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Abstract
The utilization of native and xeric plants in urban landscapes has gained great interest in recent years due to two pressing issues; climate change

effects and water scarcity. These two issues are further exacerbated by Kuwait’s arid desert environment, poor soil and salinity, making it quite

challenging for popular ornamental plants to flourish in urban landscapes. Kuwait is currently dominated by a European aesthetic in terms of

urban green spaces, which include plants such as Concarpus erectus, Nerium oleander, Vitex purpurea, Vitex trifolia and Bougainvillea glabra, all of

which  are  not  compatible  with  Kuwait's  harsh  climate  and  are  environmentally  unsustainable.  This  paper  discusses  climatic  conditions,  soil

characteristics and water resources that are available and includes a plant list that has been created of recommended native and non-native xeric

species  that  are  capable  of  withstanding  Kuwait's  harsh  climatic  conditions  to  create  aesthetically  pleasing  and  sustainable  green  urban

landscapes.
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 Introduction

Growing  ornamental  plants  in  Kuwait  is  already  quite
challenging  due  to  its  harsh  environmental  conditions[1].  In
addition, the effects of global climate change are continuously
accelerating,  therefore  effective  biological  responses  need  to
be  in  place  to  guide  the  effective  protection  of  biodiversity[2].
Already less  than 10% of  Kuwait  is  covered with natural  vege-
tation and there is evidence that the geographical distribution
of  dominant  perennial  plants  in  Kuwait  is  being  impacted  by
climate  change[1,3−6].  Moreover,  further  natural  landscapes  are
being  lost  as  a  consequence  of  altered  land  use  as  a  result  of
population  growth  that  has  led  to  an  increase  in  urbanization
and industrialization. Altered land use is one of the main drivers
of biodiversity depletion and habitat loss, pushing native plant
populations  to  regional  extinction[7].  Additional  activities  that
contribute  to  native  plant  loss  are  overgrazing,  recreational
activities  (off-road  driving  and  camping),  industrial  practices
(specifically  quarrying)  and  the  remnant  effects  of  the  Gulf
War[7−9].  Efforts have been dedicated toward the rehabilitation
and  conservation  of  Kuwait's  desert  ecosystem.  Of  the  total
territorial area in Kuwait approximately, 11% is either terrestrial
or marine protected areas[10]. Several protected terrestrial areas
that have been established in Kuwait include Sabah Al-Ahmad
natural  reserve,  Jahra  nature  reserve,  Doha  reserve,  Kuwait
Institute  of  Scientific  Research  (KISR)  Sulaybia  Field  Research
Station,  Al-Kabid  nature  reserve,  Al-Khuwaisat,  Al-Sulaibikhat
nature  reserve,  Om-igdar,  Khobar  Al-awazim,  Wadi  Al-Babtain,
Qurain  Hill  nature  reserve,  Al-Abdaliya  nature  and  Al-Leyah
protected  area[11].  However,  the  majority  of  these  protected
areas are situated away from urban landscapes and are located
in the desert. Only one project incorporated native species on a

large  scale  in  Kuwait,  and  that  is  at  Bawabat  Al-Shamiyah.
Therefore,  there  is  a  need  to  connect  these  native  habitats  to
urban areas to combat urban habitat fragmentation.

