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Series editor's foreword 

This volume is a landmark in the development of the 
halophyte ecology research and development for the 
following reasons: 

1. The volume brings together contributions from 
many countries from which otherwise little infor­
mation is available in the international literature. 

2. The volume summarises through individual con­
tributors the state of research possibilities in many 
developing countries. 

3. The volume documents the latest work by the mem­
bers of the European Union's Concerted Action 
Group "Sustainable utilisation of halophytes in the 
Mediterranean and subtropical dry regions". 

4. The volume reports contributions from the work­
shop held at the beginning of the EXPO 2000, 
mostly from members of the abovementioned EU 
CA which received for its contribution the gold 
medal of the EXPO 2000 as shown in Part V 

5. The volume is the hard copy documentation of the 
scientific society initiated at the workshop held at 
the beginning of the EXPO 2000. Much of the 
achievements is still available for some time on 
internet via the home page http://www.usf.uni­
osnabrueck.de/projects/exp02000. 

The series T:VS has a reputation for reporting 
research in and on saline systems and halophytes. If 
you look at the list ofT:VS publications at the end of 
this volume you will see that we covered these topics 
from the very beginning in 1981, eight volumes deal 
with this topic and among these the most important 
reports of the Al AinlUAE conference on halophytes 
in 1990, where the importance and future potentials of 
saline irrigation systems were so successfully pre­
sented, that in the time after that meeting several new 
institutions for saline research were established. 

Several participants of the Al Ain conference and the 
EU Concerted Action are now leaders in their field of 
halophytes research and we hope that this volume stim­
ulates further halophyte research and the development 
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of pilot plantations in order to demonstrate the eco­
logical sustainability and the economic feasibility of 
saline irrigated production systems. 

This book is intended to provide starting points for 
work at several levels of research from physiology 
through chemistry and practical applications to taxon­
omy and floristic analyses. The volume is structured in 
this way and shows the different approaches possible 
in different parts of the world limited by the interest of 
the local scientists, laboratory and monetary resources 
available or suggested by the type of information 
needed for further studies. 

Towards the end of this book we report on the initi­
ation of the new scientific society dealing with the 
problems to be solved to create new cash crop halo­
phytes which is very much needed for the immediate 
future in many developing countries with desert or 
semi desert climates. 

Although still small in numbers of members, the 
society is very active in sponsoring international meet­
ings on halophyte research and utilisation. While GM 
may make great contributions to salinity tolerance of 
common crops in the future, the utilisation of species 
with natural salinity tolerance may become great 
resources for many purposes for which other crops 
may not be suitable. All members of the new society 
support the effort of newcomers to start halophyte 
research and saline production systems development. 

The publications listed in this volume as well as in 
the other relevant T: VS volumes, the publications by 
the EU CA also compiled at the end of this book and 
the wealth of information available through the herein 
listed electronic media may provide a solid base for 
researchers worldwide. We hope that it serves this pur­
pose. We thank the publisher, especially Mrs Noeline 
Gibson and Helen Buitenkamp for their efforts to 
present the volume in the usual Kluwer quality and 
hope that the volume will stimulate more colleagues 
to use the T:VS as an outlet for their research results 
relevant to saline systems. 

Osnabrock, December 2002 Helmut Lieth 



Introduction to the volume 

This volume was compiled 10 years after the Al Ain 
meeting. It has several aims: 

I. It should inform the scientific community about the 
possibilities to utilise saline water for irrigation and 
halophytes for sustainable agricultural production. 

2. In this respect it presents the results of the research 
projects undertaken by the EU Concerted Action 
group "Sustainable Utilisation of halophytes in the 
Mediterranean and subtropical dry region". 

3. It presents the relevant literature on these aspects 
and in doing so it shows: 

4. Results from eco-physiological research on salt tol­
erance of plants. 

5. Halophyte utilisation for the reclamation of soils 
with salinity levels just over the tolerance for com­
mon crops. 

6. Halophytes with the potential to become cash crops. 

7. Sustainable irrigation systems with seawater. 

8. Future aspects for halophyte utilisation. The need 
for pilot studies demonstrating the organisational 
possibility, the ecological sustainability and the 
economic feasibility of saline irrigation systems. 

H. Lieth (ed.), Cash Crop Halophytes: Recent Studies, xi. 
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The volume is structured in the following way: 

I. salinity tolerance analyses, 

2. chemical contents of useful halophytes and its 
utilisation, 

3. field scale tests experiments, 

4. halophytes production systems: potentials and 
problems, 

5. future topics for research and development, 

6. recent relevant publications. 

The volume is for the future development of saline 
ecosystems especially relevant because it marks the 
start of the respective international association of 
Halophyte Utilisation ISHU which since its founding 
session in Osnabrueck has already sponsored or co­
sponsored three international meetings, one in Huang 
Hua/China (200 I) and the second one in Cairo/Egypt 
and the third one in Doha/Qatar (2002). All meetings 
were very successful and created new research proj­
ects as well applications in different directions. 

New research and development is needed to combat 
salinisation and desertification. This volume will indi­
cate new avenues. 
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Part I 

Salinity Tolerance Analysis 



Introduction to Part I 

H. LIETH 

The success of saline irrigation systems rests largely 
on the knowledge about the ecophysiology of the 
plants to be used in the development of halophyte 
production systems. 

The key issue is the salinity tolerance of the plants to 
be used. For this reason we start this volume with chap­
ters which deal with that topic. The second most impor­
tant parameter is the chemical composition of the adult 
plant at the time of harvesting. Simultaneously, the 
level of harvestable production is also important. After 
that determines the amount of water needed for an 
economically feasible level of harvestable crop the 
usability of any species. 

Of major importance, therefore, is the rapid salinity 
tolerance checking for all species with potential inclu­
sion in cropping systems. The standardised quick 
check for salinity tolerance is, therefore, the first 
chapter in Part I. All halophytes included in the list on 
the enclosed CD should be screened in the way 
described in this section of the book. 

Halophytes have developed different methods to 
cope with increasing levels of salinity. The salinity tol­
erance may differ greatly between species and within 
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species between subspecies or ecotypes. The salt 
exclusion at different positions in the plant, root, stem, 
leaf or fruit is of great importance for its practical 
usability in saline production systems. 

Salinity in nature can have quite different salt com­
positions. In this volume we deal primarily with 
sodium chloride salinity, this is the salinity type which 
can be tolerated at increasing levels by animals while 
other types of salinity, e.g. sodicity is poisonous to 
them at far lower salinity levels. 

Future types of salinity analyses and tolerance 
tests must include the differentiation between salinity 
and sodicity as well as other salts contained in 
the plant body and the soil water. The information 
about the ecophysiological parameters is of different 
importance depending on the utilisation of the plant 
matter. While a green cover for aesthetic purposes 
may need only information about salinity and drought 
tolerance and the production level needed for 
complete ground cover, its use as forage or vegetable 
requires a detailed analysis of the chemical content 
of the biomass. This will be the focal point of 
Part II. 



Study of potential cash crop halophytes by a quick check system: 
Determination of the threshold of salinity tolerance and the 

ecophysiological demands 

HANS-WERNER KOYRO 

SUSTAINABLE USE OF HALOPHYTES 

The sustainable use of halophytic plants is a promising 
approach to valorize strongly salinised zones 
unsuitable for conventional agriculture and mediocre 
waters (Boer and Gliddon, 1998; Lieth et aI., 1999). 
There are already many halophytic species used for 
economic interests (human food, fodder) or ecolo­
gical reasons (soil desalinisation, dune fixation, 
COrsequestration). However, the wide span of halo­
phyte utilisation is not jet explored even to a small 
degree. 

DEFINITIONS OF THE TERMS 
HALOPHYTE AND SALINITY 

TOLERANCE 

Halophytes are plants, which are able to complete 
their life cycle in a substrate rich in NaCI (Schimper, 
1891). One of the most important property of halo­
phytes is their salinity tolerance (Lieth, 1999). This 
substrate offers for obligate halophytes advantages for 
the competition with salt sensitive plants (glyco­
phytes). There is a wide range of tolerance among the 
2,600 known halophytes (Pasternak, 1990; Lieth and 
Menzel, 1999). However, informations about these 
halophytes need partially careful checking. A precon­
dition for a sustainable utilisation of suitable halo­
phytes is the precise knowledge about their salinity 
tolerance and the various mechanisms enabling a plant 
to grow at (their natural) saline habitats (Marcum, 
1999; Warne et aI., 1999; Weber and Dantonio, 1999; 
Winter et aI., 1999). The many available definitions 
especially for salinity tolerance or threshold of salin­
ity tolerance impede a uniform description and com­
plicate the comparison between species. 

H. Lieth (ed.). Cash Crop Halophytes: Recent Studies, 5-17. 
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(a) Phytosociologists are using this term only for 
plants growing natural in saline habitats. In order to 
get first information on salinity tolerance, a phytoso­
ciological vegetation analysis is very helpful and 
salinity tolerance numbers are widely applied for 
qualitative approximations (Ellenberg, 1974; Landolt, 
1977). 

(b) Another group of scientists describes salinity tol­
erance with polygonal diagrams of the mineral com­
position in the plants. 

(c) The threshold level of salinity tolerance is 
described in a further definition as the point (salt con­
centration) when the ability of plants to survive and to 
reproduce is no longer given (Pasternak, 1990). This 
definition is a modification of the definition of halo­
phytes presented above. Survival and reproduction of a 
plant are not always impeded at the same salinity level 
(Tazuke, 1997). However, the definition of Pasternak 
(1990) is still important for the interpretation of the 
ecological dissemination and can be used as a solid 
basis for physiological studies concerning the survival 
strategies of plants. 

(d) Generally, classification of the salinity tolerance 
(or sensitivity) of crop species is based on the thresh­
old electrical conductivity (EC) and the percentage of 
yield decrease beyond threshold (Greenway and 
Munns, 1980; Marschner, 1995). The substrate-con­
centration leading to a growth depression of 50% 
(refer to fresh weight,in comparison to plants without 
salinty) is widely used by ecophysiologists as a defi­
nition for the threshold of salinity-tolerance (Kinzel, 
1982). This definition is based on the same back­
ground as the Michaelis/Menten factor, because it is 
as difficult to fix the upper limit of salinity tolerance 
as it is to determine the lowest substrate concentration 
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for an optimal enzymatic activity. The agreement to 
the above-mentioned growth depression is compara­
tively arbitrary, but it leads to a precise specification 
of a comparative value for halophytic species and is 
especially expressive for applied aspects such as eco­
nomic potentials of suitable halophytes. 

(e) It is worth mentioning that there is another defini­
tion of salinity tolerance in use for glycophytic 
species. Especially in agriculture it is very common to 
speak about salinity tolerance if a variety of a glyco­
phyte such as Hordeum vulgare survives at a slightly 
higher salinity level than another variety of the same 
species. However, the tolerated NaCI-substrate con­
centrations are in both varieties far beyond sea water 
salinity (Arnzallag, 1994; Jeschke et ai., 1995). 

QUICK CHECK SYSTEM FOR THE 
SELECTION OF USEFUL PLANTS 

AND THE PHYSIOLOGICAL 
CHARACTERIZATION OF SALINITY 

TOLERANCE 

It is - without doubt - necessary to develop sustain­
able biological production systems which can tolerate 
higher water salinity because freshwater resources 
will become limited in near future (Lieth, 1999). A 
precondition is the identification and/or development 
of salinity tolerant crops. An interesting system 
approach lines out that after halophytes are studied in 
their natural habitat and a determination of all envi­
ronmental demands has been completed, the selection 
of potentially useful plants should be started (Lieth, 
1999). The first step of this identification list contains 
the characterization and classification of the soil and 
climate, under which potentially useful halophytes 
grow. 

The measurement of the EC in (f1S cm- I ) offers a 
simple method for characterizing the salt content 
(Osmotic potential MPa = EC -0.036; Koyro and 
Lieth, 1998). A saline soil has an EC greater than 
4 mmho cm- I (equivalent to 40 mol m-3 NaCI; U.S. 
Salinity Staff, 1954; Koyro and Lieth, 1998) and is 
widely used for this purpose. Spatial variability in 
salt-affected fields is normally very high. Since the 
habitats are often complex and the concentrations 
varies with water content, the EC of saturation extract 
is only an insufficient indicator for salinity tolerance. 
Plant growth in saline soils can be influenced although 

Hans- Werner Koyro 

the EC indicates no changes, because the actual salt 
concentration at the root surface can differ to the bulk 
soil. The EC characterises only the total salt content 
but not changes in its spatial composition. The impor­
tance of micro-heterogeneity of salinity and fertility 
for maintenance of the plant diversity was shown, for 
example, from several authors (Igartua, 1995; Abdelly 
et ai., 1999). The study in the natural habitat repre­
sents a mean behaviour but the major constraints can 
vary this much that a precise definition of the salinity 
tolerance of a species (and a selection of useful plants) 
is not possible. 

Only artificial conditions in sea water irrigation 
systems in a growth cabinet under photoperiodic con­
ditions offers the possibility to study potentially useful 
halophytes under reproducible experimental growth 
and substrate conditions. The supply of different 
degrees of sea water salinity [0%, 25%, 50%, 75%, 
100% (and if necessary higher) sea water salinity] to 
the roots in separate systems under otherwise identical 
conditions gives the necessary preconditions for a 
quick check system (QCS) for potential cash crop 
halophytes. Former studies have shown that hydro­
ponic cultures (soil-free) and soil cultures were not as 
reliable as a gravellhydroponic system with drip (or 
flow) irrigation (Figure 1; Koyro and Huchzermeyer, 
1999a). Only the latter system had the potential 
to work under (nearly) completely artificial test 
conditions with high reproducibility and under close 
natural conditions. 

Fig. 1. Gravel/hydroponic QCS with automatic drip irrigation 
under photoperiodic conditions in a growth cabinet (plant species: 
Beta vulgaris ssp. maritima). Controls are visible in the foreground, 
the sea water salinisation treatment in the background. 
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The experiments of the QCS started off with a 
gravel/hydroponic system imitating the climatic 
conditions of subtropical dry regions (Koyro and 
Huchzermeyer, 1999a). It is worth mentioning that the 
reliability of this cultivation system depended beside 
the climatic conditions (light intensity, relative humid­
ity, air temperature) directly on a constant periodical 
irrigation (15 min per 4 h), a high drainage capacity 
and constant nutrient conditions (PH, nutrient compo­
sition, temperature). 

The Quick Check of potential crop halophytes 
comprises the following eco-physiological tests: 

1. A collection of general scientific data and some 
special physiological examinations. General scien­
tific data contain informations about factors such 
as salt-induced morphological changes, gas 
exchange, water relations, mineral content, content 
of osmotically active organic substances (such as 
carbohydrates and amino acids) and growth. 

2. Special physiological examinations are mainly on 
cellular level. They include the study of the rela­
tions inside single cells such as the compartmenta­
tion between cytoplasm and vacuole, the 
distribution of elements in different cell types or 
along a diffusion zone in a root apoplast and ultra­
structural changes. 

This QCS (i.e. research about the physiology of salt 
tolerance) seems to be ideal for the selection of useful 
plants and it suggest itself as a first step for the con­
trolled establishment of cash crop halophytes (see also 
chapter on "Some physiological and biochemical 
aspects of salt tolerance of Sesuvium portulacastrum") 
because it provides detailed information about the 
three major goals: 

1. the threshold of salinity tolerance, 

2. to uncover the individual mechanisms for salt 
tolerance, 

3 the potential of utilization for the pre-selected 
speCIes. 

THRESHOLD OF SALINITY TOLERANCE 

In correspondence with the definition for the thresh­
old of salinity tolerance according to Kinzel (1982), 
the growth reaction and the gas exchange are used in 

the QCS for halophytes as objective parameters for the 
description of the actual condition of a plant (Ashraf 
and O'Leary, 1996). There are now reliable informa­
tions available about studies with several species such 
as Beta vulgaris ssp. maritima (Figure 2a), Plantago 
cf. coronopus (Figure 2b), Laguncularia racemosa, 
Aster maritima, Batis maritima and Spartina 
townsendii (Koyro and Huchzermeyer, 1997, 1999a; 
Koyro et aI., 1999; Koyro, 2000). The substrate­
concentration leading to a growth depression of 50% 
(refer to freshweight, in comparison to plants without 
salinity) is easy to calculate with the QCS (by extrap­
olation of the data) and it leads to a precise specifica­
tion of a comparative value for halophytic species 
(Figure 2a and b). The threshold of salinity tolerance 
amounts to 300 mol m -3 NaCl in Plantago cf. corono­
pus and 375 mol m-3 in Beta vulgaris ssp. maritima. 

(a) 

(b) 

300 

§ 
.J: 

_ Shoot 
_ Taproot 

= Adventitious roots 
- Growth devetopment 

_ Shoot 
_ Taproot 
o Adventitious roots 
- Growth development 

Fig. 2. Development of the plant freshweight at treatments with dif­
ferent percentages of sea water salinity. The crossover of the red and 
the black lines reflects the NaCI-salinity where the growth depres­
sion falls down to 50% of the control plant (threshold of NaCl­
salinity according to Kinzel, 1982). (a) Beta vulgaris ssp. maritima: 
75% sea water salinity; (b) Plantago cf. coronopus: 60% sea water 
salinity. Additionally it is a clear record for the influence of NaCl­
salinity that the shoot growth was more depressed in both plant 
species than the root growth (Marschner, 1995). 0% sea water 
salinity = control; 25% = 125 NaCI; 50% = 250 NaCl; 75% = 
375 NaCI and 100% = 500 NaCI. 
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BALANCE BETWEEN WATER LOSS AND 
COrUPTAKE 

Terrestric plants at saline habitats are often sur­
rounded by low-water potentials in the soil solution 
and atmosphere. Plant water loss has to be minimized 
under these circumstances, since biomass production 
depends mainly on the ability to keep a high net pho­
tosynthesis by low water loss rates. In this field of ten­
sion, biomass production of a plant has to be seen 
always in connection to the energy consumption and 
gas exchange [e.g. water use efficiency (WUE)]. A 
critical point for the plant is reached if the COr 
fixation falls below the COrproduction (compensa­
tion point). Therefore, one crucial parameter of the 
QCS is the study of growth reduction and net photo­
synthesis dependency especially at the threshold of 
salinity tolerance (Figure 3). 

Many plants such as Beta vulgaris ssp. maritima and 
Plantago cf. coronopus reveal at their threshold salinity 
tolerance a combination of low (but positive) net pho­
tosynthesis, minimum transpiration, minimal stomatal 
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conductivity, minimum internal COrconcentration and 
increasing WUE. 

MORPHOLOGICAL STRUCTURES TO 
REDUCE SALT CONCENTRATIONS 

In many cases various mechanisms and special mor­
phological structures are advantageous for halophytes 
since they help to reduce the salt concentrations 
especially in photosynthetic or storage tissue and 
seeds. Salt glands may eliminate large quantities of salt 
by secretion to the leave surface. This secretion appears 
in complex multicellular organs, for example, in 
Avicennia marina or by simple two cellular salt glands, 
for example, in Spartina townsendii (Sutherland and 
Eastwood, 1916; Walsh, 1974; Koyro and Stelzer, 
1988; Marcum et aI., 1998). Several halophytes can 
reduce the salt concentrations in vital organs by 
accumulation in bladder hairs (Atriplex halimus, 
Leptochloa fusca (L.), Halimione portulacoides), 
enhancing the leave mass to area (LMA) ratio, for 

10.0 
9.0 Net photosynthesis 
8.0 ,. 7.0 

(/) 

6.0 '" I E 5.0 
() 

o 4.0 
5. 3.0 
~ 2.0 

1.0 
0.0 

Control 125 NaCI 250 NaCI 375 NaCI 500 NaCI 

(d) 4.5 

~4.0 WUE 
0 
I"'3.5 ,. 3.0 

~ 2.5 

~2.0 
8 1.5 

~ 1.0 
60.5 

0.0 
Control 125 NaCI 250 NaCI 375 NaCI 500 NaCI 

Fig. 3. Net photosynthesis rate (fLmol cm-2 s-l, Figure 3a and b), WUE of the photosynthesis (fLmol CO2 mmol- 1 H20, Figure 3c and d) of 
juvenile leaves of Beta vulgaris ssp. maritima (a and c) and Plantago cf. coronopus (b and d) at different NaCI-salinities. Many species such 
as Beta vulgaris ssp. maritima and Plantago cf. coronopus show at their threshold salt tolerance a combination of low (but positive) net pho­
tosynthesis and increasing water use efficiency of the photosyntheis. 0% sea water salinity = control; 25% = 125 NaCl; 50% = 250 NaCl; 
75% = 375 NaCI and 100% = 500 NaCI. 



Study of potential cash crop halophytes by a quick check system 9 

example, by Suaeda fruticosa, Salicornia europaea, 
Salsola kali), translocation into other organs (z.B. 
Kandelia candel L.) or shedding of old leaves (Beta 
vulgaris ssp. maritima, see literature in Koyro, 2000). 

SCREENING OF MECHANISMS TO AVOID 
SALT INJURY IN INDIVIDUAL SPECIES 

Major Constraints for Plant Growth on 
Saline Habitats 

Many halophytic species can tolerate high-sea water 
salinity without possessing special morphological 
structures (see chapter on "Salinity tolerance of 
Beta vulgaris ssp. Maritima"). The salinity tolerance of 
halophytic plants is in most cases multi genic and there 
is often a strong reliance between various mechanisms. 
It is the exception, that a single parameter is of major 
importance for the ability to survive at high NaCl­
salinity. A comprehensive study with the analysis of at 
least a combination of several parameters is a necessity 
to get a survey about mechanisms constitution leading 
at the end to the salinity tolerance of individual 
species. These mechanisms are connected to the four 
major constraints of plant growth on saline substrates: 

(a) water deficit, 

(b) restriction of CO2 uptake, 

(c) ion toxicity, 

(d) nutrient imbalance. 

Plants growing in saline habitats face the problem of 
having low water potential in the soil solution and high 
concentrations of potentially toxic ions such as chloride 
and sodium. Salt exclusion minimizes ion toxicity but 
accelerates water deficit and diminishes indirectly the 
COruptake. Salt absorption facilitates osmotic adjust­
ment but can lead to toxicity and nutritional imbalance. 
It should not be overlooked for the structure of the QCS 
that the relative contribution of the four major con­
straints depends also on ion relations in the substrate, 
duration of exposure, stage of plant development, plant 
organ and environmental conditions. 

Major Plant Responses to High N aCI-salinity 

In principle, salinity tolerance can be achieved by salt 
exclusion or salt inclusion. The following physiologi-

cal mechanisms to avoid salt injury (and to protect the 
symplast) are known as major plant responses to high 
NaCl-salinity: 

(a) Adjustment of the waterpotential, decrease of the 
osmotic and metric potential, enhanced synthesis 
of organic solutes. 

(b) Regulation of the gas exchange (H20 and CO2), 

for example, high WUE (H20-loss per net COr 
uptake). 

(c) Ion-selectivity to maintain homeostasis especially 
in the cytoplasm of vital organs: 
• selective uptake or exclusion (e.g. salt glands), 
• selective ion-transport in the shoot, in storage 

organs, to the growing parts and to the flowering 
parts of the plants, retranslocation in the phloem, 

• compartmentation ofNa and CI in the vacuole. 

(d) High-storage capacity for NaCI in the entirety of 
all vacuoles of a plant organ, generally in old and 
drying parts (e.g. in leaves supposed to be dropped 
later) or in special structures such as hairs. The 
dilution of a high NaCI content can be reached in 
parallel by an increase in tissue water content (and 
a decrease of the surface area, succulence). 

(e) Avoidance of ionic imbalance. 

(f) Endurance of high NaCI-concentrations ill the 
symplast. 

(g) Compatibility of whole plant metabolism with 
high NaCl-concentrations (synthesis of NaCl­
tolerant enzymes, protecting agents such as proline 
and glycine-betaine). 

(h) Restricted diffusion of NaCI in the (root-) 
apoplast. 

Beneficial Scientific Data 

Useful parameters for a QCS of halophytes should base 
on the major plant responses to high NaCI­
salinity (Volkmar et aI., 1998). It seems to be essential 
that such a screening system should include salt­
induced morphological changes (see chapter on 
"Salinity tolerance of Beta vulgaris ssp. Maritima", suc­
culence, LAR: leave mass to area ratio), growth (see 
chapter on "Some physiological and biochemical 
aspects of salt tolerance"), water relations, gas exchange 
(see chapter on "Physiological responses and structural 
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modifications") and composition of minerals (and com­
patible solutes) at different parts of the root system and 
in younger and older leave tissues. The measurement of 
such general scientific data at plant-, organ- or tissue­
level reveals general trends - but since these represent a 
mean behaviour of several cell types, many informa­
tions on single cell adjustment are lost. They cannot 
give sufficient information about the compartmentation 
inside a cell or along a diffusion zone in a root apoplast 
or about ultrastructural changes. The collection of sci­
entific data should be completed if necessary by a 
special physiological research at single cell level. 

Collection of General Scientific Data 

Information about salt-induced morphological 
changes, gas exchange and growth were already 
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presented in this chapter. The list of general scientific 
data can be completed by information on water rela­
tions (e.g. leave water potential) and composition of 
organic and inorganic solutes. 

Leaf water potential 
Data of the leave water potentials (measured by 
dew point depression with a WESCOR HR-33T) 
demonstrated clearly that Beta vulgaris ssp. maritima 
(Figure 4a) and Plantago cf. coronopus (Figure 4b) 
have a sufficient adjustment mechanism even at high­
salinity treatment, suggesting that there was no reason 
for grow1h reduction by water deficit. Thus, if the rate 
of supply of water to the shoot is not restricted, the 
depression of the shoot growth shown in Figure 1 is 
likely to be mineral nutrition connected. It seems to be 
only a matter of controversy as to whether a decrease in 

250 NaGI 375 NaGI 500 NaGI 

500 NaGI 

Fig. 4. Leaf water potentials (MPa) of Beta vulgaris ssp. maritima (a) and Plantago cf. coronopus (b). The red lines in the bars mark the water 
potentials in the nutrient solutions. Leave water potentials were always lower than in the assigned nutrient solution potential. The difference 
between water potentials in the leaves and in the nutrient solutions decreased with increasing NaCl-salinity. There was only one exception: 
Plantago cf. coronopus in the control treatment. 0% sea water salinity = control; 100% sea water salinity = sea water salinity. 
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the amounts of nutrients or unfavourable nutrient ratios 
(e.g. Na+ /K+) are important factors for impaired leave 
elongation (Lynch et aI., 1988; Munns et aI., 1989). 

Nutrients 
The physiological responses of Beta vulgaris ssp. mar­
itima and Plantago cf. coronopus were quite similar up 
to this point. However, data of additional scientific 
studies have shown that these two species exhibit very 
different ways of adjustment to high NaCI-salinity. For 
clarification further scientific data (selected minerals 
and sucrose) will be presented only for the sea beet 
(for further details see Koyro and Huchzermeyer, 
1999a). The measurements were carried out from 
different plant tissues to evaluate their individual 
storage capacity and beneficial effects. 

Potassium was stored in juvenile and adult leaves of 
salt-free controls in much higher concentrations as in 
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the root (Figure 5a). Salinity led to a significant 
decrease of the potassium concentrations in all parts 
of the plant and to a shift of the maximum potassium 
concentration from adult to juvenile leaves. The potas­
sium supply to adult leaves was reduced more than to 
juvenile and growing parts. 

The sodium concentrations were in all plant tissues 
of the controls and low-salinity plants and especially 
in the leaves of the high salinity treatment always 
much higher than in the nutrient solution (Figure 5b). 
The comparison of the K- and Na-concentrations 
in juvenile and adult leaves reveals obviously that 
Beta vulgaris ssp. maritima uses the older parts for 
internal detoxification or better internal exclusion of 
sodium. The step inverse Na/K gradient between 
juvenile and adult leaves of the sea beet is a typical 
reaction of many halophytes to high NaCl-salinity 
(Wolf et aI., 1991; Koyro and Huchzermeyer, 1999). 

900~--------------------r=========~ 

(b) Sodium 10 Control I 

800 I. Sea !Vater salir'ty I 
700 

600 
6" 
'E 500 
o .s 400 

7 

300 

200 

100 IL 
o e-= ~ L.-c L.-= ~ 

adv. root taproot LP juvenile L juvenile LP adult L adult 

1400,-----------------------~~~~~~ 
o Control 
• Sea water salinity 1200 

(d) Sucrose 

1000 

E 800 
o 
E 
~ 600 

400 

200 

o +-'-------,---L­
adv. root taproot LP juvenile L juvenile LP adult L adult 

Fig. 5. Potassium- (a), sodium- (b), chlorine- (c) and sucrose-concentrations (d) in mol m-3 in different tissues of Beta vulgaris ssp. maritima. 
The osmotic adjustment in leaves and adventitious roots based mainly on the accumulation ofNa and Cl. Soluble carbohydrates were mainly 
responsible for the osmotic adjustment of the tap root. Adv. Root = adventitious roots; LP = leave petiole; L = leave lamina. 
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There is scientific debate whether high potassium 
concentrations in young leaves and reproductive 
organs can be achieved by low xylem import of both 
potassium and sodium, and/or high phloem import 
from mature leaves (Wolf et aI., 1991). 

The chlorine-concentrations were very low in all 
tissues of the controls (Figure 5c). The high-salinity 
treatment led only to a comparatively (reference: dif­
ferent NaCI-concentrations in the nutrient solutions) 
small increase of the Cl-concentrations in all tissues. 
However, the chlorine were just like the sodium con­
centrations much higher in adult than in juvenile 
leaves. An effective restriction of sodium and chlorine 
import into young leaves compared to old leaves is 
also typical for Agrostis stolonifera (Robertson and 
Wainwright, 1987). Another mechanisms of sea beet 
to reduce internal NaCl-concentrations was shedding 
of old leaves (see literature in Koyro, 2000). This sys­
tem successfully diminishes and controls the accumu­
lation ofNa and CI in younger or metabolically active 
parts of the plant and buffers against an imbalance of 
nutrients such as K. 

Osmotic adjustments 
The osmotic adjustment in leaves and adventitious 
roots based in our experiment mainly on the accumu­
lation ofNa and CI. However, this was not the case for 
the taproot of the biennial sea beet. The sucrose con­
centrations in the taproot of the control plants was 
much higher than in any other tissues (Figure 5d). The 
sucrose concentrations increased in the taproot with 
increasing salinity. Therefore, soluble carbohydrates 
were mainly responsible for the osmotic adjustment of 
the taproot. It is obvious, that high-salinity treatment 
leads to a decrease of biomass-production for the 
benefit of the synthesis of osmotically active organic 
substances in the taproot. 

Special Physiological Examination 

The general scientific data give an impression about 
various mechanisms of adaptation to high NaCI­
salinity. However, they do not give an explanation for 
the threshold of salinity tolerance of the sea beet. 
A possibility to find such limiting factors is the study 
of the relations inside single cells such as the com­
partmentation between cytoplasm and vacuole, the 
distribution of elements in different cell types or along 
a diffusion zone in a root apoplast and ultrastructural 

Hans- Werner Koyro 

changes. The analysis of the distribution of elements 
(compartmentation) in a distinct cell type can be used 
to answer several questions such as: 

(a) Is there a compartmentation and a division of 
labour in cytoplasm and vacuole? 

(b) Is it necessary to look more in detail to toxic 
effects caused by high cytoplasmic sodium or 
chlorine concentrations? 

(c) Is there a compatibility of the metabolism 
with high NaCI-concentrations in the symplast 
( cytoplasm)? 

(d) Is there a high ionic imbalance in the symplast 
( cytoplasma)? 

Supportive data were given in this chapter that sodium 
and chloride were stored mainly in the shoot of the sea 
beet and that the growth reduction of the above ground 
parts were much higher than of the root. Therefore, 
further investigations are presented based on the 
(juvenile) leave. 

Distribution of Mg, Ca and P in different cell 
types of juvenile leaves 
Energy Dispersive X-Ray Microanalysis (EDXA) 
were carried out in vacuoles of freeze-fractured bulk 
frozen leave-tissues (Figure 6). The results of the 
single-cell analysis pointed to a preferred accumula­
tion of the elements K, Mg, P and Ca in the vacuoles 
of distinct leave cell types (see also Koyro and 
Huchzermeyer, 1999a). The leave-vacuoles of all cell 
types had a high storage capacity for potassium (con­
trol). In the controls P and Mg (in the high-salinity 
variation at least P) were accumulated mainly in the 
vacuoles of photosynthetically active cells of the sea 
beet. With the exception of "crystal cells" the Ca­
concentrations were very low in the leave-vacuoles of 
the sea beet (Koyro and Huchzermeyer, 1999a). These 
internal K, Mg, P and Ca-pools are used to cover the 
essential nutrient-requirement at high-salinity condi­
tions in the cytoplasm of leave cells. 

Element composition of vacuolar sap and 
cytoplasm in juvenile leaf epidermis 
The single cell data of the vacuolar and cytolasmatic 
composition in cells of the upper leaf-epidermis are 
summarized for the controls and the high-salinity treat­
ments in Figure 7. It is obvious that NaCl-salinity led to 
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Fig. 6. Vacuolar sodium-, magnesium-, phosphor-, sulphur-, chlorine- and potassium-concentrations in mol m-3 (measured with EDX-analysis 
in bulk frozen tissues) in different leaf tissues of Beta vulgaris ssp. maritima. The vacuolar potassium, magnesium and phosphor pools cover 
the essential nutrient-requirement at high-salinity conditions in the cytoplasm ofleaf cells. Sodium and chloride are used for the osmotic adjust­
ment in the vacuoles of all Ie aft iss sues. White bars = controls at 0% sea water salinty, black bars = 100% sea water salinity. (a) adaxial epidermis, 
(b) palisade parenchyma, (c) spongy parenchyma, and (d) adaxial epidermis. 

a decrease ofp, CI, Ca, Mg and K (measured only with 
EDXA) in this compartment. The K-concentrations 
were in the epidermal cytoplasm of control plants in an 
ideal range for enzymatic reactions (Wyn Jones et aI., 
1979; Wyn Jones and Polanl, 1983; Koyro and Stelzer, 
1988). However, NaClled to a significant decrease of 
the K and P concentrations. This result points at a defi­
ciency for both elements in the cytoplasm and supports 
the hypothesis that the major reason for the threshold of 
the salinity tolerance in the sea beet is not ion-toxicity 
but ion-deficiency! This result demonstrates the neces­
sity of single-cell measurements for the study of char­
acteristic salinity tolerance mechanisms and threshold 
levels of individual species. 

Summary of the single cell data 
In all leaf cell types, the vacuolar K-concentration 
in control treatments was significantly higher in 

comparison to the cytoplasm. The leaf-vacuoles in its 
entirety can be described as a voluminous potassium­
pool with high-storage capacity for sodium and 
chloride. This pool is needed in case of high NaCl­
salinity for the maintenance of the K-homeostasis 
in the cytoplasm. High NaCI-salinity leads to a 
breakdown of the K-homeostasis because of K­
deficiency. 

Evaluation of the Screening Procedure 

The results presented in this chapter contain a lot of 
informations about the essential eco-physiological 
needs of the sea beets at high salinity. One possible 
consequence is the supply of sufficient fertilizers 
(especially K and P) at high NaCl-salinity to 
reduce the symptoms of K- and P-deficiency. This 
QCS is the basis for a very variable screening of 
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Fig. 7. Sodium-, magnesium-, phosphor-, sulphur-, chlorine- and potassium-concentrations in mol m-3 (measured with EDX-analysis in bulk 
frozen tissues) in the vacuoles and in the cytoplasm of adaxial epidermis cells of Beta vulgaris ssp. maritima. High NaCI-salinty leads to a decrease 
of P, Cl, Ca, Mg and K in the vacuole and to a significant decrease of the K and P concentrations in the cytoplasm. White bars = controls at 0% 
sea water salinty, black bars = 100% sea water salinity. 

individual species. It enables to study the characteris­
tic combination of mechanisms against salt injury and 
the threshold of salinity tolerance. The QCS can also 
be used with distinct modifications like different 
irrigation systems. It can be modified to the special 
characteristics and needs of other species and is 
therefore useful to study a wide range of suitable 
halophytes. This OCS is a practical first step on the 
selection of economically important cash crop 
halophytes. 

SELECTION OF SALINITY TOLERANT 
SPECIES WITH PROMISING TOLERANCE 

AND YIELD CHARACTERISTICS 

For future studies on utilisation potentials of halo­
phytes precise data about the ecological demands of 
halophtic species are required. Comparative physio­
logical studies about salinity tolerance are essential. 
A precondition for this demand is a precise 
specification of a comparative value for halophytic 
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species as shown in this chapter. Four steps are 
prerequisites for the selection of appropriate salinity 
tolerant plants with promising tolerance (and yield) 
characteristics. 

(a) The literature has to be screened prior to the selec­
tion of priority species (potentially useful species) 
in order to get first-order information about their 
natural occurrence in dry or saline habitats, exist­
ing utilisation (because oftheir structure, chemical 
content or other useful properties), natural climatic 
and substrate conditions, water requirement and 
salinity tolerance. 

(b) Soon after the selection of a priority species, 
the threshold of salinity should be determined 
according to Kinzel (1982). The characteristic 
major plant responses has to be evaluated for 
precise informations of ecophysiological demands. 
The data can build up a well-founded basis for the 
improvement of the utilisation potential. 

(c) Additionally, research about the genetic composi­
tion of chromosomes mastering saline environ­
ment is also needed and bases on quantitative 
precise determination. 

BREEDING PROGRAMS AND OTHER 
POSSIBILITIES FOR THE SELECTION OF 

ADEQUATE YIELD AND TOLERANCE 
CHARACTERISTICS 

Selection and breeding programs designed to improve 
the adaptation of crop plants to saline soils have to 
consider the various mechanisms responsible for 
salinity tolerance or sensitivity. Efforts to develop new 
crop cultivars with improved salinity tolerance have 
been intensified over the past 20-25 years. However, 
there is only a limited number of cultivars that have 
been developed with improved salinity tolerance and 
for all of them selection has been based on agronomic 
characters such as yield or survival. Plants regenerated 
from selected cells of cell or tissue culture (for 
improving salinity tolerance) have not shown an 
unequivocal increase in salinity tolerance (Winicov 
and Bastola, 1999). It is a matter of question whether 
cell cultures nor breeding of crop plants are appropri­
ate for selection because salinity tolerance is in most 
cases multigenic and it depends on the structural and 
physiological integrity of plants. 

On the background that genetic variability exists 
within crop species it seems promising to introduce 
important traits of salinity tolerance into crop species 
from their wild relatives through interspecific 
hybridization [e.g. Beta vulgaris ssp. vulgaris (sugar 
beet) and Beta vulgaris ssp. maritima (sea beet)]. 
These are valuable tools available for screening and 
breeding for higher salinity tolerance. 

During recent years gene modification technology 
has been applied to obtain genetically improved crop 
plants (Yeo, 1998; Winicov and Bastola, 1999). 
However, genetical as well as molecular biological 
methods should be tested according to their possible 
applications. The development of halophytes to useful 
plants ("cash crop halophytes") should go ahead with 
the development of glycophytes to salinity tolerant 
crops (Figure 8). The selection and breeding for 
salinity tolerance are important issues for traditional 
agricultural production systems especially in semiarid 
and arid regions. It is conceivable, that an improve­
ment of the utilisation potential can be reached in near 
future by gene transfer of profitable features to a 
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tems approach. Only halophytes were selected with high utilisation 
potential on saline substrates. 
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halophyte or of tolerance-enhancing features to a 
glycophyte (Winicov, 1998). Recent studies have 
shown, that a relatively small number of quantitative 
trait loci (QTL) may govern complex physiological 
characters. After isolation and cloning of genes from a 
(glycophytic) cultivated plant, responsible, for exam­
ple, for yield-enhancing characteristics, the gene 
could be transferred into a halophyte. Alternatively, 
the transfer of genes, responsible for salinity tolerance 
could occur from a halophyte to a glycophytic crop. 
It is highly probable, that at least one of these ways 
is leading to the development of sea water tolerant 
crops. 

DEVELOPMENT OF CASH CROP 
HALOPHYTES 

The physiological studies with the sea water irrigation 
system have the potential to provide highly valuable 
means of detecting individual mechanisms of species 
against NaCI stress, and may also provide opportuni­
ties for the comparison and screening of different vari­
eties for their adaptation to salinity (QCS for cash 
crop halophytes). However, it can be only the first step 
for the development of cash crops or other usable 
plants from existing halophytes. After the selection of 
halophytic species suited for a particular climate and 
for a particular utilisation a gradual realization of the 
following topics could be one way to establish poten­
tially useful cash crop halophytes: 

(a) Green house experiments at the local substrates 
(and climatic conditions) to select and propagate 
promising sites (Isla et aI., 1997). 

