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Choukr-Allah 

Agadìr, 

ABSTRACT - Populations in developing  countries  are  growing so quickly  that  land  and  water  are 
unable  to  sustain  them. In most  developing  countries,  prime  farmland  and  fresh  water  are  fully 
utilized.  Although  irrigation  can  be  employed  to  bring  land in arid  areas  into  production, it often  leads 
to  salinization.  The  global  importance of salt-affected  soils  can  be  explained  by  their  wide 
distribution  on  all  continents,  covering  about 10% of the  total  surface of  dry  land.  Salt-tolerant  plants, 
therefore,  may  provide  a  sensible  alternative  for  many  developing  countries.  In  some  cases, 
successful  rehabilitation of degraded  land  is  usually  preferable,  in  terms  of  resource  conservation,  to 
opening  new  land.  Groundwater  too  saline  for  irrigating  conventional  crops  can  be  used  to  grow 
salt-tolerant  plants.  Even  the  thousands of kilometers of coastal  deserts in developing  countries 
may  serve  as  new  agricultural  land,  with  the  use  of  sea  water  for  irrigation  of  salt  tolerant  plants. 
These  plants  can  be  grown  using  land  and  water  unsuitable  for  conventional  crops  and  can  provide 
food,  fuel,  fodder,  fibber,  resin,  essential  oils  and  pharmaceutical  products  and  can  be  used  for 
landscape  reintegration.  This  paper  will  cover  the  experiences  and  opportunities  of  the  agricultural 
use of saline  land  and  water.  The  goal  of  this  review  is  to  create  greater  awareness  of  salt-tolerant 
plants,  their  current  and  potential  uses,  and  the  special  needs  they  may  fill in developing  countries. 

Key words: halophytes,  salt  tolerant  plants,  saline  water 

RESUME - Les  populations  des  pays  en  voie  de  développement  augmentent si rapidement  que  les 
terres  arables  et  les  ressources  en  eaux  disponibles  ne  sont  pas  suffisants  pour  les  maintenir.  Dans 
la  plupart  des  pays  en  voie  de  développement,  les  terres  agricoles  fertiles  et  les  ressources  en  eaux 
disponibles  sont  sur-utilisées.  Si  l'irrigation  permet  de  produire  dans  certaines  régions  arides,  ceci 
entraîne  généralement  des  problèmes  de  salinisation  des  sols.  On  peut  expliquer  l'importance 
globale  des  sols  salines  par  leur  distribution  sur  tous  les  continents,  constituant  environ 10% de  la 
surface  totale  des  terres.  Les  plantes  tolérantes  aux  sels  peuvent,  donc,  être  une  alternative 
raisonnable  pour  beaucoup  de  pays  en  voie  de  développement.  Dans  certains  cas,  la  réhabilitation 
de  terres  dégradées  est  souvent  préférable,  en  termes  de  conservation  des  ressources, à 
l'exploitation  de  nouvelles  terres.  Les  eaux  trop  salines  pour  l'irrigation  des  cultures  classiques 
peuvent  servir à cultiver  des  plantes  tolérantes  aux  sels.  De  même  les  milliers  de  kilomètres  de 
déserts  du  littoral  des  pays  en  voie  de  développement  peuvent  être  valorisés  comme  terres 
agricoles  en  utilisant  des  eaux  de  mer  pour  irriguer  des  plantes  halophytiques.  Ces  plantes  peuvent 
pousser  sur  des  terres  et  avec  des  eaux  qui  ne  peuvent  servir  pour  la  production  des  cultures 
conventionnelles  et  peuvent  produire  des  graines;  des  combustibles,  des  fourrages,  des  fibres,  des 
résines,  des  huiles  essentielles  et  des  produits  pharmaceutiques  et  peuvent  être  utilisé  pour  la 
réintégration  du  paysage.  Ce  document  traitera  des  expériences  et  occasions  pour  l'utilisation 
agricole  des  terres  et  eaux  salines.  Le  but  de  cette  revue  est  de  faire  mieux  connaître  les  plantes 
tolérantes  aux  sels,  leur  utilisation  actuelle  et  potentielle,  et  les  besoins  spécifiques  auxquelles  elles 
peuvent  répondre  dans  les  pays  en  voie  de  développement. 

