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A review of genetic 
advances on breeding 

salt-tolerant crops 

Faculty of Agriculture 
University of Cairo - Giza - Egypt 

Large  areas of land  throughout  the world  cannot 
be used  for  food  production  because of the 
limitations  imposed  by  natural  or  man-made 
environmental  stresses.  Therefore,  the  study of 
s t r e s s   p h e n o m e n a   a n d   r e l a t e d   t o l e r a n c e  
mechanisms  is becoming  more  important. A stress, 
as  defined by Blum is  any  environmental 
factor  capable of reducing  the  yield below the 
potential  level, i.e., the highest  possible  yield for  a 
given  set  of conditions. An efficient  strategy  for 
improving  plants   to  be adapted  to  extreme 
e n v i r o n m e n t s   w o u l d   m a x i m i z e   t h e   u s e  of 
cultivated  land  and  increase  the  utilization of 
marginal  soils.  Because  of  the economic impact of 
stresses  and the large  amount of energy  required  to 
alter  the  environment  to  suit  the  plant,  it   is 
becoming  increasingly  important  to  utilize  existing 
techniques  to breed plants better  adapted to stress. 

The purpose of this review is  to  summarize  the 
a d v a n c e s   a n d   p r o s p e c t s   f o r   t h e   g e n e t i c  
improvement of salt tolerance in cultivated  crops. 
The  genetic  approach  to  the  salinity  problem  is 
fairly  new, but has generated  considerable  interest 
worldwide.  This  approach  provides  exciting 
prospects  for  increasing  productivity in salt- 
affected  areas. 

- Salt stress mechanisms 

plants 

1.  of t h e  . 

becoming less  available. 

2. Toxic 
of 

3. 
of 

by plants 
to of 

Jones plants avoid salt 

by: 

1. of 
biosynthesis of 

2. of the  soil 

of 
should be accumulation. 

availability of 
mechanism.  The  mechanism ,of salt exclusion has 
been  one of 

1982). 

The  multitude of specific  ways  in  which  plants  can 

~~-~~ ~ ~ ~ ~ 

CIHEAM - Options Mediterraneennes

Serie A: Seminaires mediterraneens



184 

than one  mechanism.  The  plant 

the  lethal effect of 
et al., some 

Of 
metabolites  tested so 

found 
in  seeds)  have possessed potent  biological  activity 

levels of 

-X- 

by a next  class of genes  identified by 
as Osm  genes coli against  osmotic 

h y p o t h e s i z e d   t h a t   t h e   s a m e   c l a s s  of 
that 

found 
as 

to 

by balancing  the  osmotic 
of the  cytoplasm  with  that of the 

- Strategies in 
osmoregulation research 

l 

to 

to saline  conditions,  although 

i) pools. 

ii) 

1. Plant breeding from existing gene pools 

genotypes,  including wild species,  and  subjecting 
them to a 

cultivation  on a 

a species is 
limited by of the  existing  gene 
pool. 

Jones (19871, 
of the 

of 
phenotype.  The  most common 

of 

salt 

The wild 
to be,  successfully  exploited by as 

of 
as Secale a n d  

Agropyron (which of wheat) 
and Triticum. 
holds 

at  late  vegetative  stages  has  been 
wild  species of tomatoes, 
and peruuianum (Tal  and 

Shannon, 1984). The  same is of Hordeum 
jubatum, a of 

to H .  uulgare 
et al. (1982)  that Citrus 

aurunticum is 
Citrus  sinensis. 

as a 
extending  the  limits of 

is not 

as a is usuallly 
of this 

technique is of the  genes of 
a 

of 
bulk of 
wild 

is 
tomatoes,  Jones  (1987),  Jones et al .  (1987)  and 
Jashin et al. (1986)  found out 

The 
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at the  late vegetative  stage. 
the  same  cultivated 

species esculenturn, 
lands:  Edkawy, a local 

of Egypt,   and 
Jones  (1987) 

concluded 
essentially all aspects of 

is expected.  Genetic 
of the 

life-cycle 
intensities. 

of 

mixed  with CaC12. While  convenient, 
do 

ion  compositions of 

Expectations  that a 
.. N a   C l  alone will 

a 

of soluble  salts 
of 

to 
of the 

be 
and assessed the development of an 

2. Cell culture  techniques 

is one of the  methods  scientists 
have studying how 

and 
as a means 

in which 
would of if at  the 
whole plant 
cells  can be subjected  to  .mutagenic  agents  in 

the gene pool 
beyond that 

given by (1981). This 
of 

a expanded of 
and a 

of salt- 

difficulty of selecting 
such as 

yields. Thus  the cells  must be 

concept of as a 
which to of 

an  init ial  genotype.  The  unexpectedly  high 
of new phenotypes  in cell 

was given the  name somaclonal  variation by 

tobacco, Brassica 
species. suggested a 
of possible  genetic mechanisms,  many or all of 

genomes. 

The  application of cell 
plants to is Zenk  (1974) 

of a cell 
haploid  cells in Nicotiana  syluestris. At 1% Na  Cl ,  

cells grow at of that of 
the Na  Cl .  No a t  
1% Na C l  et  al. 
(1975) obtained tabacum cells  which  showed 

0.16% ,Na Cl  and  then to 0.52%. Salt 

et al.’ 
to 0.88% Na  Cl. (1975) able to 
select  cell lines of N .  syluestris and Capsicum 
annuurn 1% and 2% (WN) Na  Cl.  The 

in  suspensions which contained 
Na Cl. to 

exceeded et a l .  (1978) 
isolated 
a medium containing  about 1% Na  Cl  a cell 

of The  selected  line 
behaved  like a 
including the salt 

et al. (1980) selected  cells of 
of about 2-  3% 

lethal the unselected  cells.  The  selected  cells 
of for 
et al. (1980) the 

isolation of 

options 
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these  lines. 
et al. of 

tabacum to 1% Na  Cl. These  cells, 
once they  had  been 

salt 

and 
cell  lines of Citrus  simensis and C. auranticum 

Cl.  on 0.5% 
and 0.7% NaCl ,  

on Na  Cl  up  to  1%.  Thomas et al. (1982) 

of 
these  fame  initial  cell  line.  They  indicated  that 

it, 

of somatic  cells  have 

with  just  one  genotype  in B 
is a 

field of 
suspected. 

