January 2009

Trave Science Inc.

Volume 3 Issue 1

LioSechn o/oyy

A Indian Yournal

—==> FyLL PAPER
BTAIJ, 3(1), 2009 [39-43]

Yet another morphological abnormality in the tissue culture-
derived date palms (Phoenix dactylifera L.)

Nasser S.Al-Khalifah*, A.E.Shanavaskhan, Abdulmannan Al-Hindi
KingAbdulaziz City for Scienceand Technology, Post Box No. 6086, Riyadh 11442, (SAUDI ARABIA)
E-mail : abujawad@kacs.edu.sa
Received: 26" October, 2008 ; Accepted: 31 October, 2008

ABSTRACT

KEYWORDS

Somaclonal variations have been reported extensively in thetissue culture
derived populations of date palms. Surveys conducted on the tissue cul-
ture derived populations of ‘Nabtet-Saif” cultivar to enumerate the
somaclonal variants, revealed that 29.12% of the tissue culture-derived
populations of Nabtet-Saif have various degrees of abnormalities. A hith-
erto unreported abnormal phenotype with spear-head shaped trunk is de-
scribed here. Perimeter measurement at every 50cm height showed that the
abnormal trees have continuously declining girth towards the crown end
while the normal trees have almost cylindrical trunk up to the crown area.
The long phase of callus induction and somatic embryo formation with
growth regulators might have generated genetic or epigenetic changesin
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the resulting plants.

INTRODUCTION

Genus Phoenix L. of approximately 1712 species
isdistributed in the countries of the old world, from
Canary Idandsin the southern part of Mediterranean
region, al over Africa, Saudi Arabia, MiddieEadt, Iran,
Irag, Afghanistan, Pakistan, southern slopes of
Himaayas, India, Maayan peninsula, Northern Sumatra
and China. Mogt of the Phoenix speciesarewel | known
for their ornamenta vaueand ediblefruits Amongthem,
date palms (Phoenix dactyliferaL.) standsfirstinthe
productivity of agriculture economy of many desert
countries. Being akey species, adapted to the harsh
environmental conditionsof arid zonesdatepamsare
regarded as one of the important components of
biodiversity intheinhospitable areasof deserts. Itisa
highly out breeding dioecious speciesand even dlows
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interspecific crossed®™ with dlied species. Thisbehav-
ior of date palmshas brought about thousands of geno-
typeswhich arefamiliar to the different parts of date
growing countries. Demand and cost of datevarieties
isa so variablefrom placeto place and country to coun-
try. Largedigtribution of thisspecieshasresultedin nearly
3000121 to 5000 cultivars popular to the date palm
growersof thedifferent regions of theworld. A com-
prehensive enumerative study covering all date grow-
ing countriesusing standard diagnostic charactersand
modern biotechnol ogy toolsmay eiminateambiguity in
thenumber of cultivars.

The genetic purity of each cultivar ismaintained
through off-shoot propagation and thelimited avail abil-
ity of off-shoots per plant isregarded asthe mgor con-
grainfor thelarge scaecultivation of desired cultivars.
Biotechnology hasgreet potentia of solving many prob-
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lemspertaining to agriculture, industry, environment and
hedlthwhich hasdirect rdlevanceto sustainabledeve op-
ment of desert countries. Sincethe beginning of do-
mesti cation and cultivation of plants, humanbeingsare
looking for techniquesthat hel p to produce maximum
number of individua sfrom the minimum number/quan-
tity of propagules. Tissuecultureistheultimatesolution
for themassmultiplication of plantsusingminimumauan-
tity of propagules. Some of the advantagesof thistech-
nique arethat heterozygous materia s may be perpetu-
ated without much alteration, easier and faster, dor-
mancy problem diminated and juvenile stage reduced.
It isalso ameansfor perpetuating clonesthat do not
produceviable seedsor thosethat do not produce seeds
aadl.