Native  plants  are  defined  as  plants  that  are  a  part  of  the
balance  of  nature  that  has  developed  over  hundreds  or
thousands  of  years  in  a  particular  region  or  ecosystem[12].  The
utilization  of  native  species  in  their  natural  habitat  and  xeric
plants acclimatized to the region's geo-climatic conditions have
been  encouraged.  As  they  have  a  higher  survival  rate,  adap-
tation potential, lower maintenance, disease resistance, salinity
tolerance,  nitrogen  fixation  ability,  ethnobotanical  importance
and  medicinal  uses[13].  These  plants  can  help  create  a  sustain-
able  landscape  that  can  address  habitat  fragmentation  and
habitat loss through xeric landscaping. Xeric landscaping refers
to  low  water  use  landscaping  and  water-efficient  landscaping
that  potentially  offers  a  balance  of  water-efficient  landscapes
without  soil  water  limits[14,15].  This  method  of  landscaping  has
been widely applied in Australia, South Africa and Arizona, USA,
where alternative man-made 'wild' nature is used in opposition
to the more conventional  'obedient'  landscapes[16].  Xeric  plant
species can be native and non-native species that have drought
survival  adaptive  mechanisms[14,17].  These  adaptive  mecha-
nisms encompass extensive root systems, thick cuticles, stoma-
tal openings that are protected and the occurrence of bulliform
cells[14,17,18].  Low  transpiration  rates  through  small  leaves  lead
to  less  evaporation  of  water  due  to  the  reduced  total  surface
area of  the leaf.  Thick waxy cuticles,  leathery or glossy cuticles
that  act  as  a  barrier  to  evaporation  and  reflect  sunlight[14,17].
Their  main  growing  period  is  winter  and  spring  when  rain  is
abundant[19].  Bulliform cells are bubble-shaped epidermal cells
that  cause  leaves  to  roll  or  fold  in  harsh  environmental  con-
ditions by losing their turgor pressure in water stress conditions
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preventing moisture loss  through the vacuoles  and reopening
again  under  favourable  conditions[18,20].  Bulliform  cells  are
especially associated with Poaceae, Cyperaceae and Juncaceae
species[18,20].

The plant  selection process  discussed in  this  paper  covers  a
range of topics from the climatic conditions, and soil and water
conditions in Kuwait, native and non-native species and annual
and perennial species. All the plants discussed are native plants
or  introduced  plants  that  have  been  studied,  suggested  or
utilized  by  KISR  and  the  Public  Authority  of  Agriculture  and
Fisheries,  Kuwait  (PAAF)  to  give  a  more  comprehensive  over-
view of tackling urban landscaping that is distinct to the region.

 Climatic conditions

As  a  desert  environment,  Kuwait  experiences  harsh  climatic
conditions,  with  prolonged  periods  of  extreme  heat  (Table  1).
During the summer months,  the average temperature is  46.22
°C,  while  in  the  winter  months,  it  can  drop  to  6  °C[21,22].
Evaporation  rates  in  summer  range  from  3.1  to  24.3  mm/day,
despite  low  humidity  (13%)[23−25].  Precipitation  is  minimal,
occurring  in  the  spring  and  increasing  in  frequency  around
November,  averaging 22 wet days which amounts to 115 mm,
annually  fluctuating  between  25  and  250  mm[24,26].  The  wind
blows  predominantly  during  the  summer  from  the  northwest,
forming 60% of the total wind direction and from the southeast
to  a  lesser  extent  and  shorter  duration[26].  Therefore,  the  dust
activity  in  Kuwait,  is  low  during  winter,  growing  strong
between March and April, and at its highest in June and July[27].
The average monthly wind speed in June reaches a  maximum
of 20.8  km h−1 and a  minimum of  12.1  km h−1 in  November[9].
Kuwait  experiences  an  average  of  3347  sunshine  hr/year.  The
number of sunshine hours ranges; from an average of 7 hr/day
in December, and 11 hr/day in August[28].

It  is  inevitable  that  any  long-term  changes  in  climate
patterns  will  have  an  impact  on  vegetation  type  and  canopy
structure,  as  well  as  bare  land,  which  will  have  an  impact  on
land-surface  albedo  and  evapotranspiration,  modifying  near-
ground  temperatures  and  precipitation[3,29,30].  Future  changes
in  vegetation  cover  could  have  a  similar  impact  on  rainfall  as
climates  change,  but  the  magnitude  of  those  changes  is
uncertain[3,31].

 Soil

Kuwait's  topography  consists  of  predominantly  flat  and
gently  undulating  land  that  sparsely  encounters  elevations,
wadies  (drainage  lines),  depressions,  sand  dunes  and  salt
marshes[32,33].  The  land  rises  gradually  from  the  shores  of  the
Arabian  Gulf  from  an  altitude  of  zero  to  approximately  300  m
southwest  of  the  country[32].  There  are  eight  soil  groups  that
dominate  Kuwait[34]:  spetrogypsids,  torripsamments,  haplocal-

cids,  haplogypsids,  aquisalids,  calcigypsids,  petrogypsids  and
torriorthents (Fig. 1, Table 2)[34,35].

