treatment
combinations are concerned, highest dose of IBA was proved successful when
combined with the lowest or highest levels of IAA in both methods but the lowest
dose of IBA in combination with highest of NAA gave rooting only in quick-dip
method. All the other treatments and combinations under trial failed to do so
regardless of the method of their application. Briefly the highest significant root
number was recorded in response to IBA @ 3000 ppm in M2 followed by the same
treatment in M1 and both were at par with each other (Figure 1-a).

The resultant means when arranged in ranked order (Table 2) revealed that the
number of roots was increased significantly with higher levels of IBA but all the three
ones remained at par in both methods. All levels of IAA in quick-dip method
remained at par with each other as well as with its medium level applied by injection
method but its lowest level was unable to stimulate rooting when applied through
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injection method. It seems that the effect of IBA is independent of method of
treatment. In contrast, IAA and NAA are method dependent. These results are in
support to those of Gupta and Godara (1984), El-Hodairi et al. (1992) and oppose to
the results reported by Al-Ghamdi (1988) and Nasir (1996).

Number of Root Hairs per Root
Highly significant results were observed in response to treatment effect and
methods also indicate significance of one on the other but without any interaction
(Table 3).
Table 3:

Analysis of variance for number of root hairs per root in open field conditions

S.O.V.

d.f.

S. S.

M. S.

F. R.

Prob.

Replication

2

1443.433

721.717

2.0711

0.1400

Method (M)

1

1706.667

1706.667

4.8976*

0.0330

Treatment (T)

9

75236.000

8359.556

23.9892**

0.0000

Interaction (MxT)

9

7275.333

808.370

2.3198 NS

0.0342

Error

38

13241.900

348.471

Total

59

98903.333

D.M.R. @ 5% level, * = Significant, ** = Highly significant and NS = Nonsignificant
In this case, the higher concentration of IBA produced highly significant
results regardless the method of their application showing same trend as in case of
number of roots, i.e., the number of root hairs increased with increase in the
concentration of IBA or vice versa. Similarly IAA showed the same pattern with
exception of its lowest level in M2 where there was neither any root nor root hairs.
While the mean values of NAA @ 2000 ppm in M2 remained at par with all the levels
of IAA but remained significantly different from M1T16, M1T8, M2T1 and M2T16. The
results might be relative to the root area instead of the effect of treatments. The mean
values are ranked below (Table 4).
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Table 4: Comparison of means for No. of root hairs/root in open field conditions

Original order
M 1 T0
0.00 g
M 1 T1
29.67 efg
M 1 T2
25.67 efg
M 1 T3
51.67 de
M 1 T4
19.67 efg
M 1 T5
88.67 bc
M 1 T6
127.7 a
M 1 T8
0.00 g
M1 T16
12.67 fg
M1 T17
20.33 efg
M1 T18
24.00 efg
M 2 T0
0.00 g
M 2 T1
0.00 g
M 2 T2
42.33 def
M 2 T3
71.67 cd
M 2 T4
29.33 efg
M 2 T5
109.30 ab
M 2 T6
113.00 ab
M 2 T8
44.67 def
M2 T16
0.00 g
M2 T17
56.00 de
M2 T18
40.33 def

Ranked order
M1 T6
127.7 a
M2 T6
113.00 ab
M2 T5
109.30 ab
M1 T5
88.67 bc
M2 T3
71.67 cd
M2 T17
56.00 de
M 1 T3
51.67 de
M 2 T8
44.67 def
M 2 T2
42.33 def
M2 T18
40.33 def
M 1 T1
29.67 efg
M 2 T4
29.33 efg
M 1 T2
25.67 efg
M1 T18
24.00 efg
M1 T17
20.33 efg
M 1 T4
19.67 efg
M1 T16
12.67 fg
M 1 T0
0.00 g
M 1 T8
0.00 g
M 2 T0
0.00 g
M 2 T1
0.00 g
M2 T16
0.00 g

While comparing the out put, T6 (IBA @ 3000 ppm) surpassed all the
treatments in both methods and its impact was at par statistically followed by T5 in the
same pattern with the lowest value in M1T16 (IAA@ 3000 + IBA@1000 ppm) with no
root induction in M2 (Figure 1-b). These results attested the findings of Gupta and
Godara (1984), Nasir (1996) and oppose to the results reported by Al-Ghamdi (1988)
and El-Hodairi et al. (1992).
Length of Root
Regarding this parameter, the results were again found highly significant
among the mean values of different treatments when the data was subjected to
statistical analysis as shown (Table-5).
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Table 5:

Analysis of variance for root length (cm) in open field conditions

S.O.V.

d.f.

S. S.

M. S.

F. R.

Prob.

Replication

2

3506.054

1753.027

2.2101

0.1236

Method (M)

1

7275.408

7275.408

9.1722**

0.0044

Treatment (T)

9

98758.753

10973.195

13.8341**

0.0000

Interaction (MxT)

9

28683.407

3187.045

4.0180**

0.0011

Error

38

30141.599

793.200

Total

59

168365.222

D.M.R. @ 5% level, and ** = Highly significant

In this case, the means are ranked in Table 6, which reveals that the root
length was increased by increasing the level of IBA but this time the methods of
treatment application, behaved differently.

Table 6: Comparison of mean for root length (cm) in open field conditions

Original order
M 1 T0
0.00 h
M 1 T1
88.67 bcde
M 1 T2
56.67 cdefg
M 1 T3
86.67 bcde
M 1 T4
30.43 fgh
M 1 T5
104.3 bc
M 1 T6
123.3 ab
M 1 T8
0.00 h
M1 T16
8.33 gh
M1 T17
43.33 efgh
M1 T18
53.33 cdefg
M 2 T0
0.00 h
M 2 T1
0.00 h
M 2 T2
126.7 ab
M 2 T3
104.0 bc
M 2 T4
49.33 defg
M 2 T5
135.0 ab
M 2 T6
165.3 a
M 2 T8
65.67 cdef
M2 T16
0.00 h
M2 T17
100.00 bcd
M2 T18
69.33 cdef

Ranked order
M2 T6
165.3 a
M2 T5
135.0 ab
M2 T2
126.7 ab
M1 T6
123.3 ab
M2 T3
104.3 bc
M2 T3
104.0 bc
M2 T17
100.00 bcd
M1 T1
88.67 bcde
M1 T3
86.67 bcde
M2 T18
69.33 cdef
M2 T8
65.67 cdef
M1 T2
56.67 cdefg
M1 T18
53.33 cdefg
M2 T4
49.33 defg
M1 T17
43.33 efgh
M1 T4
30.43 fgh
M1 T16
8.33 gh
M1 T0
0.00 h
M1 T8
0.00 h
M2 T0
0.00 h
M2 T1
0.00 h
M2 T16
0.00 h
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While comparing the effect of treatments, the mean values of T6, T5 and T2
dominated the others regardless the method of application with lowest in T16. These
results are in accordance with those reported by Nasir (1996), Gupta and Godara
(1984), and contradicted with the results reported by Al-Ghamdi (1988) and ElHodairi et al. (1992). The un-predicted behavior of treatment effects as depicted by
Table-6 and Figure 1–c might be due to some internal biochemical factors other than
the nutritional status of the offshoots under trial because they were of uniform size.