Mots-clés: halophytes,  plantes  tolérantes  aux  sels,  eau  saline, salinité 
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Salinity is to affect about  1 billion 
(Szabolcs,  1992),  mostly  located in and semi- 

is estimated that 20 mil- 
lion land to 

each in addition to that 
soils 

80 million 
in the basin 
situation is not only 
land but also 

Finding ways to land and saline 
will land 

to be in ways and lessen the 

tation of saline habitats with halophytic  species is 
and 

et about  6000  species 
of and tidal halophytes in the and 
700  species in the (Le 

these species ne- 

than 

on the selection of halophytic 
species of economic  uses, with , 

agement,  could in the 
land and the use  of . 

of 
the need of food 

and fuel plants is is 
common to in the 

the of 

of such 
that could be used 
the salinity  of those typically 

exceeds the limit by conventional 

plants. The to this is to 
the salt of cultivated domesti- 

cated  plants,  but the gains come slowly. 
to believe that we  may be 

the limit to salt in 
many  of ap- 

to the is  to make use of those plants 
(halophytes) that have high salinity. 

complex of 
salt is and all that is 

needed is to the 
to plants out of them. 

Within the past decade, substantial 
been made in evaluating halophytes poten- 
tial use as plants 1985; 

and 
1985  and  1986). collections of halophytes 

all the been assembled in 
and and many  of 

salt and nu- 
value. of them  have been found to 

be both highly when with 
highly saline and to have high 
value use  as 

in each of these de- 
pending on the plants the sa- 
linity of the used et al., 
1985;  Watson et al., 1987). Thus, it is 
that, while the 

in the actual use of halo- 
phytes a site-specific 

now that the long-held assumption 
that was  a biological to use  of 
highly saline plant has  been 

if not the physical 
limits to use  of highly saline 

Now  that we thinking about 
actually using highly saline to 
attention  must  be  given to man- 

to salinization of 

this has not enough attention yet. 
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Table l - Distribution of salinity and  alkalinity in countries  mainly  afsected. 

20untl-y Solonchak  Saline  Solonetz Alkaline Total 
phase  phase 

Canada 
U.S. 

& 
Cuba 

Chile 
Columbia 

Venezuela 

& 

Angola 

Chad 

Ethiopia 
Gambia 
Ghana 
Guinea 

Libya 

Senegal 

Egypt 

242 

1905 

4141 
1860 
907 
387 

21 
1240 

59 
1132 
126 
1131 
2417 

3283 
319 

200 

3501 

905 
37 

150 
42 

45 5 

141 

264 
5927 

316 
1407 

30568 
5233 

3 140 

20008 

1682 
1889 
3 14 
3878 

4077 
10289 
150 

525 
909 
3 62 
1552 

2770 
490 
1106 

210 
194 

624 
307 

6974 
2590 

11818 
716 
3 62 

1894 

86 

3 728 

44 

111 

41821 

3 642 

129 

670 
2122 
67 1 

425 

118 

448 

1287 

1378 
5837 

26 

723 8 
8517 

316 
1649 

85612 
5949 
4503 
8642 
907 
387 
21902 
21 
1240 

1741 
3 150 
526 
5679 
8267 
67 1 
7360 
11033 
150 
318 
525 
4858 
406 
2457 
1324 
2770 
640 
1148 
1489 
6502 
194 
26 
765 
3 07 

Somalia  1043  526 3754 279  5602 
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Table l - contd. 

Solonchak  Saline  Solonetz Alkaline Total 
phase  phase 

South West  Africa 562 
Sudan 
Tanzania 
Tunisia  990 

Zambia  2924 
South Asia 
Afghanistan  2979 

243  17 
East 6679 

28 

290 
1103 

180 
Lanka 

1089 
States 

Yorth and  Central Asia 7307 
China  3728 

Solomon 11430 

Southeast Asia 

Cambodia 

Thailand 
Viet  Nam  16567 
Qustralasia 

Fiji 

2138 
2954 

53 

177 
2479 
20243 

1582 
47 

106 

9353 

1538 

20 
532 

28914 
342 
23 8 
39662 

13213 
129 1 
3040 
1456 
983 

702 

175 1 
2736 
5  83 

863 

574 

686 

43 7 

30062  89566 

381 11 301860 

23 13 
4874 
3537 
990 
53 
863 

3101 
3017 
23796 

27085 
6726 
28 
180 
209 
290 
10456 
225 
1538 
6002 
2002 
532 
1089 

2500 
36658 
4070 
23 8 
170720 

13213 
1291 
3040 
1456 
9  83 

357240 
90  90 

1989 
Note: in 1000 ha 
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has  now been established that 

of salt-affected  wasteland using 
et 

et et 
to 

come to the best  species  and 
ecotypes to be  used in the vast 
salt-affected soils the 
sive the the 

1989) that than 1500 
in saline  coastal 

of them 
and it is economically  feasible 

to in if the 
developed, 

soil 
the This on the 
possible  uses  of  halophytes,  and  species that may 
be  suitable economic in saline  envi- 

We will also touch on some 
methods the establishment  of  halophytic  species 

to in to domesti- 
cate  them. 