In  many parts  of  Kuwait,  soil  is  partially  consolidated with  a
sediment  of  a  massive  calcrete  type,  known  locally  as
'gatch'[38−40].  It  is  a  caliche  layer  (duripan  or  hardpan)  that  is
found  in  varying  depths  but  on  average  at  a  2  m  depth,
attaining a thickness of tens of meters[22,38,40]. Gatch consists of
a  mixture  of  quartz  sands,  silica  and  gypsum,  cemented  pre-
dominantly by carbonates (calcite and/or dolomite)[22,38,40]. This
gatch  zone  decreases  in  porosity  and  effective  permeability
due to cementation by carbonate[22]. Gatch soils are considered
impervious  and  require  proper  drainage  arrangements  when
used as fill material as the average shrinkage limit is 17% above
normal  moisture  content.  Therefore,  soils  are  liable  to  swell
when  saturated  and  crack  when  dry[22].  However,  soil  stability
can be through the addition of natural and synthetic chemicals
that  can  improve  the  physical  and  chemical  soil  properties
through aggregate stability by enhancing soil  strength, aggre-
gate  stability,  and  water  infiltration.  They  also  reduce  the
effects of salinity on plant growth and development and supply
nutrients[41, 43].  Additionally,  a  study  on  the  development  and
evaluation of a new multi-purpose soil  additive by Lahaliah[39],
determined  the  addition  of  1.0%  sulfonated  urea-melamine-
formaldehyde  (SUMF)  improved  the  compressive  strength  of
gatch sand from 4.74 to 13.38 kg cm−2[42]. The use of a mixture
of  a  polyanionic  polymer  (sulfonated  amino  formaldehyde,
polyanionic  condensates)  with  polyvinyl  alcohol  was  estab-
lished  to  achieve  very  good  stability  for  gatch,  however,  it  is
expensive  and  difficult  to  dissolve  in  water[42].  Another  more
economical and time-feasible option is to drill holes at selected
sites  where  trees  or  deep-rooted  species  will  be  planted.
Growing  vegetation  on  gatch  soil  has  been  successful  in  the
past, as proven by Suleiman et al.[40] in a study on plant enrich-
ment  in  desert  ecosystems  in  Kuwait,  with  relative  growths
rates  of  113.2%  for Pennisetum  divisum,  67.8%  for Calligonum
polygonoides,  51.5%  for Farsetia  aegyptia,  30.1%  for Helian-
themum  lippii,  12.8%  for Tephrosia  haussknechtii,  7.9%  for
Prosopis juliflora and 6.9% for Prosopis spicigera, with the excep-
tion  of Tephrosia  haussknechtii and Rhanterium  epapposum,
which had survival rates of less than 80%[43].

It  must  be  noted  that,  due  to  urbanization,  landscape  soils
are  usually  physically  and  chemically  altered,  and  the  micro-
climate  in  those spaces  has  been transformed[43].  Moderate  to
severe land degradation and plant cover deteriorated, affecting
around 75% of Kuwait's  desert as a result  of the high intensity
of  anthropogenic  activities[7,9,44,45].  Soil  can  be  improved  to
promote plant survival and germination rate through the addi-
tion  of  mulch  and  fertilizer  for  selected  plants.  Nevertheless,
since  there  is  not  a  universal  solution,  therefore  plant  palette
selection for the selected site needs to be determined ahead of
soil preparation.

Table 1.    Monthly climate and weather averages in Kuwait (adapted from www.timeanddate.com/weather/kuwait/kuwait-city/climate).