(b) Studies with Lysimeters on field site to study the 
water consumption and ion movements. 

(c) Design of a sustainable production system in 
plantations at coastal areas or at inland sites 
(e.g. for economical use). 

(d) Testing yield and (economic) acceptance of the 
product. 
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Physiological responses and structural modifications in 
Atriplex halimus L. plants exposed to salinity 

A. DEBEZ, W CHAIBI AND S. BOUZID 

INTRODUCTION 

The deleterious effects owing to the presence of salt in 
the plants' environment could be resumed in three 
points: (i) a water stress, resulting from the decrease of 
the water availability, following to the lowering of 
water potential in the medium with regard to the 
plant's tissues, (ii) a toxic action which disrupts the 
metabolic activity of the cell and (iii) a nutritional 
stress generated by high-salt concentrations (Bajji 
et aI., 1998). For example, Na + competes for the absorp­
tion sites with K + and Ca + +, and CI- with nitrates and 
phosphate. On the other hand, salinity affects several 
and important metabolic processes in the plant, as the 
absorption of water and nutrients, the osmotic adjust­
ment, photosynthesis, but also the protein synthesis 
and enzyme activity (Levigneron et aI., 1995). 

Halophytes, known as the plants which accomplish 
their vital cycle in an environment rich in salts, have 
developed during their evolution several mechanisms 
which preserve them from the depressive effects of 
salinity, enabling them to grow well, sometimes even 
better in the presence of salt (Flowers et aI., 1977; 
Osmond et aI., 1980; Breckle, 1995). Salt-tolerance is 
a complex phenomenon requiring the intervention of 
several mechanisms at the whole plant level (Yeo, 
1983). On the other hand, there are no clear limits to 
classify halophytes in function of their level of salt­
tolerance, the latter varying with families, genera, 
species, and with varieties as well (Levigneron et aI., 
1995). However, one estimates that optimal growth of 
halophytes is generally reached within the concentra­
tions ranging from 20 to 500 mM NaCI (Flowers et aI., 
1977). The positive evolution of halophytes growth in 
presence of salt has already been reported (Yeo and 
Flowers, 1986; Marcum and Murdoch, 1992; Freitas 
and Breckle, 1993b; Kohl, 1997). 

H. Lieth (ed.J, Cash Crop Halophytes: Recent Studies, \9-30. 
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Arid and semi-arid zones, located in the 
Mediterranean basin, are among the most severely salt­
affected lands. The climatic and edaphic conditions 
prevailing there, both are contributing to this situation. 
These regions could be rehabilitated by introducing 
tolerant species of economical interest, capable of 
developing on such hostile surroundings, which is the 
case with the A triplex. The important polymorphism 
characterizing this genus in its response to the saline 
stress in particular (Osmond et aI., 1980), makes it of 
higher interest, because it would permit the selection of 
high salt-tolerant individuals. 

Our objective, using this biologic diversity, is to 
perform a comparative study of the effect ofNaCI on 
two provenances of A triplex halimus L. The work con­
sists of a physiological and structural study. Moreover, 
the evolution of total soluble peroxidases and foliar 
phosphoenolpyruvate carboxylase (PEPC) activities in 
function of salinity is discussed. 

MATERIAL AND METHODS 

Plant Material and Culture Conditions 

The plant material we used, represents the sub-species 
Atriplex halimus cv. halimus. Seeds of Ami1car prove­
nance, a littoral locality near Tunis, were harvested 
from the same stock plant growing at the seashore. 
Those from El Alam, a region close to Kairouan (in 
the centre of Tunisia), were collected from the same 
stock plant, too. Seeds were sown in sand, at 1.5 em of 
depth and 1 cm apart. They were watered with dis­
tilled water during the first week, and with a KNOP 
solution for another 3 weeks. After one month, 
seedlings were grown hydroponically in a controlled 
environment chamber: 25 ± 5°C, with a photoperiod 
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of 16 h, 55-85% of relative humidity and 35 W/m2 of 
light intensity. KNOP solutions (PH 4.9) were contin­
uously aerated and changed every week. Saline stress 
(NaCl at 5, 10, 20 and 30 giL) was progressively 
applied after 7 days until reaching the final concentra­
tion. Prior to salinization, initial dry weights of 10 ran­
domly harvested seedlings were measured. 

Once harvested, 2 month-plants were divided in 
leaves, stems and roots. Plant growth parameters were 
determined by measuring fresh and dry weights (FW 
and DW, respectively), foliar area (cm2), relative 
growth rate (RGR) and shoots DW/roots DW ratio. 
Water status relations assessed were water content and 
succulence rating (leaf FW Ileaf DW). 

RGR = final DW - initial DW 
(final DW + initial DW) tl2 

where t corresponds to the period of treatment 
(days). 

After an extraction in 0.1 N HN03, cations (Na +, 
K+ and Ca++) contents were determined by an emis­
sion flame spectrophotometer (Eppendorf), while 
Chloride was measured by choulometry using a chlo­
ridometer (Buchler-Cotlove). 

Enzyme Activity 

Total soluble peroxidases 
For the extraction, 1 g of leaf fresh matter was ground 
in 2 ml of 100 mM phosphate buffer (PH 7) at 4°C. The 
homogenates were centrifuged at 13,000 g for 20 min. 
Supernatants were then used for peroxidases activity 
measurements which were performed in a reaction 
mixture containing a 50 mM phosphate buffer (PH 7), 
10 mM guaiacol and 5 mM H20 2• Guaiacol oxidation 
was monitored at 470 nm using a spectrophotometer 
(Beckman Of 640). 

Phosphoenolpyruvate carboxylase (PEPC) 
(a) Enzyme preparation. 1 g of leaf fresh matter was 
ground with 5 ml of extraction medium containing 
100 mM Tris-HCI buffer (PH 8), 5% PVP insoluble, 
10% Glycerol, 5 mM MgClz, 1 mM EDTA, 1 mM DTT, 
1 mM PMSF, 1 mM Leupeptine. The homogenates 
were centrifuged at 10,000 g for 5 min. Supernatants 
were used for activity measurements. The above 
operations were carried out at 4°C. 

A. Debez, W. Chaibi and S. Bouzid 

(b) Enzyme assays. In C4 plants, the foliar PEPC catal­
yses the phosphoenolpyruvate carboxylation to 
oxaloacetic acid, which is then converted into malate, a 
reaction catalysed by the NAD malate dehydrogenase. 
The reaction was run at 30°C and the PEPC activity 
was measured by following the NADH oxidation at 
340 nm by a spectrophotometer (Beckman Of 640). 
The reaction mixture contained (in ILM) Tris-HCI 
(pH 8), 100; MgClz, 10; EDTA, 1; DTT, 1; NaHC03, 

40; NADH, 0.2; ATP, 4; PEp, 2 and 100 ILl of the crude 
extract. 

Chlorophyll Contents 

The chlorophyll a and b contents were measured using 
a spectrophotometer (Beckman Of 640), at 645 and 
663 nm (Arnon, 1949). 

Cyto-histological Investigations 

In order to determine the Atriplex halimus L. cary­
otype, seeds were germinated for 24 h at 25°C in the 
dark. Then, root apexes were colored with orceine and 
observed with a light microscope. 

The structural survey consisted in achieving cross 
sections of newly formed or aged leaves. After their 
inclusion with paraffin and coloration with hema­
toxylin, safranin and anilin blue (triple coloration), 
samples were observed with a light microscope. For 
the scanning electronic microscope (SEM) study, 
leaves were fixed in glutaraldehyde and washed with a 
cacodylate buffer. This operation was followed by a 
dehydration in ethanol increasing concentrations and 
by a passage in pure acetone. 

RESULTS 

Plants Growth 

EI Alam Control plants were more productive with 
regard to Amilcar, while NaCI addition, up to 10 gil, 
significantly improved the growth of both prove­
nances (Figure 1). At optimal concentrations (5 and 
10 gil), NaCI promoting effect on growth was less pro­
nounced in Amilcar provenance than EI Alam. At 
20 gil, NaCI stimulating effect disappeared, and a signi­
ficative decrease of the growth was observed at 30 gil 
NaCl, but with differences between the two prove­
nances. This depressive action was more marked in 
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Fig. 1. Effect of NaCI concentration on biomass production of 2-month old plants of A triplex halimus L. EI Alam and Amilcar provenances. 
Plants were treated for 3 weeks (means of 15 measurements, 5% confidence interval). 

Table 1. Evolution of leaf area, shoot DW/root DW ratio, RGR, plants content and succulence rating as a function ofNaCI in A. halimus L. 
EI Alam and Amilcar provenances (means of 15 measurements, 5% confidence intervals) 

Leaf area (cm2) Shoot DW lroot DW 

NaCI (gil) EIAlam Amilcar EIAlam Amilcar 

0 1.95::':: 0.15 1.51::':: 0.11 6.94 6.87 
5 2.25::':: 0.19 1.76::':: 0.12 9.675 8.382 

10 2.72::':: 0.2 2.22::':: 0.16 9.2 8.265 
20 1.86::':: 0.11 1.17::':: 0.1 8.816 7.27 
30 1.38::':: 0.1 1.06::':: 0.08 8.84 7.33 

Amilcar, which appeared less tolerant to high NaCI 
concentrations. 

The same trend was noted for the other growth 
parameters, as indicated in Table 1. Leaf area rised up 
to 10 gil NaCI, before sloping down at higher concen­
trations, notably at 30 gil. In the same way, the shoot 
DW to root DW ratio evolved positively up to 10 gil 
NaCI, ranging from 6.94 in control to 9.2 in plants 
grown with 10 gil NaCl for El Alam and from 6.87 to 
8.26 in Amilcar. 

Comparison of growth performance between the 
both provenances were assessed by RGR. The growth 
activity was slightly higher in EI Alam relative to 
Amilcar controls. The presence of NaCI up to 10 gil, 
enhanced root (data not shown) and shoot growth 
activity for the both provenances. Reductions observed 
at above concentrations were more marked in Amilcar, 
notably at 30 gil. These preleminary results confirm 
the halophilic character of A triplex halimus L. as well 
as the variability of the plant response to salt, EI Alam 
provenance distinguishing by a better behaviour with 

Water content Foliar succulence rating 
Shoot RGR (ml/g DW) (FW/DW) 

EIAlam Amilcar EIAlam Amilcar EIAlam Amilcar 

0.05 0.049 7.81 6.35 9.19 7.38 
0.056 0.054 10.69 8.41 12.26 10.28 
0.056 0.054 10.47 8.35 12.33 10.31 
0.051 0.048 8.90 7.40 10.43 8.42 
0.048 0.044 7.67 5.94 9.44 6.9 

regard to Amilcar, at optimal (5-10 gil NaCl), but also 
at extreme concentrations (30 gil). 

Water Relations 

NaCI improved the water status of the plants (Table 1). 
Shoot or root water content was maximal at 10 gil 
before declining at higher concentrations, suggesting 
the presence of a close relationship between plants 
growth and their water status. Nevertheless, EI Alam 
provenance was able to maintain, at the extreme con­
centrations (20 and 30 gil NaCl), a better level of 
hydration in its tissues in comparison with Amilcar, 
which would partly explain the sensivity of the latter. 
The amelioration of the leaves hydration by NaCI, is 
reflected through their succulence ratio enhancement 
(Table 1). In EI Alam provenance, it increased substan­
tially in presence of 5 and 10 gil NaCl. Although 
decreasing at higher salt levels, this parameter 
remained above control level. This trend was also noted 
in Amilcar provenance, but with a more pronounced 
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fall at 20 and 30 gi l NaCl. Light microscopy transverse 
sections ofleaves show that the thickness ofleaves was 
2-fold higher in El Alam (Figure 2A) than Amilcar 
(Figure 2B), confirming the higher succulence of the 
first provenance. 

The increased succulence permits the storage of an 
important quantity of water. This was observed by 
SEM investigations: 10 gil NaCI increased turges­
cence of El Alam foliar epidermic cells with regard to 
control. Similarly, dimensions of stomatic cells were 
enhanced (Figure 2C and D), leading probably to a 
modification of their aperture degree. 

A 

B 

c 

D 
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Total Soluble Peroxidases Activity 

In control plants, total soluble Peroxidases activity of 
the both provenances, expressed on a dry matter basis, 
was higher than in plants treated with 10 gil NaCI 
(optimal concentration for the growth) (Figure 3). At 
this level, the measured activity was 50.7% of control 
in EI Alam provenance and 53.2% in Amilcar. NaCI 
supraoptimal concentrations (in particular 30 gil) 
induced an increase of the activity by 73% in rela­
tion to 10 gil NaCl, in EI Alam provenance, and by 
71.5% in Amilcar. These results display an inverse 

Fig. 2. Cross sections ofleaves of A triplex halimus L. treated with 30 gil NaCI. The leaf thickness (e) ofEI Alam provenance (A) is twice more 
important than Amilcar (8). (td) trichomes debris; (cm) mesophyll cells; (gp) bundle-sheath cells. Scanning Electron Microscopy cross sections 
of leaves of A triplex halimus 1. treated with 10 gil NaCI. Stomatic cells (st) of treated plants (C) are more turgescent than control ones (D). 
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Fig. 3. Evolution of total soluble Peroxidases activity in leaves of 
2-month old plants of Atrip/ex halimus L. EI Alam and Amilcar 
provenances at different NaCI concentrations. Plants were treated 
for 3 weeks (means of 4 assays, 5% confidence interval). 

correlation between growth and the soluble peroxi­
dases activity. 

It appears on the other hand, that at high concentra­
tions (20 and 30 gi l NaCI), the total soluble peroxi­
dases activity is more elevated in El Alam provenance, 
in spite of its better behaviour than Amilcar. This 
apparent contradiction could be assigned to the fact 
that we measured the activity of soluble peroxidases, 
which contain many isozymes, certain of them limit­
ing the growth by contributing to cell walls lignifica­
tion, while other having other functions in the cell. 

Mineral Nutrition 

Ionic accumulation 
As indicated by Figure 4A and B, potassium and cal­
cium represented the major cations in the control 
leaves. In El Alam provenance, NaCI enhanced Na + 
contents, concomitant with a decline of K + and Ca + + 
(Figure 4A). This trend continued at higher concentra­
tions, but at a slower rate. In the other organs, one 
noted similar trend (data not shown). The same ten­
dency characterized Amilcar, but with less contents 
for the three cations (Figure 4B). Foliar Cl- contents 
also rised at 5 gi l NaCi, and then remained relatively 
constant (Figure 4C). Such evolution occured also in 
the stems and the roots, but with Cl- contents lower 
than those measured in leaves (data not shown). 

The structural survey we performed in leaves aimed 
to give informations about Na+ and Cl- , which were 
easily transported to the leaves. It was described in the 
literature that Atriplex halimus L. leaves are provided 
with anatomic structures, called trichomes or vesicu­
lated hairs which represent the site of salt excretion. 
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Fig. 4. Effect ofNaCI on the ionic status of2-month old plants of 
Atrip/ex ha/imus L. leaves. Cationic contents of EI Alam (A) and 
Amilcar (B) provenances. Plants were treated for 3 weeks (means of 
15 measurements, 5% confidence interval). (C) Chloride contents. 
Plants were treated for 3 weeks (means of 15 measurements, 5% 
confidence interval). 

When full of salt, the trichomes burst and collapse over 
the leaf surface (Smaoui, 1971 ; Osmond et aI., 1980). 
This means prevents the excessive accumulation of 
sodium in the apoplast and the cell dehydration it is 
responsible for. Several authors indicated that although 
trichomes ontogenesis continues during the leaves' life 
span, it is, however, more important in the young 
leaves. This would explain their low density or absence 
in the adult leaves (Osmond et aI., 1980, Schrimer and 
Breckle, 1982; Storey et aI., 1983; Freitas and Breckle, 
1993a and b). 

In the control juvenile leaves, the trichomes though 
frequent (Figure 5A), looked somewhat flattened 
(Figure 5B). In the plants treated by 10 or 30 gil NaCI 
(Figure 6A), they appeared clearly more numerous as 
swollen bladders. These vesiculated cells (bladder cells) 
are in contact by the stalk cell with the leaf epidermis 
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Fig. 5. Scanning Electron Microscopy of young leaves of A triplex 
halimus L. control plants (A), showing the presence oftrichomes (t) 
at the leaf surface. Trichomes (t) look somewhat flattened (8). 

(Figure 6B). In older leaves, characterized by a lesser 
density of trichomes, plants of El Alam prove­
nance treated by high NaCI concentrations (30 gi l) 
presented pronounced intercellular spaces, delimited 
by a membrane (Figure 7 A and B). These vesicles 
located in the leaves (between the mesophyll cells), 
and not at their surface like trichomes, would have an 
accumulating function of excessive salt. In Amilcar, 
diffuse spaces occurred between the mesophyll cells 
(Figure 8A and B), suggesting that the cellular struc­
ture would be more affected in this less salt-tolerant 
provenance. 

Potassium-sodium selectivity 
It is known from halophytes that they succeed in con­
serving a pronounced selectivity for potassium over 
sodium, despite increased concentrations ofthis latter in 
the medium (Osmond et aI., 1980; Kohl, 1997). In our 
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Fig. 6. Scanning Electron Microscopy of young leaves of A triplex 
halimus L. treated with 30 gil. Numerous trichomes (t) at the leaf 
surface appear like swollen bladders (A), being in contact with the 
leaf epidermis (8) by the stalk cell (cp) which is surmounted by the 
vesiculated cell (cv). 

case, we compared the medium's K +/(K+ + Na+) ratios 
with those of the plant organs (leaves, stems and roots). 

Table 2 indicates that independent of NaCI doses, 
these ratios were higher in the plant than in the 
medium, which denotes the ability of this plant to 
maintain a marked selectivity for potassium, even at 
the extreme concentration (30 gi l NaCl). Selectivity in 
favour of potassium in the roots was more pronounced 
than in the shoots. This is in agreement with the 
hypothesis according to which, sodium is privileged 
during the long distance transport (Storey et aI., 
1983). Moreover, El Alam provenance was character­
ized by a higher selectivity than Amiicar, especially at 
the extreme concentrations (20 and 30 gi l NaCl). This 
important trait explains the better salt-tolerance of the 
first provenance. 
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Fig. 7. Cross sections of leaves of Atriplex halimus L. from El 
Alam treated with 30 gil NaCl (A and 8). There are spaces in 
the shape of vesicles (ve) between the mesophyll cells (cm) and 
delimited with a membrane. The leaf cellular structure seems 
unaffected by salt-treatment. (cg) bundle-sheath cells; (td) 
trichomes debris. 

Photosynthesis 

The Atriplex species are characterized by a variability 
in their photosynthesis pathway. According to Osmond 
et al. (1980), 60% are C4 plants, such Atriplex nummu­
laria and 40% are C3 like A. hortensis and A. patula. 
Our observations indicated that A. halimus L. leaf 
anatomy was characterized by an arrangement typical 
of C4 plants (Figure 7) showing: (i) an inner layer of 
concentric cells called bundle-sheath cells, where 
C3 reactions occur, surrounding the vascular tissues, and 
(ii) an adjacent outer cylinder of mesophyll cells, the 
cytoplasm of which contains the PEPC, the responsible 
enzyme for the primary fixation of atmospheric CO2, 

Foliar PEPC activity rised in the both provenances 
up to 10 gil NaCI (Table 3). The higher concentrations 
inhibited enzyme activity with a considerable fall at 

30 gi l. One also noted that PEPC activity was higher 
in El Alam leaves. Similarly, chlorophyll contents 
increased up to 10 gil NaCl, but declined at the 
extreme concentrations (Table 3). This was true for the 
two provenances. 

Caryotype Study 

The variability that we have noted in the response of 
A. halimus L. to salinity as a function of its origin area 
could be related to a diversity in ploidy. According to 
Osmond et al. (1980), though the majority of the 
Atriplex are diploId (2n = 18 chromosomes), other 
levels of plOIdy can take place. The observation of 
metaphases in El Alam provenance indicated that the 
majority of cells were tetrapoid (4n = 36) (Figure 9A). 
In Amilcar provenance, all the chromosome counts 
revealed 2n = 18 chromosomes (Figure 9B). We think 
that further observations should be done in order to 
determine precisely the caryotype of the two prove­
nances. These results suggest that the variability in the 
salt-tolerance between the two provenances could be 
linked to the difference found in their caryotype, 
indicating an ecophysiological adaptation to the 
conditions of their original area. 

DISCUSSION AND CONCLUSION 

Our results confirm the halophilic status of A. halimus L. 
through the positive impact of NaCl-treatment on the 
plants growth, with an optimum at 5-10 gil. This 
species remained alive at 30 gil NaCl, which is close 
to the sea water concentration. The comparative study 
between the two provenances revealed that El Alam 
was more salt-tolerant. The NaCl stimulating effect on 
the growth of A triplex halimus L. has often been men­
tioned. Ben Ahmed et al. (1995) noted that the maxi­
mal growth occured in the concentrations ranging 
from 50 to 200 mM NaCl. They also displayed an 
important polymorphism for various characters, 
among which, the biomass production. Bajji et al. 
(1998) reported too that low doses ofNaCI (150 mM) 
promoted shoot growth of A. halimus L. 

The same behaviour characterizes other halophytes 
(Storey and Wyn Jones, 1979; Yeo and Flowers, 1986; 
Marcum and Murdoch, 1992; Freitas and Breckle, 
1993b; Kohl, 1997). On the other hand, we noted the 
increase of roots and shoots RGR up to 5-10 gil NaCl, 
in accordance with Bajji et al. (1998), before declining 
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Fig. 8. Cross sections of leaves of A triplex halimus 1. from Ami1car treated with 30 gil NaCI (A and B), showing the presence of diffuse 
intercellular spaces (ed) between the mesophyll cells (cm). In this case, the cellular structure is altered by salt-treatment. (cg) bundle-sheath 
cells; (td) trichomes debris. 

at the higher levels, notably at 30 gil. The shoots 
growth activity was however more elevated in El Alam 
provenance, when compared with Amilcar. 

Our results also show that shoots growth was most 
stimulated by treatment with 5-10 gil NaC!. According 

to Osmond et al. (1980), NaC! induces the preferential 
allocation of assimilates rather to the shoots, as 
reflected by a higher shoot DW Iroot DW ratio. In 
Armeria maritima, Kohl (1997) found that this ratio 
was 2- to 3-fold higher at 100 mM NaCI than in the 
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Table 2. K + IK + + Na + selectivity ratios in the culture medium and the plant tissues of Atriplex halimus L. 
provenances El Alam and Amilcar as a function ofNaCllevel (means of 15 measurements) 

Leaves Stems Roots 

NaCl (gil) Medium ElAlam Amilcar ElAlam Amilcar E1Alam Amilcar 

5 0.023 0.188 0.143 0.177 0.128 0.247 0.233 
10 0.012 0.138 0.120 0.143 0.106 0.203 0.173 
20 0.0058 0.126 0.105 0.130 0.108 0.187 0.131 
30 0.0039 0.120 0.099 0.126 0.097 0.171 0.123 

Table 3. PEPC activity and chlorophyll contents in leaves of Atriplex halimus L. provenances El Alam and Amilcar 
as a function of NaClleve1 (means of 4 assays) 

PEPC Chlorophyll a Chlorophyll b Total chlorophyll 
(/-LM/mn/g DW) (mg/g DW) (mglg DW) (mg/g DW) 

NaCI (gil) EIAlam Amilcar EIAlam Amilcar EIAlam AmiJcar EIAlam Amilcar 

0 21.53 17.74 8.27 
10 38.14 28.51 11.55 
20 18.26 21.85 6.44 
30 17.21 14.74 5.66 

" ~SS~ 
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4.96 
8.99 
6.28 
3.08 

6.61 4.09 14.9 9.07 
7.89 5.13 19.46 14.05 
6.55 1.87 13.00 8.13 
5.67 1.41 11.29 4.48 

control. Besides, 5-10 gil NaCI improved the leaves 
water status, which had consequences on the osmotic 
and metabolic (photosynthetic activity) levels. This 
confirms previous studies on other species (Handley 
and Jennings, 1977; Storey and Wyn Jones, 1979; 
Benzioni et aI., 1992; Ayala and O'leary, 1995). 
Authors consider that leaf succulence conjugated to 
the ability to conserve hypertony, are among the most 
important features of halophytes (Osmond et aI., 1980; 
Heller et aI., 1993). Sodium is involved in this phe­
nomenon, being highly accumulated in the leaf vac­
uoles (Ayadi et aI., 1980; Mc Hue and Hanson, 1990). 

Fig. 9. Drawings of chromosomes counts of Atriplex halimus L. EI 
Alam (4n=36) (A) and AmiJcar (2n=18) (8) provenances. Drawing 
was carried out in order to reduce chromosomes overlap. 

The inversely proportional evolution of the total 
soluble peroxidases activity with the growth suggests 
that the absence of NaC! in the medium constitutes a 
stress for A. halimus L., thus confirming its halophilic 
nature. In the cell, peroxidases occur in different 
isoforms with multiple roles, among which, lignifica­
tion and the tightening of cell walls, leading to the 
restriction of the cellular growth (Sato et aI., 1993). 
Peroxidases are found in the cytoplasm, but also are 
associated to cell walls, mitochondries or ribosomes 
(Lee, 1973), and their activity is sensitive to many stim­
uli (temperature, drought, infection). Thiyagarajah et aI. 
(1996) showed that parietal peroxidases were tolerant 
up to 2 M NaCI in vitro. In vivo, Hagege et aI. (1988) 
noted the higher activity of the total soluble peroxidases 
in untreated plants of Suaeda maritima with respect to 
those grown with 170 mM NaC!. This suggests the 
presence of a negative relationship between the growth 
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and the shoot lignification degree, and corroborates our 
results by the same. Similar patterns were reported by 
Wang et aI. (1997) in Atriplex prostrata. Flowers 
(1972), showed for his part, that NaCI did not modifY 
the peroxidases activity in Suaeda maritima, unlike to 
the sensitive plant Pisum sativum. 

The mineral nutrition survey displayed the preferen­
tial transport ofNa+ and Cl- to the leaves. This does 
not constitute a disadvantage for A. halimus L., unlike 
to what happens in salt-sensitive plants. This typical 
behaviour of a halophyte has been already described 
(Marcum and Murdoch, 1992; Glenn et aI., 1996; 
Kohl, 1997). According to Flowers et aI. (1977), about 
90% of the sodium found in the halophytes tissues, is 
localized in the shoots. It is mainly squestred in vac­
uoles (in the adult leaves), or is removed via trichomes. 
This last mechanism takes extent in the young leaves 
because of a higher density of trichomes, like we have 
shown. It has been reported that despite the trichomes' 
formation occurs along the whole life of the leaf, it 
decreases with their age (Smaoui, 1971; Osmond et aI., 
1980; Freitas and Breckle, 1993a). The presence of 
such structures permits the xylemic sap desalination by 
accumulating important amounts of salt, reaching 50% 
(Osmond et aI., 1980), to 80% (Freitas and Breck1e, 
1993a) of the quantities transported to the shoots. In 
aged leaves, owing to a low density of trichomes, the 
salt is accumulated in some intercellular spaces located 
in the mesophyll, participating by this way in the 
osmotic adjustment and protecting the metabolic activ­
ity in the cytoplasm. In the most tolerant provenance 
(El Alam), these spaces were delimited by a membrane 
unlike to Amilcar in which, they were diffuse. 

Increased cellular sodium amounts induced the 
reduction of calcium and potassium ones. The NaCI 
depressive effect on the the plant nutrition in calcium 
would be due to a Na + ICa + + competition during 
absorption and transport (Le Saos, 1976; Stassart et aI., 
1981), leading to the displacement of Ca + + apoplasmic 
fraction to the profit ofNa+ (Zid and Grignon, 1985). 
Botella et aI. (1997) reported that NaCI negatively 
affected the supply of potassium in com. This effect 
was more marked with low K + concentrations. 
Recently, Banuls et aI. (1997) recorded, however, 
that Ca++ addition to the medium attenuated the Na+ 
and Cl- depressive effects by limiting their contents in 
Citrus leaves and preserved selectivity for potassium, 
owing to the calcium role in maintaining the cellular 
membrane integrity. We also showed that A. halimus L. 
was characterized by a pronounced selectivity in favour 
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of potassium, despite the inhibiting effect ofNa+ on its 
accumulation. In fact, though the plant supply in Ca ++ 
and K+ was disturbed, the contents of this last were 
maintained to a minimal level, even at 30 gil NaCI. 

Our results indicated a NaCI stimulating effect at 
optimal concentrations on the foliar PEPC activity, in 
agreement with Shomer-Ilan and Waisel (1973), 
Passera and Albuzio (1977) and Kore-eda et aI. 
(1996). On the contrary, other authors have men­
tioned the inhibitory effect of this salt (Osmond and 
Greenway, 1972). Clipson (1987) and Wang et aI. 
(1997) noted that salt impaired the photosynthesis in 
Suaeda maritima and A. prostrata, likely in relation 
with increased mesophyll and stomatic resistance 
(Gale and Poljakoff-Mayber, 1970; Kaplan and Gale, 
1972; Longstreth and Nobel, 1979; Osmond et aI., 
1980; Ayala and O'Leary, 1995). However, C4 plants 
are generally more salt-tolerant, owing to better water 
use and CO2 assimilation (Binet, 1989). In Aeluropus 
litoraUs (halophyte) and young com leaves, NaCl­
treatment promoted significantly PEPC activity as 
well as CO2 fixation, modified the PEPC/Rubisco 
ratio and induced the shift from C3 to C4 pathway in 
Aeluropus litoralis (Shomer-Ilan and Waisel, 1973). 
Similarly, Murata et aI. (1992) showed that Na+ stim­
ulated the conversion of pyruvate to PEP in a C4 halo­
phyte: Amaranthus tricolor and suggested that this ion 
would be required for a better photosynthetic activity 
in C4 plants. The particular structure their leaves 
present, preserves the enzymes involved in photosyn­
thesis from deleterious salt effetcs. The foliar PEPC, a 
cytoplasmic enzyme which is the key element in the 
initial fixation of atmospheric CO2 to PEP in C4 and 
CAM plants, is thus synthesized in the mesophyll 
cells, while Rubisco is localized in the bundle-sheath 
cells (Shomer-Ilan et aI., 1979). 

However, and according to Osmond and Greenway 
(1972), NaCI inhibited in vitro the foliar PEPC activity 
in two C4 plants: A. spongiosa and com, dependent on 
the modification of pH, but the activity measured 
in vivo was elevated in A. spongiosa. Authors explained 
this result by high substrate concentrations and the 
control of ionic accumulation in leaves by trichomes 
present on their surface. Another example in favor of 
this model is Mesembryanthemum cristallinum, where 
NaCl-treatment induces the transition from C3 toward 
CAM pattern and increases PEPC activity 36-fold, 
with respect to control (Kore-eda et aI., 1996). 

We think that peroxidases could constitute an 
interesting biochemical marker of salt-tolerance in 
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halophytes. Further researches would aim to the 
extraction and the characterization of isoforms 
involved in the plant answer to salinity.lt would be 
interesting also to investigate the salt-induced ultra­
structural modifications in shoots and roots. In the 
leaves, this study would help to explain the veSl­
culization process in the mesophyll cells. 
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Some physiological and biochemical aspects of salt tolerance in 
two oleaginous halophytes: Cakile maritima and Crithmum maritimum 

A. DEBEZ, K. BEN HAMED AND C. ABDELLY 

INTRODUCTION 

Increasing salinity levels in soils and/or irrigation 
water constitute a significant environmental problem 
that can lead to a loss of agricultural production in arid 
and semi-arid lands in the world (Kennedy and 
De Filippis, 1999). At the Mediterranean basin scale, 
salt-affected lands amount to about 15 X 106 ha and 
are mainly located in Northern Africa and the Near 
and Middle East (Le Houerou, 1986). Salinity can 
affect plant survival, biomass, plant height and plant 
form. Such changes in morphology affect the capacity 
of a plant to collect light, water and nutrients (Locy 
et aI., 1996). In fact, salt interaction with physiological 
and metabolic processes in the plant is complex, 
depending on salt type and dose, plant genotype and 
developmental stage (Meneguzzo et aI., 1999). 

Halophytes, plants that have been naturally selected 
to grow in saline environments (Flowers et aI., 1986), 
can withstand the deleterious effects by ion exclusion, 
regulation of ion transport and accumulation of com­
patible cytoplasmic osmotica (Greenway and Munns, 
1980). These plants show ecological (landscaping, 
rehabilitatation of damaged areas, ... ) and economic 
(production of oil for industrial application ... ) inter­
ests as well. Halophytes provide excellent models to 
understand extreme salt-tolerance mechanisms 
(Jefferies and Rudmik, 1984). They contain also valu­
able gene pools for use in crop amelioration (Shannon 
and Noble, 1990). Much effort has been devoted 
toward elucidating the mechanisms of plant salt­
tolerance aiming to improve the performance of crop 
plants in saline soils (Binzel and Reuveni, 1994). 
However, what implies salt tolerance to plants remains 
unresolved. 

There are some indications that salt excess can 
induce conditions of oxidative stress. Yet, oxygen 
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radicals (Reactive Oxygen Species) generated during 
plant metabolism, need to be scavenged by antioxidant 
system, so as to alleviate salt-induced oxidative injury 
(Elstner, 1982; Hernandez et aI., 1999). The primary 
components of this antioxidant system include 
carotenoids, ascorbate, glutathione and tocopherols as 
well as antioxidant enzymes such as superoxide 
dismutase, catalase and peroxidases (Hernandez et aI., 
1999). 

This chapter deals with salt tolerance in Crithmum 
maritimum (Umbellifereae) and Cakile maritima 
(Crucifereae), species of great commercial interest. 
Indeed, these two indigenous and oleaginous halo­
phytic species appeared to be useful with regard to the 
biochemical properties of oil extracted from their 
seeds. 

In our study, the physiological responses (growth, 
water relations and photosynthesis activity) of both 
species to NaCI were investigated. We also paid atten­
tion to some antioxidant enzymes changes in relation 
to increasing salinity owing to their involvement in the 
defence mechanisms of salt-stressed plants and thus in 
their salt tolerance. 

MATERIALS AND METHODS 

Plant Material and Experimental Conditions 

C. maritimum and C. maritima seeds collected from 
their native salty ecosystem, close to the Mediterranean 
sea: Korbous and Raoued, respectively. Seeds were 
sown in pots (two seeds per pot) filled with inert sand 
and irrigated with distilled water until germination. At 
the early development stages, seedlings were watered 
every day with Long Ashton nutrient solution. Two 
months old C. maritimum seedlings were divided into 
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6 lots of 10 plants each, and submitted to increasing 
NaCl concentrations: 0, 50, 100, 150, 200, and 
300 mM. NaCl doses (0, 50, 100, 200, 300, 400 and 
500 mM) were progressively applied on 6-week-old 
C. maritima seedlings divided into 7 lots of 18 plants 
each. Salt treatment was adjusted with increasing NaCl 
concentrations by 50 mM per day. 

Experiments were performed in a glass greenhouse 
under controlled conditions: 25 ± 5°C temperature 
and 60 ± 10% relative humidity. Two harvests were 
made: the first one at the beginning of treatment 
(initial harvest) and the second (final harvest), after a 
period of salt application ranging from 5 to 10 weeks, 
respectively for C. maritima and C. maritimum. Once 
harvested, plants were separated into leaves, stems and 
roots. A part of the leaf fresh material was used for 
enzyme analysis. 

Growth and Water Relations Parameters 

Growth parameters estimated were fresh and dry mass 
(respectively FW and DW), water content (ml H20/g 
DW), leaf area (LA), leaf succulence ratio (FW IDW), 
relative growth rate (RGR) and net assimilation 
ratio (NAR). 

RGR = _In--,(_D_W-,-2_-_D_W_l) 
at 

DW1 and DW2 correspond to initial (at the initial har­
vesting) and final dry mass respectively. at corre­
sponds to treatment duration. 

NAR = _D_W_2_-_D_W---,-----1 
mean LA !::..t 

Enzyme Extractions and Assays 

All operations were carried out at 0-4°C. Samples 
were prepared for catalase and total protein analysis 
by homogenizing 0.5 g of crude leaf material in an 
ice-cold solution containing: 0.1 M Tris-HCI, 10 mM 
KCl, 1 mM MgC12, 0.5 M Sucrose, 3 mM cysteine 
5% (v/v), TritonX-lOO. After filtration through four 
gauze layers, the extract was centrifuged at 4°C for 
20 min at 16,000 X g. The supernatant was immedi­
ately used for total protein and enzyme analysis. 

All spectrophotometric analysis were conducted at 
25°C on a BECKMAN UV/visible light recording 

A. Debez, K. Ben Hamed and C. Abdelly 

spectrophotometer. The activity of catalase was deter­
mined by monitoring the disappearance of H20 2, by 
measuring the decrease in absorbance at 240 run of a 
reaction mixture (2 ml final volume) containing MilS 
phosphate buffer (PH 7), 12.5 mM H20 2, and crude 
extract (Luck, 1965). For catalase, one unit of enzyme 
was defined as the amount necessary to decompose 
1 J.Lmole of H20imin at 25°C. 

Total protein content was determined by the 
Bradford reagent method using bovine serum albu­
mine (BSA) as a standard (Bradford, 1976). 

RESULTS 

Growth 

Growth of C. maritimum was estimated throughout 
dry mass production of the whole plant and its differ­
ent tissues (roots and shoots). Biomass production was 
not significally affected by 50-100 mM NaCl, but was 
considerably reduced ( - 56%) at 150 mM, when com­
pared with plant controls (Figure 1). Above doses 
accentuated this tendency. For instance, dry mass pro­
duction represented just 9% of the control values at 
300 mM. Growth of roots and shoots were similarly 
affected by salt concentrations from 150 mM NaCl. 

The response to salinity displayed by C. maritima 
was different to some extent from C. maritimum. 
Indeed, when expressed on a fresh (Figure 2a) or a dry 
mass (Figure 2b) basis, growth of the whole plant was 
lower in the medium lacking salt. Exposure to NaCl at 
low doses (50-100 mM) enhanced fresh and dry mass 
production, therefore confirming the halophilic status 
of C. maritima. At 100 mM NaCl, dry mass reached 
124% of the control value (Figure 3). The growth 
stimulation disappeared at 200 mM, without affecting 

15 r-:;:------;:::==============:::::;"] 

o 

00 mM _50 mM !!l 100 mM 

0150 mM 1:'1200 mM _ 300 mM 

Roots 

Fig. 1. Effect ofNaCI on growth (DW) of C. maritimum (means of 
10 plants and confidence limits for p = 0.05). 
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Fig. 3. Effect of NaCI on whole plant growth (%/control) In 

C maritima (means of 18 plants). 

the biomass production level with regard to controls, 
but it was significantly decreased at supra-optimal 
concentrations (from 300 mM NaCl), being 57% 
lower than control value at the highest NaCI dose 
(500 mM). Trends in biomass production of stems 
were similar to those observed for whole plant, 
whereas leaves and roots dry mass did not differ from 
control values up to 400 mM NaCl. 

To assess whether dry mass modification resulted 
from changes in production of nodes or size of intern­
odes, plant size and number of nodes in C. maritima 

120 

80 

40 

o +--I----L---" .... 
Plant size (em) Number of nodes 

Fig. 4. Effect ofNaCI on plant size and number of nodes (%/control) 
in C maritima (means of 18 plants). 

were measured. Control plants were taller than salt­
treated ones (Figure 4). This was particularly true for 
plants grown at NaCI concentrations exceeding 
100 mM. Salt-treatment lead to an increase of the 
number of nodes up to 200 mM NaCl. The fall 
recorded at higher salt levels was less pronounced than 
for plant size, indicating that the decline in plant size 
was mainly due to a reduction of the cells elongation 
rather than cells division. 

To investigate whether roots or shoots were the 
mostly affected by salinity, root/shoot DW ratio was 
calculated for both species. Figure 5a shows that this 
parameter increased up to the 150 mM NaCI treatment 
for C. maritimum plants, indicating that shoot growth 
declined in favour of roots as a result of salt 
stress. This was corroborated by the increasing of 
roots dry mass until 150 mM NaCI treatment, when 
expressed as percent of the whole plant dry mass 
(Figure 5b). 