Thickness of Root
Highly significant results were observed among the mean values regarding
thickness of newly induced roots of date palm only in method of application whereas
the treatment effect and interaction (MxT) were non-significant as calculated and
depicted by Table 7 below:

Table 7:

Analysis of variance for root thickness (mm) in open field conditions

S.O.V.
Replication

d.f.
2

S. S.
0.950

M. S.
0.475

F. R.
0.5313

Prob.

Method (M)

1

51.615

51.615

57.7137**

0.0000

Treatment (T)

9

352.060

39.118

43.7395

0.0000

Interaction (MxT)

9

184.658

20.518

22.9417

0.0000

Error

38

33.985

0.894

Total

59

623.269

D.M.R. @ 5% level, ** = Highly significant
Different treatments behaved in different patterns as compared to the earlier
parameters but the treatments T1, T2, T3, T5, T6 and T17 with M1 revealed similar
differences with each other as well as with M2T2 with sequence of ranking as T1, T3,
T2 and T6 in M1 followed by T2 in M2 and T17 and T5.
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Table 8: Comparison of means for root thickness (mm) in open field conditions

Original order
M1 T0
0.00 i
M1 T1
9.40 a
M1 T2
9.03 a
M1 T3
9.20 a
M1 T4
6.60 cdef
M1 T5
7.80 abcd
M1 T6
8.63 ab
M1 T8
0.00 i
M1 T16
0.43 i
M1 T17
8.17 abc
M1 T18
6.93 bcde
M2 T0
0.00 i
M2 T1
0.00 i
M2 T2
8.50 ab
M2 T3
4.63 gh
M2 T4
6.30 defg
M2 T5
5.80 efgh
M2 T6
4.57 h
M2 T8
4.92 fgh
M2 T16
0.00 i
M2 T17
6.50 cdef
M2 T18
6.43 cdef

Ranked order
M1 T1
9.40 a
M1 T3
9.20 a
M1 T2
9.03 a
M1 T6
8.63 ab
M2 T2
8.50 ab
M1 T17
8.17 abc
M1 T5
7.80 abcd
M1 T18
6.93 bcde
M1 T4
6.60 cdef
M2 T17
6.50 cdef
M2 T18
6.43 cdef
M2 T4
6.30 defg
M2 T5
5.80 efgh
M2 T8
4.92 fgh
M2 T3
4.63 gh
M2 T6
4.57 h
M1T16
0.43 i
M1 T0
0.00 i
M1 T8
0.00 i
M2 T0
0.00 i
M2 T1
0.00 i
M2T16
0.00 i

The controversial results as shown in the Table 8 & Figure 1-d might be
influenced by some unknown internal factors as discussed in the earlier parameters
and are not in line with those of. Gupta and Godara (1984), Al-Ghamdi (1988), ElHodairi et al. (1992) and Nasir (1996).

It is concluded that different concentrations and combinations of various
hormones have exerted positive influence regarding induction and multiplication of
roots to the unrooted offshoots of date palm cultivar Hillawi but the overall results are
in blended form that do not give a clear increasing or decreasing pattern of root
induction along with the different concentrations of hormones.
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Fig. 1: Comparison of means for various parameters (a-d) and treatment
Methods (M1= Quick-dip & M2=Injection) in open field conditions
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Second Part of the Project
Effect of Growth Regulators on the Rooting of Un-Rooted Offshoots
of Date Palm Cultivar Hillawi under Greenhouse/ Plastic Tunnel
Conditions
The same experiments of the first project were conducted in greenhouse/
plastic tunnel environment. Different treatments in contrast with their response under
open field conditions, showed variable behavior to the method of their application,
i.e., no interaction was found between treatments and methods in this project.
Absolutely different treatments stimulated root induction in both methods, i.e., those
treatments, which induced the roots in one method, did not have any effect in the
other and vice versa. Only five treatments remained successful in stimulating rooting
in response to the first (quick-dip) method while three treatments (other than the
previous five) showed positive response to the second (injection) method. Therefore,
simple randomized complete block design was separately applied for the analysis of
data in both methods. The results, thus obtained are discussed bellow:

I- Results of Quick-Dip Method in Plastic Tunnel
Only five treatments responded positively in quick-dip method, which include
T4, T9, T14, T17 and T21. Their influence on different selected parameters is as under:
Number of Roots per Offshoot
Non-significant differences were observed when the data was statistically
analyzed (Table 9). The highest number of roots was recorded in T21 followed by T4,
T9, T14 and T17 with mean values of 11.67, 4.33, 4.00, 4.00 and 3.33, respectively as
shown in Table 10 and Figure 2-a. All these were at par statistically. It is depicted
from these results that IBA induced roots either at 1000 ppm or its combinations that
are IBA @ 3000 ppm in combination with IAA @1000 ppm and IBA @ 3000 ppm +
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NAA @3000 ppm. Similarly NAA @ 3000 ppm was also able to induce roots
whereas only one level (2000 ppm) of GA3 remained successful too. These results do
not support to the previous research work by Gupta and Godara (1984), Nasir (1996),
Al-Ghamdi (1988) and El-Hodairi et al. (1992).
Table 9: Analysis of variance for No. of roots/offshoot using quick-dip method in
greenhouse/ plastic tunnel conditions.
S.O.V.
d.f.
S. S.
M. S.
F. R.
Prob. @ 5%
Replication
2
9.733
4.867
0.4620
Treatment (T)
4
145.733
36.433
3.4589 NS
0.0637
Error
8
84.267
10.533
Total
14
239.733
D.M.R. @ 5% level and NS = Non-significant
Table 10: Comparison of means for No. of roots/offshoot using quick-dip
Method in greenhouse/Plastic tunnel conditions
Original order
Ranked order
M 1 T0
0.00
M1 T21
11.67
M 1 T4
4.33
M 1 T4
4.33
M 1 T9
4.00
M 1 T9
4.00
M1 T14
4.00
M1 T14
4.00
M1 T17
3.33
M1 T17
3.33
M1 T21
11.67
M 1 T0
0.00

Number of Root Hairs per Root
Almost similar trend was noted in this case with the exception of little
difference between T4 and T14 and all the treatments under study were again at par
(Table 11). The average number of root hairs ranged from 6.67 to 14.93 in T17 and
T21, respectively as revealed by Table 12 and Figure 2-b.

