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Introduction

The State of Qatar is a peninsula extending
from the Arabian desert in the western
Arabian Gulf, located in an area of the
world which is warm and humid. According
to the ecological and meteorological
definitions, the land in Qatar is considered
as arid or semi-arid and highly saline. The
mean annual rate of precipitation in Qatar
might decrease to less than 80 mm, while
the electrical conductivity of soil extracts
could rise to higher than 200 mS/cm. Such
an environment like any other must affect the
biodiversity of flora and fauna. In fact, the
number of wild and introduced (exotic) plants
recorded slightly exceeded four hundred
species.
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The vegetation of Qatar includes herbaceous plants, dwarf shrubs and a few trees. These plants have the
ability to resist and tolerate the harsh environment of drought, salinity and high temperatures. Moreover,
the Quatari soil is poor in terms of mineral nutrients; such conditions have led to a biodiversity confined to
a limited number of wild plants, animals and microorganisms.
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On the other hand, Qatar has natural sources of gas and oil; their revenues are used to support all aspects
of life including social, economic, urban and industrial as well as supporting the scientific research,
infernational obligations and humanitarian aids. The State of Qatar can be a leader in the fields of
contemporary scientific progress and the best example of such progress what the scientific arena in Qatar
is witnessing of the establishment of solid scientific and research institutions that embrace the largest
companies in the world to support discreet scientific research which are linked with various institutions in
the developed world as well as the establishment of international advanced universities.
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2. Avirulent bacterium carries a Ti plasmid
in addition to its own chromosomal DNA.
The plasmid’s T-DNA enters a cell and
integrates into the cell’s chromosomal DNA.

Chromosomal
T-DNA DNA

Chromosome

Agrobacterium
tumefaciens

Transformed

1. The tumer is initiated plant cell

when bacteria enter a
lesion and attach
themselves to cells.

Tumor induction by Agrobacterium tumefaciens.

3. Transformed cells
proliferate to form a
erown gall tumor.

4, Turner tissue can be"cured” of
bacteria by incubation at 42°C,
The bacteria-free tumor can be
cultured indefinitely in the
absence of hormones.

Source:Taiz, L. and Zeiger, E. (2006). Plant Physiclogy, 5th Ed. Sinauer Associates, Inc.,Publishers, Sunderland, Massachusetts USA. ISBN 978-0-87893-866-7
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After this introduction, the studies on wild plants that encompass their life and their ability to adapt
to environmental conditions of drought, salinity and high temperatures as well as, the mechanisms of
resistance are considered as important experimental materials for more detailed investigations including
molecular biology, genetic engineering and biotechnology such as engineering droght tolerance in plants.

Drought stress

'

Signal
parcaption
¥
Signal

7| transduction
i

o L Transcrption
factors

Gene discovery in the . : . . - -
I} ] g ]
stress response Genes used for engineering Construction of transgenes  ; Genelic engineering

Modification of regulatory proteing

I-ﬁ;nm-l

-i- e

Functional
proteins
Y

Stomaltal closuwre
Osmolyte B.W..IH'I._.IIMIOH

ROS-scavenging
Protection of membrane
and protein structure

1

Drought tolerance

Modification of enzymes,
transporters, chaperonas, efc.

[L_Fusedenzyme |

i+ Signal peptide |

Source:Umezawa, T., Fujita, M., Fujita, Y., Yamaguchi-Shinozaki, K. and Shinozaki, K. (2006). Engineering drought tolerance in plants: discovering. and failoring
genes to unlock the future. Current Opinion in Biotechnology

Modemn technologies to develop transgenic
cultivars:Strategies for the genetic engineering of drought

tolerance.
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Xerophytes

Many plant species occurning in different locations of the State of Qatar including coastal and inland
areas, have adapted to drought conditions. These plants have different mechanisms to resist the conditions

of water scarcity and water deficit in the soil as well as the rise in temperatures through most months of
the year.
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Polycarpaea spicata.