Concerning C. maritima, salinity did not modify 
the resource allocation pattern within the plant tissues. 
Root/shoot DW ratio did not significantly differ 
among all treatments, as indicated by Figure 6a. The 
fact that root growth, when expressed as percent of 
whole plant dry mass production, was unaffected by 
salinity (Figure 6b), confirmed the above-mentioned 
results. 

Plant RGR was calculated to give more information 
about the growth activity in relation with increasing 
salinity. Previous data relative to C. maritimum behav­
iour were supported by the progressive negative 
evolution of the plant RGR from 100 mM NaCI 
(Figure 7a), unlike C. maritima, which exhibited a 
slight stimulation in growth activity in the limit 
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of NaCI optimal concentrations (0-200 mM) 
(Figure 7b). However, the above salt levels signifi­
cantly reduced this parameter. 

Leaf Parameters 

The number of leaves of C. maritimum plants submit­
ted to salt stress significantly decreased (Figure 8a). 
Leaf area was also affected from 150 mM NaCI dose 
(until 60% of reduction at 300 mM). As shown by 
Figure 8b, salinity (50-100 mM NaCl) had a positive 
effect on these two parameters in C. maritima (9% and 
30% greater than control values, respectively for leaf 
area and number of leaves). However, they were 
severely affected at higher salt doses (- 61 % and 
- 57% respectively for leaf area and number ofleaves). 

On the other hand, a close relationship was found 
between the whole plant growth and leaf area 
for both species, C. maritimum (Figure 9a) and 
C. maritima plants (Figure 9b). The leaf area could, 
therefore, highly influence the evolution of plant 
biomass production. 
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Fig. 8. Effect of NaCl on number of leaves and leaf area in 
(a) C. maritimum (means of 10 plants) and (b) C. maritima (means 
of 18 plants) and confidence limits for p = 0.05. 

Water Relations 

Plant water relations were studied in order to relate 
them with growth parameters pattern under salt stress. 
In C. maritimum, shoot water content was maintained 
at high levels (close to control values) despite increas­
ing salt concentrations, while it decreased from 
200 mM NaCI in roots (Figure lOa). Leaf succulence 
is an important feature of halophytes. The accumula­
tion of water in this compartment permits to the plant 
to grow well in the presence of salt. Neither succu­
lence rating, nor leaf FW/area ratio were affected by 
salt stress (Figure lOb). 

For C. maritima, whole plant water status was not 
significantly impaired by salinity up to 400 mM NaCl. 
Leaves and roots were less affected than stems by 
increasing salt levels, and were characterized by water 
contents close to the control values, even at the 
extreme salt dose (500 mM) (Figure 11). Leaf succu­
lence parameters also appeared to be unaffected by 
enhanced salt levels in the medium (data not shown). 

Our results show that the reduction in growth under 
saline conditions was not clearly concomitant with an 
impairment of the water status, suggesting the possi­
ble involvement of other mechanisms in the response 
of both species to salt stress. 
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Fig. 9. Relationship between whole plant growth and leaf area in 
(a) c. maritimum plants and (b) C. maritima plants exposed to 
increasing NaCl concentrations. 

Photosynthesis is one ofthe major processes altered 
by salt. Net assimilation rate (NAR), which measures 
the dry mass accumulation per unit of leaf area and 
per day, is an indicator of the photosynthetic activity. 
NAR was stimulated up to 100 and 400 mM NaCl, 
respectively for C. maritimum (Figure l2a) and 
C. maritima (Figure l2b), before declining at higher 
salt concentrations. 

Moreover, this parameter was not strongly 
correlated to whole plant growth in both species 
(Figure 13). This leads to think that the both species 
behaviour would be mainly determined by leaf area 
rather than its photosynthetic activity, which was unaf­
fected, even at extreme NaCllevels. 

Total Protein Content 

Data relative to growth study indicated that 150 mM 
NaCI resulted in a severe growth reduction of 
C. maritimum. This did not appear to be a result of the 
decrease in total protein content, which was main­
tained at higher levels than in control (Figure 14). Our 
results indicate that dry matter production was more 
affected than nitrogen assimilation and protein 
synthesis. They also suggest that NaCI inhibited 
proteolytic activity. 
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Antioxidant Enzyme Activities 

Catalase catalyses the dismutation of H20 2 into H20 
and O2, preventing the damaging effects of H20 2 

accumulation and protecting cells from oxidative 
stress. Catalase activity, when expressed on a total 
protein content basis, was significantly stimu­
lated in leaves of C. maritimum plants exposed to 
50-100 mM NaCl (Figure 15). Higher salt doses lead 
to a decline in catalase activity. This trend was more 
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Fig. 12. Effect of NaCI on NAR in (a) C. maritimum and (b) 
C. maritima (means of I 0 plants and confidence limits for p = 0.05). 

pronounced when catalase activity was referred to leaf 
fresh mass. 

DISCUSSION 

The both species were able to produce biomass 
under all NaCl treatments, though responding some­
what differently to salinity. C. maritimum behaved like 
a facultative halophyte, with a growth activity 
progressively decreasing as NaCl levels raised in the 
medium, unlike to what happens in their native littoral 
area (salt concentrations are about 500 mM there), 
where they grew well. This apparent contradiction 
would be related with the sandy texture of the soil in 
this region, which permits the leaching of salts, thus 
avoiding their accumulation at high amounts. On the 
contrary, C. maritima's biomass production was stim­
ulated up to 100 mM NaCl and was unaffected at 
200 mM. NaCl-induced depressive effect was visible 
from 300 mM, owing essentially to the reduction in 
cells size rather than cells division. However, the plant 
was still alive at 500 mM NaCl. It is generally assumed 
that shoot growth is more affected than root by salinity 
(Marcelis and Van Hooijdonk, 1999). This was the case 
in C. maritimum up to 150 mM. 

Deleterious effects of salt stress are thought to result 
partly from water stress (Wang et al., 1997). Our 
results show that salinity did not affect the water status 
in C. maritimum plants. Plant water content was con­
served at levels significantly close to control values, 
even at the highest NaCl doses. Leaf succulence was 
not particularly modified by salt treatment. Similar 
trends were recorded in C. maritima. In fact, there was 
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not a strong relationship between growth activity and 
plants water content, though several studies have indi­
cated that biomass production was highly influenced 
by the plant water status in halophytes (Naidoo and 
Rugunanan, 1990; Glenn and Brown, 1998; Bajji et aI., 
1998). It has also been indicated that growth is strongly 
related to leaf expansion and photosynthesizing area 
(Arkebauer et aI., 1994; Monteith, 1994). This was cor­
roborated by our data. In both species, growth reduc­
tion/stimulation was largely correlated with the 
reduced/enhanced leaf area and number, in accordance 
with Marcelis and Van Hooijdonk (1999). 

From another side, increasing NaCllevels stimulated 
leaves total protein content in C. maritimum plants up 
to 150 mM, similarly to what found in cotton cultivars 
exposed to the same salt concentration (Gossett et aI., 
1994). Catalase activity was found to be enhanced in 
salt treated C. maritimum leaves, when compared to 
control. This suggests that catalase could be one key 
enzyme in the salt resistance of this species. In reported 

literature, catalase was considered as the most effective 
antioxidant enzyme in averting cellular damage 
(Scandalios, 1993). For instance, higher levels of cata­
lase in cotton leaves lead to the development of salt 
tolerance in this species (Gossett et aI., 1994; 1996). 

However, it should be taken into consideration that 
the mechanisms of protection against salt stress are 
quite more complicated, depending on numerous 
enzymes and the production of many antioxidant 
molecules (Badiani et aI., 1997). 

The present work displayed some physiological and 
biochemical aspects of salt tolerance in two local 
halophytic species. Leaf area and antioxidative 
enzymes appear to be the most implicated parameters 
in this phenomenon. More detailed studies are cur­
rently progressing in our laboratory to investigate the 
salt-induced effects on mineral nutrition and to better 
understand the roles of the anti oxidative systems in 
the response to salinity. 
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Salinity tolerance of Beta vulgaris ssp. maritima. Part 1. Biomass 
production and osmotic adjustment 

S. DAOUD, H.-W. KOYRO AND M.e. HARROUNI 

INTRODUCTION 

In arid and semi-arid regions saline soils are of 
more frequent occurrence both under irrigated and 
non-irrigated conditions (Greenway, 1962). In the 
Mediterranean region alone some 15 million ha have 
become seriously salt affected (Le Houerou, 1986). 
This phenomenon has substantial adverse social and 
economic effects in Morocco deteriorating agricultural 
productivity in many irrigated perimeters (Choukr­
Allah et aI., 1994). In order to overcome this problem, 
it is important to domesticate promising salt-tolerant 
plants that already have the requisite level of salt toler­
ance and are highly productive at high external salinity 
levels, and to use appropriate new methods of agro­
management to have a high productivity (Aronson, 
1986; O'Leary, 1986; Lieth and Al Massoum, 1993; 
Koyro, 1997). Beta vulgaris ssp. maritima is a halo­
phyte with a real potential in Morocco since it exists all 
over the country (Fennane et aI., 1999) and could be 
used as a cash crop. The aim of this study is to use a 
gravellhydroponic quick check system with automated 
irrigation and drainage to determine the limit of salt 
tolerance of the sea beet and the optimal growth con­
ditions which reflect the efficiency of the plant and lead 
to maximum yield productivity under saline irrigation. 

MATERIALS AND METHODS 

Plant Culture 

Seeds of sea beet were stored in a refrigerator for 48 h 
before they were transferred into a Petri dish with wet 
filter paper (0.2 mol m -3 CaS04) for germination in a 
dark growth cabinet at 25°C. Seven to 14 days after 
germination, plants were potted into soil (type LD 80, 

H. Lieth (ed.), Cash Crop Halophytes: Recent Studies, 41-49. 
© 2003 Kluwer Academic Publishers. 
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Fa Archut, Lawkbach, Germany). After a further 
2 weeks the young seedlings were transplanted into a 
soilless (gravellhydroponics) culture quick check sys­
tem (Koyro, 1999). The plants were irrigated with a 
basic nutrient solution as modified by Epstein (1972). 

Salinity Trials 

The stepwise addition of NaCI to the basic nutrient 
solution began after a period of another 2 weeks by 
raising salinity of the solution in steps of 50 mol m - 3 

NaCI each day. There were altogether five treatments: 
Control (without NaCl), 125,250,375 and 500 mol m-3 

NaCl. The highest salinity treatment was reached after 
9 days. The trials were conducted in an environment 
controlled greenhouse. Temperatures were 25 ± 2°C 
during the day and 15 ± 2°C during the night. 
Relative humidity ranged from 45% to 70%. Light 
intensity was in the range of 5000 lux at plant level. 
The quick check system was programmed by a timer 
to water the plants every 4 h for 15 min starting at 
midnight, 4 am, 8 am, 12 noon, 16 pm and 20 pm daily 
and allow the saline solutions to drain freely from the 
pots. Solutions were recycled and changed every 
2 weeks to avoid nutrient depletion. 

Harvest and Sample Preparation 

The plants were harvested 3 weeks after the highest 
salinity level was established. Three plants per treat­
ment were weighed individually and separated into 
laminas, petioles, tap root and adventitious roots. Leaf 
number and the leaf mass to area (LMA) ratio defined 
as weight per surface area of leaves were determined. 

The dry weight was determined by oven drying at 
70°C to constant weight and expressed in percent of 
fresh weight. The water content was determined by the 
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difference between fresh and dry weights. Samples of 
dried plants were ashed in a muffle furnace over night 
at 500°C. The organic matter was calculated as the 
difference between dry weight and ash weight. 

Chemical and Physiological Parameters 

Na and K were determined with the flame photometer 
410 (FLM3b, Radiometer Copenhagen) after dissolv­
ing the ash in 2N HCl. The contents of Ca and 
Mg were determined in the same solution with atomic 
absorption spectrometer (3110, Perkin Elmer). 
Concentrations of these minerals in plant tissues are 
expressed on a dry weight basis. 

Sugars were analysed by HPLC (Ion chromato­
graph, Dionex) after freeze drying of the samples 
(Hoffinann-Thoma et al., 2000). 

Tissue osmotic potential was determined in the leaf 
sap with an osmometer (Osmomat 030, Gonotec, for 
details see also Gonzalez et al., 1996) based on the 
theory of freezing point depression. The water poten­
tial was determined by measuring dew point depres­
sion with a Wescor apparatus without harming the 
plants (Koyro, part 1 page 5 in this book). 

Proline was extracted in 3% sulfosalicylacid in 
an ultrasonic bath. After 10 min centrifugation at 
3000 rpm, 1 ml of the solution was mixed with 1 ml 
glacial acetic acid and 1 ml ninhydrin reagent and then 
heated 1 h at 60°C in a water bath. The reaction 
was stopped in an ice bath. 2 ml toluol were added 
and mixed after the samples reached lab temperature. 
The upper phase was pipetted after phase separa­
tion into a cuvette and measured at 546 nm in a 
spectrophotometer. 

S. Daoud, H.-w. Koyro and MC Harrouni 

RESULTS 

Growth in all parts of the plants was stimulated by the 
low salinity treatment (125 mol m-3 NaCI). Further 
increase in NaCI concentration reduced growth up to 
60% in high salinity treatment (500 mol m-3 NaCI) 
(Table 1). The limit of salt tolerance (50% growth 
reduction, definition see Koyro, chapter # in this 
book) was reached between 375 and 500 mol m-3 

NaCl. 
The root to shoot ratio increased with the increase 

of salinity. It increased more than 50% suggesting that 
the shoot was more affected by salinity than the roots. 
The tap root to adventitious roots ratio was reduced by 
more than 30% in the saline treatments compared to 
the control (Table 1). 

Water content in all parts of the plant was reduced 
from the control to high salinity treatment. However 
the reduction was not high, especially in the leaves. It 
was only 21.24% and 14.73% respectively in adult and 
juvenile leaves (Table 2). This relatively low reduction 
in leaf water content can explain the increase in the 
LMA ratio with salinity (Table 1). 

The number of leaves produced was similar in the 
control and low salinity treatment but was reduced 
under high salinity where it was 43% less than the 
control (Table 1). 

The dry weight expressed as a percentage of fresh 
weight (DW in Table 2) increased with salinity in the 
adventitious roots and in the tap root. In the other parts 
of the plant there was an increase of the dry weight 
with salinity and the highest value was obtained in 
375 mol m-3 NaCI treatment (Table 2). The increase of 
the dry weight in the adventitious roots and tap root was 

Table 1. Growth parameters of Beta vulgaris ssp. maritima as affected by salinity, n = 3, mean ::t: SD 

Fresh weight LMAratio 

Tap root! Adult leaf Leaf 

Treatment Plant (g) Shoot (g) Root (g) Tap root (g) Adv. root (g) Root/shoot Adv.root (mgcm-2) number 

Control 26.65 ::t: 7.53 25.48 ::t: 7.57 1.31 ::t: 0.55 0.89 ::t: 0.29 0.43 ::t: 0.14 0.046 ::t: 0.007 1.99 ::t: 0.31 28.65 ::t: 5.91 14.20 ::t: 1.62 
125 mol m- 3 29.99 ::t: 13.52 28.14::t: 12.66 1.85 ::t: 0.43 1.02 ::t: 0.42 0.83 ::t: 0.20 0.065 ::t: 0.012 1.34 ::t: 0.51 34.22 ::t: 3.82 14.20::t: 2.53 

NaCI 
250 mol m~3 18.80 ::t: 3.18 16.28 ::t: 2.16 2.52::t: 1.06 1.27 ::t: 0.51 l.ll ::t: 0.61 0.150::t: 0.04 1.34 ::t: 0.75 40.59::t: 1.63 17.33 ::t: 1.50 

NaCI 
375 mol m~3 08.37 ::t: 1.55 07.07::t: 1.65 1.30::t: 0.28 0.72 ::t: 0.15 0.53 ::t: 0.10 0.190::t: 0.07 1.39 ::t: 0.40 42.16::t: 4.31 09.40 ::t: 1.50 

NaCI 
500 mol m~3 10.68 ::t: 2.92 09.43 ::t: 2.49 1.25 ::t: 0.43 0.66 ::t: 0.09 0.59 ::t: 0.37 0.130 ::t: 0.01 1.39 ::t: 0.72 39.76::t: 3.51 08.10 ::t: 1.80 

NaCl 
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Table 2. Effect of salinity on the dry weight (OW expressed as % of fresh weight) and water content (WC mg mg- 1 dry weight) of tap root, 
adventitious (adv.) roots, petiole (P) and lamina (L) of adult and juvenile leaves of control and salt treated plants of Beta vulgaris ssp. 
maritima, n = 3, mean ± SO 

Adv. root Tap root P. adult leaf 

Treatment OW WC OW WC OW WC 

Control 14.65 ± 1.70 05.80 ± 0.75 15.33 ± 0.61 05.49 ± 0.25 07.72 ± 0.31 12.01 ± 0.52 
125 mol m-3 

NaCI 
15.29 ± 2.58 05.45 ± 1.25 20.10 ± 2.47 03.82 ± 0.59 08.44 ± 1.31 10.94 ± 1.73 

250 mol m-3 

NaCI 
16.60 ± 1.60 05.10 ± 0.60 27.40 ± 2.80 02.70 ± 0.40 12.80 ± 0.60 06.80 ± 0.40 

375 mol m-3 

NaCI 
20.00 ± 0.90 04.00 ± 0.20 28.50 ± 0.70 02.50 ± 0.10 16.90 ± 0.60 04.90 ± 0.20 

500 mol m- 3 

NaCI 
22.88 ± 7.65 03.67 ± 1.81 30.12 ± 0.97 02.32 ± 0.11 14.50 ± 1.35 06.10 ± 0.63 

L. adult leaf P. juvenile leaf L. juvenile leaf 

Treatment OW WC OW WC OW WC 

Control 11.44 ± 1.88 07.91 ± 1.47 8.55 ± 0.58 10.91 ± 0.81 13.56 ± 1.49 06.38 ± 0.79 
125 mol m- 3 

NaCI 
11.58 ± 1.01 07.60 ± 0.72 11.16 ± 1.06 08.09 ± 0.89 14.57 ± 1.04 05.84 ± 0.47 

250 mol m-3 

NaCI 
15.00 ± 1.30 05.70 ± 0.60 14.10 ± 1.40 06.20 ± 0.80 17.80 ± 2.40 04.70 ± 0.80 

375 mol m-3 

NaCI 
16.70 ± 0.60 05.00 ± 0.20 19.50 ± 0.10 04.10 ± 0.00 18.10 ± 1.20 04.50 ± 0.40 

500 mol m-3 

NaCI 
13.91 ± 1.56 06.23 ± 0.83 17.44 ± 2.40 04.82 ± 0.86 15.43 ± 1.44 05.44 ± 0.61 

due to the increase of organic matter (OM in Table 3) 
which accumulated in the root system; but in the 
shoots it can be explained by the increase of the ash 
content (Ash in Table 3) with salinity. Petiole and lam­
ina of adult leaves concentrated a high amount of ash 
compared to juvenile leaves. The organic matter 
(% fresh weight) was much higher in tap root than in 
adventitious roots. In the shoot, organic matter in juve­
nile leaves was higher than in adult leaves (Table 3). 

The effect of increasing NaCI concentration in the 
culture medium led to decreasing values of water 
potential in leaf petioles of the sea beet. It ranged from 
-2.24 MPa in the control plants to -11.48 MPa in 
high salinity plants (Figure I). In the control adventi­
tious roots had a low osmolality value compared to 
other parts of the plant which had similar values. In 
low-salinity treatment (125 mol m- 3 NaCI) an 
increase of osmolality was registered in all parts of the 
plant compared with the control. Tap root, petioles of 
adult and juvenile leaves had similar osmolality val­
ues. Lamina of adult and juvenile leaves had also 
similar values but to some extent lower than petioles. 
In the high-salinity treatment (500 mol m - 3 NaCl), the 

highest increase of osmolality was registered in the tap 
root followed respectively by petioles and lamina of 
juvenile and adult leaves. Adventitious roots had the 
lowest value (Figure 2). The increase of osmolality in 
all parts of the plant with the increase of salinity 
matches the salt-induced increase of inorganic and 
organic matter. 

In all parts of sea beet, Na was the most abundant 
ion and its concentration increased simultaneously 
with the increase of salinity in the growing medium 
while K content decreased (Figures 3-5). Sodium 
accumulation in the shoot was much higher than in the 
root. In high-salinity treatment (500 mol m-3 NaCI), 
K content of tap root and adventitious roots was 
reduced respectively by 59% and 56%, while the 
reduction was more pronounced in adult leaves (79%) 
and juvenile leaves (69%). The Ca concentrations 
were generally much lower than the Na or K concen­
trations. The Ca content was not affected by salinity 
except in the tap root, where it increased with the 
increase ofthe saline treatment. However, adventitious 
roots contained more Ca than the other parts of the 
plant (Figure 6). 
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Table 3. Effect of salinity on the ash (expressed as % of dry weight) and organic matter (OM % fresh weight) of tap root, adventitious (adv.) 
roots, petiole (P) and lamina (L) of adult and juvenile leaves of control and salt treated plants of Beta vulgaris ssp. maritima, n = 3, 
mean::': SD 

Adv. root Tap root P. adult leaf 

Treatment Ash OM Ash OM Ash OM 

Control 5.80::': 0.07 13.80::': 1.61 8.60::': 3.07 14.00::': 0.14 21.97::': 0.87 6.03 ::': 0.30 
125 mol m-3 15.51 ::': 1.15 12.13::': 7.58 17.78::': 3.66 35.34::': 6.57 5.51 ::': 1.40 

NaCI 
250 mol m-3 12.40 ::': 2.80 14.60::': 1.80 9.60::': 1.30 24.80::': 2.70 32.70::': 1.40 8.70::': 0.6 

NaCI 
375 mol m-3 15.10::': 1.00 17.00::': 0.90 8.40::': 1.10 26.10::': 0.90 27.30 ::': 0.60 12.30 ::': 0.40 

NaCI 
500 mol m-3 16.37 ::': 4.25 19.03 ::': 6.19 11.75 ::': 3.29 26.59::': 1.57 37.44 ::': 3.11 9.10 ::': 1.30 

NaCI 

L. adult leaf P. juvenile leaf L. juvenile leaf 

Treatment Ash OM Ash OM Ash OM 

Control 20.41 ::': 3.50 9.11 ::': 1.52 13.18::': 4.87 7.41 ::': 0.35 6.65 ::': 2.73 12.66 ::': 1.54 
125 mol m-3 21.86::': 1.70 9.06 ± 1.00 25.93 ::': 1.96 8.27::': 0.88 11.27 ::': 2.79 12.94 ± 1.263 

NaCI 
250 mol m-3 28.10 ::': 1.90 10.80::': 1.20 29.00::': 2.50 10.10::': 1.30 24.30::': 5.20 13.60::': 2.70 

NaCI 
375 mol m-3 27.00::': 0.80 12.20 ::': 0.50 22.30::': 1.20 15.20::': 0.30 24.70::': 2.90 13.70 ::': 1.40 

NaCI 
500 mol m-3 31.00::': 2.15 9.60::': 1.09 25.96::': 1.73 12.94 ::': 2.04 27.09 ::': 0.30 11.24 ::': 1.01 

NaCI 
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Fig. 1. Water potential (MPa) in adult leaves of controls and 4 
salinity treatments (125, 250, 375 and 500 mol m-3 NaCI).The line 
in the histograms indicates the water potential of the watering solu­
tion in the five treatments. 

The Mg concentrations were generally lower than 
the Ca concentrations but showed a similar distribu­
tion in the tissues. Mg content was reduced by high 
salinity treatment in all parts of the plant except in the 
tap root. The reduction was more pronounced in 
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Fig. 2. Osmolality (mmol kg-I) in adventitious roots (ar), tap root 
(tr), petiole (P) and lamina (L) of juvenile Uu) and (ad) leaves of 
controls, low-salinity (125 mol m- 3 NaCI) and high-salinity plants 
(500 mol m-3 NaCI). 

adventitious roots, adult and juvenile leaf petioles than 
in lamina of adult and juvenile leaves (Figure 7). 

In all parts of the plants, the total carbohydrate content 
increased with salinity (Figure 8). Sucrose was the most 
abundant organic substance followed respectively by 
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Fig. 3. Na concentrations (mmol g-l) in adventitious roots (ar), tap 
root (tr), petiole (P) and lamina (L) of juvenile (ju) and adult (ad) 
leaves of control, low-salinity (125 mol m- 3 NaCI) and high­
salinity plants (500 mol m- 3 NaCI). 
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Fig. 4. K concentration (mmol g-l) in adventitious roots (ar), tap 
root (tr), petiole (P) and lamina (L) of juvenile (ju) and adult (ad) 
leaves of control, low-salinity (125 mol m-3 NaCI) and high­
salinity plants (500 mol m- 3 NaCl). 
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Fig. 5. KINa ratio in adventitious roots (ar), tap root (tr), petiole 
(P) and lamina (L) of juvenile (ju) and adult (ad) leaves of con­
trols, low-salinity (125 mol m- 3 NaCl) and high-salinity plants 
(500 mol m- 3 NaCl). 
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Fig. 6. Ca concentrations (mmol g-l) in adventitious roots (ar), tap 
root (tr), petiole (P) and lamina (L) of juvenile (ju) and adult (ad) 
leaves of control, low-salinity (125 mol m- 3 NaCl) and high­
salinity plants (500 mol m- 3 NaCI). 
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Fig. 7. Mg concentrations (mmol g-l) in adventitious roots (ar), 
tap root (tr), petiole (P) and lamina (L) of juvenile (ju) and adult 
(ad) leaves of control, low-salinity (125 mol m- 3 NaCI) and high­
salinity plants (500 mol m- 3 NaCI). 
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Fig. 8. Total carbohydrates concentration (mg % DW) in adventi­
tious roots (ar), tap root (tr), petiole (P) and lamina (L) of juvenile 
(ju) and (ad) leaves of controls, low-salinity (125 mol m- 3 NaCl) 
and high-salinity (500 mol m- 3 NaCI) plants. 
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Fig. 9. Soluble carbohydrates and starch concentrations (% DW) in adventitious roots (ar), tap root (tr), petiole (P) and lamina (L) of juvenile 
(iu) and adult (ad) leaves of control, low-salinity (125 mol m- 3 NaCI) and high-salinity plants (500 mol m- 3 NaCI). 

glucose, fructose, starch, myoinositol and raffinose 
(Figure 9). In the control plants sucrose and raffmose were 
in the tap root higher than in the other parts (Figure 9). 

Controls showed higher proline values in leaflamina 
than in roots, but salinity caused an increase of proline 
concentration in all parts of the plant (Figure 10). The 

highest amount was accumulated in the tap root leading 
to a reverse gradient between shoot and root. The con­
tent of proline in control leaf lamina was about 5 folds 
higher than in the tap root whereas in 500 mol m - 3 

NaCl, proline content was 3 folds higher in the tap root 
than in leaf lamina. 
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Fig. 10. Proline content (% DW) in tap root, petiole and lamina of 
leaves, of controls and high-salinity (500 mol m-3 NaCl) plants. 

In summary the high Na concentrations in the 
leaves lead mainly to the high osmolality values at 
high salinity levels while the adjustment in the tap root 
was reached mainly by carbohydrate and proline 
accumulation. 

DISCUSSION 

Growth 

The sea beet has the typical features of a halophytic 
species since plant growth was enhanced in low 
salinity (125 mol m-3 NaC1). This response can be 
explained by the role of Na as an osmoticum and its 
effect on cell expansion and water balance of plants 
(Marschner, 1995; Marschner and Possingham, 1975). 
However growth was greatly affected by high salinity 
levels (Kelly et aI., 1982; Harrouni et aI., 1999; 
Flowers and Lauchli, 1983) and shoot growth was 
more reduced by salinity than root growth (Greenway 
and Munns, 1980; Koyro and Huchzermeyer, 
1999a). The reduction of growth at high salinity was 
reported to be a reaction to ion toxicity in old leaves, to 
water deficit and to shortage of carbohydrates in 
the younger leaves (Koyro and Huchzermeyer, 1999b). 

Osmotic Adjustment 

The increase ofNaCI in the culture medium generates a 
decrease of the water potential and of the osmotic poten­
tial in all parts of the sea beet tissue. The difference 

in osmotic potential between the nutrient solution and 
the roots and between the roots and the leaves is one of 
the driving forces for the uptake of water through the 
soil-plant-atmosphere continuum. The osmotical 
adjustment to salinity enables the sea beet to delay 
wilting, to maintain its turgescence and to adjust its 
shoot osmotic pressure. It is practically reached by the 
accumulation of high amount of salts in the shoot 
which led to an increase in the proportion of inorganic 
matter in the dry weight (Gorham, 1996; Flowers and 
Lauchli, 1983). Flowers and Yeo (1988) reported that 
high NaCI concentrations are accumulated in large 
vacuoles of leaf cells. Minerals and water content 
were co-ordinated to maintain constant osmotic poten­
tial gradient between shoot tissue and the external 
solution (Gleen and O'Leary, 1984; Terry et aI., 1983; 
Weber, 1995). The osmotic potential was generated in 
the leaves of the sea beet at high-salinity levels mainly 
by the accumulation of NaCI in the vacuoles and of 
proline as osmoprotectant in the cytoplasm. Soluble 
carbohydrates (especially) sucrose accumulation in 
tap root has an effect on cellular water relations. It 
contributes to a decrease in cell osmotic potential 
(Koyro and Huchzermeyer, 1999b). The stimulation 
of proline synthesis with salinity in different parts of 
the plant and especially in the tap root confirms its 
role as osmoregulatory amino acid as described by 
several authors (Flowers et aI., 1986; Joshi et aI., 
1996; Koyro, 1997). 

Water Content 

To compensate the high value of minerals in the 
growing medium adult leaves accumulated consider­
able amounts of salt which in turn enabled them to 
uptake water. Salt accumulation induces leaf succu­
lence which explains the increase of the LMA ratio. 
Succulence is considered an important buffer mecha­
nism against high changes in leaf water potential 
under saline conditions (Flowers and Lauchli, 1983). 
Mineral accumulation in adult leaves prevent the 
growing ones from the effect of ion toxicity. 

Mineral Relations 

The specificity of the sea beet for the uptake of K, Mg 
and Ca was not sufficient to balance the important con­
centration ofNa under high-salinity conditions. Under 
these conditions high proportions ofK, Ca and Mg can 
be replaced in the leaf tissue by Na (Koyro and 
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Huchzermeyer, 1999b) which is essential as mineral 
nutrient for the sea beet by the extent to which it can 
replace potassium functions and its additional growth 
stimulation effect (Marschner and Possingham, 1975; 
Marschner, 1995; Koyro et aI., 1999). The distribution 
of Ca in the plant with increasing salinity differed 
depending on the considered part of the plant. Gorham 
(1996) and Marschner (1995) reported that Ca has a 
role in increasing salt tolerance of plants since it main­
tains membrane integrity in the presence of high con­
centration of Na and controls selectivity of ion uptake 
and transport. On the other hand, high Na concentra­
tion in the culture medium induces Ca deficiency in 
the shoots as described by Gorham (1996) and 
Marschner (1995). The decrease ofCa in cells at high 
salinity is reported to be correlated with an inhibition 
of membrane functions like ATPase activity and an 
increase in passive CI and Na transport (Koyro et aI., 
1993; Koyro, 1997; Koyro et aI., 1999). 

CONCLUSION 

The sea beet is able to survive high salinity by osmotic 
adjustment and solute and ion compartmentation. The 
accumulation of high amounts of salt in the shoot vac­
uole cells provides the sea beet with sufficient water to 
maintain growth and development. Excess salt ions at 
high-salinity level induced a toxic effect to the plants, 
which ended up with a great reduction in biomass pro­
duction thus putting the limit of salt tolerance (50% 
biomass production) between 375 and 500 mol m-3 

NaC!. The quick check system used in this experiment 
showed to be highly efficient in the screening of plants 
for salt tolerance. 
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Salinity tolerance of Beta vulgaris ssp. maritima. Part II. 
Physiological and biochemical regulation 

S. DAOUD, H.-W KOYRO, M.C. HARROUNI, A. SCHMIDT AND J. PAPENBROCK 

INTRODUCTION 

Beta vulgaris ssp. maritima (L.) occurs naturally 
along the Atlantic coasts of western Europe and along 
the coasts of nearly all Mediterranean countries 
(Lets chert, 1993). To be able to survive in these habi­
tats, the sea beet has developed mechanisms, which 
enable it to overcome saline stress. Tolerance to salin­
ity is determined by a number of separate but interre­
lated mechanisms which operate at different levels of 
tissue structure to control the distribution of salt and 
other solutes within the plant and to maintain a gradi­
ent of water potential through the plant from the soil 
to the atmosphere (Gorham, 1992). The balance 
between water and salt uptake could be maintained by 
reducing transpiration, but at the expense of reduced 
carbon fixation and reduced growth rate (Gorham, 
1996). Under salt stress, the reduction of growth is 
greater than the decrease in photosynthesis 
(Cheeseman, 1988). Salinity affects carbon assimila­
tion because of a smaller leaf area rather than a 
reduced rate of photosynthesis (Klenke et aI. in prepa­
ration). The reduction of leaf area is among the mech­
anisms salt includer species use in order to minimise 
the evaporating surface (Koyro and Huchzermeyer, 
1999a) and consequently increase their water content 
leading to succulence. In the sea beet leaf succulence 
is a consequence of salt and water accumulation which 
induce changes in leaf structure, especially the 
increase of the volume of the palisade and spongy 
parenchyma cells (Koyro and Huchzermeyer, 1997). 

The aim of our study is to investigate the physiolog­
ical parameters determining salt tolerance of the sea 
beet. One approach toward understanding the mecha­
nisms of salt tolerance at the hole plant level is to fol­
low the series of physiological transformations that 
exposure to salinity can generate in water relations, 

H. Lieth (ed.), Cash Crop Halophytes: Recent Studies, 5\-57. 
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photosynthesis, transpiration and salt and metabolites 
accumulation (Koyro and Huchzermeyer, 1999a). 

MATERIAL AND METHODS 

Beta vulgaris ssp. maritima plants used for sulfolipids, 
chlorophyll a and b and gas exchange measurements 
are the same ones used in the chapter of Daoud et aI. 
(2003 in this book). 

The chlorophyll was extracted with 80% acetone 
from 8 leaf discs (0.78 cm2) of fresh material (3 repli­
cates per treatment). The chlorophyll a and b con­
tents were determined by a DU-6-spectrophotometer 
(BECKMAN). Sulfolipids were extracted from 
plant cells with chloroform/methanol (2:1 v/v) and 
quantified by thin-layer chromatography, followed by 
photodensitometric scanning method (modified by 
Archer et aI., 1997). 

Stomata frequency was determined by thin coating 
with transparent "Jade" varnish. The varnish was spread 
on small leaf surfaces between the secondary veins. 
Both adaxial and abaxial sides of the leafwere sampled. 
After drying, the thin layer was stripped of the leaf 
surfaces and transferred on a glass slide into the beam 
of a light microscope for the counting of the stomates. 

Net photosynthesis, intracellular COb stomatal 
resistance, stomatal conductance and transpiration, 
were measured on juvenile and adult leaves using a 
photosynthesis analyser LI 6200 by enclosing the leaf 
in a closed chamber, 

RESULTS 

In juvenile leaves of the sea beet the level of sulfo­
lipids increased with the increase of salinity. In the old 
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leaves sulfolipids content remained at higher levels, 
roughly similar to those in the control young leaves 
(Figure 1). 

Chlorophyll a + b contents of juvenile and adult 
leaves increased with the increase of salinity in the 
growing medium, reached a maximum value at 250 mM 
NaCI, and decreased slightly at high-salinity levels. 
Nevertheless the rate of chI a + b in juvenile as 
well as in adult leaves of plants at high-salinity level 
(500 mM NaCl) remained higher than in the control 
plants. It was 2.3 times higher in juvenile leaves and 
1.4 times higher in adult leaves compared to the con­
trol. The ratio chI alb was similar in all treatments in 
adult as well as in juvenile leaves (Figure 2). 

In both adult and juvenile leaves, the response of net 
photosynthesis to increasing salinity was such that opti­
mum rates were reached at 250 mM NaCI. Thereafter 
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Fig. 2. Chlorophyll a (chi a) and b (chi b) concentrations (f.Lg/cm2), chlorophyll a + b and chi alb ratio in juvenile and adult leaves of Beta 
vulgaris ssp. maritima treated without (control) or with the addition of 500 mM NaCI added to the nutrient solution. 

'., 

7 

6 

5 

\ 4 
g3 
:::!.2 

Juvenile leaves 

o mM 125 mM 250 mM 375 mM 500 mM 
NaGI NaGI NaGI NaGI NaGI 

7 

6 

5 '., 
'l'e 4 

g 3 
:::!. 

2 

Adult leaves 

o mM 125 mM 250 mM 375 mM 500 mM 
NaGI NaGI NaGI NaGI NaGI 

Fig. 3. Net photosynthesis (f.Lmol m-2s- 1) of juvenile and adult leaves of Beta vulgaris ssp. maritima of controls and 4 salinity treatments 
(\25, 250, 375 and 500 mM NaCl). 
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Fig. 6. Stomata frequency (number per unit leaf area) of adaxial and abaxial sides of juvenile and adult leaves of Beta vulgaris ssp. maritima 
of control and 4 salinity treatment (125, 250, 375 and 500 mM NaCI). 

Fig. 7. Typical lightmicroscopical photographs of thin layers of varnish stripped of the adaxial leaf surfaces of adult leaves: (a) control; 
(b) 500 mM NaCI. 

rates were reduced to 59% in juvenile leaves and to 
25% in adult ones compared to the control (Figure 3). 

The leaf intercellular CO2 (C j ) and the ratio of leaf 
intercellular CO2 to atmospheric CO2 (C/Ca) 

decreased with increasing salinity in the root medium 

of the sea beet leaves. It was more affected by increas­
ing salinity in adult leaves compared to juvenile ones. 
The reduction of (CD and (C/Ca) was 45% and 40.5% 
respectively in adult leaves and 32% and 29% respec­
tively in juvenile leaves (Figure 4). 
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Fig. 8. Water use efficiency (WUE) ILmol mM~ 1 of juvenile and adult leaves of Beta vulgaris ssp. maritima of control and 4 salinity treatment 
(125,250, 375 and 500 mM NaCl). 

The stomatal conductance of adult leaves increased 
slightly from the control to optimum growth salinity 
(250 mM NaCl) and then decreased at higher salinity 
(Figure 5). The reduction was about 87% compared to 
the optimum. In juvenile leaves stomatal conductance 
decreased progressively from the control to high salin­
ity level where the reduction was about 94%. 
Transpiration of sea beet leaves in response to increas­
ing salinity paralleled the stomatal conductance 
response (Figure 6). 

The stomata frequency was higher in the lower side 
of the leaf than in the upper side regardless the age 
(Figure 7). Additionally, the stomata frequency in juve­
nile leaves was higher in all treatments compared to 
adult leaves (result not shown). In adult leaves stomata 
frequency increased with the increase of salinity. 

The water use efficiency in both adult and juvenile 
leaves increased with the increase of salinity as a 
result of reduced stomatal conductance and transpira­
tion (Figure 8). 

DISCUSSION 

Sulfolipids and Chi a + b 

The effect of increasing salinity by the supply of 
NaCl in the culture medium of the sea beet resulted 
in growth stimulation at moderate salinity (125 and 
250 mM NaCl) and a reduction of growth at higher 
salinity levels (Daoud et aI., in this volume). Marschner 
and Possingham (1975) reported that cell expansion of 

leaf disc of sugar beet and spinach in response to 
increasing Na-concentration was not simply due to 
water uptake but involved cell development and matu­
ration since it was combined with increases in dry 
matter and chloroplast number. They also reported 
that despite its stimulating effect on fresh and dry mat­
ter production and chloroplast formation Na had a 
depressive effect on chlorophyll formation in sugar 
beet. In experiment on sea beet Na had not a depres­
sive effect at high salinity levels since the content of 
chI a + b at high salinity level was 2.3 and 1.4 folds 
higher in juvenile and adult leaves respectively than in 
the control plants. 

Our results showed an increase of chI a + b, sulfo­
lipid contents and photosyntesis rate of the sea beet 
at moderate salinity (125 and 250 mM NaCl) which 
suggests a correlation between these mechanisms. 
Archer et aI. (1997) showed the role of sulfolipids in 
photosynthesis rate. The high sulfolipid level in young 
leaves, and the constant level in adult ones may con­
tribute to salt resistance in the sea beet. Archer et al. 
(1997) reported that sulfolipids have more than one 
function in the cell, they enter in the structure of thy­
lacoids and chloroplasts. Kuiper and Kuiper (1978) 
who worked on Plantago and Stuiver et al. (1981) who 
worked on sugar beet reported that high sulfolipid 
levels in the roots may indicate salt resistance. 