Table 11: Analysis of variance for number of root hairs per root using quick-dip
method in greenhouse/ plastic tunnel conditions
S.O.V.
d.f.
S. S.
M. S.
F. R.
Prob.
Replication
2
21.910
10.955
0.3221
Treatment (T)
4
136.807
34.202
1.0057 NS
0.4584
Error
8
272.075
34.009
Total
14
430.792
D.M.R @ 5% level, NS = Non-significant
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Table 12: Comparison of means for No. of root hairs/root using
Quick-dip method in greenhouse/ plastic tunnel conditions
Original order
M1 T0
0.00
M1 T4
8.92
M1 T9
7.00
M1 T14
8.00
M1 T17
6.67
M1 T21
14.93

Ranked order
M1 T21
14.93
M1 T4
8.92
M1T14
8.00
M 1 T9
7.00
M1T17
6.67
M 1 T0
0.00

These results do not support to the previous research work by Gupta and
Godara (1984), Nasir (1996), Al-Ghamdi (1988) and El-Hodairi et al. (1992).

Length of Root
Highly significant results (Table 13) were observed with the longest roots of
28.52 cm stimulated by T21 and the shortest length of 8.5 cm induced by T14.

Table 13: Analysis of variance for root length (cm) using Quick-dip Method in
greenhouse/ plastic tunnel conditions
S.O.V.
d.f.
S. S.
M. S.
F. R.
Prob.
Replication
2
62.238
31.119
2.4590
0.1471
Treatment (T)
4
681.387
170.347
13.4608 **
0.0013
Error
8
101.240
12.655
Total
14
844.866
D.M.R @ 5% level and ** = Highly significant
All others were statistically at par with each other as shown in Table 14 and
Figure 2-c. The results do not support to the previous research work by Gupta and
Godara (1984), Nasir (1996), Al-Ghamdi (1988) and El-Hodairi et al. (1992).
Table 14: Comparison of means for root length (cm) using quick-dip
Method in greenhouse/ plastic tunnel conditions
Original order
Ranked order
M1 T0
0.00 d
M1 T21
28.52 a
M1 T4
20.36 b
M1 T4
20.36 b
M1 T9
14.33 bc
M1 T17
14.83 bc
M1 T14
8.50 c
M1 T9
14.33 bc
M1 T17
14.83 bc
M1 T14
8.50 c
M1 T21
28.52 a
M1 T0
0.00 d
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Thickness of Roots

Mean values remained non-significant (Table 15) and the range of root
thickness was noted from 1.50mm to 3.76mm (Table 16 and Figure 2-d). These
results revealed that as the root length increases, it possesses the higher number of
hairs and ultimately more healthy (thick) roots were found in response to the plant
nutrients taken up for plant growth and development and ultimately more
photosynthetic food diverted to roots increasing their thickness and are in support to
the previous research work by Gupta and Godara (1984), Nasir (1996), Al-Ghamdi
(1988) and El-Hodairi et al. (1992).

Table 15: Analysis of variance for root thickness (mm) using Quick-dip Method
in greenhouse/ Plastic tunnel conditions
S.O.V.
d.f.
S. S.
M. S.
F. R.
Prob.
Replication
2
2.123
1.061
1.3416
0.3145
Treatment (T)
4
10.601
2.650
3.3499 NS
0.0685
Error
8
6.329
0.791
Total
14
19.053
NS = Non-significant

Table 16: Comparison of means for root thickness (mm) using Quick-dip
Method in greenhouse/ plastic tunnel conditions
Original order
M1 T0
0.00
M1 T4
2.33
M1 T9
1.50
M1 T14
2.33
M1 T17
3.53
M1 T21
3.76

Ranked order
M1 T21
M1 T17
M1 T4
M1 T14
M1 T9
M 1 T0

3.76
3.53
2.33
2.33
1.50
0.00
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Fig. 2: Comparison of means for various parameters (a-d) using Quick-dip
Method in greenhouse/ plastic tunnel conditions
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II- Results of Injection Method in Plastic Tunnel
Only three treatments named T5 (IBA @ 2000 ppm), T16 (IAA @ 3000 ppm
along with IBA @ 1000 ppm) and T20 (IBA @ 3000 ppm in combination with NAA
@ 1000 ppm) proved to be successful in root induction and their impact on different
parameters is discussed below. All other treatments and their combinations failed to
stir up the root zone in offshoots to initiate roots.
Number of Roots per Offshoot
The statistical analysis shows T20 (IBA @ 3000 ppm along with NAA @ 1000
ppm) surpassed the other treatments significantly followed by T16 and T5 with the
mean values as 110.00, 10.33 and 5.67 respectively. But both the T16 and T5 were
similar as presented in Tables 17 and 18.
Table 17: Analysis of variance for No. of roots/ offshoot by Injection Method in tunnel

S.O.V.
Replication
Treatment (T)
Error
Total

d.f.
S. S.
M. S.
F. R.
2
1016.667
508.333
1.0620
2
20840.667
10420.333
21.7695 *
4
1914.667
478.667
8
23772.000
D.M.R @ 5% level, * = Significant