An ephemeral grows at the coastline on .dulojd)i e Jaludl e gody Jgr ol
sandy soil.
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Drought - Escaping Xerophytes

These plants germinate, grow, and flower and fruit within a short period of time after the seasonal rains.
They produce seeds before the onset of the dry season, and therefore, they escape the dry season during
the seed stage. Two examples of this mechanism from the flora of Qatar include: Polycarpaea spicata
and Senecio glaucus. Such mechanism has been a source of inspiration for researchers and scientists in
developing field crops such as barley which possess drought escaping mechanism.

:.M;M-"_ 54
Senecio glaucus.
An ephemeral grows at the coastline on sandy soil. Gulojdu i e Jaludl Ll godd adgn bl
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Plants having drought avoidance mechanism

Many plants in Qatar have different mechanisms to
avoid drought and water scarcity during the stages
of vegetative growth, flowering and yield.

Mechanisms of water conservation

Several examples are reported such as morphology and
behavior of stomata: stomata differ in plant species
in their number, distribution as well as control the
opening and closure. The best example of such
mechanism can be seen in Cyperus conglomeratus
where stomata appear only on the abaxial surface
(lower surface) of the leaves and these stomata are
sunken, which gives another dimension to conserve
the water content of the plant. Moreover, the ratio
of root / shoot in this plant is high as compared
to other plants; which helps provide large volume
of water to the shoot, a feature contributes actively
in avoiding dehydration.Moreover the roots are
spongy and hense conserve water.

Cyperus conglomerofeé.

wloal) pycidl 53LQU daolino QLan‘ll'l'o'J'JJQé bW o A
elllg pajilg 53nallgoilwliis JUs ool dnilg
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a0 Jocll nAT CilaiA lalo Wl 0aa ausgd dliol 61c elia
cla Jio adlicly lonis 6 mAalg lacjgig laaac cun
a0 220y jioy 3l Cyperus conglomeratus (Liby 6ai5) il
Jowll adaudl e jA40 jacll G daio cljtoolly uailaal
Jafl gl oA elodd s 266 Jl el pAycly I ewa glgll o
wilodl seinoll Lle Blanl jATlhe Ay laag )5 jgAT el
¢goa0ll / g2l ¢gonol auuw danllo gAo)g U
Wl lodl (o 61115 oA 118gi ,6 ackusl LUl Ul 5 AAl
o)l §al6) 6 hhily ol 640 ,ag 1A cgonoll
cbodl Gl hsla) JWbg duniow] jgaadl gle ella e 6gllcg

-spallegonolJgianllegonolldu hal duniowldiod jgan
Spongy fibrous roots. Nofice the ratio of roots / shoofs.
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Reduction of the area of leaves under drought stress,
this feature that helps the plant to decrease the amount
of water lost due to transpiration. It is also observed
that the branches of the plant are green to carry out
photosynthesis. Among the most important examples of
such mechanism is Qardi (Ochradenus baccatus) and
(Leptadenia pyrotechnia) .

Ochradenus baccatus.
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lkrish (Aeluropus lagopoides) has some morphological characteristics to enable it to cope with drought.
These include the serrated or straight leaf shape that reduce water loss significantly. These plants also
have green branches to conduct photosynthesis and to compensate the reduction in the total leaf area. It
has olsa anatomical characteristics of xerophytic plants.On the ather hand, this plant is salt excretive grass
that grows in the regions with intermediate to highly saline soils and semi-desert climate, thus it can be
considered as a halophytic plant. Moreover, salt glands are found on the surfaces of its leaves.