Month

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

High temperature (°C) 19 22 27 33 40 44 46 46 42 36 27 21
Low temperature (°C) 7 9 13 19 25 29 30 30 26 21 14 9
Mean temperature (°C) 13 15 20 26 32 36 38 38 34 28 20 15
Percipitation (mm) 10.8 3.7 2.3 15.7 11.8 10.1 18.4 3.7 1.7 0.3 0.9 4.1
Humidity 64% 54% 43% 34% 21% 13% 14% 18% 21% 36% 50% 62%
Wind (km/h) 12 14 14 15 15 20 19 16 14 12 12 12
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 Water resources

Kuwait  has  limited  natural  water  resources,  groundwater  is
the  only  natural  water  resource  it  has,  with  the  exception  of
isolated  freshwater  lenses  in  Raudhatain  and  Umm  Al-Aish  in
Northern Kuwait[46].  The rest of the available groundwater is of

brackish  quality,  with  the  majority  of  it  located in  the  western

and  central  regions  of  Kuwait.  The  brackish  water  from  these

locations  is  utilized  for  landscaping  and  agricultural  purposes,

buildings  and  road  construction,  and  is  blended  with

desalinated  seawater[21,46].  Brackish  water  has  a  salt

 
Fig. 1    Map indicating Kuwait soil group classification spread (data from KISR[37]; PAAFR, 1999).

Table 2.    Kuwait soil group classification (adapted from Shahid & Omar[35]; Omar et al.[34]; Soil Survey Staff [36]; KISR[37]; PAAFR, 1999).

Soil groups Description

Torripsamments Well to somewhat excessively drained, deep or very deep sandy soils.
Petrocalcids Well drained or moderately drained, shallow or moderately deep, sandy to loamy soils overlying a calcic hardpan. When

upper soil is truncated, it may appear at the surface.
Haplocalcids Well drained, deep or very deep, sandy to loamy soils, which have a layer ofcarbonate masses and nodules in the profile.
*Haplogypsids Well drained, deep or very deep, sandy to loamy soils, which have a layer of gypsum crystals in the profile.
Aquisalids Poorly or somewhat poorly drained, deep or very deep, sandy to clayey soils. Within the soil there is a layer of salt

accumulation that usually occurs near the surface.
Calcigypsids Well drained, deep or very deep, sandy to loamy soils containing a layer of carbonate masses and nodules and a layer of

gypsum crystals within the profile.
Petrogypsids Well drained, shallow or moderately deep, sandy to loamy soils overlying a gypsic hardpan. Hardpan may be exposed at

surface, when upper soil is truncated.
Torriorthents Excessively drained to well drained, moderately deep or very deep, sandy soils. Within the soil profile there is a high content

of shell fragments and some gypsum accumulations
Miscellanous Refers to areas that are incapable of supporting vegetation without significant reclamation efforts. This includes dumps and

quarries and urban and industrial areas.

*Due to map scale limitations, Haplogypsids are not shown.
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concentration  that  ranges  from  3,000  to  8,000  mg  L−1,  which
limits  plant  selection[21].  The  irrigation  of  landscape  plants
using  treated  municipal  sewage  water  and  industrial  water,
subjecting  it  to  tertiary  treatment  has  become  a  common
practice[21,25].  The salt  concentration is  1,300−2,430 mgL−1 and
contains both organic and inorganic matter[25].

Irrigation is a crucial part of many landscapes and important
to  maintaining  healthy  plants.  To  combat  the  dry  climate  in
Kuwait  and  the  low  water  holding  capacity  of  soil,  excessive
irrigation  is  a  common  practice  in  landscaping[47].  To  ensure
efficient water use, drip lines should be used instead of furrows
and  sprinklers  as  a  method  of  irrigation.  During  summer,  drip
irrigation  is  recommended  twice  weekly;  during  winter,  drip
irrigation  is  recommended  daily  depending  on  the  plant's
water requirements[43].

 Plant selection

In  the  1960s  Kuwait  developed  the  first  National  Greening
Plan (NGP)[21,48]. The aims of the NGP were: the beautification of
Kuwait  City  and its  suburbs,  the  rehabilitation of  deteriorating
rangelands, the establishment of green parks in the desert, the
expansion  of  existing  agricultural  areas,  the  creation  of
plantations or artificial forests, and enriching the coastline with
mangroves[48,49].  Exotic  species,  such  as Eucalyptus,  Tamarix,
Ziziphus trees and Jasminum and Lantana shrubs, were utilized
during  that  time  in  urban  spaces[21].  Currently,  green  urban
landscapes are made up predominantly of  exotic species from
temperate  and  semi-temperate  regions:  examples  include
Concarpus erectus, Nerium oleander, Vitex purpurea, Vitex trifolia
and Bougainvillea. However, greening these urban spaces using
the  current  limited  regional  and  commercially  available  plant
palette  is  generating  a  variety  of  ecological  problems.  These
ecological  problems  include  the  risk  of  invasive  plants,
dominant  plant  populations  taking  over,  changing  the  local
ecosystem and having high-water requirements[50,51].