Gas Exchange Parameters 

Growth and photosynthesis rate of the sea beet varied 
in the same manner with increasing salinity. Optimal 
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growth was reached at moderate salinity (250 mM 
NaCl) and declined with the increase of salinity in the 
culture medium as it is typical for non-succulent 
halophytes (Marschner, 1995). At high salinity level 
(500 mM NaCl) growth reduction was 63% (Daoud 
et al., in this volume), while the reduction in net 
photosynthesis was 59% in juvenile leaves and 25% in 
adult ones. Since growth declined more than net pho­
tosynthesis the decline in photosynthesis cannot 
explain alone growth inhibition at high salinity level. 
Several authors have reported such results and indi­
cated that other parameters were involved in growth 
reduction (Terry et al., 1983; Flowers, 1985; Koyro 
and Huchzermeyer, 1999b). Koyro and Huchzermeyer 
(1999b) and (Daoud et al., in this volume) reported that 
there is a build up of total carbohydrates in all parts of 
the sea beet plants with increasing salinity which sug­
gests that photosynthesis does not limit growth in salt 
stressed sea beet. Kelly et al. (1982) suggested that the 
growth reduction of Atriplex halimus at high salinity 
without ceasing is an indication that most of the 
enzymes of photosynthesis and other metabolic path­
ways were still functional although the degree of acti­
vation may have been affected. Flowers et al. (1986) 
reported that changes in leaf morphology are of 
greater significance than effects on the metabolic 
processes of photosynthesis and that salinity affects 
carbon assimilation per plant via smaller leaf area 
rather than a reduced rate of photosynthesis. Koyro 
et al. (1999) and Daoud et al. (in this volume) showed 
that increasing salinity in the growing medium 
resulted in an increase of Na-concentration in the 
leaves of the sea beet together with the loss ofK. Terry 
and Ulrich (1973) reported that in the sugar beet low 
K-content decreased photosynthesis through an 
increase of the mesophyll resistance to CO2, and not 
through stomatal diffusion resistance. 

The increase in stomata frequency (number per leaf 
area) of the sea beet adult leaves with the increase of 
salinity was found also in the sugar beet (Hampe and 
Marschner, 1982) and in Laguncularia racemosa 
(Koyro et al., 1999a). The increase of stomata fre­
quency and the decrease of leaf surface area was 
explained with a reduction of cell expansion in epi­
dermal cells caused by the low-water potentials in the 
saline media. The increase of stomata frequency was 
interpreted from the author as a way to minimise the 
opening times for gas exchange. At moderate high­
water potentials in the air and/or the soil (e.g. after 
rain) a high stomata frequency enables the sea beet the 

S. Daoud et al. 

uptake of high amounts of CO2 and a reduction of 
transpiration (Figure 7). At the rest of the day a low­
stomatal conductance (Figure 6) helps the plant to 
minimise the water loss. This can be one explanation 
for the increase of the water use efficiency and the 
decrease of stomatal conduction and transpiration 
with increasing salinity (Figures 6-8). A precondition 
for this hypothesis is a non inhibited opening of stom­
ates, for example, by low K-concentrations in the 
guard cells of the stomates. It is well known that high 
sodium concentrations can inhibit the potassium 
uptake into the plant. It was shown that the guard cells 
of Beta maritima have much higher K and lower Na 
concentrations than other epidermal cells (results not 
shown). This difference between epidermal cells and 
guard cells give reason to assume that the stomates are 
functioning even at high-salinity levels. 

Since salt transport to the shoots is to some extent 
related to transpiration rate, an improvement in water 
use efficiency (the amount of water transpired for a 
given increase in CO2 fixed, or a given increase in 
fresh weight) should help to retard the accumulation 
of salt in the leaves (and especially in the guard cells; 
Gorham, 1996) and represent a more conservative and 
efficient use of water which may contribute to plant 
survival under long-term exposure to salinity. 

Raising the Na-concentration in the root medium 
increased the leaf mass to area ratio (leaf thickness) 
and water content of the sea beet by inducing an obvi­
ous increase in the volume of the palisade and spongy 
parenchyma cells (Koyro et al., 1997). Similar effects 
have been reported previously on the sugar beet 
(Hampe and Marschner, 1982) and Atriplex patula 
(Longstreth and Nobel, 1979) in which both length 
and diameter of palisade cells increased with salinity. 
As a first reaction to salinity, Koyro et al. (1999b) 
explained that sea beet plants showed a decrease of 
leaf surface per plant. The reduction in leaf area (in 
relation to the mass) is one mechanism of salt includ­
ing species to increase their water content and to 
minimise the evaporating surface. 

CONCLUSION 

Salinity tolerance in the sea beet is controlled by sev­
eral interrelated mechanisms. The compartmentation 
ofNaCl in the vacuoles of shoot cells under saline con­
ditions and low Na-concentrations in the other 
organelles and in the cytoplasma are a protection for 
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many essential enzymatic activities. Indeed at moder­
ate salinity chlorophyll and sulfolipid contents and 
consequently photosynthesis were promoted compared 
to the control plants. At high-salinity levels chlorophyll 
content and the rate of net photosynthesis were less 
affected than growth, since there may be a build up of 
carbohydrates in the tissue levels during salt stress. 
Growth reduction was mainly due to the reduction in 
leaf number and area. NaCl-compartmentation was 
more pronounced in adult leaves which serve as depos­
itories for salts which would otherwise accumulate in 
juvenile leaves. In adult leaves regulation of trans­
piration in response to salinity was achieved by the 
decrease of stomata frequency leading to a decrease in 
stomatal conductance and an increase in water use effi­
ciency. The reduction of stomatal conductance and 
transpiration participates to maintain the level of leaf 
turgescence which was done at the expense of plant 
growth because the energy needed for growth was lost 
to maintain high-water level in the plant. 
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Effect of seawater irrigation on biomass production and ion composition of 
seven halophytic species in Morocco 

M.C. HARROUNI, S. DAOUD AND H.-W KOYRO 

INTRODUCTION 

Morocco is faced today with an increasing demand for 
water. With the frequency of drought years, the intensi­
fication of food production depends heavily on irriga­
tion and the efficient management of limited water 
resources. The extension of irrigated agriculture and 
the intensive use of water resources combined with 
high evaporative rates, have inevitably given rise to the 
problems of salinity in the soil and in underground 
water. It should be noted that salinity problems have 
been observed in several regions of the country and are 
liable to spread as irrigation is intensified and irrigated 
areas are extended (Choukr-Allah and Harrouni, 1996). 
At the present time, Morocco has more than 800,000 ha 
of irrigated land. And most irrigated areas show differ­
ent degrees of salinity. The standard approach to this 
problem would be to increase salt tolerance of conven­
tional crop plants, but the gain in yield is generally low. 
The alternative approach to the problem is to make use 
of the plants that already have the requisite level of salt 
tolerance, and are highly productive at high-external 
salinity levels: the halophytes. It is possible to make a 
reasonable use of them and to expect to find suitable 
candidates for domestication among that large pool of 
plants (O'Leary, 1986; Aronson, 1986). Within the past 
decade, substantial progress has been made to evaluate 
the potential use of halophytes as crop plants (Aronson, 
1986). Halophytes represent an important potential as 
they can be used for fodder, fuel, oil, wood, pulp and 
fibre production. They also can be used for land recla­
mation, dune stabilisation and landscaping (Lieth and 
Al Massoum, 1993a). Some of 2,500 species of halo­
phytes (gramineae, shrubs and trees), occur in saline 
coastal environment and inland deserts. Increasing 
attention has been paid to research and development 
of halophytes and several authors proposed utilising 

H. Lieth (ed.), Cash Crop Halophytes: Recent Studies, 59-70. 
© 2003 Kluwer Academic Publishers. 
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undiluted seawater on a large scale for irrigation 
(O'Leary and Glenn, 1984; Aronson, 1986). As a 
matter offact two thirds of the world are covered by the 
oceans, this unlimited source of seawater could be used 
for the irrigation of halophytes on coastal areas. The 
good drainage associated with sand allows for a high 
volume and/or high frequency of irrigation with seawa­
ter, thus preventing salt accumulation in the root zone 
(O'Leary et al., 1985; Goodin et al., 1990). However 
halophytic species have different degrees of salinity 
tolerance, and a very limited number of the large pool 
of halophytes tolerate seawater salinity (Lieth and Al 
Massoum, 1993a). It therefore is important to select 
promisable salt tolerant plants with adequate tolerance 
and yield characteristics (Koyro, 1997). 

The aim of this research is to determine the level of 
salinity tolerance of a number of halophytic species 
and to study the mechanism by which plants survive 
high salinity using a quick check system in which 
plants were grown in coastal sand and irrigated with 
five seawater dilutions. 

MATERIALS AND METHODS 

Seven halophytic plants were studied with the aim of 
estimating their tolerance and responses to salinity. The 
screening procedure was conducted under greenhouse 
conditions at IAV Hassan II, Agadir (Morocco), in a 
"quick check system" (Koyro, 1999). It is an automated 
irrigation and drainage system where plants were put 
in 1,001 containers and regularly flooded with the 
required water (Figure 1). Small pumps were used to 
recycle water several times per day. The plants were 
cultivated in plastic containers on coastal sand 
substrate with four replicates per species. The watering 
regimes were: tap water (control), 25%; 50%; 75% and 
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I. Irrigation water 
2. Pump 
3. Control valve 
4. Irrigation pipe 
5. Experimental plant 
6. Gravel bed 
7. Ground water (buffer) 
8. Overflow control 
9. Outlet valve to reservoir 
10. Wall plug for electricity 

MC Harrouni, S. Daoud and H.-w. Koyro 

CD 

Fig. 1. Scheme of the quick check system. The arrows point to the flow direction of the seawater dilutions. 

100% seawater (see Harrouni et aI., 1999 for sand and 
water characteristics). These dilutions were obtained 
by tap water addition. Seawater was added progres­
sively at the step of 1/8th every 2 days until the 
required concentration was reached. The dilutions were 
fertilised with a nutrient solution containing 60 mg/l N, 
6.5 mg/l P, 40 mg/l K and traces of trace elements. The 
experiment with saline treatments started on 8 August 
and ended on 15 October, 1999. 

The plants studied in this trial were: Aster tripolium, 
Batis maritima, Halimione portulacoides, Kosteletzkya 
virginica, Salsola longifolia, Tamarix aphylla and 
Tamarix gallica. Some plants were propagated by 
cuttings and others by seeds but all of them were regu­
larly watered with fresh water until the beginning of 
the experiment. A hygro-thermometer was put in the 
greenhouse for the monitoring of temperature and air 
relative humidity. 
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Fig. 2. Maximum and minimum air relative humidity in the green­
house during the experimental period. 

At the end of the experiment the plants were har­
vested for biomass and other parameters assessment. 
Root fresh weight (fw) was determined after washing 
the sand through a fine sieve. Refrigerated (O°C) water 
was used to avoid any water absorption by roots during 
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Table 1. Characteristics of tap water and seawater dilutions prior to fertiliser addition 

EC Na+ CI- K+ Ca++ Mg++ N-NO} 
Treatments pH (dS/m) (mg/I) (mg/I) (mg/I) (mg/I) (mg/I) (mg/I) P (mg/I) 

Tap water 8.05 00.77 039.91 540.00 003.50 095.59 0011.20 Trace 1.35 
25% seawater 7.70 12.10 3722.00 6452.37 116.67 098.53 0065.60 0.60 1.35 
50% seawater 7.55 22.00 5201.80 8968.80 183.33 132.35 0984.00 0.30 1.25 
75% seawater 7.64 30.80 8071.70 13453.20 194.44 141.18 1064.00 0.16 1.50 
100% seawater 7.55 38.50 11211.0 18834.48 377.78 266.18 1976.00 0.21 2.05 

Table 2. Plant survival (%) in the five treatments 

25% 50% 75% 100% 
Plant species Tap water seawater seawater seawater seawater 

A. tripolium 100 100 100 100 100 
B. maritima 100 100 100 100 100 
H. portulacoides 100 100 100 100 100 
K. virginica 100 100 100 100 0 
S. longifolia 100 100 100 100 100 
r aphylla 100 100 100 100 100 
r gallica 100 100 100 100 100 

Table 3. RGR (gg-I wk-I) of halophytes grown at five seawater dilutions and the ratio: RGR 
25% seawater/RGR control 

0% 25% 50% 75% 100% RGR25:RGRO% 

B. maritime 0.22 0.40 0.45 0.39 0.40 1.78 
H. portulacoides 0.28 0.36 0.39 0.33 0.30 1.27 
A. tripolium 0.36 0.29 0.25 0.27 0.17 0.79 
S. longifolia 0.18 0.23 0.17 0.20 0.17 1.27 
r gallica 0.19 0.12 0.10 0.09 0.09 0.64 
K. virginica 0.29 0.16 0.25 0.09 * 0.56 
r aphylla 0.09 0.01 0.04 0.00 0.01 0.14 

*Dead plant. 

Table 4. Root to shoot ratio of halophytes grown at five seawater 
dilutions 

0% 25% 50% 75% 100% 

B. maritima 0.19 0.10 0.08 0.10 0.11 
H. portulacoides 0.14 0.08 0.07 0.09 0.19 
A. tripolium 0.39 0.40 0.57 0.42 0.61 
r gallica 0.18 0.27 0.25 0.40 0.41 
r aphylla 0.29 0.63 0.40 0.48 0.65 
S. longifolia 0.21 0.13 0.11 0.13 0.08 
K. virginica 1.75 2.33 1.74 1.05 * 
*Dead plant. 
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Fig. 3. Dry weight of plants grown in the five seawater treatments. 

the procedure which was performed soon after harvest. 
Shoot and root dry weights (dw) were obtained after 
oven drying at 65-70°C for at least 48 hours. The water 
content (ml/g) was determined by the formula: 
(fw - dw)/dw. Growth was estimated by the relative 

growth rate calculated on the basis of the increase of dry 
matter over the experimental period using the formula: 
RGR = (Ln (final dw) - Ln (initinal dw)/time. 
Samples of each part of the plants were ground in an 
electric grinder and 500 mg samples were taken and 
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burnt in a muffle furnace at 485°C. The ash content was 
obtained by weight difference before and after calcina­
tion. Mineral composition of shoots and roots for each 
species were determined from ash analyses. Na and K 
contents were determined by flame photometer 410 
after dissolving the ash in 2N HCI. Ca and Mg contents 
were determined with an atomic absorption spectrome­
ter 3110 (Perkin Elmer). Concentrations of these miner­
als in plant tissues are expressed on a dry weight basis. 
Tissue osmotic potential was determined in the leaf sap 
with an osmometer (Osmomat 030) based on the theory 
of freezing-point-depression. For sap extraction plant 
material was frozen in Ependorf tubes, thawed at 
80°C and crushed using a metal rod. The tubes were 
centrifuged at 5,000 g for 10 min, the sap was then 
directly used for osmotic potential determination. 

EC of sand was determined with the 115 soil/water 
extract method. 

RESULTS 

General Conditions 

Average maximum and mmlmum temperatures 
during the experimental period were 41 SC and 
20SC respectively. The absolute maximum and min­
imum temperatures were 46°C and 16°C respectively. 
Air relative humidity inside the greenhouse fluctuated 
quite little during the experimental period (Figure 2). 
The average maximum RH was 82% with an absolute 
maximum of 85% and the average minimum RH was 
57% with an absolute minimum of 46%. Maximum 
RH was steadier than minimum RH due to the fluctu­
ation of temperature in daytime during the experimen­
tal period. However values of both max and min RH 
were within reasonable ranges. 

Mineral analysis of the seawater dilutions used 
for irrigation in the different saline treatments in 
comparison with tap water showed that CI, Na, Ca and 
Mg concentrations increased with the increase of 
seawater ratio. However, CI had the highest values 
followed by Na, Mg, K and Ca respectively. Table 1 
shows the composition of tap water and the different 
dilutions of seawater used in the experiment. 

Plant Survival and Biomass Production 

The plants studied in this experiment survived in all 
treatments except K. virginica which died in full 
strength seawater (Table 2). 

Regarding relative growth rate (RGR), three groups 
of plants can be distinguished (Table 3). A group 
(A. tripolium, K. virginica, T gallica and T aphylla) 
where tap water irrigation enabled the plants to produce 
maximum growth compared with the saline treatments 
which reduced the growth rate. The RGR reduction 
in full strength seawater was more pronounced in 
T aphylla (89%) than in T gallica and A. tripolium 
(about 53%). B. maritima and H portulacoides consti­
tute the second group as RGR was higher in 50% 
seawater treatment. In these species, tap water irriga­
tion resulted in a low RGR compared especially with 
50% treatment. Growth of S. longifolia was enhanced 
in the 25% seawater treatment. Nevertheless RGR was 
not much affected in more saline treatments. 

The ratio of growth in 25% seawater treatment to 
growth in tap water (Table 3) showed stimulation of 
growth at moderate salinity for three species. However 
B. maritima had highest value at 50% seawater (its opti­
mum salinity). Among the 4 species which had the ratio 
below 1, A. tripolium showed the highest ratio (0.79); 
the ratio of T aphylla and K. virginica was very low sug­
gesting the sensitivity of these species to low salinity. 

Increasing salinity in the root medium showed dif­
ferent responses concerning root/shoot ratio of plants 
studied (Table 4). However, the root/shoot ratio of 
B. maritima and H portulacoides decreased in treat­
ments 25% and 50% seawater and then started to 
increase at higher salinity, this result indicates the stim­
ulation of shoot growth of these species at low salinity 
level and its reduction at high salinity. A. tripolium, 
T gallica and T aphylla showed an increase of the 
ratio with salinity suggesting that the shoots are more 
affected by increasing salinity than the roots. In the other 
species (S. longifolia and K. virginica), roots were more 
affected by increasing salinity than shoots since the 
root/shoot ratio decreased with salinity (Figure 3). 

Mineral Content of Halophytes 

The ash produced by the plants in the different treat­
ments is shown in Figure 4. All species had their ash con­
tents increased with the increase of the proportion of 
seawater in the irrigation solution and shoots accumu­
lated more ash than roots. B. maritima, S. longifolia, 
H portulacoide and A. tripolium accumulated more 
inorganic matter in their leaves than the other species. 
Indeed in full strength seawater B. maritima and S. longi­
folia had the highest values of ash in % dry weight 
(62% and 54%) followed by H portulacoide (43%) 
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Fig. 4. Ash weight of plants grown in five sea water treatments. 

A. tripolium (35%) K. virginica (31 %) T. aphylla (26%) 
and T. gallica (18%). In the roots of most species the ash 
contents did not show any significant difference between 
treatments and it was about 11 % in high salinity except 
for A. tripolium (18%) and B. maritima (20%). 

Chemical analysis of the ash showed an accumulation 
of high amount of Na in the shoots with the increase 
of salinity in the growing medium, accompanied by a 
reduction in K content. However some species (s. longi­
folia, H portulacoides, B. maritima and A. tripolium) 
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concentrated high amounts of Na in their shoots as 
compared to the others (Figure 5). In all species the 
K content was less than the Na content in the shoots as 
well as in the roots, and unlike Na its concentration 
decreased with the increase of salinity. 

Ca and Mg were present at much lower levels than 
Na and K with the exception of B. maritima in which 
the shoot Ca concentration in the control was higher 
than the Na concentration. In the control and 25% 
seawater treatments shoots of B. maritima had the 
highest level as compared with the other species, it 
decreased with the increase of seawater concentration 
in the root medium, a response which was observed 
also in T. aphylla and K. virginica. In the other species 
the Ca concentration of shoot plants was similar in all 
saline treatments. In all species the Mg level was low 
in all parts of the plants compared with Ca and did not 
show any difference between treatments (Figure 6). 

The osmolality of the cell sap of the leaves of 
B. maritima, S. longifolia, H. portulacoides and 
A. tripolium increased with the increase of seawater con­
centration suggesting a decrease of osmotic potential 
(due to ion accumulation in plant tissues) in response to 
the increase of salinity in the root medium (Figure 7). 
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This regulatory mechanism allows plants to main­
tain their turgidity by keeping a constant osmotic 
potential gradient between their shoot tissue and the 
external solution. Indeed, in these species the water 
content was high (Figure 8). In B. maritima the water 
content was higher in all saline treatments as com­
pared with the control except in full strength seawater 
where it was hardly 18.52% lower. Salsola had its 
maximum water content in the treatment with 50% 
seawater. Plants in 25% and 75% seawater had respec­
tively higher and equal water content as compared 
with the control. Halimione had its maximum water 
content in the control and 25% seawater treatments. 
A. tripolium, T. aphylla and T. gallica showed a 
decrease in the water content with the increase of sea­
water concentration. 

DISCUSSION 

In all species was growth as expressed by dry weight 
reduced in high seawater concentration treatments; 
moreover sensitive species showed a greatly reduced 
biomass. The relative growth rate was differently 
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Fig. 8. Water content (ml/g) of plants grown in the five treatments (tap water; 25%; 50%; 75% and 100% seawater). 

affected by salinity, it decreased beyong a threshold 
level of salinity which varied depending on the species 
(Maas, 1987). In some species (B. maritima, H portu­
lacoides and S. longifolia) growth was stimulated by 

moderate seawater concentrations (25-50% seawater), 
a response which is typical to halophytic plants 
(Kelly et aI., 1982; O'Leary and Glenn, 1984; Flowers 
et aI., 1986; Gorham, 1996; Harrouni et aI., 1999). 
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This stimulation can be explained by the effect of Na 
on cell expansion and on water balance (Marschner, 
1995). Some species (A. tripolium, T. gallica, 
T. aphylla and K. virginica) did not show any increase 
in growth in the presence of seawater. But in contrast 
to glycophytes, these species were able to complete 
their life cycle at high-salt concentrations. Salinity tol­
erance is related to the ability of different plants to 
generate osmotic adjustment by regulating their ion 
and water uptake from culture medium and to avoid 
toxicity of excess ion accumulation. The necessity to 
regulate the internal concentration of ions lies in the 
need to keep tissue water potentials more negative 
than those in the external medium, in order to main­
tain the symplastic water content while preventing too 
great an accumulation of ions, which would be meta­
bolically damaging (Flowers et ai., 1986). In species 
which are stimulated by low-salinity treatments, the 
increase in weight was largely due to the accumulation 
of minerals and water which resulted in the decrease 
of osmotic potential with the increase of seawater con­
centration (Flowers, 1985). In the highly saline treat­
ments the decreased water content in the plants may 
be explained by the water stress induced by excess 
salts in the root zone. At high-salinity growth reduc­
tion might be caused by a reduced ability to adjust 
osmotically, as a result of the saturation of solute 
uptake (Munns et ai., 1983), or nutrient deficiency and 
ion toxicity (Koyro, 1997; Koyro and Huchzermeyer, 
1999). With respect to salt tolerance, plants showed 
considerable selectivity in ion accumulation. Sodium 
and chloride are the ions which are most commonly 
assimilated for osmotic adjustment depending on the 
species (Jefferies, 1981; Gorham, 1996; Harrouni 
et ai., 1999; Koyro and Huchzermeyer, 1999). The 
decrease of K content with salinity can be explained 
by its replacement by Na in its function as osmoticum. 
Marschner (1995) pointed out the essentiality of the 
Na for some species in their mineral nutrition by its 
additional growth enhancement effect. The presence 
of high amount ofCa (ca. 96 to 266 mg/l, respectively 
in the control and full strength seawater treatments) 
in the growing medium may have contributed to the 
increase of salt tolerance of plants, since Ca plays 
an important role in maintaining membrane stability 
and controlling the selectivity of plant ion uptake and 
transport under saline conditions (Lauchli and 
Wieneke, 1979; Marschner, 1995). In this experi­
ment's conditions increasing seawater concentration 
was paralleled with the increase of both Na and Ca, 

conditions which prevent Na induced Ca deficiency 
and enhance plant growth. However plant species con­
siderably differed in their sensitivity to Na induced Ca 
deficiency since RGR of B. maritima, H portula­
coides and S. longifolia was not much affected by 
highly saline treatments compared with the other 
plants. 

CONCLUSION 

The results reproduce the typical responses of halo­
phytes to saline treatments. What in general should be 
pointed out is the survival of most species even in full 
strength seawater and their production of substantial 
biomass. Salinity stress is composed of osmotic and 
ionic components, both of which could potentially 
affect plant performance. The species studied in this 
experiment are either fodder or fuel wood plants. 
Their ability to survive and produce biomass under 
reasonably high salinity shows their potential to be 
used for salt affected land reclamation with saline irri­
gation given that appropriate irrigation and drainage 
system is applied. 
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Some physiological and biochemical aspects of salt tolerance of 
Sesuvium portulacastrum 

D. MESSEDI, N. SLEIMI AND C. ABDELLY 

INTRODUCTION 

Drought and salinity are responsible for substantial 
losses of crop yield, deterioration of plant cover and 
erosion of soils. Currently, desertification threatens an 
important part of our planet. Indeed, according to the 
United Nations, approximately one sixth of the 
world's population, 70% of all dry lands with a total 
area of 3.6 billion ha, and a quarter of the total land 
surface of the earth are endangered by desertification 
(Jeltsch and Wiegand, 1999). In these regions, soils 
are often sandy limiting plant development by salinity, 
drought and mineral deficiencies. The specific plant 
associations of these zones are essentially psammo­
halophyte species. Among these stress tolerant plants, 
some species could be interesting for soil protection 
and fixation as well as the rehabilitation of marginal 
zones. Limonium delicatulum, capable to use water 
efficiently by reducing its water expenditure despite 
the high-evaporative power of the atmosphere, is used 
to fix the Mediterranean coastal dunes of Egypt 
(Batanouny et aI., 1992). Other species like Cymodocea 
ciliata, Schangenia aegyptiaca, Zygophyllum simplex 
and Suaeda vermiculatas are very frequent in the UAE 
coasts (Zahran et aI., 1999). In the coastal zones, the 
fluctuation of water and salinity levels influences 
strongly plants distribution. Indeed, Spartina 
alterniflora and more particularly S. patens dominate 
in high zone over wash and provide the front line of 
protection against erosion processes (Courtemanche 
et aI., 1999). Cakile maritima, a psammo-halophile 
species, is the first that colonizes the beach at loca­
tions where the lower horizons are humid and salty. 
Whereas, pioneer species like Ammophila arenaria 
colonize the first mounds of sand (Mezziani, 1984). In 
addition of its ecological value, C. maritima produces 
oleaginous seeds (EI Almi et aI., 1999). 

H. Lieth (ed.), Cash Crop Halophytes: Recent Studies, 71-77. 
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All these studies show that halophytes or psammo­
halophiles species are potentially interesting for dunes 
fixation, greenification of salted marsh and valorisa­
tion of uncultivated marginal zones. As part of this 
approach, we have retained a psammophile species, 
Sesuvium portulacastrum. This plant, which belongs 
to the Aizoaceae family, is a perennial dicotyledonous 
halophyte, very frequent in the salty marshes of Latin 
America (Chapman, 1960). This creeping plant seems 
to present a higher vegetative multiplication potential­
ities. This property confers on this plant a higher 
ability to protect and to fix soils (Lonard and Judd, 
1997). The authors also showed that S. portulacastrum 
is capable of tolerating salinity, higher temperatures 
and mineral deficiencies. Some studies recommend 
utilisation of this halophyte particularly in landscaping 
(Pasternak and Nerd, 1996). Flowers are often pink 
purplish and occasionally white (Lonard and Judd, 
1997). Like all Aizoaceae plants, S. portulacastrum 
could be used for ornamentation activities. 

The general objective of the present work which is 
included in screening programs for cash crop 
halophytes, was to determine limits of salt tolerance of 
S. portulacastrum and to identify some physiological 
and biochemical criteria involved in its higher capacity 
to tolerance salinity. 

METHODS 

Young plants of S. portulacastrum were obtained by 
cuttings propagation. Stems of 3 cm length with one 
node and two opposite leaves were taken from mother 
plants, disinfected for 5 min in saturated hypochloric 
calcium solution, rinsed abundantly with distilled 
water, and then rooted in a sandy soil enriched with 
organic matter and irrigated daily with tap water 
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during 7 days and a nutrient solution (Hewitt, 1966) 
diluted 10 times during 6 days. Rhizogenesis took 
place after one week. Thereafter, seedlings were trans­
ferred to inert sand and divided into eight lots of 
10 plants each. They were irrigated with a complete 
nutrient solution (Hewitt, 1966) added with increasing 
NaCI concentrations: 0, 100, 200, 300, 400, 600, 800 
and 1000 mM. The nutrient solution also contained 
iron as complex EDTA-K-Fe (Jacobson, 1951) and 
micronutrients as a mixture of salts: MnCI2; CUS04, 
5H20, ZnS04, 7H20; M070 24(NH4)6, 4H20 and 
H3B03 (Amon and Hoagland, 1940). 

The experiments were carried out in a greenhouse 
with a 14 h photoperiod. Mean temperature and rela­
tive humidity were 30:::'::: 5°C, 55:::'::: 5% respectively 
during the day and 16 :::'::: 2°C, 90 :::'::: 5% at night. 

Two harvests were made: the first one at the begin­
ning of the treatment (initial harvest) and the second 
one after 60 days of salt stress (final harvest). At har­
vesting, plants were divided into leaves, stems and 
roots. The measured parameters were fresh and dry 
matter production, number of leaves, and the contents 
of water, sodium, chlorides, potassium, calcium, 
nitrogen and proline in the tissues. Proline was 
extracted and estimated by the method suggested by 
Bates et al. (1973) except that the dry matter (and not 
the fresh material) was used for the extraction of this 
amino acid. 

RESULTS 

Growth 

Changes of biomass production, dry matter distribu­
tion between roots and aerial parts and number of 
leaves with medium salinity are shown in Figure 1. 
S. portulacastrum grew at all NaCI concentrations 
(Figure la). Dry matter production was highest at a 
substrate salinity between 100 and 200 mM of NaCl. 
At these NaCI concentrations, biomass production 
was twofold with respect to the control plants. S. por­
tulacastrum is capable to express a growth activity 
even in presence of excessive NaCI concentrations of 
1000 mM (58.5 g L -1). This dose of salt considerably 
reduces growth but does not lead to the development 
of toxicity or mineral deficiency symptoms. Changes 
of the number ofleaves with substrate salinity are sim­
ilar to those of the whole dry weight. They also show 
that in condition of moderate saline concentrations, 

D. Messedi, N Sleimi and C. Abdelly 

between 0 and 200 mM, NaCI stimulate formation and 
expansion of young leaves (Figure Ib). 

The depressive effect of salt appears only at NaCI 
concentration exceeding 300 mM. Therefore, the 
halophile character of this plant is clearly illustrated 
by dry matter production and morphogenesis varia­
tions with medium salinity. 

Salt effect on modifications of the dry matter 
distribution between the aerial parts and roots were 
evaluated by roots DW/shoots DW ratio variations. 

(a) 

"L 
4.0 c: 

'" 0.. ., 
3.0 "0 ..c: 

~ 
"" 2.0 ~ 

~ 
Q 1.0 

0 

(b) 

~ 
0. 140 

'" 0. 120 8 ..c: 
~ 0.100 
~ 
0 

0.080 '" 8 
~ 0.060 

(c) 

120 

~ 100 ... 
'" ~ 80 '0 ... 

60 '" ~ 
E 
::> 40 z 

20 

0 

NaCl (mM) 

Fig. 1. Changes in S. portulacastrum growth with salinity of 
culture medium. (a) salt effect on whole plant dry matter production; 
(b) roots/shoots ratio; (c) number of leaves. Parameters of growth 
were measured after 60 days of salt stress. Means of 10 repetitions. 
Bars indicate::':: standard error (p = 0.05). 
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Fig. 2. Changes in shoots, stems and roots water contents with 
salinity of culture medium. Means of 10 repetitions. Bars indicate ::t: 
standard error (p = 0.05). 

At NaCl concentrations exceeding 300 rnM, salt led to 
a preferential development of roots as shown by the 
increase of the roots/shoots ratio (Figure Ic). This 
behaviour is often observed in plants submitted to 
mineral and/or water deficiencies, suggesting that salt 
reduces plant supply of some indispensable nutrients 
to the plant, under condition of excessive salinity of 
culture medium. 

Tissues Water Contents 

Salt improved the hydration of the tissues when it was 
added to the nutrient solution at moderate doses, 
100-200 rnM NaCI (Figure 2). Changes in tissues 
water content are similar to those of biomass produc­
tion. This result suggests a close relationship between 
plant growth and the capacity to ensure an appropriate 
supplying of the tissues with water. 

Mineral Composition of the Tissues 

Potassium and sodium 
The cultivation of plants in the presence of salt 
strongly reduces K + absorption as is shown by the 
decrease of potassium quantities measured in plants 
submitted to salt (Figure 3). Nevertheless, plant 
growth was either stimulated or less affected than 
K+ absorption. A considerable impoverishment of 
tissues in K + results particularly in the aerial parts. 
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Fig. 3. Changes in potassium and calcium quantities absorbed dur­
ing treatment with salinity of culture medium. Means of 10 repeti­
tions. Bars indicate ::t: standard error (p = 0.05). 

In the roots, K + content was less influenced by salinity 
of culture medium. 

Sodium was accumulated especially in the shoots. 
Leaves constitute a preferential site for Na + accumu­
lation. However, high Na + content in the leaves was 
observed in plants cultivated on 200 mM NaCl and did 
not increase at the above concentrations (Figure 4). 
This species seems able to regulate Na+ tissues con­
centration through a higher dry matter production. 

Calcium 
Like K +, Ca2+ absorption was systematically inhib­
ited by salt leading to a decrease of tissues content of 
this nutrient. This impoverishment of Ca2+ affects 
exclusively the leaves that represent an important part 
of plants (Figure 5). This situation could be caused by 
a competition between Na+ and the other cations at 
the level of absorption sites and by their substitution 
by Na+ in the xylem vessels. Decrease of the sap flux 
induced by salt seems less implied in the restriction of 
the leaves Ca2+ alimentation. Indeed, we noticed that 
water nutrition of leaves was assured appropriately 
even in conditions of excessive salinity. 
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Fig. 4. Changes in leaves, stems and roots Na+ and K+ concentra­
tions with salinity of culture medium. Means of 10 repetitions . Bars 
indicate::!:: standard error (p = 0.05). 

Nitrogen tissues content 
Cultivation of plants in presence of salt led to an 
impoverishment of the leaves in reduced nitrogen. 
This phenomenon appears at a low NaCl concentra­
tion (100 mM) and becomes more pronounced when 
salinity in the nutrient solution increases. Thus, in 
plants cultivated on 1,000 mM NaCl, reduced nitrogen 
concentration represents 60% of that of the control 
ones, grown in salt free medium (Figure 6). In stems 
and roots, nitrogen content did not depend on medium 
salinity. As leaves represent the dominant part of 
plants, it seems that the decrease of nitrogen tissues 
content indicates a higher salt sensitivity of nitrogen 
assimilation with respect to growth. It is quite certain 
that in this species nitrate assimilation takes place in 
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Fig. 5. Salt effects on leaves, stems and roots Ca2+ content with 
medium salinity. Means of 10 repetitions . Bars indicate::!:: standard 
error (p = 0.05). 

all of its green parts, but not in the roots. Thus, 
decrease of nitrate assimilation would result from 
inhibition of photosynthesis and increase of mainte­
nance respiration in plants submitted to salt (Gale and 
Zeroni, 1985). It seems that in other species, the 
nitrate uptake by the roots is reduced when photosyn­
thetic products become limited under salt stress; 
i.e. when only few carbon is available as acceptor 
for nitrogen (Bouma and De Visser, 1993). As a 
consequence, this leads to less amino-nitrogen. 

Proline accumulation 
In control plants, proline was accumulated more in the 
aerial parts (particularly in the stems) than in the 
roots. The salinity of the nutrient solution led to an 



Some physiological and biochemical aspects of salt tolerance ofSesuvium portulacastrum 75 

Leaves 

3.0 

2.0 

~ 
0 

'00 1.0 

~ 
C 0 ., 
00 
0 .... Roots ." 

"C 

8 
:> 

"C ., 
~ 

2.0 

1.0 

o 
o 100 200 300 400 600 800 1000 

NaCl (mM) 

Fig. 6. Salt effect on leaves and roots nitrogen contents. Means of 
10 repetitions. Bars indicatei: interval of security and differences 
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Table I. Effect of salt on proline tissues contents (/Lmol g- l OW). 
Means of 10 repetitions. Bars indicatei: interval of security and di f­
ferences between species are significant at the p = 0.05 level 

Treatments Leaves Stems Roots 

Control 080.1 i: 15.3 110.2 i: 14.7 045.4 i: 7.7 
100mM 128.7 i: 37.2 202.2:!: 30.1 118.3:!: 26.3 
200mM 320.5 i: 27.5 250.6 i: 32.0 131.8 i: 26.4 
300mM 337.6 i: 89.5 290.0 i: 30.4 160.7 i: 20.4 
400mM 364.6 i: 66.6 324.5 i: 43.8 228.1 i: 31.8 
600mM 379.2 i: 59.1 338.1 i: 48.9 268.8 i: 29.4 
800mM 471.6 i: 83.4 184.9 i: 13.5 254.3 i: 11.7 
1000mM 415.2 i: 35.5 248.9 i: 50.8 375.5 i: 38.8 

increase of the content of this compatible compound 
(Table 1). Proline cytosolic concentration, evaluated 
by supposing that cytoplasm volume represents 5% of 
total cell volume (Flowers and Yeo, 1986) increased 
regularly with salinity of culture medium and reached 
levels of the vacuolar ionic concentration estimated by 
2 (Na+ + K+). 
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Fig. 7. Changes in cytoplasmic proline concentration with salinity 
of culture. Proline concentration was evaluated by supposing that 
cytoplasm volume represents 5% of total cell volume. 

These results obtained in the different parts of the 
plant illustrate the osmotic balance between the two 
compartments of the cell. The vacuole accumulates 
mineral ions (particularly Na +) while the cytoplasm 
accumulates proline (Figure 7). Our results suggest 
that proline is the only compatible compound implied 
in the osmotic balance between the vacuole and the 
cytoplasm. 

CONCLUSION 

Our study confirms the halophile character of 
S. portulacastrum: this species requires salt to express 
its maximal growth potential. The saline concentration 
ensuring an optimal dry matter production is situated 
between 100 and 200 mM NaCl. Nevertheless, 
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S. portulacastrum maintains a good growth activity 
until 400 mM NaCl. This result is different to those 
obtained by Venkatesalu et aI. (1994a,b) who observed 
a maximal growth at 600 mM NaCI. Differences in 
culture conditions and treatment duration could 
explain the highest tolerance of Sesuvium observed by 
Venkatesalu and collaborators. However, the signifi­
cant dry matter production obtained in Venkatesalu's 
study, in spite of a short length of treatment, and a 
higher salt tolerance reveal variability at the level of 
growth potential and physiological responses to salt in 
this species. The exploration of this variability offers 
the possibility to identify the most tolerant ecotypes 
within S. portulacastrum. 

This study shows that S. portulacastrum 
accumulates salt particularly in its aerial parts. 
Contents in Na + did never exceed 4 mM per g DW, 
even with excessive salinity of the nutrient solution, 
1,000 mM. This result indicates a balance between Na + 
and Cl- absorption and dry matter production leading 
to a dilution of these ions. This phenomenon which has 
also been observed in some glycophytes (Lachaal et aI., 
1996) seems to be a characteristic of dicotyledonous 
halophytes (Tal et aI., 1979). Na+ Accumulation in 
leaves was associated with an improvement of hydra­
tion of the tissues. This result shows the capacity of this 
plant to sequestrate Na+ in the vacuole for osmotic 
adjustment. The absence of necrosis (specific symp­
toms of apoplasmic Na + accumulation) confirms the 
efficiency of the compartmentalisation systems. 
Therefore, it appears that S. portulacastrum adopts two 
mechanisms to protect its tissues against a toxic Na + 
and Cl- accumulation, a high growth rate combined 
with an efficient salt sequestration. The aptitude of 
plants to sequestrate Na + in the vacuole instead of 
potassium explains the increase of the K+ use effi­
ciency in plants grown in presence of salt (Table 2). 
However, the inhibition of K + and Ca2+ uptake by salt 
seems to limit plant growth under conditions of a 
highly salted medium. Our results suggest that the 
restriction of the N03 - uptake and transport towards 
the aerial parts is also responsible for the growth 
inhibition under excessive saline conditions. 