The  salt used of salinity  studies is 

of callus to 
of et al. (1977)  using carota 
and  Chen et al. (1980)  using Nicotianu  tabacum 

on 
SO2- salts. They 

suggested  the  use of multiple  salts or synthetic 
as a to 

et al. 
Citrus callus 

on NaC l  or 
but  able  to 

SO4, and 
C1- 

Na2, SO4 and of the  Na 
C1-selected  alfalfa  line was: inhibited  at  high 
levels of all salts except  Na Cl.  The  non-selected 

could  not 
concluded that  the  Na 

of and SOa-. 
the  same 

C1- 
of all 

salts  tested.  The  non-selected  cells  did  not on 

that  the Na a 

alfalfa  cells. 

(1984) posed the  question of the possible 
types of 
mechanisms  (mentioned  above)  which 
to be 

or 
to be the  least  useful, 

since  such  changes 

vegetative 

would be of 

(1980) of such 
Hordeum  uulgare 

and H .  jubatum. 
obtained  in  which 

all jubatum 

manifest  themselves as 

of 
such as of 

could also  affect a 

whole  plant  level  and  be  stable  fol lowing 
such to be  useful. 

it is 

this is not  the  only  pathway to 
vitro. Fusion protoplasts 

of 
technique  which  has  potential to be 

Some 
by 

followed by 

of 
now wide of 

et al., 
of 

Solanaceae.  

to 
parodii and parviflora et al., 

by 
(1979) who of 

and Atropa 
belladonna. 
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tomatoes  and  potatoes  may  also be cited  as a 
1980). 

containing  new  combinations of 

of two  somatic  cel ls 

et al., 1979).  Genes 
as 

be located  in 

novel 
genomes is genotypes is 

of this  point 
may be 

et  al., 1979). 

attention  to 
cell 

1.  

systems,  the  capacity 
a technical 

a 
of 

as Daucus 
carota 

et  al., 1980)  plants 
old callus. 

of plants the  salt- 
et al. 

of plants  was 
is disappointing  to state  that only a 

few to six,  in  both  wheat  and 

of 
as well as is 

of 

in  the 
et al., (1980) 

of 
once a new media  sequence 

was developed. These  plants, which  had  been in 
have  many 

lethal  genetic  changes. Thìì plants 

slow and susceptible  to  many  diseases. 
The  amount of in  the  plants 

of 
callus to that of the whole 

of Lycopersicon (Tal et  al., 1978) 
and of Hordeurn Smith and 
Comb (1981a) of whole plants 

of salt- 
sensitive  glycophyte a salt- 

Beta  vulgaris ,  and  two 
halophytes A t r i p l e x  undu la ta  and S u a e d a  
australis to of Na   C l  (O to 250 

Beta, 

salt levels and a 
a t  halophytes,  the  plants 
showed of 
salt, while 

concluded that  the  halophytes  have 
whole plant  mechanisms (salt glands, succulence) 

is not 
Beta is suggested  to  have 

level mechanism salt 

of 
found 

use of callus to Na C l  is a 
valid  system. 

3. Genetic engineering 

sequences  in 

opens new 
of is not  the  only 

of 
and 

isolation of genes  that specify salt 
of 

plants. 

of the 
development of new 

of 

achieved of 
and plant  genes  in  plant cells. 

options 
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on the 
mechanisms of 

of been 
isolated of 

et  al. ,  
Abd Abd El-Salam, a t  

(1985) 
Azotobacter  chrococcum. 

of 
of 

evolved plasmids  (Valentine, 1984). 
molecules that behave as tiny 

and possibly 

genes  (a  segment of 10,000 
spliced into  plasmids of a 

colì. 
plasmids  have 

.i) they code the  enzymes  catalyzing  the 
pathway;  and 

ii) 
sensitivity to  feedback  inhibition. 

be 
to  plants via: 

a) Agrobacteriurn 
tumefaciens or 
b) the 

Osm 
genes to leguminous  plants. 

which is developed by 
as 

Genetic Calgene  in 

communications) is the  use of 

by 
shocks.  The second of Osm 

the of 

188 

techniques could be  applied in both leguminous 
and nonleguminous  plants. 

be 
of 

the  avai labi l i ty of halophytes, it is easy to 
speculate  that  the  potential  shift in 

as wheat  and  maize is 
unlimited. 

- Summary and conclusions 

the 
effect of salinity and  development of 

show symptoms of 
on 

as 
well as metabolic  imbalance. 

An of is 
effective to the  salinity 

as 

and sensitive to salinity. is 
to  speculate  that a 
genetically of 

of sal t  

used. 
salt the  use of 
wild of is 

of wide 
of view, 

to the  development of salt  

of view, 
These  include a well-defined  media, a huge 

of and  evaluated  and 

in cell 
a 

beyond those of 
as 

of somaclonal 

options 
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a 

what is potentially  feasible. 

mechanisms  within  the  plant 
to 

locating  the  genetic codes 

genome of the  p lant of 
of 

to 

investigation. 
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