 Native and non-native
Residential  landscapes  that  reflect  local  environmental

conditions  by  utilizing  native  plant  species  for  ornamental
purposes can be a more viable option, as they offer a variety of
benefits that maximize the future well-being of people and the
natural  environment[52].  Native  plant  species  are  well  adapted
to the regional  climatic conditions,  have the capacity to adapt
to adverse local environmental conditions, and have low water
and  maintenance  requirements[43,50,52].  They  also  promote  the
biodiversity of local native wildlife in Kuwait by preserving the
ecological  balance  between  native  plants  and  fauna[43,52].
Specific native plants have been selected in order to avoid any
landscape  design  problems  that  may  arise,  including  seasonal
aesthetics,  mass,  form  and  color  palette  (Table  3).  However,  if
locally  adapted  species  become  isolated  and  cannot  colonize
new  habitats,  they  may  not  be  able  to  shift  their  ranges  with
climate change[2]. Additionally, native plants are not allowed to
be  commercially  sold,  propagated  or  collected  by  nurseries  in
Kuwait  due  to  legislation  stated  in  the  list  of  unauthorized
traded seeds and tubers created by PAAF.

Green  urban  landscapes  do  not  have  to  encompass  strictly
native plant  species  to conserve resources.  Incorporating non-
native  or  naturalized  species  that  are  adapted  to  Kuwait's
climatic  conditions  can  provide  economic  landscape  potential
and  a  broader  range  of  color  palettes  and  aesthetics[53].

Drought-tolerant  species  have  specific  characteristics  that  en-
able  them  to  withstand  extreme  drought  and  desert  condi-
tions.  These  species  can  shed  their  leaves  to  further  decrease
water loss in severe drought conditions[54].  In order to provide
recommendations for future landscape projects in Kuwait, a list
of  previous  research  studies  and  projects  in  countries  with
similar  climatic  conditions  and  within  the  same  region  have
been compiled (Table 4).

 Annual and perennials
There  are  374  native  plant  species  that  belong  to  55

families[9,40,112].  A  significant  amount  of  desert  ecosystems  are
usually  rich  in  annual  flora[8].  In  Kuwait,  annuals  make up 68%
of  the  native  flora,  herbaceous  perennials  22%,  shrubs,
undershrubs  9%  and  there  is  only  one  tree  species  (Vachellia
gerrardii)[8,9,40,113].  There  are  five  plant  community  types  that
have  been  identified  in  Kuwait; Haloxylon  salicornicum (Moq.)
Bunge ex Bioss, Rhanterium epapposum Oliv. and Cyperus cong-
lomeratus Rottb which are used for livestock grazing, Zygophy-
llum qatarense Hadidi  and Panicum  turgidum Forssk[9,40,112,114].
Plant  communities  in  arid  extreme  environments  have  the
capacity  to  respond  to  environmental  change  and  sustain
functions  that  can  impact  species  turnover  and  can  shift
interactions  and  net  biodiversity[115,116].  Perennial  and  annual
plants  have  an  interrelationship  between  them  that  create
negative  and  positive  interactions  between  these  life
forms[62,115,116].  One  of  these  interactions  is  that  perennial
plants  benefit  from early  seedling emergence that  is  balanced
by the risk  of  seedling mortality  by adult  longevity,  in  compa-
rison  to  annuals  that  are  more  likely  than  perennials  to  post-
pone  germination  to  following  seasons[117].  As  annual  plants
development, flowering and seed yield communities, success in
desert ecosystems is dependent on a variety of environmental
factors:  rain,  temperature,  relative  humidity,  soil  moisture
availability, seed location, seed size and seeds depth in the soil,
day  length,  light,  soil  water  content,  soil  organic  matter  avai-
lability  and  nitrogen  recycling[116,118].  Another  interaction  is
that  perennial  plants  provide  two  important  contributions
towards  annual  success;  they  act  as  organic-matter  donors
creating  fertile  islands  from  self-resource  due  to  their  root
activity improving the quality of their understory soil as well as
their  intensive  canopy  cover  acting  as  a  physical  structure  in
the  ecosystem,  creating  a  wind  barrier  and  as  soil-moisture
moderators by providing shade[62,116,118].  Therefore, a selection
of  perennial  plants  should  be  utilized  in  garden  design  to
facilitate  the  success  of  annual  plants  that  provide  a  seasonal
aesthetic and also colourful accents.