Prob.
0.4266
0.0071

Table 18: Comparison of means for No. of roots/ offshoot by Injection in tunnel

Original order
M2 T0
0.00 c
M 2 T5
5.67 b
M2 T16
10.33 b
M2 T20
110.00 a

Ranked order
M2 T20
110.00 a
M2 T16
10.33 b
M2 T5
5.67 b
M2 T0
0.00 c

Medium level of IBA gave very high number of roots in the offshoots and its
other levels responded only in combinations with highest levels of IAA and lowest
level of NAA. This does not correspond to the previous work even to the trend in first
part of the project as the medium dose of IBA resulted in highest rank. So, it might be
due to the influence of some factors like antioxidants or biochemical factors that have
impact on the initiation of roots in the offshoots.
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Number of Root Hairs per Root
The results (Table 19) revealed significant differences among the mean values
of treatment effects and their ranking in Table 20 shows that T16 leads other
treatments significantly with mean value of 20.53 hairs per root as compared with
9.03 and 8.37 in response to T5 and T20, respectively (Figure 3-b) and both were at par
with each other. It reflected that the combination of 3000 ppm of IAA and 1000 ppm
of IBA significantly induced more root hairs per root. These results again showed
agreement and the role of some other bio factors in addition to internal nutritive status
and growth regulators etc. in the offshoot bases.
Table 19: Analysis of variance for No. of root hairs/ root using Injection
Method in greenhouse/plastic tunnel conditions
S.O.V.
d.f.
S. S.
M. S.
F. R.
Prob.
Replication
2
14.762
7.381
0.6701
Treatment (T)
2
280.722
140.361 12.7434 * 0.0184
Error
4
44.058
11.014
Total
8
339.542
D.M.R @ 5% level, * = Significant
Table 20: Comparison of means for No. of root hairs/ root using
Injection Method in greenhouse/ plastic tunnel conditions
Original order
M2 T0
0.00 c
M2 T5
9.03 b
M2 T16
20.53 a
M2 T20
8.37 b

Ranked order
M2 T16
20.53 a
M2 T5
9.03 b
M2 T20
8.37 b
M 2 T0
0.00 c

Length of Roots
As for as root length (Table 21, 22 and Figure 3-c) is concerned, the means of
T20, T16 and T5 remained in almost same pattern as in case of number of roots with
mean values of 43.20, 37.13 and 21.70, respectively and the first two were statistically
similar with each other but differ when compared with the last one.
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Table 21: Analysis of variance for root length (cm) using Injection
Method in greenhouse/ plastic tunnel conditions
S.O.V.
d.f.
S. S.
M. S.
F. R.
Prob.
Replication
2
60.404
30.202
0.7405
Treatment (T)
2
737.180
368.590
9.0374 *
0.0328
Error
4
163.139
40.785
Total
8
960.723
D.M.R @ 5% level, * = Significant
Table 22: Comparison of means for root length (cm) using Injection
Method in greenhouse/ plastic tunnel conditions
Original order
Ranked order
M 2 T0
0.00 c
M2 T20
43.20 a
M 2 T5
21.70 b
M2 T16
37.13 a
M2 T16
37.13 a
M2 T5
21.70 b
M2 T20
43.20 a
M2 T0
0.00 c

Thickness of Roots
As regards the thickness of roots, significant differences were calculated
among the treatment responses (Table 23).
Table 23: Analysis of variance for root thickness (mm) using Injection
Method in greenhouse/ plastic tunnel conditions
S.O.V.
d.f. S. S.
M. S.
F. R.
Prob.
Replication
2
1.163
0.582
0.6055
Treatment (T)
2
22.240
11.120
11.5745 *
0.0217
Error
4
3.843
0.961
Total
8
27.246
D.M.R @ 5% level, * = Significant
Again the ranking order shows similar pattern as in the previous parameter.
The treatment, T20 surpassed others significantly which were at par with each other
(Table 24& Figure 3-d). But in this case last two treatments are at par with each other.

Table 24: Comparison of mean values for root thickness (mm) using
Injection Method in greenhouse/ plastic tunnel conditions
Original order
Ranked order
M2 T0
0.00 c
M2 T20
7.07 a
M2 T5
3.39 b
M2 T16
4.23 b
M2 T16
4.23 b
M2 T5
3.39 b
M2 T20
7.07 a
M2 T0
0.00 c
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Fig. 3: Comparison of means for various parameters (a-d) using Injection
Method in greenhouse/ plastic tunnel conditions
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Survival Percentage
The survival percentage was recorded by counting the number of living
offshoots at the end of these experiments. The survival percentage of successfully
rooted offshoots in both parts of the project is tabulated in the following table (Table
25) for comparison which highlights that 100% success was experienced in the
offshoots treated with T3 and T17 when both were applied by injection method and
planted in open field conditions. Both the treatments are comparable with their impact
in the first (quick-dip) method as 11.11% and 64.44%, respectively. Both the
treatments showed statistically similar behavior in all the parameters except root
thickness, which was significantly high in T17, and this is probably due to the
combination of two different growth regulators (IAA and IBA) that interacted with
method of application.
In contrast to first part of the project, different treatments induced roots in
different methods of their application and planting in greenhouse/ plastic tunnel
conditions, i.e., those treatments, which stimulated root growth in one method, did not
affect even slightly in the other method or vice versa. Only one treatment (T4) gave
100% survival of the rooted offshoots through these experiments when applied by
quick-dip method followed by 64.44% in T5 when applied by the other (injection)
method and in T21 by the former method.
Keeping in view all the findings (Table 25), it is clear that IAA had maximum
survival percentage at its medium level whereas IBA showed lowest at medium level
and highest at its higher concentration, which is at par with its combination (T17)
when applied by quick-dip method and planted in open field conditions. This
treatment (T17) gave 100% survival when applied by the other (injection) method.
Having a glance at IBA concentrations, the treatment (T6) gave 64.44% in quick-dip
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Table 25: Survival percentage of rooted offshoots
Treatments
Open field
Greenhouse/ plastic
conditions
tunnel conditions
M1
M2
M1
M2
T0 (Control)
T1 (IAA @ 1000 ppm)
11.11
T2 (IAA @ 2000 ppm)
22.22
22.22
T3 (IAA @ 3000 ppm)
11.11
100.00
T4 (IBA @ 1000 ppm)
22.22
33.33
100.00
T5 (IBA @ 2000 ppm)
11.11
66.67
66.67
T6 (IBA @ 3000 ppm)
66.67
22.22
T8 (NAA @ 2000 ppm)
66.67
T9 (NAA @ 3000 ppm)
55.56
T14 (GA3 @ 2000 ppm)
33.33
T16 (T3 + T4)
22.22
33.33
T17 (T1 + T6)
66.67
100.00
50.00
T18 (T3 + T6)
22.22
66.67
T20 (T6+T7 NAA 1000)
33.33
T21 (T6 + T9)
66.67
Where (-) represents no rooting or no further growth of newly induced roots
method and T5 showed the same result when applied by injection method. These
results are comparable with those of previous workers, Gupta and Godara (1984) who
reported 20% or less survival with IBA treatment @ 3000 ppm; Farries (1924)
reported 25% survival by the same treatment of IBA and Nasir (1996) with 23.33 by
2000 ppm and 20% by 1000 ppm of IBA in open field conditions. Whereas the same
level of IBA (1000 ppm) gave 100% survival when applied by the same (quick-dip)
method but planted in greenhouse/ plastic tunnel environment in the present studies. It
is, perhaps, due to high temperature and relative humidity within tunnel as more
conducive for growth and development processes as compared to the outer conditions
of open field.