AS 

to 

all of 
The  genus Atriplex includes  48  species  and sub- 
species in the at least 5 of 
them  could  be  used  as 

of in 
of the et 
1992) have shown that 

at 
in the in- 

to 
in in 

the last few in developing  coun- 
with has 

even  been an in the needs 
on saline land 

and 
of halophytes in 

in this 

technology in to develop Atriplex spp. 

use in now to 
and to be  applied to the 

in those 
et 

fi-om salt-affected  waste-land in 

1986).  Valuable 
salt-affected land the establishment  and  use 
of salt plants as sheep and  cattle. 
The choice  of  species planting at a site depends 
on the the the of 
salinity, the and the 

and vaginatum, 
dilatatum, ciliata CV. Thino- 
pyron elongatum, and Trijolium fragijerum) 

to high and 
mildly  salt-affected  lands. The 

lia, Atriplex amnicola, A. undulata, A. barclayana, 
and Halosarcia spp. is essential that the plant 
chosen be useful 

multiple  cutting, and 
stand 

on Atriplex spp.  and spp. 
in shown that 
duction can be  obtained, and this has  a  use- 
II function in the 
1993).  Economic  studies  indicate that 
making  money et 

11 also in and  es- 
tablishment studies using Atriplex and 

livestock on wasteland to fill the 
feed  gap. 

Chile, fìom salt affected 
wasteland  was  based  on the use  of 
and chilensis in the Trifolium 
pratense CV. quinqueli and T. JFagiferum 
gated  conditions  (Squella,  1986).  The 
species  have  a high ash content which limits 
palatability  especially 
tive value and digestibility 
hay, and can be used  as  feed 
a  supplement is added.  Animals eat leaves  and fhi t  

on saline  soil, the 
Diplachne fusca, 

crusngalli and Cenchris ciliaris 
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The of 
of a city 
windblown  dust while as 

on 20000 
flats,  this may be among 

the San Joaquin Valley in 
(USA), studies have shown that Atriplex sp., 

A. barclayana a of 
as 

using high salinity 

Asiatic prostrata is used 
well adapted to 

well  on  saline/alkali soils 

field conducted in highly saline sodic soils 
in the Naklon 

in Thailand, Sporobulus sp. 
a to salt (Yuvaniyama 

et Arunin, 1993). Sporobulus virginicus showed a 
salt 

as a in affected soil of 
east Thailand. 

Atriplex species  have been 
into specifi- 

cally the 

field 
in and Tunisia 1975), 

1991) and Libya (Le 
Tou, 1991) have  evaluated  species suitable 

and 
gated conditions on a of soil types. Atriplex 
nummularia, A. halimus, and A. lentiformis have a 
good to and salt and well es- 
tablished in the 

exotic species  planted on a 
scale in the 

Libya, Tunisia and Egypt) is A. 
nummularia. thousand in 

to Atriplex 
spp., to animal feeding 
with site (Le 

199 1). 

On saline/alkali  soils in Tunisia, with EC, values 
about 20 dS/m and annual of 400-600 mm, 
sowing of local of Fer- 
tuca  elatior and Trifolium fiagferum have been 

successful and good 
1986). 

Libya, thousand stands 
of Acacia saligna syn, A. cyanophylla and Atriplex 
canexens have been established in fenced 
eas to in autumn 
and 

then that the list of halophytic species to 
be  used as and  which can saline 
soils in and is quite The 
extension of these plants into 
tice will depend on compatibility with the 

land use system, on acceptance  and on 
of adequate incentives to 

and 
will need to 

involved in the planning and  implementa- 
tion of and 

OF 

Feeding systems in developing 
a climate, exclu- 

sively on  open feed supple- 
feed is These halophyte eco- 

systems usually to have low 
tivity. the stands of Atri- 
plex halimus subsp schweinjxrthii in 
saline may have a of 0.5 to 
5 t of 1985). The 

of halophyte com- 
munities 0.5 to 9 
ability in is to the 

including ecological conditions of soil 
and climate and  management applied. 
biomass of A. nummularia planted in the 

about 0.5 t 
(Ta i  et  al, 1991). This low is mainly 

to the availability and soil depth. 
addition, the in these is 
70 a consequence of hec- 

of A. nummularia dying a 
five yields in 
and annual be- 
tween 400 to 500 mm. 