A

Aeluropus lagopoides has many morphological and anatomical — ailnAll o 2ary jlies (Aeluropus  lagopoides) GijAcl wld
characteristics of xerophytes and halophytes. aunlolig auslon)l Wbl o alen ainy pdiillg dypalAcl
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Moreover, increasing the thickness of the cuticle of the epidermal cells especially the green parts of the
plant such as leaves, such a characteristic is found in many plants of the flora of Qatar, and confributes
actively in protecting the plant from losing water by direct evaporation.

upper cuticle Sole JATguA
upper epidermis e & iy
strand of fibers Gl o by i
parenchyma ot U
chlorenchyma ol jglA
vascular parenchyma uileg Lo U
bundle sheath o jl 1oL
profoxylem GJoluuits
Increasing the thickness of cuticle in some leaves of xerophytic plants. Guslon)l bl ghol uAes (8 JATgAN déun eloaw 6alj
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Water Storage:
Many plants show succulence characteristics. These plants possess water cells in branches, leaves and
roots. Plant species belonging to such a group are called Crassulacean Acid Metabolism plants (CAM).
These plants avoid drought by closing their stomata during the day time to alleviate the impact of
transpiration on the water content, while opening their stomata during the night for CO2 fixation. Many
plants have been recognized as CAM plants occur in the flora of Qatar.

Succulent plants are found in Qatari envirmment. auphddl a8 d lac) bl ang

20

1né 8 Sl sl



cloJl Jle Jganl &l

UL EW og Lol o LabloA (e Jgnal) duyill glocl 8 9.0 jgan elil ol jganl o AL elib il rog &l aulloaa 99
99184l Lyl

Mechanism of Obtaining Water

In this mechanism plants produce a network of roots that grow deeply in the lower layers of soil to obtain
their needs of water. Plants having such mechanism include: Cyperus conglomerates and Helianthemum

lipii.

Soil profile showing the  ang ayill (5 elnd
extensim of the roots of 8948 Il jgan alaiol
Helianthemum lipii.
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Plants having tolerance mechanisms

There are many plants that that can tolerate drought
by accumulating organic compounds like organic
acids, amino acids like proline and possibly
inorganic components like potassium. Two examples
of these plants in the flora of Qatar include: Tetraena
gatarense and Ochradenus baccatus.

There are other plants that can accumulate important
organic solutes such as Glycinebetaine, and are
currently being studied in Qatar.

Glaal Joad aldl @élliod (Ul ol
GlbA ol (AL AL Wlaal Jeal Gl (o pi4 @lia
e Ul g pul o duiwollig g el Alonll Jio dugac
S8 oyl bl @l éaldol pog oguwligl Jio dughcl
" B8l g

Guylls Jiodomo g3l Al o yhey g alalil eliag
18 8 laiiwlja Wia g3 LUlg (Glycinebetaine) (lw

Proline confent in leaves wALs gl ,& ygll Sgino
of some xerophytic plants Jnd 8 dgland Gl

in Qatar as compared to
a halophytic plant.

lo Wl go Aylao

Plant species

Proline(ug g' FW)

Tetraena gatarense
(xerophyte)

1136 -419

Ochradenus baccatus
(xerophyte)

1347 -1277

Avicennia marina
(halophyte)

11-37

Source: Yasseen, B. T. and Al-Thani, R. F. (2007). Halophytes and associated
properties of natural soils in the Doha area, Qatar. AEHMS. 10 (3): 320 - 326
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Halophytes dun LoJl coGUUI
These plants normally live near the coastline and (9 ellasg Galudl kAl o el 6ale yiuci Ul oaa
in inland areas as well such as sabkhas. These il @lliod Ul oaag .l Jio adalal ghliodl
plants have two main mechanisms of resistance: 8agLoJl o g angloll 53l Loa agloJl doglood o)
avoidance mechanism and tolerance mechanism. .

Succulenthalophytes. ayjac dunlo bl
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Avoidance Mechanism

Many plants avoid salt stress by a number of
mechanisms including:

Exclusion mechanisms:

Mangrove plant (Avicennia marina) and date palm
trees (Phoenix dactylifera) are examples.These
plants exclude harmful ions like sodium and chloride
from the root tissues to the soil (root environment) as
in the date palm trees. Also, mangrove plants can
exclude these ions from various plant organs (like
leaves and branches) to the root tissues.

angloll galaj
WD 0 2205 (Al aleal §alol o bl oo JiA) Aoy
lalo

s Jjedl ol

Phoenix JuAillg Avicennia marina poya)l ol s JUo
Jio oAl cbgill Jjey ULl oaa ogdi  .dactylifera
&9 Lo il Gl malellg Jgandl agnio (8 2))gl4llg ogIagnll
w@lino oo gyl aleyly rosall L ogd) ol Aoy - JuAall
JoanJlanuil Wl (glatly §ljgl) el clAcl §ihlio

Mangroves live in sea water.