So, it is concluded that IAA @ 3000 ppm and the combination of IAA @ 1000
ppm with IBA @ 3000 ppm concentration are the best treatments when applied b-y
injection method and planted in open environment while IBA @ 1000 ppm remains
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the most superior or at par with these two treatments when applied with quick-dip
method and planted in the greenhouse/ plastic tunnel conditions.

Third Part of the Project
Effect of Growth Regulators on the Root Anatomy of Newly Induced
Roots in the Un-rooted Offshoots of Date Palm Cultivar Hillawi

Root-tips of the newly induced roots in the previously mentioned phases of
this project were removed from the offshoots and fixed in a solution of formalin,
acetic acid and alcohol (F: A: A). Then their anatomy was studied for comparison in
the Post-graduate Laboratories of Institute of Horticultural Sciences and Departments
of Chemistry and Biochemistry, Botany and Zoology, University of Agriculture,
Faisalabad and Botany Department of Government College University, Lahore.

The anatomical studies depicting cell and tissue differentiation within newly
induced roots to the aerial/ unrooted offshoots of date palm (Phoenix dactylifera L.)
cultivar Hillawi in response to various hormonal treatments are presented in the
Tables 26 and 27 below. Data regarding different cells and tissues consisting of large
radially elongated intercellular spaces called lacunae (LA), fiber strands (FS) made of
sclarenchymatous tissues providing strength to the roots, xylem strands (XS)
alternately situated with phloem and Meta xylem (MX) used for translocation of food
materials have been recorded and tabulated for comparison.

In first part of the project, lacunae were observed only in M1T1, M1T5, M1T18,
M2T2, M2T6, M2T8 and M2T17 with mean values of 33, 115, 6, 137, 19, 21 and 22,
respectively which showed that the survival percentage is independent of the number
of lacunae. Whereas, the number of other parameters, viz. fiber strands, xylem strands
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and meta xylem cells showed that the medium level of IAA surpasses its other levels
and these numbers decrease at medium concentration of IBA but maximizes against
its highest dose rate in quick-dip method (M1) but different results were observed in
the injection method (M2).

Table 26: Number of different anatomical structures in the newly induced roots
by various hormonal treatments and application methods under open
field conditions (Ist. part of the Project)
Treatment
Quick dip method (M1)
Injection method (M2)
LA
T0

FS

XS

MV

LA

No rooting

FS

XS

MV

No rooting

T1

33

135

28

31

T2

-

208

31

50

137

209

39

74

T3

-

57

38

26

-

316

37

53

T4

-

216

36

41

-

-

31

50

T5

115

73

41

59

-

307

54

59

T6

-

218

42

59

19

81

63

56

21

213

35

-

T8

No rooting

T16

No differentiation

No rooting

No rooting

T17

-

258

37

34

22

185

32

41

T18

6

212

38

47

-

93

40

45

LA= Lacunae, FS= Fibre strand, XS= Xylem strands, MV= Meta xylem vessels

The plate 5 (a-p) depicts transverse sections of the newly induced roots in
response to various treatments applied by both methods, i.e., M1=Quick-dip and
M2=Injection and then planted open field conditions.

91

Chapter 4

Results and Discussions

a. M1T1 in open field

b. M1T3 in open field

c. M1T2 in open field

d. M1T6 in open field

e. M2T2 in open field

f. M1T17 in open field
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g. M1T5 in open field

h. M1T18 in open field

i. M1T4 in open field

j. M2T17 open in field

k. M2T18 in open field

l. M2T4 in open field
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m. M2T5 in open field

n. M2T8 in open field

o. M2T3 in open field

p. M2T6 in open field

Plate 5: Transverse sections (a-p) of the newly induced roots showing different
anatomical structures (La= Lacunae, Fs= Fibre strand, Xs= Xylem
strands, Mv= Meta xylem vessels, Ph= phloem, En= Endodermis, E=
Exodermis and P= Pericycle) in response to various hormonal
treatments in open field conditions

Similarly, contrary observations (Table 27) have also been recorded in the
second part of the project but it is interesting to note that T4 (IBA @ 1000 ppm)
induced rooting with no differentiation of various internal anatomical tissues and one
plant (offshoot) treated with this treatment through injection method could not induce
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any root and even this offshoot was alive (Plate 6) till the end of these studies. The
plate 7 (a-e) depicts transverse sections of the newly induced roots to the offshoots in
response to various treatments and plantation in green house/ plastic tunnel
conditions.
Table 27: Effect of growth regulators on the internal structure of roots when
treated off shoots was planted in green house conditions. (Project II).
Injection method (M2)
Treatment
Quick dip method (M1)
LA
FS
XS
MV
LA
FS
XS
MV
T0
No rooting
No rooting
T4

No differentiation

T5

No rooting

T9

No differentiation

No rooting

T14

No differentiation

No rooting

T16

No rooting

T17

13

T20
T21

216

36

No rooting
28

21
51

No rooting
48

101

42

75

35

57

48

36

No rooting
-

68

95

229

45

55

No rooting

LA= Lacunae, FS= Fibre strand, XS= Xylem strands, MV= Meta xylem vessels

Plate 6: Alive offshoot (M2T4 in green house/ plastic tunnel) without root induction after
one year of treatment application at the end of experimental trials
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a. M2T20 in tunnel

b. M2T16 in tunnel

c. M1T21 in tunnel

d. M1T17 in tunnel

e. M2T5 in tunnel
Plate 7: Transverse sections (a-e) of the newly induced roots showing different
anatomical structures (La= Lacunae, Fs= Fibre strand, Xs= Xylem
strands, Mv= Meta xylem vessels, Ph= phloem, En= Endodermis, E=
Exodermis and P= Pericycle) in response to various hormonal
treatments in green house/ plastic tunnel conditions
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These results are not in line with the findings reported by previous workers,
Tomlinson (1961), Al-Salih et al. (1985) and Doaigey and Al-Whaibi (1995). Perhaps
this main difference might be due the use of seedling plants by them instead of
offshoots used in the current trials and/ or some other biofactors like antioxidant
enzymes might have their role in these aspects.