Finally, our results show that proline is the only 
compatible compound implied in the osmotic balance 
between the cytoplasm and the vacuole. This result is 
in agreement with that of Heun et al. (1981) who 
observed a high proline accumulation in plants of the 
Aizoaceae family like Mesembryanthemum cristallinum. 
Joshi (1982) while studying S. nudiflora, Salicornia 
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Table 2. Changes of potassium use efficiency with 
medium salinity. KUE = Dry weight quantities pro­
duced during treatment/quantities of potassium 
absorbed during treatment (mg DW/fLmol K+). Bars 
indicate ± interval of security and differences 
between species are significant at the p = 0.05 level 

Treatment KUE 

Control 0.543 ± 0.049 
100mM 1.435 ± 0.1 07 
200mM 1.636 ± 0.204 
300mM 1.882 ± 0.148 
400mM 2.284 ± 0.169 
600mM 2.666 ± 0.288 
800mM 3.480 ± 0.312 
1000 mM 4.616 ± 0.630 

brachiata and S. portulacastrum, found high accumula­
tion of proline accounting for 20-83% of the total amino 
acids. 

REFERENCES 

Arnon, OJ. and Hoagland, 0.R. Crop production in artificial 
solutions and in soils with special reference to factors affect­
ing yields and absorption of inorganic nutrients. Soil Sci 
1940; 50:463-84. 

Batanouny, K.H., Hassen, A.H. and Fahmi, G.M. Eco­
physiological studies on Halophytes in arid and semi-arid 
zones. Flora 1992; 186: 105-16. 

Bates, L.S., Waldren, R.P. and Teare, 1.0. Rapid determination 
of the free proline in water stress studies. Plant Soil 1973; 
39:205-8. 

Bouma, T.1. and De Visser, R. Energy requirements for mainte­
nance of ion concentrations in roots. Physiol Plant 1993; 
89:113--42 

Chapman, v.J. Salt Marshes and salt deserts of the world. 
Interscience Publishers, INC., New York. 1960; 263--4 

Courtemanche, R.P. Jr., Hester, M.W. and Mendelssohn, LA. 
Recovery of a Louisiana barrier island marsh plant commu­
nity following extensive Hurricane-induced over wash. J 
Coastal Res 1999; 15:872-83. 

EL Almi H., Zarrouk M., Abdelly, C., Smaoui, A., Ben Miled, 0. 
and Cherif, A. Composition lipidique des graines de quelques 
especes halophytiques locales. lOeme, Journees Biologiques de 
I' A.T.S.B., 20--22 Mars 1999, Monastir, Tunisie, 1999; 12. 

Flowers, TJ. and Yeo, A.R. Ion relation of plants under drought 
and salinity. Aust J Plant Physiol 1986; 13:75-91. 

Gale 1. and Zeroni, M. The cost to plants of different strategies 
of adaptation to stress and the alleviation of stress by increas­
ing assimilation. Plant Soil 1985; 89:57-67. 

Heun, A.M., Gorham, 1., Lunge, U. and Jones, R.G. Changes 
of water-relation characteristics and levels of organic 
cytoplasmic solute during salinity induced transition of 



Some physiological and biochemical aspects of salt tolerance ofSesuvium portulacastrum 77 

Mesembryanthemum cristallinum from C3 photosynthesis to 
Crassulacean acid metabolism. Ocealogia 1981; 50:66-72 

Hewitt, EJ. Sand and water culture methods used in the study 
of plant nutrition. 2nd edn. Commonwealth Bureau of 
Horticulture tech. Com. 22., 1966. 

Jacobson, L. Maintenance of iron supply in nutrient solution by 
a single addition of ferric-potassium-ehylene-diamine-tetra 
acetate. Plant Physiol1951; 26:411-13. 

Jeltsch, E and Wiegand, T. Long-term dynamics in arid and 
semiarid ecosystems. In Farina, A., editor. Perspectives in 
ecology. Backhuys Publishers, Leiden, 1999; 79-86. 

Joshi, G.V, Jamale, B.B. and Bhosale, LJ. Ion regulation in man­
groves. Walsh G.E., Snedaker, S.C. and Teas, HJ., editors. Int. 
Food Agric. Sci. Univ. Florida, Gainesville, 1975; 595-607. 

Lachaiil, M., Abdelly C., Grignon, C., Soltani, A. and Hajji, M. 
Variation de la sensibilite au sel en fonction du stade de 
developpement chez la lentille (Lens culinaris). Agronomie 
1996; 16:381-90. 

Lonard, R.1. and Judd, EW. The biological flora of coastal dunes 
and wetlands. Sesuvium portulacastrum (L.) L. J Costal Res 
1997; 13:96-104. 

Mezziani, K. Phytoecological study and proposals for the man­
agement of coastal dunes of the Mostaganem area (Algeria). 
These Doct. Ing., 1984; 213. 

Pasternak, and Nerd. Research and utilization of halophytes in 
Israel. In Choukr-Allah, R., Malcolm, C.V and Hamdy, A., 
editors. Marcel Dekker, Inc, Nex York, 1996; 325-48. 

Tal, M., Rosental, I., Abramovitz, R. and Forti, M. Salt tolerance 
in Simmondsia chinensis: Water balance and accumulation of 
chloride, sodium and proline under low and high salinity, Ann 
Bot 1979; 43:701-8. 

Venkatesalu, V, Raj Kumar, R. and Chellappan, K.P. Growth 
and mineral distribution of Sesuvium portulacastrum L., a 
salt marsh Halophyte, under sodium chloride stress. Commun 
Soil Sci Plant Anal 1994a; 25:2797-805. 

Venkatesalu, V, Raj Kumar, R. and Chellappan, K.P. Sodium 
chloride stress on organic constituents of Sesuvium portula­
castrum L. a salt marsh halophyte, J Plant Nutr 1994b; 
17: 1635-45. 

Zahran, M.A., Al Ansari, EM. and Abbes, IA. The ecology of 
AI-Samaliah Island, Estuarine, Coastal and Shelf Science. 
Bioi Coastal Environ 1999; 49:11-19. 



Salt-tolerance strategy of two halophyte species: 
Spartina alterniflora and Suaeda fruticosa 

N. SLEIMI AND C. ABDELLY 

INTRODUCTION 

After their absorption from the soil, ions can be 
accumulated in the root cortex or transported into the 
xylem, which ensures their transport towards the 
aerial parts. In the latter, ions follow the water flow up 
to the transpiring leaves. There, they may be absorbed 
by leaf cells, or re-exported through the phloem 
towards non-transpiring organs (Pitman, 1975). 
Among these ions, Na + represents a particular case, at 
least for two reasons. First, it may be present at very 
high concentrations in the soil solution (a soil judged 
moderately salty, or a water of irrigation considered as 
fairly brackish contain NaCI 25-50 mM. Second, all 
electrophysiological studies confirm the existence of 
active exclusion ofNa+ from cytoplasm, by two types 
of ATPases localised on the plasma membrane and on 
the tonoplast (Jeschke and Nassery, 1981). 

Biochemical studies have shown that protection of 
cytosolic enzymes against excess Na+ concentration is 
necessary for both animals and plants. This is achieved 
by excretion of cytosolic Na + in the vacuole and/or out 
of the cell (Kramer, 1983). In leaves, the apoplast 
volume is very small as compared to the cell volume, 
and does not exceed 0.01 ml g-l FW (Smith and Fox, 
1975; Zid, 1983). Therefore, it is indispensable that an 
exact balance would be maintained between (i) Na+ 
import by xylemic flow, (ii) Na + absorption by leaf 
cells associated to Na + sequestration into vacuoles, or 
(iii) Na + recycling by the phloem or secretion out of 
leaf epidermis (Greenway and Munns, 1980). 

According to the destiny of the absorbed Na +, 
halophytes adopt different strategies to tolerate salt. 
The dicotyledonous species are capable to compart­
mentalise Na + in their vacuoles (osmotic regulation), 
or to export it in salt glands at their leaf surface. In the 
latter species, the included strategy is efficient because 

H. Lieth (ed.), Cash Crop Halophytes: Recent Studies, 79-85. 
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it is associated with a high-growth potentialities and 
sequestration of inorganic ions in the vacuole. 
Because of toxic effects of higher salinity in the cyto­
plasm several organic solutes with low-molecular 
weight are accumulated in this compartment in order 
to maintain an osmotic balance between this compart­
ment and vacuole (Pollard and Wyn Jones, 1979). 
The second strategy is adopted by the excluder plants. 
These plants, which exclude NaCI from their tissues, 
often display low growth potentialities (Flowers et aI., 
1977; Greenway and Munns, 1980; Wyn Jones, 1981; 
Yeo and Flowers, 1983). 

In the present study, physiological responses to salt 
are studied in two fodder halophytes species. Suaeda 
jruticosa, an indigenous Chenopodiaceae in Tunisia, is 
quite frequent in semi-arid, arid and desertic biocli­
matic stages and well appreciated by livestock 
(Le Houerou, 1996). Spartina alterniflora, a Poaceae, 
is dominant in saline marsh and coastal regions in 
the East of U.S.A. The physiological responses of 
these species to NaCl were analysed in the framework 
of the two salt tolerance strategies described above. 

METHODS 

Young plants of S. fruticosa and S. alterniflora were 
obtained by cuttings propagation. For the first species, 
stems of 5 cm length with leaves were taken from 
mother plants at their natural habitat (Soliman 
Sebkha, near Tunis), sterilised for 5 min in saturated 
hypochloric calcium solution, rinsed abundantly with 
distilled water, and then rooted in 1/5 nutritive 
solution (Hewitt, 1966) and supplied with 35 mM 
NaCI. Rhizogenesis took place after one month. For 
S. alterniflora, seedling were obtained in the same 
conditions except that the rooting of rhizome leafed 
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units (5-10 cm) was achieved in inert sand irrigated 
with nutrient solution. Rhizogenesis occurred after 
45 ± days. 

Experiments were carried out in a greenhouse with 
a 14 h photoperiod. Mean temperature and relative 
humidity were respectively 25 ± 5°C, 65 ± 5% (day) 
and 16 ± 5°C, 85 ± 5% (night). After a pre-treatment 
phase (7 days), platelets were distributed in five lots of 
10 plants. They were irrigated with nutritive solution 
(Hewitt, 1966) added with 0, 100, 300, 400 or 800 
mM NaCl. The medium contained also iron as com­
plex EDTA-K-Fe (Jacobson, 1951) and micronutrients 
as mixture of salts: MnCI2; CUS04, 5H20, ZnS04, 
7H20; M070 24(NH4)6, 4H20 and H3B03 (Arnon and 
Hoagland, 1940). 

Two harvests were made: the first one in the begin­
ning of treatment and the second one when clear 
effects of the treatments were observable: after 45 days 
for S. jruticosa and 100 days for S. alterniflora. The 
plants were divided into shoots and roots. The meas­
ured parameters were dry matter production, and tissue 
content in water, sodium, chlorides, potassium, cal­
cium, magnesium, nitrogen and inorganic phosphorus. 
Na+, K+, Ca2+ and Mg2+ were determined with an 
atomic absorption spectrophotometer (Instrumentation 
Laboratory 151), chloride and nitrogen respectively by 
coulometrie and Kjeldahl methods (Catlove, 1963). 

RESULTS 

Growth 

Figure 1 represents salt-induced changes in dry matter 
production. In S. jruticosa, maximal dry matter pro­
duction was obtained at NaCI concentrations com­
prised between 100 and 300 mM, with a 85 fold 
increase in dry weight during the 45 day treatment 
(Figure lA). S. alterniflora expressed maximal growth 
when irrigated with NaCl free nutrient solution or 
containing 100 mM NaCl (Figure IB), its initial dry 
weight being multiplied by 6 during 100 days of treat­
ment. The comparison of the two species (Figure 1 C) 
shows that S. jruticosa was more salt tolerant at mod­
erate NaCI concentrations (300 mM NaCI), but more 
sensitive at the highest NaCI concentration (800 mM). 

For all NaCI concentrations, shoot dry matter 
amounted to 85% of the whole plant biomass. In 
S. jruticosa, the dry matter allocated to roots was 
diminished in the presence of salt, resulting in a 
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Fig. 1. Effect of medium salinity on Suaedafruticosa and Spartina 
alterniflora growth. (a): Suaeda fruticosa dry matter after 45 day 
culture. (b): Spartina alterniflora dry matter after 100 day culture. 
Numbers on histograms are root to shoot ratio (OW/OW). (c): 
growth of plant submitted to salinity expressed as % of that of 
control plants cultivated in the absence of NaCI. Means of 10 
repetitions. Bars indicate ± standard error (p = 0.05). 

smaller root/shoot ratio. In S. alterniflora, salt treatment 
did not significantly modify dry matter distribution 
between roots and shoots. 

Relative growth rate (RGR) expresses dry matter 
production per unit of time and per unit of dry matter 
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Table 1. Changes in Relative Growth Rate (RGR) with medium 
salinity. RGR = (Ln DWr - Ln DWj)/(Tr - TJ; with DWr: final 
dry weight measured at the end oftreatment, DW j : initial dry weight 
measured at the beginning of treatment, Ln: logarithm napierian and 
(Tr - TJ treatment duration 

Suaeda fruticosa Spartina alterniflora 

Control (0 NaCl) 0.099 0.017 
100 mM NaCI 0.018 
300 mMNaCI 0.098 0.013 
400mMNaCI 0.082 0.011 
800mMNaCI 0.031 0.003 

(Table 1). This parameter eliminates differences in 
biomass production related to different treatment 
duration or different initial plants size. RGR values 
were low as compared with those of other species, par­
ticularly annual species. For example, RGR could 
reach 0.15 day-l in Medicago species cultivated under 
optimal conditions of growth (Abdelly et aI., 1995). 
RGR was strongly decreased in both S fruticosa and 
S alterniflora when medium NaCl exceeded 300 mM. 
Nevertheless, S fruticosa showed higher RGR with 
respect to S alterniflora at all NaCI concentration. 

Thus, the higher dry matter of S alterniflora 
measured at the final harvest and under all NaCl 
concentrations did not result from a higher growth 
activity during treatment but from larger initial size 
and longer treatment duration. The comparison of salt 
tolerance of the two studied halophytes on the basis of 
the RGR also confirms that S fruticosa is more salt 
tolerant than S. alterniflora at moderate salinity levels. 

Mineral Composition of Tissues 

Sodium and chloride 
Na+ and CI- shoot content discriminated clearly the 
two species (Figure 2). Sfruticosa showed the highest 
ion concentrations, which increased with NaCI 
concentration in the nutrient solution. Inversely, in 
S. alterniflora, Na+ and Cl- tissues contents were 
remained low and did not increase (not exceeding 
1.5 mmol g-l DW) in a wide range of NaCI concen­
trations in the medium (from 300 to 800 mM). 

Na+ and Cl- root contents were similar in the two 
halophytes species. Although of weak amplitudes, 
changes of ions tissues contents with medium salinity 
were similar to those described in the aerial parts. One 

explanation for the behaviour of S alterniflora is its 
ability to protect its organs and particularly photosyn­
thetic ones against an excessive accumulation ofNa+ 
and CI- by secreting these ions by leaves as 
confirmed by the abundance of salt crystals on the 
surface of shoots in plant grown on salty medium. 
This avoidance mechanism has been described in 
several plants, Agrostis stolonifera (Ahmad and 
Wainwright, 1976), Leymus sabulosus and Elytrigia 
juncea (Gorham et aI., 1985). 

Potassium, calcium and magnesium 
The culture of the two species in the presence of salt 
led to a decrease of shoot and root in both K + and 
Ca2+ (Figure 3). This effect was more pronounced 
in S fruticosa than in S alterniflora. Mg2+ concentra­
tion was diminished only in Sueda roots. Since 
these changes in K +, Ca2+ and Mg2+ tissue concen­
trations were associated with a visible decrease of 
their uptake rate in (mmoles per plant; Figure 4) and a 
reduction of their allocation to the aerials parts (not 
shown) they resulted from inhibition of ion uptake 
rather than dilution of tissue ion contents by growth. 
This situation could be caused by a competition 
between Na + and the other cations at the level of 
absorption sites and by their substitution by N a + in the 
xylem vessels. 
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Fig. 2. Changes in shoot and root Na+ and CI- concentrations with 
NaCI concentrations in the medium. Means of 10 repetitions. Bars 
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Nitrogen and phosphorus 
The nitrogen fraction measured in this study 
corresponds to reduced nitrogen, which represents the 
dominant nitrogen fraction in plants tissues, generally 
exceeding 90% of the total nitrogen (Mengel et 
Kirkby, 1982). In S. jruticosa, NaCl treatment led to a 
significant decrease of shoot content in reduced 
nitrogen, particularly when plants were grown at 
400-800 mM NaCI (Figure 5). The accumulation of 
nitrogen was little modified in roots. 

As the aerial parts represent more than 85% of the 
total plant biomass, these results indicate that nitrogen 
assimilation was more diminished by salt than plant 
growth. This situation which happened exclusively at 
higher NaCI concentrations could be caused by reduc­
tion in N03 - absorption (Cl-/N03 - antagonism) or 
by specific inhibition of nitrate reductase by Na+ or 
Cl- accumulated in the cytoplasm because of a failing 
of systems involved in ion compartmentalization in 
conditions of excessive salinity (Papadopoulos and 
Rendig, 1983; Soltani et aI., 1990). 

In S. alterniflora, nitrogen tissue content did not 
vary with medium salinity in the aerial parts and in 
roots (Figure 5). This result suggests a close relation­
ship between dry matter production and nitrogen 
assimilation. The capacity of S. alterniflora to secrete 

Suoeda frulicosa Spanina ailemijlora 

Shoots :::, :Rool': : . .. . . , .... , 

3.0 

Pot~s!tim: : :: 2,0 

' "" 0.75 
0" ., Calcium: : ' 

5 0.50 U ~ 0.25 .. . ~. _ .. • ~~ ~ :: 

1.0 

0.75 

0.50 

0.25 
'1= ' - _ .- 'N-H 
~ O~============~~============~ O 

3.0 3.0 

2.0 2.0 

1.0 1.0 

0~0~~300~~~8oo~~~~~~~~~~0~100;~~8~000 

Fig, 3. Changes in shoot and root K+, Ca2+ and Mg2+ concentra­
tions with NaCI concentrations. Means of 10 repetitions, Bars indi­
cate :t standard errors (p = 0.05). 

N Sleimi and C. Abdelly 

Na+ and Cl- by the aerial parts (and probably 
to exclude them by roots) insures protection of 
cytoplasm against excessive accumulation ofNa+ and 
Cl-. This could favour the maintenance of metabolic 
and vacuolar N03 - pools at higher level, and to ensure 
optimal conditions to nitrate reductase activity. 

The phosphorus fraction measured in this work 
corresponds to the inorganic phosphate pool (Pi). In 
S. jruticosa, medium salinity decreased Pi tissue 
concentration, particularly in the roots. Inversely, the Pi 
concentration was unaffected in S. alterniflora (Figure 
5). One may hypothesise that phosphorus absorption 
would be limited in Suaeda plants grown in presence of 
salt, resulting probably in a higher utilization of 
cell phosphorus reserves to sustain plant growth. In 
S. alterniflora, phosphorus absorption would not be 
inhibited by salt, and Pi storage not solicited. 

Relationship between Ionic Accumulation and 
Water Tissue Content 

A positive relationship appeared between tissue water 
and Na + contents in the shoots of S. jruticosa (Figure 6), 
grown at moderate NaCI concentrations (not exceeding 
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400 mM). For NaCl concentrations exceeding 400 mM 
NaCl, the higher leaf Na + content was associated with 
a decrease in water content. The relation between leaf 
hydration and K + concentration was less strict. This 
result suggests that the osmotic adjustment was ensured 
mainly by N a + whereas, K + being perhaps reserved for 
more specific functions. At the highest NaCl concen­
trations in the medium, the systems responsible for Na + 
uptake and compartmentalisation in cells would be 
overflow, and excess accumulation of this cation in the 
apoplast would result in tissue dehydration. 

In S. alterniflora aerial parts, hydration is related 
positively to K+ content and negatively with Na+ con­
tent (Figure 6). This suggests that the osmotic adjust­
ment is ensured by K + and not by N a + in this species. 
This behaviour, which implies inaptitude of Spartina 
leaf cells to absorb and compartmentalize N a + in vac­
uoles could lead to an accumulation of Na+ in the 
apoplast and to a loss of the cellular water. However, 
secretion of Na + by shoot salt glands probably pre­
vents excess Na+ accumulation in the apoplast, as 
suggested by the maintenance of leaf hydration. 

Potassium Use Efficiency 

Potassium use efficiency (KUE) corresponds to 
dry matter production by unit of K + consumed 
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Fig. 5. Changes in shoots and roots reduced nitrogen and inorganic 
phosphorus contents with medium NaCI concentrations. Means of 
10 repetitions. Bars indicate ± standard error (p = 0.05). 

(mg DWll1mol K+). In condition of appropriate potas­
sium nutrition (no NaCl), this parameter was signifi­
cantly higher in S. alterniflora than in S. fruticosa 
(Table 2). Addition ofNaCl to the nutrient solution led 
to an increase of KUE. At 300 mM NaCl concentra­
tion assuring an important biomass production, KUE 
was increased four times in S. fruticosa and only two 
times in S. alterniflora. This specific difference was 
also maintained in conditions of excessive salinity. 
The improvement of the KUE reveals the capacity of 
plants to use Na+ instead of K+ for the osmotic 
adjustment and to preserve K+ for specific functions 
like maintenance of an appropriate ionic environment 
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Fig. 6. Relationship between shoot hydration and contents in potas­
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Table 2. Changes of potassium use efficiency (KUE) with 
medium salinity. KUE = Dry weight quantity produced during 
treatment/quantity of potassium absorbed during treatment 
(mg DW/J..Lmol K+). Bars indicate ± standard error (p = 0.05) 

S. fruticosa S. alterniflora 

Control 0.37 ± 0.04 0.99 ± 0.11 
100mM, NaCI 1.43 ± 0.15 
300 mM, NaCl 1.38 ± 0.33 1.86 ± 0.23 
400mM, NaCI 1.61 ± 0.17 2.04 ± 0.34 
800 mM, NaCl 4.23 ± 0.84 3.00 ± 0.43 
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for the metabolic process in the cytoplasm (Leigh 
et Wyn Jones, 1984). Our results suggest that the KUE 
improvement in Suaeda fruticosa mainly resulted 
from the capacity ofthis species to replace K+ by Na+ 
for the osmotic adjustment. S. alterniflora would be 
rather able to sustain young organs growth by a higher 
capacity ofK+ mobilization from oldest organs. 

CONCLUSION 

Our results show that S. fruticosa, a dicotyledonous 
halophyte, express its maximal growth potentialities at 
300 mM NaCl. In S. alterniflora, a monocotyledonous 
halophyte, the maximal biomass production was 
obtained at 100 mM NaCl. These results are in agree­
ment with literature data (Flowers, 1972; Haines and 
Dunns, 1976; Parrondo et aI., 1978; Coleman, 1990), 
and confirm that dicotyledonous halophytes are more 
tolerant to salinity with respect to monocotyledonous 
species. 

Na + and Cl- accumulation in the aerial parts differs 
clearly between the two halophytic species. Na + and 
Cl- concentrations did not exceed 1.5 mmol g -1 DW in 
S. alterniflora whereas they reached 10 mmol g -1 DW 
in S. fruticosa. Salt tolerance of the last species is 
connected mainly to its higher growth activity (values 
of its RGR are 4- to lO-fold higher than those of 
S. alterniflora), permitting a salt dilution by growth 
sufficient to avoid an excessive accumulation in leaf 
tissues. The succulence observed in S.fruticosa shoots 
would indicate the augmentation of mesophyll cell 
volume (Munns et aI., 1983), a feature which would 
favour salt dilution. As it is based on ion sequestration 
in vacuoles in order to maintain hypertony with 
respect of the outside medium, this strategy is called 
osmotic. Our results suggest that nitrogen nutrition is 
a fundamental component of this strategy. Indeed, we 
observed that the failing of this strategy in plants 
grown on medium containing more than 400 mM NaCI 
was associated with an inhibition of nitrogen absorp­
tion and reduction. 

The S. alterniflora strategy is based on its capacity to 
control the NaCl accumulation in its tissues. Two mech­
anisms could be involved in this strategy, namely Na + 
and CI- secretion by leaves and exclusion by roots. We 
have evaluated that about 90% ofNa+ and Cl- absorbed 
by plants were secreted at the level of leaves (Figure 7). 
This protects tissues against apoplastic accumulation of 
Na + and CI-. This avoidance strategy of Spartina seems 
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Fig. 7. Salt secretion by leaves of S. alterniflora expressed as % of 
total Na+ and Cl- uptake. 

more effective than the osmotic strategy of Suaeda par­
ticularly in higher salinity conditions (800 ruM NaCI). 
The role of salt secretion in tolerance has been described 
in several studies. Thus, S. anglica, native of strongly 
salted zones, secrete 60% of the absorbed salt, whereas 
other (less tolerant) halophytes such as Limonium 
vulgare. Glaux maritima and Armeria maritima secrete 
respectively 33%, 20% and 4% of the absorbed salt 
(Rozema et aI., 1981). Salt secretion by leaves, mainly 
insured by salt glands (Gorham, 1996), seems to be 
selective for Na+ with respect to others indispensable 
cations like Ca2+ and K+ (Pollak and Waisel, 1979). 
This selective secretion of Na + assures the plant a 
protection against an unbalanced nutrition (Berry and 
Thomson, 1967; Berry, 1970). 

Finally, the results of this study suggest that in pro­
grams for plant improvement and valorization of 
salted zones, plants combining excluder character 
with slow growth or includer character with a fast 
growth should be preferred. 
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Salt-avoidance mechanisms in the halophyte Distichlis spicata as a promising 
source for improved salt resistance in crop plants 

AMNON BUSTAN, MICHELE ZACCAI, YARON SITRIT, 
RACHEL DAVIDOVICI AND DOV PASTERNAK 

INTRODUCTION 

Salinity is an escalating problem in agriculture world­
wide (Szabolics, 1989; Hamdy, 1996; Choukr-Allah, 
1996). The use of recycled and saline waters to replace 
fresh water in agriculture contributes, among other fac­
tors, to the aggravation of salinity problems. Most crop 
plants are sensitive to salinity and poorly equipped to 
cope with salt stress without suffering from impaired 
growth and development, and even injury (Liiuchli and 
Epstein, 1990; Maas, 1990). The adverse effects of 
salinity cause considerable reduction in yields, far 
below the economic threshold of most crops in present 
use. It can be stated quite confidently that the prevalent 
future environment of agricultural crops will be much 
more saline than today. Therefore, improving salt 
resistance of crop plants is of major interest in agricul­
tural research. Halophytes are the ultimate candidates 
to serve as a genetic source for this purpose. 

SALT STRESS IN PLANTS 

Saline environment causes plant responses through 
several effects, among which osmotic effects, ion tox­
icity, and mineral nutrition are of principal importance 
(Greenway and Munns, 1980; Uiuchli and Epstein, 
1990; Munns, 1993; Gorham, 1996; Jacoby, 1999). 
Initially, salinity causes water deficit resulting in 
osmotic stress. When exposed to salinity for long 
periods or to high levels of salt, most plant species 
are unable to regulate ion fluxes into interior 
domains. The resulting salt buildup in the plant leads 
to disturbed ion homeostasis and ion toxicity. 

Osmotic adjustment is usually mediated by the 
synthesis of intracellular compatible solutes (osmolytes) 
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and by maintenance of ion homeostasis in the cytosol 
(McCue and Hanson, 1990). Ion homeostasis is con­
trolled by selective uptake mechanisms of ions through 
the plasma membrane and by ion fluxes through the 
tonoplast (Maathuis, 1996). In plants, these processes 
are predominantly mediated by cytosolic concentra­
tions of K+ (Wyn Jones, 1996). Under saline condi­
tions, when Na+ /K+ ratio in the rhizosphere is high, 
selectivity of ion uptake in root plasma membrane is 
disturbed and sodium leaks into the cytosol (Uiuchli, 
1996). It has been concluded that the pathways for Na + 
uptake in plants may involve "illicit" transfer by differ­
ent transporters which together constitute that "cation 
leak" (Serrano et aI., 1999). According to Amtmann 
and Sanders (1998), a voltage-independent non­
selective channel comprises the dominant element of 
Na+ currents in high salt conditions in higher plants. 

STRATEGIES OF SALT RESISTANCE IN 
PLANTS 

Salt-tolerant metabolic pathways were reported for 
some algae species but not for higher plants (Munns, 
1993). Moreover, no differences were found between 
in vitro salt-sensitivity of key enzymes from 
halophytes and glycophytes (Greenway and Osmond, 
1972). While high intracellular salt concentrations 
(above 0.4 M) inhibit enzymes activity through a 
direct damage to protein structure (Wyn Jones and 
Pollard, 1983), toxic effects on cells occur at much 
lower concentrations (about 0.1 M) (Jacoby, 1999), 
pointing to specific toxicity targets (Serrano, 1996). 
Salt-resistant plants must, therefore, either protect 
sensitive metabolic pathways or avoid hazardous 
levels of toxic ions in the cytosol. The production of 
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compatible compounds in response to salt stress has 
received much attention as a mechanism of salt toler­
ance in plants. Compatible compounds such as proline, 
glycine-betaine and sugar alcohols contribute to the 
maintenance of osmotic potential in the cytosol (osmo­
lites). More recent information relates compatible 
compounds to the insulation of enzymes and proteins 
from toxic ions and free radicals during salt stress. 

Nevertheless, salt avoidance, as opposed to salt 
tolerance, is the major strategy of plants, including 
halophytes, to prevent ion toxicity. In order to 
maintain cellular ion homeostasis under conditions of 
increasing Na+ leakage into the cytosol, salt-resistant 
plants should employ efficient Na + efflux mecha­
nisms (Flowers et aI., 1977; Cheeseman, 1988; 
Bohnert et aI., 1995; Hasegawa et aI., 2000). A general 
description of hypothetical Na + influx/efflux mecha­
nisms in plant cells is shown in Figure 1. 

SALT AVOIDANCE 

It has been proposed that in salt-resistant plants, 
compartmentation of Na+ into vacuoles provide an 
efficient mechanism to avert the deleterious effects of 
Na + in the cytosol. Furthermore, ion accumulation in 
vacuoles contribute to the maintenance of osmotic bal­
ance required to drive water into cells (Flowers, 1985; 
Glenn et aI., 1999). Although enhanced ion compart­
mentation has been demonstrated recently (Apse et aI., 
1999) using molecular approach, the role of vacuolar 
cation accumulation in salt resistance may be limited 
(Hasegawa et aI., 2000). Ion concentration in the vac­
uole and the size and number of vacuoles necessarily 
restrict the capacity of salt compartmentation in plants. 

In addition to the vacuolar compartmentation, dele­
terious salt concentration in the cytosol can be avoided 
through salt buildup in cell walls, salt distribution to 
older organs or tissues, and through salt glands 
(Uiuchli and Epstein, 1990). This type of mechanisms 
may be found in many plant species, including glyco­
phytes, but their expression, efficiency, and complex­
ity tend to be much higher in halophytes. The conjoint 
basis of these mechanisms is their requirement for ion 
efflux machinery in the plasma membrane. 

MEMBRANE Na+m+ ANTIPORTERS 

Although the importance of sodium extrusion from 
the cytosol was emphasized as a pivotal process in salt 
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Fig. 1. Hypothetical Na + influx/efflux mechanisms in root epidennal 
cells. When rhizosphere Na + concentration increases, Na + ions leak 
into the cytosol through non-selective paths at the plasma 
membrane. H+ -ATPases are activated at the plasma membrane and 
tonoplast to extrude protons from the cytosol, thus providing sec­
ondary ion transport. To avoid ion toxic effects and to maintain ion 
homeostasis in the cytosol, Na + ions are extruded to the vacuole via 
Na + /H+ antiport activity at the tonoplast. Ion accumulation in the 
vacuole also contributes to osmotic adjustment. When cytosolic 
Na + concentration further increases, the vacuolar capacity to accu­
mulate Na + ions is insufficient to maintain ion homeostasis and 
Na+/H+ antiport is required at the plasma membrane. Na+ ions 
excreted to the intercellular domain may leak into adjacent cell lay­
ers and find ways to the xylem and above ground plant organs. 
Alternatively, Na + ions may be secreted back to the rhizosphere. 
The ratio between Na + leakage into plant tissues and Na + secretion 
from the roots may determine the difference between salt-resistant 
and salt-sensitive plants. It is suggested that this latter Na+/H+ 
antiport mechanism is highly efficient in root epidermal cells 
among halophytes. Differences between halophytic and glycophytic 
Na + /H+ antiport at the level of gene sequence or gene expression, 
if and when revealed, may bring about opportunities to improve salt 
resistance among crop species. 

resistance in plants (Munns, 1993; Gorham, 1996) the 
evidence remained until recent years at the level of 
physiological activity. Salt stress increased ATP- and 
PPj-dependent H+ -transport activity in sunflower 
(Ballesteros et aI., 1996) and in Spartina patens 
(Wu and Seliskar, 1998) and was shown to induce 
Na + /H+ antiport activity in sunflower (Ballesteros et aI., 
1997). Na + /H+ antiporter activity has been detected 
in vesicles derived from the plasma membrane of the 
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halophyte Atriplex (Hassidim et aI., 1990). The use of 
molecular approaches has been proven necessary for 
deeper insight into ion transport in plants (Serrano 
et aI., 1999; Hasegawa et aI., 2000). 

Among several families of Na + transport proteins, 
the N a + IH+ antiporters seem as yet to be the most 
promising group. In Schizosaccharomyces pombe the 
major sodium extrusion system is an electro-neutral 
Na + /H+ antiporter encoded by the sod2 gene (Dibrov 
et aI., 1997). This type of antiporter is also present in 
S. serevisiae as the product of the NHAI gene (Prior 
et aI., 1996). Sod2!Nhal antiporters exhibit some 
sequence similarity to the bacterial NhaA anti porter 
(Dibrov and Fliegel, 1998). The Nhx 1 lNha2 antiporter 
homologues that are present in bacteria and in animal 
cells (Andre, 1995) have been proposed to encode a 
vacuolar antiporter (Nass et aI., 1997). Based on 
homologous sequences, a gene (AtNHXl) encoding 
for a vacuolar Na + IH+ antiporter was identified and 
characterized in Arabidopsis (Gaxiola et aI., 1999). 

Over-expression of AtNHXl in Arabidopsis resulted 
in increased Na + accumulation in the vacuoles and 
improved salt resistance of the plants (Apse et aI., 
1999). These results should be interpreted with cau­
tion, since differences in the subcellular localization 
between plant and yeast were found in few cases 
(Gaxiola et aI., 1999; Apse et aI., 1999). 
Compartmentation ofNa+ into the vacuole may con­
tribute to ion homeostasis and water balance in plant 
cells, nevertheless, it may well be that the major Na + 
efflux mechanism in salt-resistant plants is at the 
plasma membrane. 

The homeostasis of cations intracellular concentra­
tions was probably of primordial importance for most 
of the primitive organisms if the assumption that life 
evolved in NaCl-containing seas were correct. Hence, 
the ancestors ofNa + pumps have originated very early 
during evolution (Serrano et aI., 1999). This hypothe­
sis is strongly supported by sequence conservation 
found in Na + pumps among organisms across all 
living systems (Andre, 1995; Nass et aI., 1997). While 
terrestrial animal cells preserved the ancestral Na+ 
chemiosmotic circuit, the capability of N a + transport 
progressively lost importance in plants that had accli­
mated to the Na + -poor land and fresh water ecosys­
tems (Serrano et aI., 1999). However, it is attempting 
to assume, that the molecular basis encoding for Na + 
transport mechanisms is still included in the DNA of 
most glycophyte species in various degrees of incom­
pleteness. This hypothesis is supported by the recent 

identification and characterization of the AtSOSl 
gene that encodes for a putative Na + IH+ antiporter 
in Arabidopsis plasma membrane (Shi et aI., 2000). 
Over-expression of this gene brought about 
significant increase in the salt resistance of this non­
halophyte species. 

Moreover, it is logical to assume that in halophytes, 
preserved ancestral Na + pumps would largely con­
tribute to their prominent salt resistance. Such genes 
are expected to be expressed mainly at the boundary 
between the saline environment and the intracellular 
domain of the plant - the plasma membrane of root 
cells. Physiological and anatomical findings in roots 
of halophytes (e.g. invagination of plasma membrane, 
and formation of "transfer cells") may indicate for an 
acute role of plasma membrane in salt resistance 
(Kramer, 1983; Koyro and Stelzer, 1988; Koyro et aI., 
1993; Echeverria, 2000). We believe that mechanisms 
as such displayed by halophytes are more efficient and 
puissant. Furthermore, the existence of some active 
parts of the transport mechanism or its control may 
ease the introduction and successful expression of 
genes transferred from halophytes to glycophytes. 

SALTGRASS (DISTICHLIS SPICATA) 

AS A SOURCE OF GENES 

Saltgrass (Distich lis spicata, Gramineae) is an 
extremely salt-resistant plant species, native to coastal 
and inland saline environments of America 
(Hitchcock, 1951; Ungar, 1974), distributed from 
Canada to Patagonia. Saltgrass occupies the edges 
of tidal marine marshes, where salinity may exceed 
40 g NaClIL (Gallagher, 1985). Saltgrass is found also 
in inland saline depressions, where it is known as 
desert saltgrass. In field experiments under high 
salinity levels (ECI up to 12 dS m - I), saltgrass had 
considerable biomass production comparing with 
other halophytes and salt-resistant species (Pasternak 
et aI., 1993) such as Paspalum vagina tum, Chloris 
gayana and Cynodon dactylon. This may demonstrate 
the ability of the species to grow well at salinity range 
much higher than the agricultural threshold. 

Unlike among some other halophytic plant families 
(e.g. Chenopodiceae), saltgrass plants do not accumu­
late high levels of salt in leaves and stems, even when 
grown under high-saline conditions. Pasternak et aI. 
(1993) found that ash content in saltgrass hey was 
somewhat lower than that of alfalfa grown under 
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Table 1. Estimated and measured salt uptake and secretion through salt glands in saltgrass plants grown in water culture 
at 30 dS m -I. Actual salt uptake was 85% less than expected at the absence of salt avoidance mechanisms in the roots 

Transpiration Theoretical 
rate NaCI uptake 

kg'kgFW-I'week- 1 0.0030 0.0450 
kg'planCI'week- 1 0.0006 0.0090 

similar high saline conditions, although alfalfa growth 
was strongly hampered by salinity. In another study, 
the degree of salt resistance among different species 
of the Chloridoidae grass family, including saltgrass, 
was found to be negatively correlated with the accu­
mulation of salt in leaves (Marcum, 1999). Saltgrass 
was the most resistant among the studied species, with 
the lowest sodium concentration in leaf sap. Salt 
glands activity has been suggested as the major mech­
anism of salt disposal in saltgrass (Hansen et ai., 1976; 
Marcum, 1999). Nevertheless, calculations show that 
this might not be the case. Indeed, salt glands may 
play an important role as an alternative route to regu­
late salt levels in the leaves. Compartmentation and 
distribution of Na + within the roots should also be 
considered among salt defense mechanisms of salt­
grass. Yet, it is most conceivable that salt uptake is 
largely prevented by the roots through exclusion and 
excretion mechanisms. As already demonstrated for 
Spartina alterniflora (Bradley and Morris, 1991), a 
plant species that shares the same ecological niche 
with seashore saltgrass, more than 85% of the theoret­
ical amount of salt that should have passed through the 
plant at the absence of salt exclusion/extrusion in the 
roots - remain in the growing medium (Table 1). 

The fact that saltgrass plants do not absorb other 
cations and heavy metals (Prodgers and Inskeep, 
1991) supports the probability that highly efficient 
cation efflux systems are active in saltgrass root mem­
brane. These unique characteristics make saltgrass a 
suitable model plant to study the physiological and 
molecular basis of salt-avoidance mechanisms in 
plants. Regardless of salt glands, saltgrass plants have 
not developed other morphological or anatomical 
means to cope with salt stress. 

The relative simplicity of salt-avoidance mechanism 
may give rise to the approach that only few genetic 
modifications will be required to improve salt resist­
ance in glycophytes. It seems realistic, therefore, to 
assume that some of the molecular factors regulating 
saltgrass exceptional resistance to salt can be charac­
terized and transferred to other plant species. 