JAl0luo (8 it el bl
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Lapuig(Tamarix spp)Jillg Avicennia marina oydll e WAs Atriplex ¢ 1)l il eladlg Limonium axillare  @hall ol Jio

bladder cell awlio dulA

diojlllnvig)
plasmodesmata

[=]
stalk cell
a E

Salt bladder in Atriplex J£Il (8 dunlo dilio

6104 alacl aaddl LUAN @liod)

(wignollg b 2ig4gTo)l g0
(gland cells have large number
of mitochondria and vacuoles)

61160 g
Small holes

aJjlyslauda
Secréfory cell

auojlu nllg)
Plasmodesmata

uwglol g IUlLS
Mesophyl ces

Salt gland in Tamarix aphylla. Jillcod (8 aunalod 0aill

Salt glands in some halophytes. (diagrams of some salt glands).

(ila)) 6 jala duudicl
Partitioning membranes(involution)’

Cop cel asojlly gy

. Plasmodesmata

e — —r

Al Jlan wlegl
Cell wall protrusions

acldada

%ﬂb Basal cell A
hvai

auwojlu Inlg)
Plasmodesmata

Spartina townsendii il ,édualod|6acll
Salt gland in Spartina townsendii.

launlo 2né) cillalnA o) aynlodl Ul AL (8 ualodiaadl
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Extrusion Mechanisms:
Some plants expel ions fo the outside of the plants body by salt glands. There are many halophytes which have such

glands, and these plants include Limonium axillare, some species of the genera Atriplex and Tamarix,the mangrove
frees and others.

e
= .ll I v
Salt gland in Limonium axillare Whollulw 8 dunlo6at

Two of SEM of salt glands from  1a¢)aunloll Lig Al jmnoll ylijgn
Avicennia marina and  limonium nollg ool Jiudd aunlo
axillare. )
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Dilution Mechanism:

Some plants absorb substantial amount of water to avoid the harmful effect of ions like sodium and
chloride. The succulence characteristic is well shown in leaves and branches. The best examples of such
mechanism are found in species of Halopeplis and Suaeda.

¥
-"L T

Halopeplis perfoliata Gl jadiiic ols - Syaeda aegyptioca T
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Tolerance Mechanism

A considerable number of plants absorb ions from the soil solution, and instead of excluding, extruding
or diluting them; these plants accumulate them in vacuoles; which carry little physiological activities.
The osmotic balance inside the plant cells can be maintained by accumulating organic compounds like
proline, glycinebetaine and others in the cytoplasm.

Glycinebetaine content in  uAd) QUQ? 69wl gl
leaves of some halophytes wgib cai  dnalell GUL

under osmtic stress 5jgo Ul alaa i
Plant species Glycinebetaine ( pmole .g" DW)
Atriplex halimus 418
Spartina X townsendii 320
Salicornia fructicosa 174
Suaeda monoica 580

Sourcs: Storey, R, Ahmad, N. and Wyn Jones, R. G. (1977). Taxonomic and ecological
aspects of the distribution of glycinebetaine and related compounds in plants.

Oecologia. 27: 319-322.
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Conclusion

After the above discussion of the resistance mechanisms of xerophytes and halophytes to water scarcity
and salinity in the soil respectively, there remains the role of modern scientific foundations, universities
and researchers with the collaboration of the international scientific institutes to take the advantage of the
characteristics of these plants to develop plants of high nutritional, economic and industrial values.

Understanding the mechanisms of plant resistance to various harsh environmental conditions is of great
importance to determine the characteristics of these plants, which can be considered as experimental
materials for further modern and contemporary studies to develop cultivars of desirable traits that are able

to adapt to various soil conditions.
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