Fourth Part of the Project
Physiological Studies of the Selected Offshoot Bases
The plant samples were taken from basal portion of untreated selected
offshoots and preserved in a solution of formalin, acetic acid and alcohol at –80 oC.
Then these were processed for the quantification of their previous natural hormonal
status at pretreatment stage of the offshoots under study using high performance
liquid chromatographic techniques described by Guin et al. (1986). The resultant
peaks in the chromatogram represented that there was no quantifiable hormonal
balance (Figure 4-b) as compared with the standard peaks (Figure 4-a) below:
Fig. 4: Chromatograms (a-b) depicting the hormonal status of the plant
Sample at pretreatment stage and peaks with internal standards

(a) Peaks No. 1, 2, 3 & 4 denoting IAA, IBA, GA3 and NAA respectively as
internal standards
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(b) A little Peak of mobile phase with none of the hormones under study

The same plant samples were also subjected to Spectrophotometeric analysis
for the same purpose, which showed similar results regarding pretreatment hormonal
status of the offshoots under trial and confirmed the previous findings.

Fifth Part of the Project
Biochemical Analysis of the newly induced Roots of Date Palm
cultivar Hillawi
In the last portion of this project selected successful treatments for root
induction in response to different levels of hormones with different treatment methods
and planted in two environments were screened to explore the potential of some
biochemical parameters. Different biochemical parameters were determined in the
roots of the selected plants to find out inherent potential of the selected cultivar. The
results of different phytophysiologically important enzymes proteases, peroxidase,
superoxide dismutase and catalase are given below:
1. Proteins
The 10 mM potassium phosphate buffer (pH 7) was used to extract the soluble
proteins of selected root tips. The results were presented here in Figure 5.
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Fig. 5: The extractable proteins (µg soluble protein/g of fresh weight of sample, mean
± SD, n = 3) profile of different samples of date palm using 10 mM potassium
phosphate buffer (pH 7) proteins were quantified by Bradford method. The
samples 1-6 correspond to the roots induced in response to different treatments
applied through injection method in open field conditions. The samples 7-16
present to the roots induced in response to different treatments applied through
quick-dip method in open field conditions. The serial no 17-19 of samples in
analysis presents the response in using quick dip method of treatment
application in green house/ plastic tunnel environment. Similarly serial no 2022 represent the treatment applied through injection method and planted in
green house/ plastic tunnel environment. Each bar represents data from at least
three independent experiments with error bars showing standard deviation.
The highest concentration was reported in the sample number 18 that were
1029.32±9.45 (µg soluble protein/g of fresh weight of sample, mean ± SD, n = 3)
followed by the treatment number 22 that were 1003.41±12.62 (µg soluble protein/g
of fresh weight of sample, mean ± SD, n = 3). Both samples with highest protein
contents were from both (quick-dip and injection) methods of treatment application in
green house/ plastic tunnel environment. The lowest were reported in treatment
number 10 that was 168.92 ±3.25 (µg soluble protein/g of fresh weight of sample,
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mean ± SD, n = 3) present to the roots induced in response to different treatments
applied through quick-dip method in open field conditions. So, maximum and
minimum proteins were from samples treated with both (quick-dip and injection)
methods and planted in two different environments.

For the extraction many factors are important such as pH (acidic, basic), ionic
composition of the system, temperature, solvent volume, time for extraction, sequence
of the solvents used, types of polymers (protein/peptide) and their molecular weight,
concentration of the targeted protein/ peptide, partitioning behavior and many more
parameters influence the extraction and stability of proteins (Abugoch et al., 2003;
Platis and Labrou, 2006 and Zhao et al., 2006). Hence, no single buffer is appropriate
for use as a universal extraction buffer for the extraction of all of the targeted proteins
(Westphal et al., 2004; Chinnasamy and Rampitsch, 2006). Therefore, the same buffer
was used for extraction of different enzymes to carry out enzymatic assays studies.

The role of proteins in different growth and developmental processes
(germination, flowering and senescence etc.); defense against (bacterial, fungal and
viral invasions) and stresses (like cold, heat, heavy metals, wounding, plant
hormones- ethylene & salicylic acid etc. and UV light) has already been reported in
both dicot and monocot plants. Especially, ß-1,3-glucanases and chitinases have been
associated with plant development (Neale et al., 1990; Ori et al., 1990; Cote et al.,
1991; van Eldik et al., 1996; Helleboid et al., 2000 and Eilenberg et al., 2006)
Therefore, more detailed and specific studies are suggested to discover such
phenomena in order to unveil the root induction in date palm and similar plants.
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2. Proteases

Determination of proteases in the samples was of prior importance in the study
to save the targeted and favorite proteins from their enemies (proteases). Highest
concentration (specific activity) of proteases recorded in sample number 10 that was
12.94±1.5 (IU/mg of protein in fresh weight of sample of root tip, mean ± SD, n = 3)
followed by the treatment number 15 that were 10.09±1.28 (IU/ mg of protein of fresh
weight of sample of root tip, mean ± SD, n = 3). Both samples with highest specific
enzyme activity were from the serial of samples 7-16 present to the roots induced in
response to different treatments applied through quick-dip method in open field
conditions. The lowest were reported in treatment number 18 that were 2.14 ±1.46
(IU/mg of protein in fresh weight of sample of root tip, mean ± SD, n = 3). This
sample is from the serial no 17-19 of samples in analysis presents the response in
using quick-dip method of treatment application in green house/ plastic tunnel
environment. So, maximum and minimum specific activity was from samples treated
with quick-dip method in two different environments. The comparison of the
proteases specific activity (mean ± SD) in cultivar is presented in Figure 6.

Proteases play a number of important roles and applications, for example in
plants during germination they mobilize the stored protein. No report in the literature
could be found that show proteases from date palm plants. Other few showed the
variation of this enzyme in different plants under different physiological conditions.