 Plant establishment
There are varying methodologies towards vegetation estab-

lishment  in  urban  landscapes  either  through  using  hardened
seeding  or  direct  seeding.  Direct  seeding  offers  a  more  cost-
effective  and  highly  efficient  planting  method.  Several  studies
have  been  conducted  in  Kuwait  towards  desert  habitat
rehabilitation through direct  seeding utilizing pretreatment  to
break  seed  dormancy[43,57,59,62,68,71,118].  A  study  conducted  by
Suleiman  et  al.[40] in  Kuwait  on  plant  enrichment  in  desert
ecosystems  used  a  desert  seed  mix  of Eragrostis  curvula,
Ambrosia chamissionis, Artemisia californica, Lasthenia glabrata,
Mimulus  aurantiacus and Limonium  californicum[43]. Kuwait
native species, hardwood cuttings of Lycium shawii treated with
Hormex  (1,000  mg/LL(IBA))  using  the  quick  dip  method  and
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a b

c d

e f

 
Fig. 2    (a) Helianthemum lippi (Rakrouk), (b) Ziziphus nummularia (Jujube), (c) Farsetia aegyptia (Allabana), (d) Haloxylon salicornicum (Rimth),
(e) Lycium shawii Roem. & Schult. (Awsaj), (f) Ochradenus baccatus Delile (Taily weed).

a b

c d

e f

 
Fig.  3    (a) Calligonum  polygonoides (Erta),  (b) Heliotropium  bacciferum (Salt  heliotrope),  (c) Pennisetum  divisum (Thammam),  (d) Panicum
turgidum (Taman, tuman, or thaman), (e) Cornulaca aucheri (Hadh, saley, or thalj), (f) Salsola imbricata (Saltwort, milayah).
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treated  seeds  of Ochradenus  baccatus, Rhanterium  epapposum
and Nitraria retusa, with 500, 750 and 1,000 mg/LL GA3, respec-
tively, and untreated seeds of Peganum harmala were tested[62].
A  100%  survival  rate  was  observed  in Lycium  shawii, Nitraria
retusa and Ochradenus  baccatus,  in  comparison  to Peganum
harmala and Rhanterium epapposum,  which had a survival rate
of  97.8%  over  approximately  a  one-month  period[62].  The
recommended plant spacing for native plants (Table 3) is only a
guideline  based  on  previous  research[43,62].  However,  plant
spacing  is  dependent  on  the  space,  aesthetic  or  whether  it  is
grown in a square grid, rectangular grid, or triangular spacing.

 Conclusions

Combating natural habitat loss and enhancing plant diversity
by improving urban landscapes in Kuwait is a critical issue that
needs to be addressed to ensure the survival of native flora and
fauna.  Conservation  and  rehabilitation  efforts  should  not  be
focused solely  on desert  areas  and nature  reserves  as  they fail
to  address  the  issues  of  habitat  fragmentation.  As  the  main
constraints  faced  by  plants  are  Kuwait's  harsh  desert  environ-
mental conditions, poor soil and water scarcity, there needs to
be a shift away from the current plant palette that utilizes plant
species  that  have  become  invasive  and  have  high  water  and
fertilizer requirements. The use of native and xeric plant species
that have been recommended in this paper will assist in provi-
ding  guidance  in  the  future  when  creating  more  sustainable
urban  green  landscapes  that  offer  a  variety  of  ecosystem
services.
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