Vegetative propagation by means of either off-
shootsor tissue culture should produceidentica prog-
enies genotypically and phenotypically true-to-their
mother plants. However, dueto somaclona variations
abnormd date pamsthat originated fromtissueculture
are generally detected. McCubbin et al.[*, reported
abnormal leaveswith wideleaflets, dow growth rate
and devel opment, variegated leaves, non flowering and
low fruit setting in tissue culture derived date palms.
Abnormal multi-carpd flowersand fruitswith 6-7 car-
pals were also reported®®8 from Israel, Jordan,
Namibia and Saudi Arabia. A survey conducted by
Hassanpour-Estahbanati and Hamidian™ onthemicro
propagated date palms in Iran showed excessive veg-
etaivegrowth, dwarfing, lesf bleaching, leaf maforma:
tion, singleleaf chlorogs, twisted leaf, Spreading lower
leavesonthesoil, necrosison midrib, bastard off-shoot,
abnormd termina bud, twisted inflorescence, bending
of wholeplant etc. An extensvefield survey conducted
by Al- Kaahi et a [ inthetissue culture derived popu-
lationsof datepalmsin United Arab Emiratesasore-
ved ed many of theseabnormalitiesin date pams. Ab-
normal fruit formation of date palmsisaserious con-
cernof fruit productivity in Saudi Arabiaand for thelast
fiveyearsthe authors have beentrying variouscurative
measuresto control thismenace. During one of these
study tripsan abnormal phenotype, whichisnot com-
mon in date pamswas observed inthetissue culture-
derived populationsof ‘Nabtet Saif” cultivar. This ab-
normdlity ishitherto unreported in date pal msand hence
thiscommunicationisnecesstated.
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Figurel: Colour variationsduringfruit ripening stages
inthedatepalm cultivar ‘Nabtet-Saif’

MATERIALSAND METHODS

Thedate pam cultivar ‘Nabtet-Saif” is one of the
most extensively cultivated date palmsof Saudi Arabia.
The characteristic colour variation (Figure 1(a-d)) of
fruit makesthiscultivar easily distinguishablefrom oth-
ersand abrief description of thefruitisgiventofacili-
tateeasy identification.

Fruitsovate or eliptic, baseflat or very slightly
incurved, apex rounded, +3.65 x+2.85 cm. On matu-
rity lemon yellow, turnsreddish brown fromthetip on
ripening with basal portionsremained light orange. A
fully ripened fruit is reddish brown, with broadly
wrinkled skin. Fleshisvery smooth and fibrous, consti-
tuting ca. 70% of thefruit-diameter. Fruit cap covering
ca.25% of thefruit-base, engulfed by the fruit-base.
Seedséliptic-oblong, acute at apex, light brown below
the germ pore and dark brown above, +2.0 x + 0.9
cm. Germ porerepresented by asmall projectioninthe
middle. Ventral groove narrow throughout thelength,
edgeswrinkled, extending towardsthetip.

Almost a decade before, a large plantation of
‘Nabtet-saif” cultivar was raised on a farm near Al-
Kharj, Saudi Arabiaby aprivate entrepreneur using
tissueculturederived plantletsthrough sometic embryo-
genesis. During thefruiting stage these plants showed
variousabnormditiesinthevegetativeand bearing struc-
tures asdescribed by the earlier workers. Among these
variationsone particular phenotypewas specialy noted
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Figure2:(a) Normal palm with many leavesand cylindri-
cal trunk; (b) Spear -head shaped abnor mal palm with few
lax leaves

. Tl 1= " g
Figure3: Close-up view of thecrown ar ea of an abnor mal
treewith split leaf basesand compact fibers
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Figure4: Growth pattern of normal and abnormal date
palm

as hitherto unreported with an overall spear-head
shaped trunk rather than thenormal cylindrical stem.
An extensive survey was conducted in three blocks
within alarge population of ‘Nabtet-Saif” cultivar. Five
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Figure5: Close-up view of an abnormal and anor mal fruit
bunch

treeseach of thisparticular phenotypeand normal phe-
notypeswere selected for measuring their height and
diameter. Using ameasuring tape, diameter fromthe
base up to the crown end was measured at every 50cms
interval. Similar measurementswere taken from the
normal treesalso. Morpho variationswere carefully
recorded between normal and abnormal trees.

RESULTSAND DISCUSSION

Field surveysrevea ed that 29.12% of thetissue
culture-derived popul ations of Nabtet-Saif havevari-
ousdegreesof abnormdlitiesincluding ‘spear syndrome’
constituting major share. These abnormal phenotypes
have alargebase and continuoudy decreasing girth to-
wardsthe growing end providesatypical spear-head
shagpetotheplant. Inal the abnormal treescrown ends
measured |essthan one meter perimeter whereasin al
thenormal treesit was 140cm or more. Normal trees
haveavery digtinct crown areadistinguishablefromthe
cylindrical trunk (Figure 28) whereasin the abnormal
treescrownareaishardly distinguishablefromthemain
trunk with continuoudy diminishing perimeter (Figure
2b). Figure 3 showsthat in the abnormal trees perim-
eter are continuously decreasing from the base up to
thecrown end at every 50 cm heightswhilein thenor-
mal treesdistinct trunk showed dmost uniform perim-
eter givingacylindrical shape. Only inthecrown area,
norma treesshowed declining perimeter. Leaf produc-
tion per year islesser than the normal treeswhich gives
alax crownto the plant. Dueto the abnormal lateral
expansion of thetrunk most of the mature leaf bases
areseenvertically split (Figure4). Fibersattached to
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Figure6: Normal and abnormal fruit development in datepalm

theleaf basearethick and prominently reticulated than
thenormal trees. Fruit production wasalsofoundto be
very low and whatever fruits produced were abnormal
multi carpellary ones(Figure5).