While comparing the results of proteins and specific activity of proteases it is
obvious from the Figures 5 & 6 that proteases have shown highest activity in the
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sample no. 10 with lowest in no. 18 and this pattern is exactly opposite in case of
protein concentration. So it is clear that the protein content is inversely proportional to
the specific activity of proteases which prove that the higher protease activity causes
the mobilization of protein content. Further studies are suggested to explore the actual
causes and ultimately their role in the solution of rootlessness in date palm offshoots
for further improvement in crop production through availability of true-to-type plant
material.
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Fig. 6: The proteases (IU/mg of proteins, mean ± SD, n = 3) profile of different
samples of date palm. The samples 1-6 correspond to the roots induced in
response to different treatments applied through injection method in open field
conditions. The samples 7-16 present to the roots induced in response to
different treatments applied through quick dip method in open field
conditions. The serial no 17-19 of samples in analysis presents the response in
using quick-dip method of treatment application in green house/ plastic tunnel
environment. Similarly serial no 20-22 represent the treatment applied through
injection method and planted in green house/ plastic tunnel environment. Each
bar represents data from at least three independent experiments with error bars
showing standard deviation.
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3. Amylase

The comparison of the amylases specific activity (mean ± SD) in the roots of
date palm cultivar Hillawi is presented in Figure 7. Highest concentration (activity) of
amylase recorded in sample number 14 that was 6.09±0.64 (IU/mg of protein in fresh
weight of sample of root tip, mean ± SD, n = 3) seconds highest was in the treatment
number 18 that was 4.93±1.06 (IU/ mg of protein of fresh weight of sample of root
tip, mean ± SD, n = 3).
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Fig.7: The amylases (IU/mg of proteins, mean ± SD, n = 3) profile of different
samples of date palm. The samples 1-6 correspond to the roots induced in
response to different treatments applied through injection method in open field
conditions. The samples 7-16 present to the roots induced in response to
different treatments applied through quick-dip method in open field
conditions. The serial no 17-19 of samples in analysis presents the response in
using quick-dip method of treatment application in green house/ plastic tunnel
environment. Similarly serial no 20-22 represent the treatment applied through
injection method and planted in green house/ plastic tunnel environment. Each
bar represents data from at least three independent experiments with error bars
showing standard deviation.
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Both samples with highest specific enzyme activity were from the serial of
samples 7-16 present to the roots induced in response to different treatments applied
through quick-dip method in open field conditions. The lowest were reported in
treatment number 4 that were 2.07 ± 0.68 (IU/mg of protein in fresh weight of sample
of root tip, mean ± SD, n = 3). So, maximum and minimum specific activities were
from samples treated with different method in two different environments.

6. Peroxidase

The comparison of the peroxidase (POD) specific activity (mean ± SD) in
roots tips of date palm is presented in Figure 8. Highest specific activity of
peroxidases (POD) was recorded in the sample number 2 that was 19.2±2042 (IU/mg
of protein in fresh weight of sample of root tip, mean ± SD, n = 3). The samples
belong to treatment series 1-6 correspond to the roots induced in response to different
treatments applied through injection method in open field conditions. The lowest were
reported in treatment number 4 that were 8.23 ± 1.21 (IU/mg of protein in fresh
weight of sample of root tip, mean ± SD, n = 3). So, maximum and minimum specific
activity was from samples treated with different method in two different
environments.

Peroxidase is very important enzyme that has multidirectional applications, for
total phenol determination (Busch et al., 2006), dyes decolorization (Shoda and Kim,
1999; Akhtar et al.,2005; Husain, 2006) besides their main function in H2O2
elimination and catalysis of O-2. Peroxidases are among the biomarkers of antioxidant
system in plants under different physiological conditions. Differential response of
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POD has been observed in soybean cells under anoxic stress (Lee et al., 1995; Amor
et al., 2000) also protect the membrane exposed to oxidation stress (Blokhina et al.,
2003). In rice and wheat, activity of the ascorbate peroxidase was reported due to the
induction by NaCl (Nguyen et al., 2005; Sairam et al., 2005) oxidative stress in bread
wheat exposed to excess cadmium by Ranieri et al. (2005) and peroxidases were
induce under water stress along with fungal stress in Myrtus commmunis and
Phillyrea angustifolia plant (Caravaca et al., 2005). Even POD showed the protective
role against the freezing stress (Szalay et al., 2005).
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Fig. 8: The peroxidases (IU/mg of proteins, mean ± SD, n = 3) profile of different
samples of date palm. The samples 1-6 correspond to the roots induced in
response to different treatments applied through injection method in open field
conditions. The samples 7-16 present to the roots induced in response to
different treatments applied through quick-dip method in open field
conditions. The serial no 17-19 of samples in analysis presents the response in
using quick-dip method of treatment application in green house/ plastic tunnel
environment. Similarly serial no 20-22 represent the treatment applied through
injection method and planted in green house/ plastic tunnel environment. Each
bar represents data from at least three independent experiments with error bars
showing standard deviation.
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7. Catalase (CAT)

Highest specific activity of catalase (CAT) was recorded in the sample number
9 that was 8.62±1.28 (IU/mg of protein in fresh weight of sample of root tip, mean ±
SD, n = 3). The samples 7-16 present to the roots induced in response to different
treatments applied through quick-dip method in open field conditions.
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Fig. 9: The catalase (IU/mg of proteins, mean ± SD, n = 3) profile of different
samples of date palm. The samples 1-6 correspond to the roots induced in
response to different treatments applied through injection method in open field
conditions. The samples 7-16 present to the roots induced in response to
different treatments applied through quick-dip method in open field
conditions. The serial no 17-19 of samples in analysis presents the response in
using quick-dip method of treatment application in green house/ plastic tunnel
environment. Similarly serial no 20-22 represent the treatment applied through
injection method and planted in green house/ plastic tunnel environment. Each
bar represents data from at least three independent experiments with error bars
showing standard deviation.
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The lowest were reported in treatment number 19 that were 2.23 ± 1.21
(IU/mg of protein in fresh weight of sample of root tip, mean ± SD, n = 3). So,
maximum and minimum specific activity was from samples treated with different
method in two different environments. The comparison of the catalase (CAT) activity
(mean ± SD) in root tips of date palm is presented in Figure 9.