Accumulation NaCI secretion Estimates salt 
rate ofNaCI in rate through salt avoidance in 

plants glands the roots 

0.0025 0.0040 0.0385 
0.0005 0.0007 0.0078 

At present, we already have good indications that 
members of the Na+/H+ antiporter gene family are 
active in saltgrass roots. As already mentioned, align­
ment analysis ofNa + /H+ antiporters at the protein level 
shows high conservation among distant organisms 
through kingdoms. Degenerated primers were designed 
from conserved regions within these genes. Using the 
RT-PCR approach we were able to isolate several cDNA 
fragments that were ranked together with known 
Na + /H+ antiporter genes. Isolated genes will be char­
acterized and their role in salt resistance will be evalu­
ated in saltgrass and in heterologous systems. 
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Chemical Contents 



Introduction to Part II: Chemical content of halophytes 

H. LIETH 

The knowledge of the chemical composition of plants 
is important for many reasons. For their own structure 
and function as well as for their utilisation within the 
ecosystem as for human exploitation. 

Halophytes require especially analytical efforts 
about their biochemistry and inorganic chemistry 
because much less is known about them. They contain 
some inorganic chemical compounds in higher 
amounts than glycophytes. This is not only true for 
sodium chloride but also for a variety of other chemi­
cals which are either pollutants or potential resources 
for later industrial utilisation. 

The chemical composition of the plant matter used 
for feed and food requires analytical investigations 
quite different from the one which should explain the 
salinity tolerance of the species or the tolerance and 
uptake of pollutants. 

This chapter contains analytical examples for both 
aspects. Future analytical efforts must be encouraged 
to uncover the potential of halophytes to accumulate 

certain inorganic elements for industrial exploitation 
to produce various organic compounds for consump­
tion by animals and men and for industrial or medical 
uses. Several aspects of these analytical efforts were 
documented in the books previously reported by the 
members of the EU CA and published by Backhuys 
Publishers as listed on page 127. 

In some case decides the chemical analysis about 
the usability of a potential crop species, at which time, 
which part can be harvested and used and in which 
way can it be utilised. 

As an example we include in Table 1 the chemical 
analysis of leaves and fruits of Avicennia marina, a 
mangrove species which can tolerate highly saline 
water (seawater). The adult foliage of this plant shows 
a high salinity which reduces its value as single feed 
source for animals while the fruits have a low salinity 
which renders it usable as vegetable if other chemical 
constituents keep it edible. This is the case as shown in 
Table 1. 

Table I. Comparative chemical analyses of some halophytes with regards to their value for food and feed' 

Chemical parameter Units ADH 

Dry matter % 46.50 
Water content % 53.50 
Ash % 2.10 
Raw protein N X 6.25 % 5.54 
Fat % 0.45 
Carbohydrates % ** 
Starch % ** 
Raw fiber % 12.20 
Saccharose % < 0.20 
Glucose % 0.37 

H. Lieth (ed.), Cash Crop Halophytes: Recent Studies, 95-96. 
© 2003 Kluwer Academic Publishers. 

Plant material with point of origin 

Fruits Leaves 

Avicennia marina Avicennia marina Aster tripolium 
UAQ AJM RAK ADH Osnabrueck 

46.00 44.20 40.20 33.70 12.50 
54.00 55.80 59.80 66.30 87.50 

1.95 2.35 5.35 8.22 1.86 
4.87 4.26 4.09 3.42 1.22 
0.36 0.45 0.34 0.50 0.45 
** ** ** ** ** 
** ** ** ** ** 

11.00 13.70 10.50 14.50 5.30 
< 0.20 < 0.20 <0.20 ** ** 

0.57 0.54 0.40 ** ** 
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Table 1. (Cont.) 

Plant material with point of origin 

Fruits Leaves 

Avicennia marina Avicennia marina Aster tripolium 
Chemical parameter Units ADH UAQ AJM RAK ADH Osnabrueck 

Fructose % 0.49 0.73 0.63 0.55 ** ** 
Maltose % < 0.30 < 0.30 < 0.30 < 0.30 ** ** 
Sorbit % < 0.30 < 0.30 < 0.30 < 0.30 ** ** 
Citric acid % ** ** ** ** ** ** 
Tartaric acid % ** ** ** ** ** ** 
Maleic acid % ** ** ** ** ** ** 
Ascorbic acid % ** ** ** ** ** ** 
Sodium mg/IOOg 256.00 238.00 364.00 1350.0 2214.00 301.00 
Potassium mg/IOOg 626.00 559.00 564.00 692.00 838.00 373.00 
Magnesium mg/IOOg 35.50 30.00 53.80 181.00 168.00 28.20 
Iron (total) mg/IOOg 1.59 1.39 4.33 5.27 1.34 1.52 
Phosphorus (total) mg/lOOg 86.00 611.00 73.00 72.00 66.00 30.00 
Chloride mg/IOOg 410.00 370.00 610.00 2550.0 3500.00 710.00 
Zinc mg/100g 1.01 0.77 0.82 0.59 2.47 0.48 
Salt content mg/IOOg 651.00 605.00 925.00 3430.00 5630.00 765.00 

ADH = Abu Dhabi; UAQ = Umm Al Quawain; AJM = Ajman; RAK = Ras al Kaima; AVM = Abu Dhabi (seedling with young 
leaves); ATR = Aster tripolium leaves grown in 3% salinity from OsnabrueckiGermany; ** = not determined; < = below detection limit 

1 provided by Deutsches Institut fur Lebensmitteltechnik e.V Quakenbrueck. 



Chemical composition variation during root decomposition in 
Tagus estuary salt marshes 

ANA LUISA COSTA AND ISABEL CA<;:ADOR 

INTRODUCTION 

In salt marshes vascular plants constitute the most 
important source of available organic matter. In Tagus 
estuary salt marshes 50% of the root biomass becomes 
detritus (Cac;ador et ai., unpublished data). Vascular 
plant-derived detritus have been considered the major 
source material from which carbon and energy flow 
(Odum and de la Cruz, 1967; Moran et ai., 1989). 

Vascular plant material is highly heterogeneous 
composed of structural, lignocellulosic components, 
as well as non-lignocellulosic compounds such as sug­
ars, free amino acids, lipids and proteins. Whereas 
most non-lignocellulosic material are leached and 
degraded by the microorganisms within days follow­
ing deposition of plant material, lignocelluloses com­
ponents are degraded only about 10-20% in the first 
month after submergence (Benner et ai., 1985; Benner 
and Hodson, 1985). 

The percentages of lignocellulose components 
(lignin, cellulose and hemicellulose) differ among 
species and in tissues within the same plant. Lignin 
form close associations with the cell-wall polysaccha­
rides cellulose and hemicellulose, reducing accessibil­
ity of these cell-wall constituents to microbial attack. 
The inhibition of decay rates by lignin has been con­
firmed in studies of halophytes decomposition 
(Hemminga and Buth, 1991; Wilson et ai., 1986; Buth, 
1987; Moran et ai., 1989; Moran and Hodson, 1989). 

In this paper the results of the litterbag studies have 
been used to determine the effect of chemical compo­
sition variation on decomposition of root litter of two 
dominant plant communities in two salt marshes in 
Tagus estuary (Figure 1), with different abiotic condi­
tions. In Pancas temperature values range between 
14.7°C and 22.6°C and in Corroios between 16.3°C 
and 24.7°C. Redox potential values, in Pancas, range 
between 144 and 507 m V and in Corroios between 17 

H. Lieth (ed.), Cash Crop Halophytes: Recent Studies , 97-\02. 
© 2003 Kluwer Academic Publishers. 
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Fig. I. The Tagus estuary showing the location of the sampling 
sites: Pancas and Corroios. 

and 338 mV These values were determined at 12:00 h, 
in low tide during the study period. 

The Tagus estuary is one of the largest estuaries on 
the Atlantic coast of Europe, covering an area of 
300 km2 at low tide and 340 km2 at extreme high tide. 
The southern and eastern parts of the estuary contain 
extensive intertidal mud-flat areas with the presence 
of Spartina maritima (Poales: Poaceae), Halimione 
portulacoides (Caryophyllales: Chenopodiaceae) 
and Arthrocnemum fruticosum (Caryophyllales: 
Chenopodiaceae ). 

MATERIALS AND METHODS 

Belowground plant material of S. maritima and 
H. portulacoides was collected in February 1997, with 
a coring device 6.7 cm in diameter in Tagus estuary 
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salt marshes, Pancas and Corroios. The samples were 
washed and approximately 5 g of root material 
were placed in litterbags with 450 /Lm mesh. The 
bags were prepared for each type of root material and 
were placed in an undisturbed area below the marsh 
surface, 10 cm depth, between roots of each species. 
Additionally three samples of each type of root mate­
rial were used as reference material. 

This study was conducted from March 1997 to 
September 1997. Three or more litterbags of each 
species were collected at intervals of one month in 
Pancas and Corroios. Plant material was removed 
from the litterbags, washed with distilled water and 
dried at 70°C to determine weight loss and chemical 
composition (hemicellulose, cellulose and lignin con­
tent). The chemical composition was analyzed by the 
standard Tappi methods. For chemical determinations 
dried plant material was successively extracted with 
organic solvents (dichloromethane and ethanol) and 
water to remove non-lignocellulosic components. 
Method adapted from Tappi 204 om-88. 

The Klason lignin content (or acid insoluble lignin) 
was determined by the standard method Tappi 
(T 13 m-54) and results from a sulfuric acid attack to 
the extractive free material. 

After Klason lignin determination the obtained 
filtrate was used to analyze the soluble lignin by fil­
trate absorption in the ultra-violet region 200-208 11m. 
Soluble lignin content was determined by the Tappi 
TUM 250-91 method. 

Structural polysaccharides composition (cellulose 
and hemicellulose) were determined by respective 
monomeric composition in a high performance liquid 
chromatography (HPLC), method adapted from Tappi 
(T249 cm-85). 

Ana Luisa Costa and Isabel Cafador 

Percent weight loss of individual components of 
S. maritima and H. portulacoides was calculated by 
multiplying the concentration of each component by 
the fraction of original weight remaining and express­
ing this as the percent of the original content of the 
component. 

The Levene's Test was used for homogeneity of 
variances. The mass loss results were statistically ana­
lyzed in a three-way analysis of variance (ANOVA). 
Significant differences were determined by the Tukey 
HSD Post Hoc test. 

After data transformation the chemical composition 
results still had heterogeneous variances, so it was used 
in the Kruskal-Wallis method. The data was statistically 
analyzed using the Program Statistica '99 edition. 

RESULTS AND DISCUSSION 

Initial Chemical Composition 

The initial chemical composition of radicular system 
of H. portulacoides and S. maritima is summarized in 
Table 1. The total non-lignocellulosic components 
(extracted material) were 0.122 g g-l and 0.120 g g-l 
in H. portulacoides and in S. maritima, respectively. 
The initial non-lignocellulosic components soluble in 
dichloromethane, ethanol or water had a similar distri­
bution pattern, in that ordering of the components was 
dichloromethane<ethanol<water for both species 
and sites (Figures 2--4). In Corroios, H. portulacoides 
had the lowest values for the three components. 

Total lignocellulose content and the individual 
compounds varied between species. Total lignocellu­
lose content ranged from 76% to 86% dry weight. The 

Table 1. Initial chemical composition of root system (g g-l dry weight) for each species 

Total non-
Total lignocellulosic 

Lignin Cellulose Hemicellulose lignocellulose components 

Pan cas 
H. portulacoides 0.353 0.198 0.208 0.757 0.134 

(0.000) (0.002) (0.008) 
Corroios 

H. portulacoides 0.387 0.180 0.193 0.760 0.107 
(0.003) (0.006) (0.007) 

S. maritima 0.332 0.252 0.273 0.857 0.120 
(0.000) (0.010) (0.008) 

Standard deviation is in parentheses. Total non-lignocellulosic components had no replicates. 
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Fig. 2. Percent non-lignocellulosic components of degrading root material of Halimione portulacoides in Corroios. The first month values cor­
responding to percent non-lignocellulosic components in reference material. 
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Fig. 3. Percent non-lignocellulosic components of degrading root material of Halimione portulacoides in Pancas. The first month values cor­
responding to percent non-lignocellulosic components in reference material. 
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Fig. 4. Percent non-lignocellulosic components of degrading root material of Spartina maritima in Corroios. The first month values corre­
sponding to percent non-lignocellulosic components in reference material. 
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lowest value was determined in H portulacoides, 
while S. maritima had the highest value. Kuehn et aI. 
(2000) have found similar values (78%) for total 
lignocellulose components in leaves litter of Juncus 
effusus in a freshwater wetland. 

The average lignin content (between the two sites), in 
contrast, was higher in H portulacoides (0.370 g g-I) 
than in S. maritima (0.332 g g-I). The average cellu­
lose and hemicellulose content were 0.189 g g -I and 
0.201 g g-I in H portulacoides and 0.252 g g-I and 
0.273 g g -I in S. maritima, respectively. 

These results of initial chemical composition are 
similar to those determined by Buth (1987) in a Dutch 
salt marsh: lignin 0.412 g g-I and cellulose 0.251 g g-I 
in Halimione portulacoides and 0.371 g g-I and 
0.228 g g -I for lignin and cellulose in other species of 
Spartina, respectively. 

Decomposition Rates 

Figure 5 shows the percentages dry weight remaining 
of the S. maritima and H portulacoides roots litter 
during decomposition. The analysis of variance of the 
dry weight remaining in the litterbags is presented in 
Table 2. The effects of species, local and time were 
significant but the overall effect interaction was not 
significant. Each species differed significantly (p :::; 
0.0 I) in litter remaining concentration, the local effect 
was also significant (p:::; 0.001) and the values on 
most dates differed significantly (p :::; 0.01) too. In 
same date there were an apparently gained in weight. 
This feature has been observed in several other 
decomposition studies (Buth, 1987; Wilson et aI., 
1986). Their suggestion is a flush of colonizing 
microorganisms after some weeks of incubation. 

Feb Mar Apr May Jun Jul Aug Sep 

__ H. portulacoides! Corroios ___ So maritima! Corroios 
-tr-H. ortulacoides! Pancas ~S. maritima! Pancas 

Fig. 5. Weight loss of plant material from litterbags in Pancas and 
Corroios. Bars give the standard deviation. 

Ana Luisa Costa and Isabel Ca(:ador 

Plant detritus of S. maritima and H portulacoides 
at both salt marshes were rapidly leached during the 
first month of incubation (Figure 5) resulting in a 
decrease of the residual mass from 50% in Pancas, in 
both species to 60% in H portulacoides and 75% in 
S. maritima in Corroios. 

Decompositions of S. maritima and H portulacoides 
in Corroios salt marsh were lower, 60% and 80% dry 
weight, after 7 months of incubation, than in Pancas 
salt marsh, 30% and 50% dry weight, respectively. 
This significant difference (ANOVA, p :::; 0.001) in 
rate of decomposition of root detritus between Pancas 
and Corroios has been observed previously (Costa and 
Ca9ador, unpublished data). 

This range of below ground decay rates were greater 
than the rates determined by Buth (1987) for root 
material of Halimione portulacoides (about 75% 
AFDW remaining) and Spartina anglica (about 85% 
AFDW remaining) after 30 weeks. 

Since decomposition rates were highest in 
H portulacoides and the amount of below ground bio­
mass was highest in H portulacoides too (Ca9ador 
et aI., 1999), this species is probably of more impor­
tance quantitatively for nutrient fluxes in the estuarine 
system than S. maritima. 

Chemical Composition Variation 

The non-lignocellulosic components did not change 
appreciably with time (Figures 2-4). However the 
non-lignocellulosic components, in H portulacoides 
in Pancas decreased substantially during the first 
3 months of incubation, reflecting its greater overall 
decomposition rate (Figure 5). 

The total lignocellulose content of the two species 
also did not show a substantial change with time except 
in the first month of incubation for H portulacoides 

Table 2. Analysis of variance of root litter dry weight 

Variable MS d.f. F p-Ievel 

Species 265.58 11.1649 ** 
Local 10556.22 443.7803 *** 
Time 148.43 6 6.2401 *** 
Species x Local 1945.97 1 81.8082 *** 
Species X Time 58.08 6 2.4418 * 
Local X Time 72.38 6 3.0430 * 
Species X Local X Time 47.54 6 1.9984 n.s. 

*p:S 0.05; **p:S 0.01; ***p:S 0.001; n.s., not significant. 
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Fig. 6. Loss oflignocellulosic components (cellulose, hemicellulose 
and lignin) for Halimione portulacoides in Carroios. 
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Fig. 7. Loss oflignocellulosic components (cellulose, hemicellulose 
and lignin) for Halimione portulacoides in Pancas. 

(Figures 6 and 7). Lignocellulose content of 
S. maritima, incubated in Corroios, did not change 
appreciably during this time, probably reflecting its 
much slower overall decomposition rate. Kuehn et al. 
(2000) also did not found great changes in the struc­
tural plant polymers in a decaying macrophyte leaves 
during the study period. However, they found small 
differences for water-soluble and dichloromethane­
soluble components. 

Lignin content had the highest values in the 
residual litter of H portulacoides (Figures 6-8) and 
probably reflects the discrimination against the lignin 
component of root litter during microbial decomposi­
tion (Buth, 1987; Moran and Hodson, 1989). 

The two polysaccharides components oflignocellu­
lose, cellulose and hemicellulose, decreased as 
decomposition progressed. The most pronounced loss 
was in cellulose (about 70% of the initial value) for 
H portulacoides in Pancas (Figure 7). This preferential 
utilization of the cellulose fraction of lignocellulose 
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Fig. 8. Loss oflignocellulosic components (cellulose, hemicellulose 
and lignin) for Spartina maritima in Corroios. 

relative to the other structural components (hemicellu­
lose and lignin) has been found previously for aquatic 
vascular plant material degrading in the same type of 
ecosystem (Moran and Hodson, 1989). 

CONCLUSIONS 

The significant difference (ANOVA,p::S 0.001) in rate 
of decomposition of root detritus between Pancas and 
Corroios has been observed previously (Costa and 
Ca<;ador, unpublished data) and is likely due to envi­
ronmental differences between the two salt marshes, 
rather than to plant-specific compositional differences. 

Since decomposition rates were highest in 
H portulacoides and the amount of below ground bio­
mass was highest in H portulacoides too (Ca<;ador 
et aI., 1999), this species is probably of more impor­
tance quantitatively for nutrient fluxes in the estuarine 
system than S. maritima. 

Decomposition losses are expected to be greater for 
plant species lower in initial lignin content (Buth, 
1987; Moran and Hodson, 1989; Foote and Reynolds, 
1997). According to this criteria, of the two plant 
species chosen for this study H portulacoides, having 
the highest initial lignin content, would be expected to 
degrade more slowly. Probably, more favorable envi­
ronmental conditions in H portulacoides sediments, 
such as the highest aeration of these sediments (Costa 
and Ca<;ador, unpublished data), compensated for 
decay resistance of H portulacoides material. This 
decay resistance overcome by changes in environmen­
tal conditions was also described by Buth (1987) for 
H portulacoides and Spartina communities and by 
Godshalk and Wetzel in aquatic macrophytes. 

Moran and Hodson (1989) considered that decompo­
sition rates are greater in plants species which are high 
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in non-lignocellulosic components; H. portulacoides 
had in fact the highest values in non-lignocellulosic 
components (Table I): the higher decay rate found 
for H. portulacoides is consistent with these authors 
findings. 
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Metal partition in Tagus estuary salt marshes: a case study 

ISABEL CA<;ADOR AND CARLOS VALE 

INTRODUCTION 

Salt marshes are among the most productive ecosystems 
in the world (Adam, 1990). Cities and industrialised 
areas were often installed in the proximity of salt 
marshes in estuaries and coastal lagoons. In these 
cases, tidal flooding transports large quantities of con­
taminants in both dissolved and suspended particulate 
forms to the salt marshes. Salt marsh vegetation influ­
ences the dynamics of the estuarine ecosystem and 
retains efficiently anthropogenic metals discharged to 
the system. Complex interactions between root and 
sediments result in the redistribution of metals in the 
sediment-root system (Tinker and Barraclough, 1988). 
In many marshes it has been shown that plants have a 
dominant role on the metal cycling (Vale, 1990; 
Cal(ador et aI., 1996). Metals are taken up by the roots, 
translocated to the above ground parts of the plants 
and, when they die, metals return to the sediments 
when organic matter is oxidised. Since roots accumu­
late larger proportions of metals (Cac;ador et aI., 2000; 
Otte, 1991) the interactions between below-ground 
biomass and sediments are extremely active and may 
have a strong influence on the form and concentra­
tions of metals in the rhizosphere (Cal(ador et aI., 
1996). 

However, a number of factors may cause post­
depositional mobilisation of metals from industrial 
and urban origin. Diagenetic reactions related to oxi­
dation of organic matter that usually occurs in high 
levels in salt marshes and oxidation of metal sulphides 
in the rooting zone (Madureira et aI., 1997) lead to the 
mobilisation of metals. This chapter reviews the trace­
metal distribution in the Tagus salt marshes and 
reports on the amount of metal recycled annually 
between sediment and plant. 

H. Lieth (ed.), Cash Crop Halophytes: Recent Studies, 103-109. 
© 2003 Kluwer Academic Publishers. 
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THE TAGUS ESTUARY SALT MARSHES 

The Tagus estuary is one of the largest estuaries on the 
Atlantic coast of Europe, covering an area of 300 km2 

at low tide and 340 km2 at extreme high tide. The 
southern and eastern parts of the estuary contain 
extensive inter-tidal mud-flat areas with the presence 
of Spartina maritima (Poales: Poaceae), Halimione 
portulacoides (Caryophyllales: Chenopodiaceae) 
and Arthrocnemum fruticosum (Caryophyllales: 
Chenopodiaceae). Contrary to many cases in Europe 
where pollutants from industrial regions are dis­
charged into rivers and brought to the estuaries via the 
rivers, in the Tagus most pollutants are discharged 
directly into the estuary. The estuary receives effluents 
from about 2.5 million inhabitants living in the 
Greater Lisbon area, together with the discharges from 
industries (chemicals, steelmaking and shipbuilding), 
Previous studies showed that Tagus salt marshes 
incorporate large quantities of anthropogenic metals 
into the sediments, Concentrations of copper (Cu), 
zinc (Zn), cadmiun (Cd) and lead (Pb) in the 
upper sediment increased 3-12 times relative to pre­
industrial levels, which indicates that a substantial 
quantity of anthropogenic metals is incorporated into 
the sediment (Cal(ador et aI., 1996), 

MATERIAL AND METHODS 

Three pure stands of Spartina maritima, Halimione 
portulacoides and Arthrocnemum fruticosum were 
studied at Rosario, a Tagus estuary salt marsh, The 
sampling was done in August 1998 and January 1999, 
corresponding to periods of maximum and minimum 
plant growth, From each stand above-ground biomass 
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was determined by clipping the vegetation at ground 
level from three squares with 0.09 m2 (0.3 X 0.3 m2). 

After cutting the plant material in each quadrate, one 
core from each quadrate was taken using a stainless 
steel coring tube with 6.8 cm inner diameter and 
60 cm depth. The samples were transported to the lab­
oratory in plastic bags, and the above-ground materi­
als were washed with demineralized water, separated 
into stems, leaves, flowers and standing dead material, 
and dried to constant weight at 80aC. Dead or partially 
decayed material, present as standing dead stems or 
leaves and surface litter, was identified by the yellow­
ish or brownish coloration and separated from the liv­
ing material. In the upper layer (0-25 cm), where the 
majority of below-ground components are typically 
concentrated (Catarino and Ca9ador 1981; Gross et al. 
1991), below-ground parts were separated from soil 
particles using a 212 /-Lm mesh sieve. The remaining 
plant material was dried at 80aC for 48 h and weighed. 

Three 60-cm long sediment cores were collected 
from inter-tidal non-vegetated zones and one from 
each of the areas on the salt marsh dominated by 
Halimione portulacoides, Spartina maritima and 
Arthrocnemum fruticosum. Sediment cores were 
sliced immediately at the following layers: 0-5; 5-15; 
15-25; 25-35; 35-45 and 45-55 cm of depth. Redox 
potential (Eh) and pH of the sediment layers were 
measured using a Criso pH/m V meter. The pH was 
measured after a short period of stabilization and the 
Eh electrode was allowed to reach equilibrium for 
15 min. Both pH and Eh measurements at each layer 
were repeated four times. In the laboratory, sediment 
samples were dried, and, after roots had been removed, 
they were homogenised. The particle-size distribution 
was determined by the pipette method (Gee and 
Bauder, 1986). After destroying the organic matter and 
the carbonates of the sediment, particle size was deter­
mined according to Stoke's law, in a 1000-ml measur­
ing cylinder with distilled water. The organic matter 
content of the sediment was determined by loss of igni­
tion (LOI) at 600aC for 2 h. Two grams of sediment 
were extracted with 10 ml of HN03/HCl (3: 1 v/v) 
twice at 130aC (Otte, 1991). The plants were washed 
with demineralized water to remove the soil from the 
roots and, after separating the roots, shoots and leaves, 
the fractions were dried and homogenised. For analysis 
of Zn, Pb and Cu in the three parts of the plants 10 ml 
HN03/HCI04 were added to 100 mg of material 
according to the methodology described in Otte 
(1991). The concentrations of Zn, Pb and Cu in the 
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solutions were determined by atomic absorption 
spectrophotometry (Perkin-Elmer 4000). Standard 
additions and sludge reference materials (EC standards 
CRM 145 and 146) plus vegetal reference material 
were used for sediment and plant analysis, respectively. 
The analysis of nitrogen and carbon was made using a 
CHN/O elemental analyser (Fisons, AE 1108). 

RESULTS AND DISCUSSION 

Sediment Characteristics 

All sediment samples were made up of clay and silt 
containing less than 3% sand. Grain size composition 
was relatively uniform with the depth, and non­
vegetated and vegetated sediments colonised by the 
three plants showed similar-fine fraction «63 /-Lm) 
percentage, considered as the most important fraction 
in concentrating metals that will be eventually avail­
able to be incorporated by the plants (Otte, 1991). 

Loss on ignition, an estimation of the organic matter 
content, was higher in sediments colonised by the three 
plants than in non-vegetated sediments (Figure 1). 
Sediments between roots of Spartina maritima con­
tained more organic matter than sediments around the 
roots of Halimione portulacoides and Arthrocnemum 
fruticosum. Higher organic matter content in rooting 
sediment layers is derived mainly from root material, 
the breakdown of which results in the formation of 
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Fig. 1. Vertical profiles of organic matter content (LOI) (%) in 
sediment between roots of Spartina maritima (.), Halimione 
portulacoides (.), Arthrocnemumfruticosum (A) and non-vegetated 
sediments (_) from Rosano, a Tagus salt marsh. 
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Fig. 2. Vertical profiles of total C (%) in sediment between roots of 
Spartina maritima (e), Halimione portulacoides (.), 
Arthrocnemum fruticosum (A) and non-vegetated sediments (_) 
from Rosario, a Tagus salt marsh. 
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Fig. 3. Vertical profiles of total N (%) in sediment between roots of 
Spartina maritima ( e), Halimione portulacoides (.), 
Arthrocnemum fruticosum (A) and non-vegetated sediments (_) 
from Rosario, a Tagus salt marsh. 

sediment organic matter (Tinker and Barraclough, 
1988). Different LOI among the sediment colonised 
by the three species may be attributed to differences in 
organic matter degradation rates (Orson et aI., 1992; 
Cayador et aI., in prep.). Carbon and nitrogen contents 
were also higher in sediment colonised by the three 
salt-marsh plants than in non-vegetated sediment 
(Figures 2 and 3). However, the C/N ratio was lower in 
vegetated areas (Figure 4), which suggests that 
nitrogen is more effectively retained in colonised sed­
iments than carbon. The contribution of the microbial 
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Fig. 4. Ratio (C/N) in sediment between roots of Spartina maritima 
(e), Halimione portulacoides (.), Arthrocnemum fruticosum (A) 
and non-vegetated sediments (_) from Rosario, a Tagus salt marsh. 
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Fig. 5. Vertical profiles of pH in sediment between roots of 
Spartina maritima (e), Halimione portulacoides (.), 
Arthrocnemum fruticosum (A) and non-vegetated sediments (_) 
from Rosario, a Tagus salt marsh. 

population on C and N budgets should also be taken 
into account. Accordingly, pH (Figure 5) and redox 
potential (Figure 6) in sediments between roots of 
S. maritima were lower in bulk sediment, presumably 
due to the microbial breakdown of organic matter with 
release of CO2 (Tinker and Barraclough, 1988). The 
redox potential of sediment layers from non-vegetated 
sites and below roots (>30 cm depth) showed lower 
values than upper sediment layers where larger 
amounts of roots are present. This indicates that the 
rhizosphere is a more oxidative and acidic environ­
ment than the surrounding sediments. These differ­
ences are attributed to plant activity rather than to 
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Fig. 6. Vertical profiles of redox potential (Eh) in sediment 
between roots of Spartina maritima (.), Halimione portulacoides 
(.), Arthrocnemum fruticosum (A) and non-vegetated sediments (_) 
from Rosario, a Tagus salt marsh. 

differences in inundation level and sediment grain size 
distribution. The oxidising conditions may result from 
oxygen release by roots leading eventually to the pre­
cipitation of iron oxides around a certain part of the 
roots as reported in previous work (Vale et aI., 1990). 

Zinc, Lead and Copper in Sediments 

Vertical profiles of Zn, Pb and Cu concentrations dif­
fer from vegetated to non-vegetated sediments (Figure 
7). The most striking aspect of these profiles is the fact 
that vegetated sediments contained higher metal con­
tents than non-vegetated sediments. Furthermore, con­
centration increases at depths of higher root density, in 
contrast to the metal enrichment of the topmost layers 
in non-vegetated sediments (Cac;ador et aI., 1993). The 
shape of metal concentration profiles in vegetated sed­
iments is, thus, not attributed to contamination, rather 
being related to the presence and activity of roots. 

Several researchers have investigated the associa­
tion between organic matter accumulation in salt 
marsh sediments and metal concentrations (Ernst, 
1990). In some cases, they are directly related and that 
was interpreted as organic material being a vehicle for 
the transport of metals from plants. Apparently that 
was not the case in the Tagus salt marsh studied, since 
sediments organically enriched and colonised by 
S. maritima showed lower Zn, Pb and Cu concentra­
tions. Other works found also little or no correlation 
between organic matter content and metal concentra­
tions (Orson et aI., 1992). This lack of correlation 
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Fig. 7. Vertical profiles of total Zn, Pb and eu (f.Lg g-l) in sediment 
between roots of Spartina maritima (.), Halimione portulacoides 
(.), Arthrocnemum fruticosum (A) and non-vegetated sediments (_) 
from Rosario, a Tagus salt marsh. 

indicates that organic matter content is not the domi­
nant factor explaining the metal distribution in Tagus 
salt marsh sediments (Cac;ador et aI., 1999). In fact, 
available metals extracted by DTPA (expressed in % 
of total metal concentration) and LOI in sediments 
between roots are inversely related, which means that 
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metals are preferentially available in sediments 
impoverished in organic matter (Ca9ador et aI., 
1996, 1999). Another possible explanation for metal 
incorporation in rooting sediments are the complex 
interactions between roots and sediments. For exam­
ple, formations of iron oxides enriched in trace metals 
(Vale et aI., 1990), metals incorporated in fresh root 
debris that forms the sedimentary organic matter, and 
eventually metals associated with exudates (Morel 
et aI., 1986; Mench and Martin, 1991). 

Zinc, Lead and Copper in Plants 

Below-ground biomass of S. maritima, H portula­
co ides and A. fruticosum are substantially higher when 
compared to the above-ground values (Table 1). This 
is commonly observed in salt marsh plants (Gross 
et aI., 1991) and emphasises the importance of organic 
matter regeneration at the interior of salt marsh sedi­
ments. Roots, stems and leaves of the studied plants 
contained different levels of zinc, lead and copper 
(Table 2). Clearly, the higher metal concentrations 
were found in the root system, and only small frac­
tions were recorded in the above-ground parts. The 
partition of lead among the analysed parts of the 
plants was very pronounced, indicating that lead is 
efficiently stored in roots. Otherwise, zinc and copper 
are more uniformly distributed, meaning they are par­
tially translocated from the roots to the upper parts of 
the plant. 

Table 1. Minimum and maximum Zn, Pb and eu concentration 
(mg/kg) in root system, stem and leaves of S. maritima. H. portula-
co ides and A. fruticosum 

Spartina Halimione Arthrocnemum 

Min Max Min Max Min Max 
(mg/kg) (mg/kg) (mg/kg) 

Zn 

Root system 308 530 485 670 395 430 
stems 40 89 39 80 20 67 
leaves 40 63 48 90 

Pb 
Root system 208 396 475 580 283 343 

stems 2 6 4 3 16 
leaves 4 7 7 

Cu 
Root system 65 82 108 171 32 52 

stems 12 18 6 14 15 30 
leaves 5 12 4 15 
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The halophytes recycle metals in their interior and 
exchange them with the surrounding sediments. This 
function appears to be an important vector helping to 
reduce the effects of metal contamination in estuarine 
areas. It is well documented that transition elements 
are accumulated in salt marsh plants during the grow­
ing season (Alberts et aI., 1990) and the incorporation 
is more effective in the root system (Rozema et aI., 
1990). The metal uptake by the roots involves com­
plex processes due to the nature of the root-sediment 
interactions (Tinker and Barraclough, 1988; Otte, 
1991). The chemistry of the rhizosphere is very differ­
ent from the surrounding sediment environment 
(Ernst, 1990). As plants colonise the sediment, oxygen 
is delivered by the roots, sulphide forms are oxidised 
and the micro-environment around the roots becomes 
more oxidative and acidic (Madureira et aI., 1997; 
Ca9ador et aI., 1996). In certain parts of the roots 
iron plaques may be formed (Crowder et aI., 1987; 
Otte et aI., 1989). In the Tagus they are degenerated 
in thick concretions, called rhizoconcretions (Vale 
et aI., 1990). With such a variety of heterogeneous 
processes, metal uptake by salt marsh plants is still 
poorly understood. While the transfer of metals, from 
sediment to root is not well clarified, the Tagus salt 
marsh plants accumulate considerable quantities of 
metals. For example, cadmium concentration in roots 
of S. maritima, H portulacoides and A. fruticosum is 
2-4 times the levels existing in the bulk sediment 
(Ca9ador et aI., 2000). The overall effect of accumula­
tion in roots becomes particularly relevant in this 
ecosystem because the underground biomass is high, 
and the root sediment proportion reaches a maximum 
of 1:4 (weight:weight) at the end of the growing sea­
son (Ca9ador et aI., 2000). The roots are, thus, an 
important component of the salt marsh sediments 
interfering actively with the metal cycling. 

Table 2. Minimum and maximum biomass (kg/mz) values of 
root system, stems and leaves of S. maritima, H. portulacoides 
and A. fruticosum 

Spartina Halimione Arthrocnemum 

Min Max Min Max Min Max 
(kg/m-z) (kg/m-z) (kg/m-z) 

Root system 4.10 7.10 4.50 7.70 3.20 5.20 
stems 0.10 0.32 0.61 1.05 1.23 2.43 
leaves 0.35 0.71 0.12 0.37 

total 4.55 8.13 5.23 9.12 4.43 7.63 
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As plants die, roots are incorporated into the 
sediment as organic debris and metals return to the 
sediment. Only a small fraction of metals transferred 
to the sediment is rapidly available to plants. 
Apparently, this fraction barely exceeds 20% and this 
limit does not vary a great deal with the degree of 
metal contamination (except for Zn). Metals appear 
thus to be immobilised as a consequence of root activ­
ity and this may prevent the toxic action of these 
elements in the estuarine ecosystem. 

Seasonal Variation of Metal Concentrations 
in the Root-sediment System 

Metal concentrations in roots and sediments between 
roots in Tagus estuary salt marshes vary with the sea­
son (Ca9ador et aI., 2000). The highest metal concen­
trations occurred in the roots, with lowest levels in 
January and increasing levels during the growth peri­
ods. Zinc, copper and lead in sediments exhibited a 
corresponding change in concentrations, reaching 
maximum in January and subsequently decreasing in 
spring. These results indicate that metals incorporated 
in the sediments are taken up by the vegetation and 
accumulated in the root tissues, mainly during the 
growing season. 

Calculation of Excess of Metals in 
Rooting Sediments 

In order to assess the fraction of metals that is recycled 
between the root and the surrounding sediment, mass 
balance calculations were done between the two 
extreme periods of the growing season (August and 
January). 

Considering a hypothetical cylinder of 1 m2 surface 
and 35 cm height, the mass of metal (Mme) that is lost 
by the roots of each plant between the two months 
(1 and 2) may be estimated by the expression: 

Mme = (biomass) X [Me])) - (biomass2 X [Meh) 

The quantities of metals obtained for each plant were: 

Plant species 

Spartina 
Halimione 
Arthrocnemum 

Zn (g) 

2.5 
3.0 
1.0 

Cu (g) Pb (g) 

0.32 2.0 
0.83 2.2 
0.17 0.9 
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Considering the same sediment volume, the mass of 
metal (Mep) incorporated in the sediment between 
roots due to the plant activity may be estimated by 
the sum of metal accumulated in each sediment slice 
considered: 

Mep = ~ (mass of dry sedimentlm2) X [Me ]sed 

The mass of metal incorporated in the sediment 
(MMe) between the two periods is the difference: 

The quantities of metals obtained for the areas 
colonised by each plant were: 

Sediment by colonised Zn (g) Cu (g) Pb (g) 

Spartina 40 
Halimione 24 
Arthrocnemum 91 

31 
45 
58 

21 
30 
29 

On the basis of these values one may estimate the per­
centage of the accumulated metals in roots to the 
metal variation in surrounding sediments: 

Contribution 
of roots Zn(%) Cu(%) Pb (%) 

Spartina 6 10 
Halimione 13 2 7 
Arthrocnemum <1 3 

These estimated values were low and indicate that 
recycling varies with the plant and it is different from 
element to element. However, it should be mentioned 
that percentages were calculated on the basis of 1 year 
in a sediment column of 30 years (Ca9ador et aI., 
1996). 

CONCLUSIONS 

The results from this investigation show that vascular 
plants in salt marshes are determinant to the dynamics 
of the estuarine system and strongly influence the 
processes of accumulation and retention of heavy 
metals there. Basically through their subterranean 
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components, vascular plants in salt marshes may act as 
temporary "sinks" for heavy metals there are possibly 
also an important vector to the incorporation of these 
metals into the salt marsh sediments. Releasing oxygen 
to the rhizosphere, vascular plants critically impact 
the biogeochemistry of the sediments, modifying 
dramatically the soil characteristics in areas colonised 
by salt marsh vegetation. This will decrease the 
mobility and availability of heavy metals. 
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Potential of halophytes as animal fodder in Egypt 

HASSAN M. EL SHAER 

INTRODUCTION 

Feed resources deficiency is considered one of the 
basic constraints to improve animal productivity in 
arid and semi-arid regions in Egypt. Improving the 
fodder supply of desert grazing livestock (sheep, 
camels and goats), particularly during the prolonged 
dry seasons, would increase the average annual animal 
production by approximately 27% (FAO, 1995). 
Attention has been directed towards the necessity to 
utilize marginal resources, that is, saline soils and 
underground water for producing unconventional ani­
mal feed, such as halophytes. 

The natural rangelands constitute the principal feed 
resources for livestock in the Egyptian deserts. The 
biomass production and quality of the natural range­
lands in such areas vary considerably from season to 
season and from area to area, depending on several 
environmental factors (EI Shaer, 1996). Halophytes 
are widely distributed throughout several regions of 
Egypt, because of the presence of numerous salines 
along the Mediterranean Sea and Red Sea shores and 
inlands (littoral salt marshes and inland salt marshes) 
as reported by Batanouny (1993). 

Halophytes represent a major part of the natural 
vegetation in Egypt and particularly of the perennial 
shrubs (Zahran, 1982). The less and unpalatable plant 
species represent approximately 70% of the total cov­
erage. Several attempts have been made to improve 
their palatability and nutritional utilization through 
proper processing methods. Ensiling halophytic plants 
with other feed ingredients appeared to be the most 
convenient processing method under the arid condi­
tions of aridity in Egypt (EI Shaer et al. 1991; Abou EI 
Nasr et aI., 1996). This chapter aims to show the 
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potential of halophytes, particularly as animal fodder 
under the arid conditions of Egypt. 