Female date flowers are tricarpellary, apocarpous
with threeto Sx staminodes. Upon pollination two car-
pasdegenerate (Figure 6a) and theremaining onecar-
pel developsintoanormd fruit (Figure6b). In abnor-
mal treesinstead of degenerating the other one or two
carpalsa so devel op smultaneoudy into an abnormal
fruit (Figures6(c, d)). In someother casesa ong with
the carpellary fruitlets staminodesalso developinto
fasefruits (Figures6(e-g)). Inalmost all casesthese
fruitsfal tomatureand gofor prematureshedding, which
resultsin severeeconomiclosstothefarmers.

Unlikemost monocots, palm stemscangrow ingirth
by anincreased number of parenchymacellsand vas-
cular bundles. In most monocotsthe shoot apical mer-
istemisnorma but theleaf primordiaareinsertedin
closeorder with virtually no separating internodes. A
broad sub-apica meristem that exhibitspericlina cell
divisonunderliestheleaf primordiaandiscalled pri-
mary thickening meristem. It addslayersof cellsto-
wardsthebaseof the stem thuscontributingtoitsheight.
Cell enlargement at the periphery of the primary thick-
ening meristem also causesthestemtoincreasein di-
ameter closeto the gpex contributing anamost cylin-
drica shapetothe pam stem. In someplantsasin ab-
normal phenotypesthe primary thickening merisemis
continuousaround theflanks of the ssemsand extends
toitsbase. Thisextension of primary thickening mer-
istemiscalled secondary thickening meristem, which
normally undergoesperidind divisonsaddingmorecdls
towardsthe center of the stem. Vascular bundlesand
parenchymadifferentiatewithinthe derivatives of the
secondary thickening meristem and add to the diam-
eter of thestem asthey enlarge and provideastemwith
widebaseand narrow apex. Asisevidenced fromthe
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distantly placed leavesin abnormal treesthe primary
thickening meristem addslayers of cellstowardsthe
base of the tree contributing hei ght whilethe secondary
thickeningmerisgemthroughperidind divisonsaddscdls
towards the center of the pam giving a spear-head
shapeto this phenotype.

Various explanations have been put forwarded to
explainthesomaclonal variationsin thetissueculture
derived plants. Kagppler et al.[*2 attributed this phe-
nomenon to genetic and epigenetic aterations gener-
ated duringtheinvitro process. Molecular geneticandy-
sisof abnormd treesusing RAPD??7 and isoenzyme
profiles¥ werenot ableto detect somaclond variations
expressed during juvenile and mature stages. AFLP
analysis conducted by Gurevich et a.[% between nor-
mal and abnormal ‘Berhee’ cultivar also failed to detect
any DNA marker for theabnormd phenotypes. Corley
et al.[ reported someabnormal phenotypesinthetis-
sue culture derived populations of oil palms (Elaeis
guineensis Jacg.) with very low level of fruit setting
and supernumerary carpel development. Altered DNA
methylation pattern generated during thetissue culture
stages has been attributed to these abnormal pheno-
typed13, Al-Kagbi et al.™M detected some reproduc-
iblemolecular variationsintheAFLPandysisof ‘Khlass’
plantlets devel oped through embryogenesisand orga
nogenesis. Sincetheleaf samplesfor anayssweretaken
fromthetissueculturederived plantletsitisuncertainto
say what type of morpho variations are going to be
produced by these molecular variants. Riseman and
Chennareddy!*® investigated the effect of growth regu-
lator regimen on ExacumL. intissue cultureand found
that different regimes caused genotypic variationinthe
form of varied ploidy levels. Thetrend of somaclonal
variantsthat differ with respect to height, plant form
and number of floral or stem structureshasbeendis-
cussed with regard to two species of Picea Link™,
Skirvin and Janick*® observed clonal variantsorigi-
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nated from cdlustissuediffered fromorigina ex-plants
with changesin plant and organ size, leaf and floral
morphology and other characters such as pigmenta-
tion. Until recently micro propagation of date pam cul-
tivarswas carried out through somatic embryogenesis
that originated from callustissuesinduced by the higher
concentration of auxinsand cytokinins. Thelong phase
of calusinduction and somatic embryo formationwith
growth regulators might have generated genetic and
epigenetic changesin theresulting plants. Since many
variations have been recorded by anumber of authors
intissue culture derived date palms, causing serious
economiclossto thegrowersaprior validation of the
trueness-to-type using modern biotechnol ogy toolsis
very much essentid beforereleasing theplantletstothe
growers.
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