Some of the most  extensive of  halophytes 
planted 50 O00 

ha  of depleted in the 
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dle  East,  including  about  42 O00 ha 
planted to Atriplex canescens (Leigh,  1986).  The 

this land 
to 

O00 Atriplex 
have  been  planted with 50% 
sented  by A. nummularia 

is an in the 
showing that the of halophytic 

species can 
ing even with high saline (Watson,  1991). 
a using five species of Atriplex 
between  16 to 70 t and 6.4 to  12.8 t 

in 
conducted in show that 
the in substantially 

Atriplex even though the 
sponse to fiom one  species to an- 

Table 2 - of watering regimes on biomass production ofjìve species ofAtriplex spp. - salt content of 
the irrigation water = 1 g/L 

1 

40.6 61.7 

in 
of A. lentiformis and A. halimus the 

weight  biomass  than on 

Sea of halophytes animal feed 
has been showing its feasibility if 

taken (Glenn et al., 1995). 
it can be concluded that halophytes have 

high yield potentials that can be 
even with salt content as high as the sea 

to 
plantations on alkaline  soils. on 

high salinity, highly salt 
especially within the  genus Acacia, which  may  have 

et al.,  1993). 

used in salt-affected  wasteland  (Table  3).  Le 
salt 

to be  used fuel  and of economical value in 
the and East 

Tou, 1985  and  1986). 

Table 3 - salt tolerant trees et al. 1993) 

G E N U S  
Acacia Casuarina 

occidentalis A. ampliceps halmaturorum C. glauca 
sargentii A. ligulata thyoides 
halophila A. stenophyla glomerata 

A. marconochiana quinquenervia 
d@tera 
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to plant onto se- 
salinehodic soils have  met with little success 

the soil the 
application 

have shown that if an is 
the pan and with 

(in the of  25:1:4) seedlings 
to establish in sodic lands. 

has been 1989) that 290 

levels of  7 to filme 
of salt as  fuel including the use  of 

the ecology  of  salt-affected land 
et Le Floc'h (1995). 

The use of woody halophytes like as a 
of many is a good ex- 

ample of using halophytes as  fuel The 
dian Ocean coasts of East and 

that vegetation which is 
1992). This species was his- 

used in  this of 
wood, and associated e.g. and 
honey the 
genic impacts, the of 
these wood, is de- 

in  these 

then that in the 
choice of 
tation schemes on salt-affected land both 

and 
ment is needed to implement these findings in the 

to highly which can 
and 

well as et al., 
1993).  One of the most  common  uses  of bio- 
mass is such as pulp 

els possible  (Whitehead et al., 1988; Goddon, 

horn leaf biomass of 
polybractea, radiata, smithii and globulus) 
and tannins of Acacia  mearnsii 
et al., 1993). Acacia, such as 

A. saligna, A. stenophylla, A. salicina and A. am- 
pliceps have the potential to and fod- 

This 
means to financial At the 
time, sufficient knowledge is now available to con- 

implementation  of  saline  management  schemes 
in and 

and useful 
species  have been identified 1985). The 
expansion of the in many develop- 
ing as well as the development  of cities in 

justify the use of halophytic species to 

gammes 4) 
suited to to 
with saline has been developed in 

sedfolia, 

to An updated  list  has  been 

like Limonium in 
with 

as a cut 

been selected  by the 
sity  of to be with saline 

15gL and could make  a 
like occidentalis and 

sargentii could stand 30 dS/m  and 
in landscaping. 

OF 

to 

sential  oils, gums, 

oiZs 

the 
a  common  species of pine, 

used to and 
The kewda plant is and has been 
planted in to check sand. 