HALOPHYTE HABITATS 

The halophytic vegetation of Egypt comprises 38 com­
munity types inhabiting different habitats. Although 
most halophytes are desert types, coastal and marine 
types are also prevalent (Batanouny, 1993) distinguishes 
for different biotops for halophytic communities. 

(1) The coastal salines: They are prominent and form 
an important ecosystem at the Red Sea and 
Mediterranean Sea. Extensive sabkhas are present at 
levels slightly below or above sea level. 

(2) Great depressions and oases: Salt marsh plants are 
widely distributed in oases and depressions such as 
Cattara Depression in Western Egypt. The common 
species in such habitats include Tamarix spp., Juncus 
spp. and Alhagi maurorum. 

(3) Inland saline depressions: The saline depressions in 
the desert or in the wadis receive runoff water with 
dissolved salts. They are oflimited size and occur in the 
Eastern desert of Egypt. These depressions support dif­
ferent halophytes such as Nitraria retusa, Tamarix spp., 
Zygophylum album and Atriplex halimus. 

(4) Anthropogenic salines: Salines formed due to 
human activities are of common occurrence in Egypt 
as a result of heavy irrigation of the cultivated lands 
and the lack of drainage. In the oases of the Western 
Desert of Egypt, areas which were formerly under 
cultivation have become waste saline lands. 
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ECONOMIC BENEFITS AND USES OF 
HALOPHYTES 

There are many usages of halophytes in Egypt, as will 
be listed in brief as follows: 

1. Halophytes as fuelwood and coal: Tamarix trees 
and Acacia spp. trees are as woody plants as a good 
source for firewood and coal. The trade in coal 
from Acacia trees is very common and represents 
one of the main jobs of Bedouins in the South 
Eastern part of Egypt. 

2. As timber: Tamarix spp., Haloxylon, Prosopis and 
Avicennia are considered the main timber in Egypt 
for construction of roofs and some furniture. The 
mechanical properties of the wood are suitable for 
making crates and fruit boxes. 

3. As fodders (range plants): Several halophytic 
plants represent the main source of animal feeds in 
Sinai and the North western coast of Egypt. 
Animals cannot sustain themselves on halophytes 
only, but they should be supplemented with other 
feed resources to produce milk, meat, etc. 

4. As medicine: The ash of some halophytes is, some­
times, used in the folk medicine, especially for 
wounds, scabies and bums. For instance, the ash of 
Zygophyllum spp. is used for treating scabies in 
camels. Avicennia can, also, have aphrodisiac char­
acters (Batanouny, 1993). 

5. As wind breaks: Tamarix aphylla and Prosopis spp. 
have been used for a long time as wind breaks in 
desert areas in different Arab regions. 

Hassan M El Shaer 

CHEMICAL AND MINERAL COMPOSITION 

Halophytic plant species vary considerably in their 
chemical composition, nutritive value and palatability 
as indicated from data cited by many investigators 
(El Shaer,198 1; Abd El Aziz, 1982; El Bassosy, 1983). 

Data in Table 1 show that most halophytic shrubs 
contain moderate amounts of crude protein (CP), 
which it seems to cover the nitrogen requirements of 
grazing animals. They also contain high levels of fiber 
and ash contents which could limit intake and 
digestibility of such forages. Although, the protein 
content seems to be high, a large proportions of such 
protein occurs in the form of non-protein nitrogen. 
Therefore, available sources of energy should be sup­
plemented to animals for better utilization and effi­
cient digestion. N retusa, S. fruticosa and A. halimus 
can be considered as good fodders because of their 
palatability for all animal species, in addition to their 
moderate content of protein. A. halimus is slightly less 
palatable and usually grazed during summer and 
autumn (EI Shaer, 1981; Abd EI Aziz, 1982) by sheep, 
goats and camels. 

Data in Table 2 show that all plant species contained 
sufficient levels of major and trace elements. Most of 
the tested minerals appear to cover the requirements 
of livestock except for P and S contents according 
to the International Recommendation of Mineral 
Requirements for livestock (Kearl, 1982). Therefore, 
P and S supplementation is necessary for grazing 
sheep and goats in particular during the critical stages 
of animal productivity. 

Although some halophytic shrubs show higher 
levels of some trace or major elements, their mineral 

Table 1. The chemical composition (%, on dry matter basis) of most common halophytes in Sinai and the North 
Western Coast of Egypt 

*PR OM Ash PR CP EE NFE 

Nitraria retusa A 38.1 30.2 31.5 11.3 2.55 24.45 

Atriplex halimus A 35.0 23.1 26.2 13.2 2.30 35.20 

Salsola tetrandra A 38.0 36.1 34.2 6.77 2.41 20.52 

Suaeda fruticosa A 24.1 14.2 30.1 12.1 5.00 38.60 

Tamarix aphylla C 35.1 20.1 14.2 12.2 3.52 49.98 

Halocnemun strobilaceum C 30.1 40.1 17.0 6.92 2.15 33.83 
Tamarix mannifera G,C 42.1 25.2 13.0 8.15 3.11 50.54 

Haloxylon salicornicum Nil 45.1 18.1 29.5 17.5 5.71 34.19 

Zygophyllum album Nil 27.7 30.2 13.7 6.75 2.33 47.02 

*PR: Palatability for animal species; S: sheep; G: goat; C: camel; A: All animals; OM: Ory matter; CP: Crude 
protein; CF: Crude fiber; EE: Ether extract; NFE: Nitrogen-free extract. 
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Table 2. Overall average values of element concentration in edible parts of halophytic plants (on OM basis) grown in Sinai and the North 
Western Coast of Egypt 

Ca% P% Na% K% 

Nitraria retusa 1.96 0.22 5.35 0.66 
Atriplex halimus 1.69 0.32 3.91 0.57 
Tamarix aphylla 3.73 0.16 2.75 0.78 
Zygophyllum album 2.26 0.14 2.89 1.14 
Suaeda fruticosa 2.11 0.41 4.06 1.29 
Salsola tetrandra 3.98 0.16 5.65 1.45 
Tamarix mannifera 3.01 0.01 2.70 0.91 
H. salicornicum 4.00 0.15 5.01 1.74 
H. salicovnicum 4.5 0.14 5.21 2.01 
Range 1.7-4.5 0.01--{).41 2.7-5.7 0.6-2.0 

concentrations are still within normal ranges and 
without any harmful effects on livestock production 
(EI Shaer, 1986). 

UTILIZATION OF FRESH AND DRIED 
HALOPHYTIC FODDER 

Intake and Nutrient Utilization 

Voluntary feed intake (VFI) and digestibility are con­
sidered the two major components regarding forage 
quality of grazing ruminants. The process of aging and 
maturation of the ranges was found to be associated 
with a decline in digestibility, CP and consequently 
nutritive value (EI Shaer, 1981; EI Bassosy, 1983). 

Dry matter intake (DMI) and DM digestibility of 
halophytic forages were higher during the grazing 
season than in the drought season for both sheep 
and goats (Table 3). Rams consumed less DMI of 
forages than bucks in the drought season (34.4 vs. 
44.1 g kg -0.75) as reported by EI Shaer (1981). 
Le Houerou (1992) reported that sheep became 
adapted to saltbush and increased their intake of 
forage over a 3-5 month period. 

Mixed diets containing halophytes are acceptable to 
sheep and goats. Most of halophytic shrubs are high in 
protein content of moderate digestibility. On the other 
hand, DMI by sheep and goats from T. mannifera and 
A. halimus were markedly higher (P < 0.05) than that 
from Z. album and H. strobilaceum, since the fresh 
Z. album and H. strobilaceum are known to be unpalat­
able feeds. The poor intake of the fresh and air-dried 
materials of some species could be attributed to three 

Zn Cu Fe Mn 
Mg% S% ppm ppm ppm ppm 

0.36 0.14 32 II 578 62 
0.32 0.17 64 10 503 51 
0.43 0.12 38 13 274 60 
0.64 0.09 41 7.8 393 52 
0.30 0.20 55 13 674 88 
0.59 0.12 44 8.9 664 79 
0.46 0.09 45 16 291 52 
0.33 0.07 73 18 603 80 
0.39 0.10 91 17 621 87 

0.3-0.6 0.07--{).20 32-91 8-18 274--674 51-88 

Table 3. Ory matter intake (g OM kg- 1 W-O.75) of halophytic 
species by sheep and goats 

Sheep (S) Goat (G) S/G ratio 

Fresh state 
A. halimus 19.4 15.8 1.23 
H. strobilaceum 18.2 14.2 1.28 
T. mannifera 10.9 10.3 1.06 
Z. album 2.12 2.94 0.72 

Air-dried state 
A. halimus 13.2 21.0 0.63 
H. strobilaceum 9.45 8.23 1.15 
T. mannifera 5.12 4.75 1.08 
Z. album 0.00 0.00 0.00 

Source: EI Shaer et al. (1990). 

main factors: (1) high Na, Ca and silica, (2) higher 
levels of acid detergent lignin (ADL) and neutral 
detergent fiber (NDF) and (3) many shrubs contained 
higher levels of plant secondary metabolites such as 
tannins, alkaloids, saponins, oxalates, etc. 

Neutral detergent fiber (NDF) is a good indicator 
for forage intake. The low NDF value (50.2%) for 
fresh Potamogeton crispus would explain their higher 
intake by sheep compared to fresh Tamarix mannifera 
and Glinus lotoides (Kandil et ai., 1991). Therefore, 
the low CP content (approximately 6%) and higher 
levels of NDF, ADL and acid detergent fiber for 
T. mannifera and G. lotoides have been considered to 
limit the forage consumption and digestion, while 
P. crispus showed a contrary trend. Total digestible 
nutrients (TDN) and digestible crude protein (DCP) 
were higher for sheep fed P. crispus than the other two 
groups. Also, sheep fed P. crispus were only in a 
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positive nitrogen balance while the other groups did 
not retain nitrogen in their bodies(Kandil et aI., 1991). 
On the other hand, Abou El Nasr et aI. (1996) added 
that sheep fed saltbush hay, fresh Acacia and Acacia 
hay were not able to sustain their maintenance require­
ments ofDCP and showed a negative nitrogen balance 
which was attributed mainly to lower nitrogen intake 
and live body weight loss. 

Growth and Feed Efficiency 

In Southern Sinai, Hassan et al. (1980) indicated that 
sheep lost weight during allover a year (12 months), but 
losses were minimal in the spring season (26 g day -I) as 
compared to 134 g day -I in the summer season during 
a poor raining year. Also, sheep and goats were not able 
to maintain their live weights even when the pasture 
reached its best conditions low rainy seasons (Hassan 
et aI., 1980; Warren et aI., 1990; El Shaer, 1997). Similar 
results were obtained by E1 Shaer (1981) through two 
successive years. Rams lost weight in drought season 
(-47.8 g day-I) but gained weight (+24 g day-I) in 
grazing season, whereas, bucks gained weight in both 
drought and grazing seasons (22.8 and 98.1 g day-I, 
respectively) in good rainy seasons. 

UTILIZATION OF ENSILED HALOPHYTES 

The silage is considered a proper conservation method 
for plants that could improve their palatability and 
nutritive value since feeding fresh materials could 
hardly sustain the maintenance requirements of ani-
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mals. El Shaer et aI. (1991) found that the ensiling 
process improved the quality of halophytes and 
enhanced their acceptability for sheep and goats. 

Physical and Fermentative Characteristics of 
Silage 

Numerous halophytic silages were tested under the 
arid conditions of Sinai. This chapter will focus on the 
most common silages that have been applied in 
Bedouin's farms. Eight silages were made from halo­
phytic natural orland cultivated shrubs in addition to 
some other feed ingredients as illustrated in Table 4 
(Abou El Nasr et aI., 1996; Anon, 1998). 

Data on some physical (odour, texture and colour) 
and fermentation characteristics such as pH, ammonia­
nitrogen (NHrN), and total volatile fatty acids 
(VFA's) of the previously mentioned halophytic 
silages (Table 4) are presented in Table 5 (as cited 
from Abou EI Nasr et aI., 1996; Anon, 1998). 
Concerning the physical traits, it seems that silages 
varied in their odour, colour, and texture. In general, 
most silages showed good normal odour, with pleasant 
aroma. They were moist and the colour ranged from 
greenish to yellowish colour. Silages containing 
ensiled materials of a mixture of natural and cultivated 
shrubs with broiler litter (BL) or anaerobic digested 
manure (silages 5 and 6) seemed to have better physi­
cal traits. Concerning the fermentative characteristics 
(Table 5), the pH was acidic (ranged from 4.00 for the 
silages 5 and 6 to 4.60 for the silage 3). Value of 
ammonia-nitrogen (NH3-N) and total volatile fatty 
acids (TVFA) varied among silages. The highest 

Table 4. Ensiling materials of the tested silages (%, on OM basis)* 

Ingredients SI** S2 S3 S4 S5 S6 S7 S8 

Natural shrubs 
Tamarix manni/era 30 20 20 15 10 10 
Zygophyllum album 30 20 20 15 10 10 
H. strobilaceum 30 20 20 15 10 10 

Cultivated shrubs 
A. nummularia 18 12 12 80 
A. saligna 27 18 18 80 

Broiler litter 30 
ADM* 30 30 30 
Molasses 10 10 10 10 10 10 20 20 

Total 100 100 100 100 100 100 100 100 

*S: Silage, see explanation in text. 

*Anaerobic digested manure (ADM) as a by-product from a biogas unit. 
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Table 5. Some physical and fermentative characteristics of the tested silages 

Criteria SI S2 S3 S4 S5 S6 S7 S8 

Physical traits 
Odour Good E good E good V good V good Good Good Good 
Texture Esoft Fair Soft Soft V good E Soft Soft Soft 
Colour Y Y G G Y Y G G 

Fermentative traits 
pH 4.50 4.40 4.66 4.10 4.00 4.00 4.50 4.10 
NHrN,%DM 4.70 6.50 6.00 4.70 6.90 6.10 0.26 0.18 

TVFA's, meq/IOOml* 0.22 0.40 0.55 0.20 0.36 0.60 4.48 5.47 

E good = Fairly good; V good = Very good; E soft = fairly soft. S = Silage; G = greenish; Y = yellowish. 

*meq/IOO ml: milliequivalentllOO millilitre. 

Table 6. Overall averages of chemical composition, sodium and potassium concentrations of ensiled ingredients and silages 
(as % on DM basis) 

Criteria DM Ash CP CF EE Na K NDF ADF ADL 

Ensiled ingredients 
A. nummularia 40.4 25.5 12.2 16.1 2.10 4.50 2.30 60.5 33.1 10.3 
A. saligna 44.8 10.6 8.80 22.3 2.40 1.10 1.10 63.0 44.1 18.4 
T mannifera 51.5 22.3 7.60 16.0 3.50 2.75 0.79 49.0 33.3 12.2 
Z.album 36.0 26.9 6.40 16.0 4.40 2.80 1.26 44.9 31.4 13.2 
H.strobilaceum 60.0 29.1 6.50 14.3 3.00 5.00 1.60 41.8 22.8 11.2 

Broiler litter (BL) 88.3 16.7 28.0 7.80 1.80 0.51 1.69 
ADM 60.0 27.3 11.0 12.5 0.40 0.82 0.53 

Silages 
SI 45.0 22.7 7.10 21.3 2.50 1.30 6.88 51.1 28.9 7.50 
S2 59.2 22.7 9.10 23.4 1.30 1.67 1.07 52.0 34.1 13.8 
S3 45.7 20.8 8.40 11.2 1.50 2.25 1.20 42.7 28.6 13.2 
S4 47.4 22.6 7.20 17.8 1.60 1.60 0.95 50.5 33.5 13.8 
S5 48.1 23.4 13.9 14.2 2.30 2.00 1.40 40.6 25.4 11.0 
S6 49.2 23.3 9.50 15.8 1.50 2.10 1.73 47.4 33.8 15.4 
S7 37.1 13.1 10.2 25.3 4.90 64.7 39.6 11.2 
S8 33.1 22.5 11.8 20.4 4.00 60.1 38.4 8.46 

ADM: Anaerobic digested manure; S7: Acacia silage; S8: Saltbush silage. 

NHrN value (6.90% DM) was recorded for S6 fol­
lowed by that of S2 (6.50% DM) which included the 
anaerobic digested manure (ADM). Similar findings 
were obtained on some ensiled halophytic shrubs by 
El Shaer et al. (1990 and 1991). Abou El Nasr et al. 
(1996) reported that total VFA's concentrations for 
saltbush (A. nummularia) and Acacia, as percentage of 
dry matter silages, were 4.48 and 5.47 which indicates 
good quality silages (Table 5) while NHrN%, DM 
values were lower than those of other silages as the 
ensiled materials of saltbush or Acacia did not include 
broiler litter or anaerobic digested manure of high 
non-protein nitrogen. Generally, the present results are 

of great importance since the available unpalatable 
halophytic materials could be improved and used as 
good quality ensiled animal feeds, particularly if halo­
phytic shrubs are ensiled with dried broiler litter and 
available energy sources. 

Chemical and Mineral Composition of Feed 
Ingredients 

Average values of proximate chemical and mineral con­
stituents of ensiled ingredients (natural and cultivated 
halophytic shrubs, broiler litter and anaerobic digested 
manure) and silages are summarized in Table 6. 
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Concerning the ensiled materials, all halophytes 
attained reasonable crude protein levels ranged from 
6.59% (Hstrobilaceum) to 12.2% (Atriplex nummula­
ria) which seemed to be enough to cover the mainte­
nance requirements of nitrogen for small ruminants 
(Kearl, 1982). Ash content varied greatly among halo­
phytic species and ranged from 10.6% (A. saligna) to 
29.1% (H strobilaceum). Broiler litter was rich in 
nitrogen content with 28% CPO The ADM, resulted as 
a by-product from the biogas unit at Ras Sudr 
Research Station, contained moderate level of 
CP (11.0%) with great ash (27.3%) concentrations. 
All ensiled materials attained reasonable concentra­
tions of sodium (Na) and potassium (K). The highest 
Na levels were showed in H strobilaceum (5.0%) 
while the lowest concentrations were observed in the 
broiler litter (0.51%). Atriplex nummularia showed 
the greatest K concentrations (2.30%) whereas the 
minimum values were recorded in ADM (0.53%). 
However, the concentrations of Na and K in the 
ensiled materials, seemed to be above the dietary 
requirements of ruminants (Kearl, 1982) without 
harmful impact on livestock production. 

Concerning the ensiled products (Table 6), it 
appeared that silage 5, which contained ensiled shrubs 
with broiler litter, contained the highest level of 
CP (13.9%) due to inclusion of broiler litter together 
with the other ensiled materials. Silages 1 and 4 
showed the lowest CP content (7.10% and 7.20%, 
respectively) since they included ensiled shrubs only 
without BL or ADM. In addition the ensiling process 
resulted in a decrease in CP content of silages 
(EI Shaer et aI., 1990, 1991). However, the CP levels in 
the tested silages seemed to be reasonable to maintain 
the protein requirements of ruminants. Ash contents of 

Table 7. Intake and digestion of halophytic silages 
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silages were generally high and comparable among 
silages. Such higher ash content could be attributed to 
the inclusion of natural halophytic shrubs and ADM. 
Na and K concentrations of the tested silages appeared 
to be in normal ranges and enough to cover the 
requirements of ruminants (Kearl, 1982). 

Intake of Ensiled Halophytes and Nutrient 
Utilization 

Khamis (1988) found that ensiling of desert plants 
improved the palatability of livestock feed and the 
DMI was increased (Table 7). Maximum intakes were 
recorded for goats and sheep fed H strobilaceum and 
A. halimus followed closely by T. aphylla, whereas 
Z. album silage was inferior. 

The same author summarized the data of DMI, 
digestibility, TDN and DCP for the different silages 
(Table 7). It seems, that animals were able to cover 
their maintenance requirements. Also, voluntary 
intake was increased by ensiling a mixture of halo­
phytic species, that is, A. halimus, H strobilaceum, 
T. mannifera and Z. album with ground date seeds. He 
added, also, that ensiling of less or unpalatable halo­
phytes with other feed ingredients would improve for­
age acceptability. 

Sheep and goats had positive nitrogen balance 
except when they were fed on Z. album silage. 
Animals also consumed more free water when fed 
H strobilaceum silage in comparison with the other 
three silages. On the same trend, in a study on goats 
and sheep fed broiler litter ensiled with some desert 
shrubs in Sinai, EI-Shaer et al. (1990) reported that 
ensiling these forages with broiler litter (BL) 
improved their palatability and DMI as compared with 

T. mannifera A. halimus Z. album H. strobilaceum 

Items Goats Sheep Goats Sheep Goats Sheep Goats Sheep 

OMI (g Kg- l w-O.75 day-I) 42.15 44.17 59.69 59.87 22.53 24.54 59.41 58.21 
Silage digestion (%) 
OM 51.54 50.81 60.72 58.09 49.89 47.3 66.05 61.67 
CF 42.42 45.65 67.44 54.26 21.30 40.46 64.37 64.23 
CP 56.60 59.00 65.67 74.29 66.14 52.01 66.99 83.50 
EE 71.79 67.46 73.27 75.37 50.56 56.08 70.83 63.70 
NFE 47.65 48.99 59.14 60.85 52.34 41.45 64.60 58.75 

TON (g W-O.75 day-I) 17.34 18.70 32.52 32.22 8.81 9.64 29.84 28.67 
OCP (g W-075 day-I) 2.93 3.20 5.62 6.37 1.62 1.95 4.56 5.57 



Potential of halophytes as animal fodder in Egypt 

fresh and air-dried materials. They added also that 
ensiling such shrubs with BL prevents nitrogen losses 
and enhances the conversion of the available NPN into 
true protein. 

Each Acacia saligna and Atriplex nummularia 
(saltbush) were offered to sheep in three forms: fresh, 
air-dried and ensiled according to the method of Abou 
EI-Nasr et al. (1996). The authors noticed that maxi­
mum DMI were achieved by sheep fed the ensiled for­
ages. DM, Cp, EE, NFE and neutral detergent fiber 
nutrients were efficiently utilized and digested by 
sheep given the ensiled shrubs. In addition, the most 
nutritious diets were saltbush and acacia silage which 
provided sufficient digested nutrients (TDN and DCP) 
to meet maintenance requirements of sheep. Also, 
sheep fed with silage and fresh saltbush diets were in 
a positive nitrogen balance. 

Feeding and digestibility trials were conducted by 
El Shaer et al. (2000) on 30 mature Baladi male goats 
(in 6 equal treatments) fed the above mentioned 
silages (the first six silages). Animals in the first three 
treatments T1, T2, and T3 were fed on a mixture ofthe 
fresh cultivated shrubs in addition to one of the 
silages: SI, S2 and S3 whereas those in T4, T5 and T6 
were fed on S4, S5 and S6 as sole basal diets (El Shaer 
et al. 2000). Data from this study indicated that vol­
untary feed intake gradually increased and reached the 
peak in the 4th week of the feeding trial. Data from 
the metabolism trial indicated that the highest 
silage intake was attained for animals fed silage 5 
(32.5 g DM Kg- I BW and 5.01 g CP kg- I BW) which 
contained the ensiled materials of natural and culti­
vated shrubs. Meanwhile, the lowest intakes were 
recorded for animals in T6. Digestibility coefficients 
of DM, CP and OM significantly (P < 0.05) varied 
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among treatments. The maximum TDN and DCP 
intakes were attained by goats fed silage 5. Nitrogen 
retention was positive for all animal groups except for 
those in T2 and T6. Animals in all treatments showed 
a positive Na balance and retained various amount of 
Na. Similar trends were shown for K retention except 
for those in T1 and T2. The authors highly recommend 
silage 5 as a good quality basal diet for goats under the 
arid conditions of Sinai in Egypt. 

Growth and Feed Efficiency 

El Shaer et al. (1991) illustrated the performance of 
sheep and goats fed H strobilaceum with broiler litter 
silage and the control diet (Table 8). The data show 
that sheep gained slightly similar weight when they 
were fed on berseem hay as well as on the tested silage 
(HS- BL silage) whereas goats fed the HS-BL silage 
gained more than those fed the berseem hay (72 vs. 
65 g). Feeding such silage appeared to be more eco­
nomic since feed costs decreased about one third in 
comparison with the conventional diet (berseem hay). 

On the other hand, Abou EI-Nasr et al. (1996) 
reported that low intake of the saltbush (A. nummula­
ria) hay, fresh Acacia hay affected body weight 
changes of sheep as they tended to lose weight. In 
contrast, sheep fed saltbush silage gained weight 
(91.1 g day-I). 

Results of body weight changes of sheep fed the 
tested basal diets (the six silages as previously 
described during a feeding trial (Anon, 1999) is sum­
marized in Table 9. Although the sheep used in this 
study were mature, some sheep gained noticeable and 
others lost weight (T4 and T6). The fluctuations in 
body weight changes were correlated mainly to the 

Table 8. Growth of sheep and goats fed halophytic silage vs. Berseem Hay 

Item 

Average daily gain, g 
Average daily DMI, g kg- 1 W- 075 

Feed conversion ratio: 
kg DM feed kg- 1 gain 
kg TDN kg- 1 gain 

Feed cost, LE2 kg- 1 gain 

Source: EI Shaer et al. (1990). 

Berseem hay 

71.6 
70.8 

14.0 
6.88 
3.79 

1 HS-BL silage: H. strobilaceum-broiler litter silage. 

2LE: Egyptian pounds. 

Sheep 

HS-BL 1 silage 

73.3 
74.3 

14.2 
7.78 
1.21 

Goats 

Berseem hay HS-BL silage 

65.0 71.7 
66.2 77.0 

11.1 11.9 
5.67 5.89 
3.02 1.01 
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Table 9. Body weight changes of native sheep fed the halophytic silages as basal diets 

Criteria 

Initial body weight, Kg 
Final body weight, Kg 
Body weight changes 

Kg 
% of initial body wt. 

T1 

46.6 
48.0a 

1.40a,b 
2.95",b 

T2 T3 

49.0 4S.0 
SO.Oa 46.3" 

1.00a,b 1.30a,b 
2.1Sa,b 3.l9a,b 

T4 TS T6 

46.0 42.0 41.0 
44.6a,b 44.3a,b 37.7b 

-1.40b,c 2.30a - 3.30c 
-2.73b,c S.S4a -7.79c 

a,b,cvalues in the same row with different superscripts are different (P < 0.01). 

DMI factor. For instance, animals in T6 showed the 
highest weight loss due to the least voluntary feed 
intake, The opposite was true for sheep fed S5 in T5 
which showed higher gain associated with the highest 
DMI (34,8 vs, 13.2 g DM kg- 1 BW) as shown in 
Table 9 (Anon, 1999), 

In general, the data on processing halophytes as 
silages point towards the recommendation of silage 
mixtures of halophytic shrubs incorporated with other 
feed materials such as molasses, broiler litter, urea, 
fodder beet pulp, etc. as good animal feeds that can be 
used economically and efficiently. Thus, halophytes as 
rangeland vegetation can add another useful feed 
component under desert conditions. 

CONCLUSION 

Alternative feed resources, particularly from the less 
halophytic plant materials, in addition to the palatable 
ones could provide additional feeds for livestock on 
Egypt's rangelands. These halophytic plant species 
may play an important economic role for the 
bedouins, providing economic animal feeds through­
out the seasons. Additionally cultivation of some halo­
phytic species on saline non-productive soils also, 
should be studied in Egypt. 
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Lipid composition of seeds of local halophytes: Cakile maritima, 
Zygophyllum album and Crithmum maritimum 

M. ZARRO UK, H. EL ALMI, N. BEN YOUSSEF, N. SLEIMI, A. SMAOUI, 
D. BEN MILED AND C. ABDELLY 

INTRODUCTION 

Halophytes, naturally adapted to high salinity, have 
been traditionally grazed by animals for a long time in 
arid areas of north African countries (Le Houerou, 
1992; Wilson, 1994; Choukr-Allah, 1996). Several 
species such as Atriplex halimus and A. nummularia 
could be considered as potential sources of fodder in 
the Mediterranean basin. Outside this utilisation, most 
halophytes remain at present largely undomesti­
cated. However, recent studies have allowed the 
consideration of a wide variety of seed-producing 
halophytes as new sources of grains or vegetable oils. 
Some salt-tolerant grains and oil seeds of species such 
as Salicornia bigelovii have already been used or 
examined (Shay, 1990; Glenn, 1991). In order to iden­
tify local Tunisian halophytes presenting an economi­
cal interest as oilseed-species, we have explored some 
salty Tunisian areas. Three interesting species have 
been identified as oil producers which are called 
Zygophyllum album, Cakile maritima and Crithmum 
maritimum. The first species is a perennial plant and 
has been identified in salty depressions, while the 
second is an annual plant localised in marine sands 
and the latter is found in rocky coasts in the north of 
Tunisia (Novikoff, 1961). 

MATERIALS AND METHODS 

Z. album, C. maritima and C. maritimum are charac­
terised by a high biomass production, an important 
seed yield, a suitable seed size and also a homoge­
neous ripening of seeds. Seeds were harvested in the 
natural biotope of the plants, from Sebkha of Soliman 
(about 30 km in the south of Tunis) for Z. album in 
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October and from the beach of Raoued (suburb of 
Tunis) for C. maritima in July and from rocky coasts 
of Kourbous (about 40 km in the east south of Tunis) 
for C. maritimum in August-July. The lipid extraction 
was carried out according to the procedure of Allen 
and Good (1971) with the following solvent mixture: 
chloroform/methanol/water (1: 1: 1, v/v/v), or using the 
soxhlet method (Burghart et ai., 1987). 

Lipid classes were separated from total lipid extract 
by thin layer chromatography according to the method 
of Mangold (1964). Fatty acid methyl esters were 
analysed by gas liquid chromatography in a Hewlett­
Packard chromatograph equipped with flame ionisa­
tion detector (FID) and a capillary column 
Supelcowax 10 (30 m X 0.53 mm internal diameter, 
film thickness 1 /-Lm) maintained at an isothermal 
temperature of 200°C during all the time of analysis. 
Dry matter and water contents were determined after 
desiccation of seeds of halophytes and rapeseed or 
fruits of olive, at 70°C during one week. 

RESULTS 

Dry Matter and Water Tissue Contents 
of Seeds 

Considering seed size criteria, it appeared that dry 
weight of 1000 seeds is the highest in C. maritima 
representing 773.9 mg while it represents respectively 
161.1 mg in C. maritimum and only 132.6 mg in 
Z. album (Figure 1). 

The dry matter of C. maritima seeds is nearly three 
times higher than that of rapeseed (Brassica napus), a 
conventional oleaginous plant. In contrast, seeds of 
the two other halophytes contain a lot less dry matter 
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Fig. 1. Dry matter and water tissue contents in seeds of halophytes 
as compared to rapeseed and olive fruits. 

than Cakile, representing approximately 50% of that 
of rape ones. Dry matter of olive fruit is by far higher 
than that of halophytes and rapeseed. Nevertheless, 
the three studied halophytes produce seeds suitable for 
harvest size and oil extraction. 

The tissue water content in ripened seeds is higher 
in Zygophyllum album than in the two other halophytic 
species. However, water content of seeds never exceed 
10% of fresh matter and is therefore in the same range 
as fresh matter of the most cultivated crops (Multon, 
1982), but it remained largely below value for olive fruit. 

Oil Content of Seeds 

The seeds of C. maritima and C. maritimum present 
high levels of oil content forming respectively 42% and 
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Fig. 2. Oil content of seeds of halophytes (a) in mg g-I DWand 
(b) in percent ofDW as compared to conventional oleaginous plant: 
olive (fruits) and rapeseed. 

30% on dry weight basis. However, oil content in 
Z. album seeds is very low and constitutes no more than 
6%. Therefore, such findings indicate that seeds of 
C. maritima and C. maritimum contain high amounts of 
oil as conventional oleaginous species like rapeseed or 
olive (Olea europea). Both these halophytes could be 
considered as oleaginous species (Figure 2). 

LIPID CATEGORIES 

The main lipid fractions isolated from seed oil of the 
studied halophytes are: triacylglycerol (TAG), free 



Lipid composition of seeds of local halophytes 

TAG 

r!l AGL 
.. DAG 
~ MAG 
o LP 

123 

Fig. 3. Lipid composition of seeds of halophytes (in percent of total) as compared to rapeseed and olive fruits. 

fatty acids (FFA), diacylglycerols (DAG) , monoacyl­
glycerol (MAG) and polar lipids (PL). The TAG, main 
form oflipid storage in oilseeds, constituted the major 
lipid class in oils extracted from the three studied 
halophytes (Figure 3). 

Oils derived from seeds of C. maritima and 
C. maritimum have similar lipid composition as seeds 
or fruits of classic oleaginous crops like rape and 
olive. Oil from seeds of Z. album contain high level of 
FFA and PL. 

Fatty Acid Composition 

Seed oil of C. maritimum is high in monounsaturated 
fatty acids, particularly oleic acid (C18:1) which 
accounted for 81% of total fatty acids (Figure 4). 
Linoleic acid (C18:2) is less represented and forms 
only 12%, while saturated fatty acids [palmitic 
(CI6:0) and stearic (CI8:0)] do not exceed together 
6%. Only traces oflinolenic acid (CI8:3) are detected, 
no more than 0.1 %. This oil belongs to the group of 
oleic oils. The fatty acid composition of Crithmum oil 
is very similar as the one of olive oil (Zarrouk et aI., 
1996) or rapseed oil (Karleskind, 1996). 

In contrast, the fatty acids of Zygophyllum seeds oil 
are characterised by a high level of diunsaturated 
linoleic acid, which represents 64% of total fatty 
acids. Oleic acid level amounts to 19% followed by 
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stearic acid forming 12%. The other fatty acids are 
minor and do not exceed 3%. Similar fatty acid com­
position has been observed in conventional oil crops 
like sunflower seeds (Karleskind, 1996) or cotton 
seeds (Smaoui and Cherif, 1992). 

Such findings indicate that Zygophyllum seed oil 
belongs to the group of linoleic oils. Seeds of 
Crithmum and Zygophyllum both contain edible oils 
with similar quality as conventional oilseed crops such 
as soybean, olive or sunflower. In contrast, Cakile 
maritima seeds produce an oil which is unfit for 
animal or human consumption because it contains a 
high level of erucic acid (C22: 1), exceeding 25% 
(Karleskind, 1996). 

CONCLUSION 

The two species C. maritimum and C. maritima may be 
considered as potential oilseed crops interesting for oil 
production. Crithmum seed contains high oil content 
representing 30% of its weight. The oil is rich in 
monounsaturated oleic acid which constitutes 81 % of 
total fatty acids. So, Crithmum oil is an edible oil of 
good quality which could be used for animal and 
human consumption as erucic acid free oil from rape­
seed varieties such as Primor. However, C. maritima 
seed, although it contains high amount of oil (more than 
40% of its weight), is rich in erucic acid which has 
been considered undesirable following experiments 
with several animal species. It has been found to have 
pathological effects on the cardiac muscle of animals 
(Morice, 1996). So, this oil could be used for non­
edible purposes, essentially for industrial uses. The 
main market for high erucic oil is in the production of 
erucamide, an essential slip-promotinglanti-blocking 
agent used in the manufacture of plastic sheeting and 
extruding. It is also used extensively in cold rolling 
steel (Downey and Taylor, 1995). However, oil quality 
of Cakile seed may be improved by altering its fatty 
acid constitution especially by genetical selection of 
erucic acid-free varieties as was the case for rapeseed 20 
years ago. Besides these two studied species, other halo­
phytes have been reported as potential oil seed plants 
like Salicornia bigelovii and Salicornia europea (Glenn 
et aI., 1991). Such oleaginous halophytes offer an other 
alternative to valorise saline lands. However, domestica­
tion ofthese species in salty areas required other studies 
in order to evaluate some production parameters such as 
growth, nutrient uptake, photosynthesis and transport of 
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photosynthates to seeds under high-salinity conditions. 
Also, seed yield and oil quality should be examined in 
experimental stations. 
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Part III 

Field Scale Investigations 



Introduction to Part III 

H. LIETH 

Ifwe have enough information about the physiology and 
the chemical content of the plant biomass we need to 
demonstrate that the selected plants can be grown in the 
field according to the acceptable agronomic techniques. 

For these studies different parameters and con­
straints are to be analysed. It is clear that a large variety 
of cropping techniques have to be tested, many more 
than those we can include here from the studies under­
taken by the colleagues we had in our group. But each 
example included in this part offers the possibility to 
undertake similar studies with other species of interest 
or to undertake studies with other agronomically feasi­
ble techniques. The final goal for each experimental 
design must be the proof of a sustainable production 
possibility under the chosen experimental constraints. 
Only when this point is clarified with satisfaction we 
can start the analysis of an economical feasibility. 

This part is not included in this volume, because it 
was covered in the following recent publications: 

Progress in Biometeorologie, series editor H. Lieth, 
volume 13, Halophyte uses in different climates I, 

H. Lieth (ed.), Cash Crop Halophytes: Recent Studies, 127. 
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Ecological and Ecophysiological Studies, edited by 
H. Lieth, M. Moschenko, M. Lohman, H.-W Koyro 
and A. Hamdy, Backhuys Publishers, Leiden, 1999 

Progress in Biometeorologie, series editor H. Lieth, 
volume 14, Halophyte uses in different climates II, 
Halophyte Crop Development: Pilot Studies, edited 
by A. Hamdy, H. Lieth, M. Todorovic and 
M. Moschenko, Backhuys Publishers, Leiden, 1999 

Progress in Biometeorologie, series editor H. Lieth, 
volume 15, Halophyte uses in different climates III, 
Computer-Aided Analysis of Socio-Economic 
Aspects of the Sustainable Utilisation of Halophytes, 
Backhuys Publishers, Leiden, 2001 

Halophytes in different climates IV, Cash crop halo­
phytes for future halophyte growers, 2nd edition pre­
pared by Helmut Lieth and Marina Mochtchenko on 
behalf of the International Society of Halophyte 
Utilization, for the QUEST Conference for the Middle 
East and North Africa in Doha/Qatar - January 27-30, 
2002 



The use of saltgrass (Distich lis spicata) as a pioneer forage 
crop in salty environments 

AMNON BUSTAN AND DOV PASTERNAK 

INTRODUCTION 

Almost 1 billion hectares of land in the world is 
affected by salinity and over 50% of irrigated lands 
have salinity problems (Flowers and Yeo, 1995). 
Salinization has been identified as a major process 
leading to desertification of agricultural lands. The 
process of salinization of arable lands is mostly (but 
not solely) caused by human activities, and it is asso­
ciated with malpractices in irrigation projects, mostly 
in arid and semiarid countries. Soil salinization can 
also result from natural processes, such as inland 
intrusion of seawater (i.e. coastal areas of West Africa 
and northeast China) or due to continuous evaporation 
from shallow aquifers in desert environments (i.e. 
coastal regions of north Africa and the Pampas del 
Tamarugal in Chile). 

In irrigated lands salinization process of the soil 
takes place under two different conditions: (a) where 
evaporation rates exceed irrigation rates, or (b) where 
drainage systems are inefficient (or do not exist at all). 
Salt that is dissolved in the irrigation water is contin­
uously accumulated in the upper soil profile due to 
evaporation of pure water to the atmosphere. 
Additional water above the amount required by plant 
transpiration and evaporation must be applied, at least 
occasionally, to leach out the salt that has accumulated 
during previous irrigations. The removal of the excess 
water from the field is essential to avoid buildup of 
shallow groundwater or contamination of ground­
water with salt and fertilizer. This leaching procedure 
requires regional, efficient, carefully designed 
drainage systems. Of course, the quality of the irriga­
tion water (e.g. fertilizers and salt concentrations), and 
soil properties have a primary influence on the rate of 
the salinization process. Scarcity of fresh water, par­
ticularly for agriculture, is a major concern for most 
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semiarid and sub-humid regions throughout the world. 
The uses of saline water (EC j > 3 dS m -I) for irriga­
tion to replace the diminishing supply of fresh water 
for agriculture must be conducted carefully to avoid 
acceleration of soil salinization in these regions. 