8. Superoxide dismutase

Comparison of superoxide dismutase (SOD) activity (mean ± SD) in the
sample is presented in Figure 10. Highest activity of SOD was recorded in the sample
number 14 that was 19.09±3.02 (IU/mg of protein in fresh weight of sample of root
tip, mean ± SD, n = 3). The samples 7-16 present to the roots induced in response to
different treatments applied through quick dip method in open field conditions.

No report has been found from literature on SOD from this plant. But some
other plants showed SOD activity that demonstrates importance of the enzyme as
protectant and biosensor under different conditions. The induction of these enzymes
under different stresses like salt (Kukreja et al., 2005; Nguyen et al., 2005; Sairam et
al., 2005), oxidative (Blokhina et al., 2003), water (Caravaca et al., 2005), fungus
(Kuzniak and Sklodowska, 2005), autumn (Kukavica and Jovanovic, 2004), chilling
(Hola et al., 2006 and Park et al., 2006) and drought (Ali and Komatsu, 2005)
conditions from invasive green algae.
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Fig. 10: The superoxide dismutase (IU/mg of proteins, mean ± SD, n = 3) profile of
different samples of date palm. The samples 1-6 correspond to the roots
induced in response to different treatments applied through injection method
in open field conditions. The samples 7-16 present to the roots induced in
response to different treatments applied through quick-dip method in open
field conditions. The serial no 17-19 of samples in analysis presents the
response in using quick-dip method of treatment application in green house/
plastic tunnel environment. Similarly serial no 20-22 represent the treatment
applied through injection method and planted in green house/ plastic tunnel
environment. Each bar represents data from at least three independent
experiments with error bars showing standard deviation.

It is concluded from all parts of these studies that growth and development of
roots are complicated processes that are not only controlled by merely growth
hormones but also linked with the internal nutritious components and other biofactors
like antioxidants as well as with external environmental conditions and method of
treatment application. So, these indications provide a room for further exploration of
root growth and development processes through more detailed and pinpoint
experimentation.
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SUMMARY
Present study was initiated in order to testify the methodology of true-to-type
propagation of date palm (Phoenix dactylifera L.) cultivar Hillawi by inducing roots
to its aerial (un-rooted) offshoots through artificial means utilizing hormones. The
experiments were designed and laid out in a way that twenty-one treatments were
prepared comprising of five growth regulators/ hormones which are indoleacetic acid
(IAA), indolebutyric acid (IBA), naphthalene acetic acid (NAA), 2,4-dichlorophenoxy
acetic acid (2,4-D) and gibberellic acid (GA3) each at three levels along with their
selected combinations, applied to the aerial (un-rooted) offshoots of date palm cultivar
Hillawi using two different methods that are quick dip and injection methods and then
these treated offshoots were planted in two different environmental conditions, one
under open field conditions and the other in greenhouse/ plastic tunnel environment.
The physiological studies showed that the pre-treatment status of these hormones was
tested as non-detectable through adopting High Performance Liquid Chromatography
(HPLC) and Spectrophotometeric analysis of the plant samples collected from the
base of offshoots immediately after their detachment from their mother plants.

Highly significant results were observed among the mean values of different
parameters, i.e., number of roots/offshoot, number of root hairs/ root, length &
thickness of roots and survival percentage of the offshoots. The interaction between
treatment and method of its application was also significant in the offshoots planted in
the open field environment. In contrast, different treatments showed variable behavior
to the method of their application, i.e., no interaction was found when the offshoots
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were planted in the plastic tunnel. Anyhow, IAA, IBA and NAA responded in most
positive way and lead the other treatments in both the methods under trial. In the third
part of the project, the internal structure of the newly induced roots in response to the
experiments was explored and controversial results were observed against different
patterns and number of lacunae, fiber strands, xylem strands and Mata xylem were
observed in response to various successful treatments.

Keeping in view the above-mentioned controversial results, it is assessed that
the uniformity of the treated offshoots had similar nutritional and hormonal status. So,
it was hypothesized that some other biofactors like antioxident enzymes etc. might
have their influence on such results and thus, these trials were extended in order to
have a glance at the biochemical analysis of root tips from the successful off-shoots.
The biochemical parameters include protein contents, protease, amylase, peroxidases,
catalase and super oxide dismutase. Significant variations were recorded in the
resultant values of all these parameters, which unveiled the story of successful root
induction that might play some role in this process. More detailed studies are
suggested in this field to explore the right mechanism of root induction in date palm,
the paternal aunt of human being.
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APPENDICES
SOIL AND IRRIGATIONAL WATER ANALYSIS:

The soil samples were collected from three different depths viz. (0-15 cm), (16-30
cm) and (31-45 cm) of the experimental area and got analyzed at the Soil Fertility
Laboratory, Ayub Agricultural Research Institute, Faisalabad and data were recorded as
shown in the following Appendix-1:

Appendix 1: Soil analysis at different depths of the experimental area.
S. No.

Soil properties

Sampling depth (cm)
0-15

16-30

31-45

Remarks

Loam

Loam

Loam

Good loam

1.

Texture

2.

pH

7.1

7.2

7.2

Normal

3.

Organic matter (%)

0.64

0.52

0.47

Weak

4.

Saturation (%)

39.5

37.8

37.8

Normal

5.

Electric conductivity (dS/m)

0.65

0.60

0.55

Normal

6.

Available Phosphorus (ppm)

3.1

1.83

1.2

Deficient

7.

Available Potassium (ppm)

140.83

123.33

111.67

Normal

There were two sources of irrigational water, i.e., above ground canal and under
ground tube well water. The canal water was not available frequently throughout the
year. So, the later source was utilized for the purpose when required. Hence, samples
were collected from both the sources and got analyzed from the Soil Fertility Laboratory,
Ayub Agricultural Research Institute, Faisalabad and following (Appendix-2) details
were recorded:
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a

Appendix 2:
S.

Source

No.

Irrigational water analysis from both sources used in the experiments.
(TSS) (SAR) (RSC) (Ca+ (Na) (CO3) (HCO3) (Cl)
(ppm)

Remarks

Mg)
Meq/L

1

Canal

Approximately
160/

0.29

Nil

2.0

0.29 Nil

2.0

0.3

229
2

fit for
irrigation

R.T.W.
80’

920/

Deep

1341

2.45

0.4

8.4

5.01 Nil

8.8

4.5
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