Oil seed  yields of 2 mtlha, equivalent to soybean 
and conventional oilseeds,  have  been  docu- 
mented Salicornia bigelovii on 
in 6 of field in et 
al., 1991). 
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Table 4 - Salt resistant omamentals for the Dead Sea shore 

Soil salinity @Ce: dS/m) 

1-5 5-15 15-25  25-50 

4cacia  victoriae Acacia  gerardii 
Delonix  regia A. raddiana 
Zizyphus  spina-Christi A. salicina Tamarix  articulata 

A. tortilis 
Casuarina  glauca 
Olea  europaea 

vera 

Washingtonia.fil#lora 

Dodonaea  viscosa  Calotropis  procera pyramidata 

Schinus  terebinthifolius 
Tamarix  chinensis 

Bougainvillea  spectabilis Agava spp. 
Carissa  grandgolia Aloe spp. 
Cassia  eremophila Atriplex spp. 

Cacia  mexicana 
C. sturtii 
Cineraria  maritima 
Clerodendron  inerme 
YuccaJilifera 

Santolian  chamaecy- Arctotis  grandis Crithmum  maritimum Sesuvium  verruco- 
parissus Aster  alpinus sum 
hula crithmoises Catharanthus  roseus Glottiphyllum spp. Suaeda  vera 

Galenia  secunda  Limonium  axillare 
Gazania  splendens L. perezii 
Lampranthus  albus  L.  pruinosum 

parvifohm Lippia  nidiflora 
Oenothera  drummondii 

afia 
elephantipes 

Celosia  cristata  Clianthus  formosus 
Lobularia  maritima C. puniceus 
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and resins 

Grindelia  camporum, a 

5 
This 

in in 
inks and 

soaps. Sapium sebifrum, a 
China. The 

this is  its  high  yield 
10 tonsha). The  seed  contains 

both an 
uid  oil.  The  edible  fat  is a 
coa oil a 

Simmondsia chinensis (iojoba) is a 
with  seeds that contain oil with a 
to has been suc- 

cessfully in the with 

andfibber 

Egypt, Juncus rigidus has  been  used to 
et al.,  1984). nine  month 

culms of rigidus indicate that 1.5 - 2.0 tons 
of pulp 

on saline soil (> 10 dS/m). 
with 17 kg m2 

Saccharum griflthii. The of this 
used 

used to 

The  use  of  halophytes 
mation of salt-affected lands has to be  fea- 

sible if taken. 
analysis  of the sites, geophysical, chemical, 
pedological  and conditions as well as 

vegetation the step in any 
of potential use of salt-affected lands. 

justified when 
they can  make The soil / 
management to 
and aspects in 
using saline halophytes.  The 
management  of halophytic species (Atriplex 
spp.) is well 1995; Le 

1995) to 
suiting local conditions in all 

the use 
is limited by the high salt content which  may 

a to use. Even 
though it  has been in 

about 1 million of planted Atriplex, that 
use annual feeding is economically  feasi- 

it could 
feed as of the 
gap. Sufficient knowledge is now available to con- 

implementation of saline land management 
schemes and in 
and The use of halophyte 
fuel landscaping and soil 

1988; 1986; 1986). 

is a need developing the 
agement  and conditions to maximize the 
ity of these known economical  halophytic  species. 
Also, 
ment of just as is with 

halophytic species  can 
occupy a significant in  the devel- 
opment of salt-affected land, we have to them 
as a cash 

- Abrol, 1986. Fuel hom salt-affected  wasteland in 

- Ahmad, at 

- Aronson, J. 1985.  Economic  halophytes. A 
pp  177-188. 
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Aronson,  J. of salt plant of the of land studies, the 
sity of USA. 

E. 1995. ecology of salt-affected, 
and 

Batanouny, in 
on halophytes 

Choukr-Allah, 1991.  The  use  of  halophytes the the 
New Challenges 

Forti, in 5:83-96. 

1986.  Salinity  effects on zone of 

Glenn, E., S. Swingle. of  halophytes animal  feeds. 
and 

Glenn, E.P., 1991. Salicornia bigelovii An 
oilseed  halophyte 

Goddon, 1989.  SCS  studies  feasibility of Eucalyptus plantation in the San Joaquin 
Eucalyptus 4:l-10. 

and management techniques. (eds), 

plants in developing Zn: and 
tion 

1990. Atriplex as season supplementation feed sheep in the mountain plain of the 
Yemen J. 

et Afìicaines. 
26117-36. 

and potential of the native and sown in 
the and zones of Afìica. and (eds). land plant ' ' 

TX, pp.  3  84-40  1. 

in 

1986. Salt plant of economic value in the and 
5: 319-341. 

1991.  The of saltbushes (AtrQlex spp.) in land in the 
nean basin. Salinity New Challenges. 
pp  397-433. 

1992.  The of saltbushes (AtrQlex spp.) in land in the 
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