Salt has adverse affects both on soils and plants. 
A soil with an EC > 4 dS m -I in the saturated­
soil extract is traditionally characterized as a saline 
soil (Richards, 1954). Salinity and sodicity affect soil 
structure, which must be stable for adequate air and 
water permeability (Shainberg and Singer, 1990). 
High sodium levels combined with low soil-water EC 
can lower soil permeability and decrease its infiltra­
tion capacity through the swelling and dispersion of 
clays and the slaking of aggregates. The disturbance of 
soil structure and the subsequent reduction in water 
infiltration capacity may decrease water availability 
to plants, thus reducing crop growth and yields. 
Furthermore, salinity has also direct effects on plants 
(Greenway and Munns, 1980; Liiuchli and Epstein, 
1990). Salinity depresses the external water potential, 
thus narrows the gap between the external and the 
internal water potential. The water availability to the 
plant is lessened, at least initially, and plants' growth 
and productivity might decline. High concentrations 
of given ions may cause disorders in mineral nutrition. 
For example, high sodium concentrations may cause 
deficiencies of other elements, such as potassium or 
calcium. Certain ions, such as sodium and chloride, 
may have toxic effects that also cause reduced growth 
and productivity. Most crop plants are glycophytes or 
non-halophytes that do not express fully their genetic 
potential for growth, development and productivity 
under salt stress, therefore they lose their economical 
value as salinity levels increase. Unfortunately, the 
salinity of the future agricultural environment is 
expected to increase with the spreading use of 



130 

irrigation to arid and semiarid lands and the decrease 
in the availability and quality of water for agriculture. 

THE RECLAMATION OF SALINE SOILS 

In the process of reclamation of salty soils large efforts 
must be put to reduce salt concentration in the soil to 
levels that enable revegetation. The predominant way 
to do so is leaching salt below plants' root zone (2 m) 
using large amounts of water. The efficiency of the 
leaching process depends on soil type and texture, and 
on the difference between soil and water salt concen­
trations. The larger the portion oflarge particles in soil 
texture the faster the leaching process would be. Saline 
water may be used to leach soil as long as the salt 
concentration of the water is significantly lower than 
that of the soil. The leaching process can be carried out 
only if the removal of the excess water away is pro­
vided. The build-up of shallow groundwater reduces 
the efficiency of salt leaching, and might prevent it 
quite soon. The danger of contamination of good­
quality groundwater should be also taken into consid­
eration. Therefore, construction of drainage systems 
must be included in any salt-leaching project that is 
carried out, if sustainability is sought. 

Saline soils are often sodic. Reclamation of such soils 
can be done by means of chemical (mostly CaS04) 
amendments. The calcium replaces the sodium adsorbed 
to the clay particle layers, and the sodium (which is the 
cause of aggregate dispersion) is leached down the soil 
profile. In many cases gypsum (or other chemical 
amendment agents) are not readily available and/or their 
cost is not within the means of the local population. 

Under these circumstances, it might be possible to 
reclaim sodic-saline soils through the use of special 
plants. This is a relatively new approach, which was 
stimulated by the work of Robbins (1986), who demon­
strated that sorghum roots could significantly lower the 
pH of the rhizosphere. This lowering of pH results in 
increased solubility of calcium, which in tum replaces 
the sodium adsorbed to the clay surfaces. Furthermore, 
the dense sorghum roots form an effective system of 
canals through which water and air can infiltrate down, 
through the soil profile. Successful trials on the bio­
reclamation of saline-sodic soils were carried out in 
Pakistan with the forage grass Leptochloa fusca and the 
forage legume Sesbania aculeata. In terms of soil ame­
lioration, the efficiency of S. aculeata was the same as 
that of gypsum application (Qadiz et aI., 1995). 
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USE OF SALT-TOLERANT CROPS 

The USDA Salinity Laboratory has recommended the 
use of salt-tolerant crops for better utilization of saline 
soils and saline waters since the beginning of this 
century. The use of halophytes for solving specific 
problems of very high salinity was elucidated by 
Boyko (1966), in his book "Salinity and Aridity". 
More recently, Maas (1990) produced a comprehen­
sive list of salt-tolerance limits for many agricultural 
crops. 

It is noteworthy that the notion that halophytes can 
be used to "pump out" the salt from high-salinity soil 
is false. The amount of salt that can be removed that 
way is minor comparing those required for soil recov­
ery. However, production of economically valuable 
halophytes taking place during the salt-leaching 
procedure will increase the worthiness of soil­
reclamation projects. 

Work on irrigation with saline water of salt-tolerant 
crops has been carried out successfully at the Ramat 
Negev Experimental Station in Israel since 1971 
(Pasternak and De Malach, 1995). Since the pioneer­
ing work of Boyko (1966), many centers have con­
ducted selection and research trials on halophytes with 
the idea of developing them into economically viable 
crops (Shay, 1990). The introduction and selection 
work on halophytes carried out in Israel (Pasternak 
and Nerd, 1995) concentrated on the identification of 
highly salt-tolerant fodder plants. Atriplex species 
were found to be highly productive with sea-water irri­
gation (Pasternak et aI., 1993). However, when in vivo 
feeding trials were carried out, it was found that 
Atriplex has a very low feed value due to low overall 
and nitrogen digestibility but particularly due to the 
high salt content in the leaves. Animals fed with 
Atriplex need to spend a considerable amount of 
energy to metabolize tissue salts (Arieli et aI., 1989). 

The grasses tested in the study of Pasternak and 
Nerd (1995) were found less tolerant than Atriplex 
species or other chenopods. However, they did not 
accumulate salts in their leaves and were therefore 
potentially suitable as forage species. 

SALT RESISTANCE IN PLANTS 

Saline environment causes plant responses through 
several effects, among which osmotic stress and ion 
toxicity are of principal importance (Greenway and 
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Munns, 1980; Uiuchli and Epstein, 1990; Munns, 
1993; Gorham, 1996). Initially, salinity causes water 
deficit resulting in osmotic stress. When exposed to 
salinity for long periods or to high levels of salt, most 
plant species are unable to regulate ion fluxes into 
interior domains. The resulting salt buildup in the 
plant leads to ion toxicity. 

Osmotic adjustment is usually mediated by the 
synthesis of intracellular compatible solutes 
(osmolytes) and by maintenance of ion homeostasis in 
the cytoplasm (McCue and Hanson, 1990). Ion home­
ostasis is controlled by selective uptake mechanisms 
of ions through the plasma membrane and by ion 
fluxes through the tonoplast (Maathuis, 1996). In 
plants, these processes are predominately mediated by 
cytoplasmic concentrations ofK+ (Wyn Jones, 1996). 
Under saline conditions, however, when Na+/K+ ratio 
in the environment of the roots is high, selectivity of 
ion uptake in root plasma membrane is disturbed and 
sodium leaks into the cytoplasm (Lauchli, 1996). 
Halophytes are expected to display efficient mecha­
nisms of ion excursion in the plasma membrane 
(Serrano et aI., 1999). 

The complex effect of salt stress on plants requires 
basic, long-term solutions displayed at the whole plant 
level. Increased root/shoot ratio, hidden-type stomata, 
salt glands, or salt compartmentation to older plant 
tissues (Flowers et aI., 1977; Cheeseman, 1988; 
Bohnert et aI., 1995) are examples of how halophytes 
succeed to acquire and save water, and to avoid salt 
toxicity. 

Two strategies of a biotic stress-resistance may be 
found in plants: tolerance and avoidance (Levitt, 
1980). Salt-tolerant metabolic pathways were reported 
for some algae species but not for higher plants 
(Munns, 1993). Greenway and Osmond (1972) found 
no differences between in vitro salt-sensitivity of key­
enzymes from halophytes and glycophytes. Salt­
resistant plants, including halophytes, avoid salt 
accumulation in sensitive tissues (e.g. photosynthetic 
tissues). Salt avoidance mechanisms take place in 
membranes of various organs, mainly roots. Processes 
of ion exclusion, excretion, or salt compartmentation 
occur at the cellular and tissue levels (Cheeseman, 
1988; Uiuchli and Epstein, 1990; Munns, 1993). 
Thus, differences in the levels of salt accumulation in 
the aboveground organs of halophytes are due to salt 
exclusion and salt excretion activities in the roots. In 
most species of chenopodiaceae salt compartmenta­
tion in the leaves, and salt excretion through salt 

glands on leaf surface dominate mechanisms of 
salt exclusion and salt excretion in the roots. In salt­
resistant grasses, on the other hand, root activity 
seems to be the major mechanism that limits salt 
accumulation in aboveground organs. 

SALTGRASS (D. SPICATA L. GREENE) 

One of the most promising grass species tested by 
Pasternak and Nerd (1993) was the American saltgrass 
(Distich lis spicata). D. spicata is a perennial rhizoma­
tous grass, belonging to the Poaceae family. It is a 
species with an exceptional range of resistance to abi­
otic stress. Saltgrass originates in the American conti­
nent. It is found in cold coastal (Hansen et aI., 1976) 
areas of Canada and in Oregon and New England 
(Bertness et aI., 1992), in warm Louisiana (Sigura and 
Hudnall, 1991), in marshlands bordering the Atlantic 
Ocean, and in the tidal area of the San Francisco Bay 
(St. Orner, 1994). D. spicata also grows in cold inland 
regions such as Montana (Prodgers and Inskeep, 
1991), Saskatchewan in Canada (Dodd and Coupland, 
1966; Ungar, 1974) and in the hot and arid Death 
Valley of California (Hansen et aI., 1976), in Mexico 
(Gonzales Vincente, 1982), and in Argentina (Ginzo et 
aI., 1986). The authors have collected D. spicata in the 
Pampas del Tamarugal in Chile and in Patagonia in 
Argentina (D.P.), and in Utah, Arizona, and California 
(inland ecotypes), and in California, Delaware, 
Georgia and Alabama (coastal ecotypes) (A.B.). In 
spite of this impressive distribution over a wide range 
of climate conditions, D. spicata is a typical warm­
season, C4 grass. In regions of prolonged cold winter 
period, D. spicata initiates later than C3 grasses, but it 
grows faster and blooms earlier (Dodd and Coupland, 
1966). The aboveground plants' organs die at the first 
winter frost and only the underground parts remain 
alive but dormant until the next growing season. 

D. spicata can grow with sea-water salinity levels 
(3.5% salt in the water, EC i of about 50 dS m- I ), but 
at such high salt levels yields were reduced to 30% of 
the yield at 1 % salt in water (Gallagher, 1985). Among 
seven members of the grass subfamily Chloridoideae 
examined by Marcum (1999), D. spicata was the most 
resistant to salinity (up to 500 mM NaCl). Screening 
of saltgrass ecotypes for growth response to salinity 
level revealed significant variation among plants 
according to their origin in various eco-geographic 
regions in America (Bustan et aI., unpublished). 
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However, all ecotypes displayed resistance to salinity 
up to 10 dS m- I ). 

In saline marshlands, D. spicata forms a classic 
behavior of a pioneer plant. Due to its rapidly growing 
rhizomes it invades into disturbed patches of the 
marsh where salinity is too high for other plant 
species. The sharp rhizomes can penetrate the most 
compact soils providing infiltration of water and air 
into deeper soil layers, thus promoting changes in the 
local microenvironment. When these changes take 
place and salinity levels decrease D. spicata is rejected 
by less salt-resistant but stronger plant competitors 
(Warren and Niering, 1993; Shumway, 1995). D. spicata 
is, therefore, a good candidate as a pioneer plant for 
the reclamation of saline soils, and it can be easily 
replaced by superior crops when soil salinity 
decreases. 

D. spicata tolerates prolonged periods of flooding 
(Bertness et aI., 1992), and its root will grow in satu­
rated soils without any detectable oxygen concentra­
tion (Cooke et aI., 1993). This is due to continuous 
aerenchimatous ducts connecting the root tips and rhi­
zomes to the stems and leaves (Hansen et aI., 1976). 
On the other hand, D. spicata is also known to with­
stand long periods of drought in relatively arid envi­
ronments (Hansen et aI., 1976). D. spicata survives 
prolonged dry seasons by the form of dormant below­
surface rhizomes, and emerge new, rapidly growing 
shoots during the wet season. The inland type (some­
times named D. stricta) also thrive under inundation, 
as well as the coastal type. 

D. spicata tolerates both acid and alkaline soils 
(Prodgers and Inskeep, 1991). In a hydroponic culture 
trial conducted by Fuller and Richardson (1986) there 
was no reduction in dry matter production at a solu­
tion pH of 10.5. 

D. spicata is resistant to high concentrations of 
heavy metals and is therefore used for reclamation of 
disturbed mined lands. Observations in western 
Montana showed that D. spicata grew well on soils 
containing high levels of Cu, Zn and Mn, all these 
metals being excluded from its tissues. It also with­
stands relatively high levels of Al (Fuller and 
Richardson, 1986). 

Although saltgrass is a clonal plant species in gen­
eral, sexual reproduction also takes place. Seeds are 
then stored in the soil forming seed-banks (Smith and 
Kadlec, 1983) or transferred by birds (Vivian-Smith 
and Stiles, 1994), animals, wind and water (Smith and 
Kadlec, 1985) over considerable distances. Seed 
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production and dispersal might cause problems of 
uncontrolled invasiveness that must be taken care of 
anywhere saltgrass is introduced. 

ECONOMIC UTILIZATION OF SALTGRASS 

Attempts to select ecotypes of D. spicata for forage 
production have been carried out by Gallagher (1985) 
and by Yensen and Bedell (1993). Gallagher demon­
strated large variability in the productivity among 
selected ecotypes. For example, in a trial at Sadat City 
an accession from Seabrook gave a dry matter yield of 
560 g m-2 while an accession from Lewes yielded 
only 179 g m -2. Yensen et aI. (1995) claimed that they 
selected superior forage cultivars of D. spicata with an 
"alfalfa-like growth with similar nutritional values". 
This statement has, however, not been validated by 
scientific evidence. Gallagher (1985) also demon­
strated that there is a large apparent genetic variability 
in salt content in leaves. Ash content in the leaves 
from a selection from Delaware was 7% (on dry 
weight basis), whereas that of Peruvian selection 
was 17.4%. 

Some attempts to utilize D. spicata as a forage 
species have been reported from South America. In 
Argentina, cattle graze during the summer months in 
saline habitates, where saltgrass may comprise from 
8% to 24% of the dry weight diet of the cattle. In a 
study of the forage value of D. spicata, Briznela et al. 
(1990) concluded that this species may serve as a 
medium- to high-feed quality forage source during its 
fast growing stage. In another study, D. spicata was 
planted in the dried bed of the former Lake Texcoco, 
near Mexico City, over a 20,000 ha area and irrigated 
with reclaimed sewage water (Shay, 1990). The soil 
there is both highly alkaline and saline. D. spicata 
then served as the sole grazing species for a herd 
of cows. 

Pasternak et aI. (1993) conducted, over a three-year­
period, a comparative field study of five salt-resistant 
grasses (including D. spicata) and alfalfa. Yields 
(amount and quality) were evaluated under optimum 
water and fertilizer regimes at five levels of soil ECe 

(3.0-12.0 dS m- I ). In the same trial, the effect of the 
amount of irrigation on the yield at two levels of water 
salinity (EC i l.2 and 10.0 dS m- I ) was also studied. 
At a soil ECe of 12.0 dS m- I D. spicata (Seabrook 
accession) exhibited the same productivity (4 kg m-2 

DW) as the Suwannee cultivar of bermudagrass 
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(Cynodon dactylon) but was significantly more 
salt- and drought-resistant than the other species. 
D. spicata had a relatively low ash content (11 %) as 
compared with alfalfa, and medium crude protein con­
centration (~15%), but very high (~42%) fiber content 
compared with alfalfa (~26%). As a result of this trial 
it was concluded that D. spicata has the potential to 
become an important forage plant resistant to salt, 
alkalinity and flooding under diverse climatic condi­
tions, provided that the fiber content could be 
markedly reduced. It is thought that the reduction in 
fiber content could be achieved through selection and 
breeding for "leafiness", that is, for a high ratio ofleaf 
blade biomass to total plant biomass. Leafiness should 
thus be the major trait for selection. 

CONCLUDING REMARKS 

The above-described outstanding ecological plasticity 
of D. spicata together with its economic potential 
make this species highly suitable for reclamation of 
saline soils in regions of diverse climates, for revege­
tation of saline marshlands and for use as a potential 
crop for irrigation with water of high salinity. In many 
countries throughout the globe, where soil salinization 
has taken large areas out of production but a certain 
level of income must be provided to the farmer during 
soil reclamation, D. spicata appears to be a plant of 
first choice for the initiation of the process. 

Yet, saltgrass is still a wild plant species and efforts 
should be made toward domestication. Selection 
objectives must include: (a) higher yield and quality as 
forage, (b) suitability to specific climatic and edaphic 
conditions, including certain range of salinity, and 
(c) sexual sterility to avoid invasiveness. 

In Israel, we have started a selection program as 
such, and projects of reclamation of salinized lands 
are embarking in various regions such as Central 
Asian Republics, Middle East and West Africa. It 
should be kept in mind, however, that the use of halo­
phytes for soil reclamation must be a part of a com­
prehensive process, in which the establishment of salt 
leaching and efficient drainage is pivotal. 
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Primary analysis of four salt tolerant plants growing in 
Hai-He Plain, China 

BAI YAJUN, LIU XIAOJING AND LI WEIQIANG 

INTRODUCTION 

In China, the saline soil area, as an important soil 
resource, is about 99,130,000 ha, in which the modern 
saline soil area is 36,930,000 ha, and the potential 
saline soil area is about 17,330,000 ha (Wangzunqin, 
1993). The saline soil is mainly distributed in low and 
coastal regions, such as Hebei, Shandong, Liaoning, 
Jiangsu provinces. On the other hand, in inland, Inner 
Mongolia and Xinjiang, there is a larger area of saline 
soil too in arid regions. 

As an important part of the North China Plain, Hai­
He Plain (mainly in Hebei province) is a well-known 
low-yield area with frequent disasters in the history. 
Soil salinization used to be a major problem in this 
area. While Global Environmental Change is widely 
concerned by all over the world, soil salinization 
becomes to an essential research field. 

Though the saline soil environment is odious, some 
plants are still growing very well that are halophytes 
or salt tolerant plants. In China there are 423 halo­
phytic species. These plants can tolerate stress envi­
ronment and may have high-economic value (Zhao 
Kefu, 1999). In some rural areas, farmers used to 
produce vegetable oil with halophytes such as Suaeda 
sala (L.) Pall and Descurainia ophia (L.) Webb. ex 
Prantl, etc. Some halophytes are important Chinese 
herbs such as Lycium chinese Mill, Glycyrrhiza Fisce, 
Apocymum L., etc. Some are used as food, vegetable, 
fodder, fiber, greening trees, etc. With the develop­
ment of biotechnology, halophyte sustainable utiliza­
tion will be the future for reclamation of saline soil 
and seawater or saline water irrigation agriculture in 
21 st century. 

In China the studies on halophytes started in 1950. 
These researches were mainly focused on the physiol­
ogy and biology of halophytes. Recently some studies 
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were conducted on halophyte utilization. Qingdao 
Ocean Institute has studied the utilization of Suaeda 
salsa (L.) Pa and manufactured the product-conjugated 
linoleic acid (CLA). However, due to few studies on 
halophyte utilization, no cultivated variety was 
selected and about 20 species of halophytes at the van­
ishing edge. Since 1995 we have conducted research in 
the coastal areas, Bohai sea and finished the investiga­
tion of halophytes distribution. Soil samples and water 
quality was analyzed. One halophyte garden has been 
established in Huanghua City, Hebei province. 
Descurainia sophia was seeded in Nanpi station. 

MATERIALS AND METHODS 

Natural Situation of the Study Sites 

The samples of halophytes were gotten in Nanpi sta­
tion and Haixing station of Shijiazhuang Agricultural 
Modernization Institute of CAS. The Nanpi station 
and HaiXing station belong to Cangzhou City of 
Hebei province. The area was part of Hai-He Plain 
with semi-arid and semi-humidity and monsoon 
climate. Nanpi station is located at N38°06' latitude, 
E116°40' longitude. Haixing station is located at 
N3 8° 17' latitude, E 117° 18' longitude, the climate and 
geographic characters are similar to Nanpi station. 

Analysis Methods 

Four kinds of wild salt-tolerant plants were collected in 
August 1998, they are Nitraria sibiria Pall, Suaeda sala 
(L.) Pall, Chenopodium glaucum and Descurainaia 
sophia. Table 1 shows the natural conditions of 
sampling site and their characteristics for four varieties 
of plants. 
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Table 1. The natural conditions of sampling site and the characteristics of four kinds of plants 

Place of sample Salt content of soil 
Name collection (saltllOO g dry soil) Possible utilization 

Nitraria sibiria Pall Haixing station 

Suaeda Haixing station 
salsa (L.) Pa 

Chenopodium glaucum Road side in Haixing 

Descurainia sophia Farm land in 
N anpi station 

Table 2. The methods of analyzing different ions 

The type of ions 

Cl-
Ca2+ and Mg2+ 
K+ and Na+ 

Analyzing method 

Neutralization titration in two kinds of 
indicators 

AgN03 titration 
EDTA titration 
Calculated by difference of cation and 

anion 

The total salt contents of soil were analyzed with the 
method of adding all the ions (cations and anions) 
together. The dry soil sample was mixed with distilled 
water (dry soil: distilled water = 1 : 5) and then the 
salt content of filtrate was measured. The methods of 
analyzing different salt content were as following 
(Table 2). The content of soil water was gotten by oven 
drying at the temperature of 108°C for 8 hours. 

Rough lipids content of the seeds are analyzed 
according to GB 14772-93 method. Fatty acids were 
analyzed through GB/T 17377-1998 lipid acid formal 
ester method with gas chromatography analysis. The 
machine type is ShimaThuma GC-9A capillary gas 
chromatography. The seeds structures of the plants 
were observed through scan electron microscope. 

RESULTS AND DISCUSSION 

The rough lipids content and fatty acid composition of 
four kinds of wild plants were measured (Table 3). 
They are Nitraria sibiria Pall, Suaeda salsa (L.) Pa, 
Chenopodium glaucum and Descurainaia sophia. 
Figure 1 shows the seeds' transverse microstructure of 
the plants through SEM. The content of rough lipids in 
Nitraria sibirica Pall seed is 7.84%, Suaeda salsa (L.) 

2% The fruit can be eaten directly. 

1.5% Young shoot as vegetable. Seed oil edible 
or used in industry. The remains of seed 
can be fed to animals. 

1.2% Young shoot is vegetable. Oil content in 
seed is very high. 

0.4% Potential oil crop rich in polyunsaturated 
fatty acids. 

Pa is 20.5%, Chenopodium glaucum is 16.4%, 
Descurainia sophia is 35.l %. Table 3 shows the fatty 
acid composition in the rough lipids of four plant 
seed. 

Oil content in Descurainia sophia is high with 
76.65% polyunsaturated fatty acid and the linolenic 
acid content is 53.7% with a-linolenic acid, 
y-linolenic acid and arachidonic acid content is 
5.35%. y-linolenic acid and arachidonic acid is a nec­
essary pre-substance for producing prostaglandin 
(PG) in human body. PG is useful for people's health 
with lots of forms, such as: PGEj, PGE2, PGEla> 
PGF I,,,, PGF2a, TXAz, TXB2. PGE2 may extend blood 
vessel and increase blood vessel of brain and prevent 
oxygen-deficiency. To the breath system, PGE may 
expand smooth muscle and alleviate asthma. To the 
stomach and intestines, PGE and PGI may restrain 
hypochlorhdria and cure gastric ulcer. To the blood 
platelet, TXA2 may promote platelet assemble into 
thrombus while PGI2 may prevent the form of throm­
bus. Therefore, the balance of TXAr PGI2 is impor­
tant to artery thrombus, coronary heart artery and 
hypertension. PG may affect some kinds of hormones 
inflammation and immunity system (The Cyclopedia 
of Chinese Medicine - Basic Medicine, 1995). 

There is another very interesting thing. The rough 
lipids content and fatty acid composition of 
Descurainia sophia grows in the common soil of 
Chuan-Xi altiplano in Sichuan province is very differ­
ent with that of Descurainia sophia grows in Nanpi 
station. Table 4 shows that the linolenic acid content of 
Descurainia sophia which grows in Nanpi is higher than 
that in Hongyuan(Sichuan) and Guangyuan(SiChuan). 
In fact, lots of halophytes are traditional Chinese med­
icine. Therefore, there are lots of work to be done to 
promote the research and use of halophytes. 
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Table 3. The fatty acid composition in the rough lipids of four plants seed(%) 

Nitraria Suaeda salsa (L.) Chenopodium Descurainia 
Name of halophyte sibiria Pall Pa glaucum sophia 

Palm acid 7.03 14.6 11.4 8.68 

Stearic acid 2.62 2.84 2.17 1.72 

Oleic acid 22.4 19.4 23.6 11.7 

Linoleic acid 65.3 54.1 53.78 16.6 
Linolenic acid 1.21 3.77 4.70 53.7 

Arachidonic acid 5.35 

Total lipid content 7.84 20.5 16.4 35.1 
of dry matter 

Fig. 1. The transverse structure of the plants seeds through SEM. 

Table 4. The rough lipids content and fatty acid composition of Descurainia sophia growing in three different places 

Total lipids Linoleic Linolenic 
Place of sample Soil salinity content Palm acid Oleic acid acid acid Habitation 

Nanpi, farm field 0.4% 35.10 
Hongyuan, SiChuan <0.1% 44.20 
Guangyuan,Chendu <0.1% 32.23 

CONCLUSIONS 

Based on the analysis above, we found that the four 
kinds of salt-tolerant plants are rich in rough lipids, 
especially the polyunsaturated fatty acid content is 
very high in the seed. The seed of Nitraria Sibiria Pall 

6.6 
5.84 
6.03 

11.7 16.6 53.7 In saline soil 
13.06 16.53 37.1 In table land 
14.49 15.52 35.96 In farm land 

has the highest linoleic acid of the four (65.3% of total 
rough lipid), the output of which is greatly varied with 
the growing condition; Descurainia Sophia has the 
highest linolenic acid of the four (53.7% oftotal rough 
lipid), the output of which, we had measured it, can be 
over 3000 kg/ha. 
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These four salt-tolerant plants could be the potential 
cash crops in Hai-He plain which can be planted in salt 
and drought regions. Some of them can be irrigated 
with sea water. This is only a primary analysis, the fur­
ther studies should be carried out on the effect of soil 
salt content on the changes of seed fatty content and 
composition. 
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Field scale experiments on plant tolerance to saline irrigation water 

VITO SARDO 

INTRODUCTION 

In fulfilment of an activity within the CEC-funded 
Concerted Action "Sustainable Halophyte Utilisation 
in the Mediterranean and Subtropical Dry Regions," a 
field was installed in 1997 with experimental and 
demonstration purposes near the shore of the Ionian 
sea, in Eastern Sicily. 

Researches were jointly conducted by three institutes 
of the local Faculty of Agriculture (Istituto di Idraulica 
Agraria, Istituto di Coltivazioni Arboree, Istituto di 
Chimica Agraria) throughout the years 1998 and 1999; 
although the contract with the CEC has now expired, 
further research continues with additional support of a 
fourth institute (Istituto di Orticoltura e Floricoltura). 

DESCRIPTION OF THE STRUCTURES 

The field, with a surface of 5000 m2, is on a 
coarse quartzitic sandy soil underlain by a saline 

(about 15 dS m -1) aquifer at the depth of about 3 m. 
The distance from the seashore is of about 100 m; 
since a full description has been given elsewhere 
(Sardo, 1999), here only a brief outline will be 
reported. The whole field was subdivided into an 
experimental and a demonstration area. 

The experimental area includes three benches 
(Bench A, B and C), where 270 20-L microlysimeters 
were installed, which can be automatically drip­
irrigated with various seawater/freshwater ratios and 
various leaching fractions (Figures 1 and 2). 

Additionally, a "quick-test" set up was installed, as 
reported in Cutore et ai. (1999), as well as a facility for 
the assessment of ureaformaldehyde foam impact on 
vetivergrass tolerance to salinity (Belligno et aI., 
unpublished data). The latter included eight treatments 
as resulting from Table 1. The demonstration area 
included a subsurface irrigated and a sprinkler irri­
gated section, where, as explained elsewhere (Sardo, 
1999), a number of plant species were tested; presently, 
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Fig. 1. Schematic representation of the three benches. 
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Fig. 2. One bench with plants in microlysimeters and collecting 
tanks. 

Table 1. Layout of the experiments with ureaformaldehyde foam 

foam 50% foam 75 % 
50 % seawater 

control foam 25 % 

foam 50% foam 75 % 
freshwater 

control foam 25 % 

• Plants planted in 27 L pits; 
• percentages sand/foam in volume; 
• planted 6-7 November 1988/Harvested 3 February 2000-05-25; 

• bare-rooted vetiver plants cv Monto; 
• plants aged 1 year; 
• all plants were irrigated initially with freshwater (till 21 June 

1999); thereafter differentiated treatments were initiated; 
• each treatment included ten tussocks (about forty plants) 

however, only Sesuvium and Spartina are under 
observation. 

THE PRINCIPAL RESULTS 

Grasses in Lysimeters 

Elytrigia elongata and Vetiveria zizanioides resulted 
surprising tolerant to salinity (Belligno et aI., 1999): 
all the plants of the former species survived seawater 
concentrations of 60%, whereas six Vetiveria tussocks 
out of nine survived such treatment. 

Fresh and dry matter production in leaves decreased 
with increasing salinity; opposite to that, fresh and dry 

Vito Sardo 

weight in roots did not significantly decrease. Chemical 
analysis evidenced an ash percentage in leaves and 
roots increasing with salinity and decreasing with 
leaching fraction (Belligno et aI., unpublished data). 

Na and K exhibited an opposite behaviour, since the 
former was increased by a higher salinity while the 
latter was decreased. A difference between leaves and 
root response was also evidenced with phosporus 
uptake: roots in fact showed a marked decrease in P 
uptaking with salinity, whereas leaves were not signif­
icantly affected (Belligno et aI., ibid). 

Vetivergrass and Ureaformaldehyde Foam 

A strong action of salinity was evidenced in 50% 
seawater-irrigated plants vs those irrigated with fresh­
water, the average total fresh weight (leaves + roots) 
being 1929 and 1014 g/tussock, respectively. Also 
plant height was influenced by salinity since it 
decreased from an average 95.75 cm in freshwater­
irrigated plants to 72.30 cm in those irrigated with 
50% seawater. 25% ureaformaldehyde addition posi­
tively impacted total fresh weight, but the action was 
not significant at 50% and negative at 75% addition 
(Table 2). 

Woody Plants 

Experiences were conducted through the summer 
months in 1998 and 1999 with plants of the genera 
Olea, Citrus, Pistacia, Punica and Ficus (the latter 
only in 1999). While results referring to 1998 are pub­
lished in detail elsewhere (Germana et aI., 1999) those 
referring to 1999 have not been published. 

During the first campaign plants were irrigated with 
seawater concentrations of 0%; 20%; 40%; 60%; since 
plants treated with the highest concentrations showed 
evident symptoms of sufferance, it was planned to 
reduce seawater concentrations in 1999 to 0%; 16.5%; 
33.3%, however a failure in the freshwater supply 

Table 2. Fresh weight of vetiver grass as influenced by urea­
formaldehyde foam addition (results referring to cumulated 
responses of freshwater - and 50% seawater - irrigated plants) 

Ureaformaldehyde foam (%) 

o 
25 
50 
75 

Fresh weight (g/tussock) 

1307 
1717 
1431 
1056 



Field scale experiments on plant tolerance to saline irrigation water 141 

system raised such percentages to 0%; 25%; 50%. 
The electric conductivity in drained water was in the 
range of 2.6 to 4.7; 12 to 20 and 19 to 34 dS m- I , 

respectively: due to the very large leaching fraction 
(up to 97%) these EC values closely reflected those in 
irrigation water. In both years in fact water was daily 
applied in volumes which largely exceeded the poten­
tial evapotranspiration rate, to secure an efficient salt 
leaching. 

Various biometric and physiological parameters were 
monitored in the course of the two campaigns, includ­
ing trunk section increase, shoot length, net photosyn­
thetic activity, stomatal conductance, xylem potential: 
all of them resulted affected by water salinity, yet plant 
tolerance on the whole resulted higher than expected. 

In synthesis, seawater concentration negatively 
impacted net phothosynthesis, trunk growth, shoot 
length and xylem pressure while enhanced stomatal 
conductance. 

The Quick Test 

A set of experiments was conducted on plants of the 
genera Chamaerops, Typha and Phragmites (sixteen 
plants for each genus) in the twin goal of assessing 
plant tolerance to salinity and salt balance in the soil. 

75 T75 

50 T 50 

25 T 25 

10 
TO 

133 180 195 210 225 257 278 
Day of the wear 

Fig. 3. Seawater concentrations in the various treatments. 

Table 3. Water and salt balance in 1999 

Water volumes (L) 

Applied Evapotranspired 

Bench A 4817 230 
Bench B 4410 265 
Bench C 2945 247 

Since the experimental set up and results have been 
described in detail elsewhere (Cutore et aI., 1999) here 
only a synthesis will be reported. 

Experiments were conducted in 25 L, freely draining 
plastic containers irrigated during almost 3 months 
with increasing seawater percentages; applied and 
leached water and salt amounts were recorded and a 
balance was elaborated. The underlying idea was to 
work out a system able to supply a first fast screening 
of plant tolerance. Seawater concentrations in the var­
ious treatments (from TO, corresponding to zero sea­
water concentration, up to T75, corresponding to 75% 
seawater concentration) and their variation in time are 
reported in Figure 3. 

Plant tolerance to salinity resulted much lower in 
Typha and Phragmites than in Chamaerops: the latter 
in fact could survive 50% seawater concentration for 
over one month whereas 1j;pha and Phragmites hardly 
survived 25%. 

One interesting aspect of the research was related to 
salt balance, since results showed that freshwater addi­
tion permitted to recover quickly enough the initial 
concentration even after two months' irrigation with 
50-75% seawater addition. 

The Demonstration Activity 

This activity included planting, propagating, estab­
lishing and tending a number of halophytes, observing 
their subsequent response to various environmental 
conditions and to full-strength seawater irrigation. 

Plants which demonstrated unable to thrive under 
the typical Mediterranean climate included Avicennia, 
Batis, Conocarpus, Thespesia. Plants of the genera 
A triplex, Kosteletzkya, Leucaena, Lippia showed a 
good development but were not seawater-irrigated due 
to the limited number of plants available and the con­
sequent need to avoid the risk of severely damaging 
them. Plants of Sesuvium and Spartina were seawater­
irrigated by means of a subsurface and a sprinkling 

Salt amounts (kg) 

Leached Applied Leached (6 oct) 

4587 53.12 36.83 
4145 49.52 38.17 
2698 32.07 25.52 
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irrigation system; Spartina had a stunted development 
with the subsurface seawater application and soon per­
ished when sprinkled; on the opposite, Sesuvium sur­
vived sprinkling irrigation and developed well with 
the subsurface irrigation. Sesuvium development and 
tolerance to adverse environmental conditions (e.g. 
from -2°C to 47°C) gives promise for its use in the 
fixation of sandy coastal dunes. 

The Sustainability 

Some aspects of the impact of saline water irrigation 
on the soil were explored through the analysis of the 
water and salt balance in the microlysimeters and in 
the quick-test containers. 

The significance of the results achieved is limited 
by the particular texture (unstructured coarse sand) of 
the soil used in the experiments. Both groups of exper­
iments, in microlysimeters and in quick test contain­
ers, showed that a salt buildup can be avoided as long 
as a high-leaching fraction coupled to sufficient win­
ter precipitations are secured. 

A different aspect referring to soil permeability was 
also studied: measurements with a double ring infil­
trometer showed that after 2 years of daily seawater 
irrigation, the permeability values decreased to 22 and 
954 mm h -1 in sprinkler and subsurface irrigated 
plots, respectively, as opposed to 1620 mm h -1 in the 
control. The remarkable reduction in the sprinkler­
irrigated plots is likely due both to the formation of a 
saline crust in the surface (as revealed by the chemical 
analysis) and the sealing action of the kinetic energy­
rich water drops from the sprinklers. 

CONCLUSIONS 

The 3-year activity has supplied an abundance of 
information - some of them rather surprising - on 
technical aspects for the application of seawater in 
irrigation and plant response to salinity. 

Vito Sardo 

Although the data so far collected are certainly far 
from complete, the need for a radical revision of cur­
rently accepted guidelines is evident: for instance, the 
claim to state percentages of yield reduction exclu­
sively as a function of water salinity is misleading and 
clearly lacks a serious experimental basis. 

Results collected in the course of this activity con­
cur to show that salt tolerance in some glycophytes is 
higher than expected while Sesuvium unsuspected 
ability to expand its runners under adverse conditions 
makes it a choice plant for fixing coastal sandy dunes: 
all such considerations concur to encourage in insist­
ing in this most promising field of research. 
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The influence of environmental factors and zonal distribution of 
Phragmites australis and Phacelurus latifolius in salt marsh, 

Central Japan 

ICHIRO YOKOYAMA, KEIICHI OHNO AND YUKIRA MOCHIDA 

INTRODUCTION 

For many years physiologists, ecologists and plant 
sociologists have studied the halophytes and their 
habitats (Ellenberg, 1988). And we can see many 
papers studied the relationship between environmental 
factors and vegetation for halophilous plants, and 
topographical study in sait marsh or tidal flat (e.g. 
Linke, 1939; Gillner, 1960; Ellenberg, 1992). The 
common reed, Phragmites australis (Cav. Ex Roem. 
Schult.) Trin ex Steud., is a cosmopolitan, large peren­
nial grass, with a presence on all continents (Holm 
et aI., 1977), and well studied comparatively (e.g. 
Miroalav, 1999). On the other hand, Phacelurus 
latifolius (Steud) Ohwi is a halophyte whose habitat is 
in salt marsh and whose distribution is in East Asia, 
hardly we can see a paper for a relationship between 
environmental factors and vegetation or topographical 
study with it. 

Halophytic vegetations in Japan were mainly stud­
ied as phytosociologically (e.g. Miyawaki and Ohba, 
1969,1972; Miyawaki et aI., 1975; Okuda, 1978), and 
the zonal distribution of them was well known. On the 
other hand, according to Yamada et aI. (1998) who 
made phytosociological study in Koajiro area, salt 
marsh vegetations, such as Caricetum scabrifoliae, 
Phaceluretum latifolii and Cladietum chinensis, are 
very rare in Kanto district, Japan. 

P. australis is a hygrophyte whose habitat is marsh­
lands, and we can see its habitats in many wetlands in 
the plains of central Japan. In the study site, its habi­
tats are mostly by the seashore and in the back marsh. 
P. latifolius is a halophyte whose habitat is salt 
marshes occurring on tidal flats (Miyawaki and 
Okuda, 1972), and there are few places where we can 
see its habitat. 

H. Lieth (ed.). Cash Crop Halophytes: Recent Studies, 143-149. 
© 2003 Kluwer Academic Publishers. 
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STUDY SITE 

The tidal flat of Koajiro, on the Miura Peninsula, 
Kanagawa Prefecture, central Japan, is a small, flat 
spread in the estuary of a small stream that flows 
through a warm temperate forest. There are various salt 
marsh vegetation dominated by tall grasses on the tidal 
flat, influenced by brackish water and tidal changes. Two 
Gramineae plants, P. australis and P. latifolius, are char­
acteristically distributed in a banded zonation pattern. 

In the study site, the P. latifolius community is at the 
backside of the stunted P. australis community by the 
seashore and in the front of the back marsh. This sug­
gests that the zonal distribution of plants is made 
along the environment gradient. We researched what 
kinds of environmental factors and physical condi­
tions influenced the habitats of these plants. 

The study site is shown in Figure 1. The tidal flat of 
Koajiro surrounded by warm-temperate evergreen 
forests, occupied 0.4 ha, and halophytic vegetation 
accompanied the zonation pattern (Figure 2). 

As regards of climate, Miura Peninsula is in 
warm temperate zone. Mean annual temperature is 
16.6°C, and the Warmth Index (Kira, 1949) is 139.7°C 
month, and mean annual precipitation is 1,451 mm 
(1990-1999). 

METHODS 

Four line transects were established across the zonal 
distribution of the plants. We studied the following 
factors. 

1. Micro-topography on the study site. We measured 
the ground height on the tidal flat by Automatic Level 
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Fig. 1. Index and location maps of the study site, the tidal flat of Koajiro, the Miura Peninsula, Kanagawa Prefecture, central Japan. 

Fig. 2. The zonal distribution of the halophytic vegetation composed of P. australis and P. latifolius. 
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(Nikon AE-5C), and made a site map with a 10-cm 
contours. 

2. Zonation pattern of the vegetation. According to 
phytosocio10gica1 method (Braun-Blanquet, 1964) 
and the measurement of the vegetation height, the 
zonation pattern of the plant distribution was drawn on 
the site map. 

3. Environmental factors. Salinity, seawater level, and 
underground water level were measured along four 
line transects. As the water table gauge (Toma and 
Ogino, 1995), we inserted some pipes, 20 mm diame­
ter and with many holes, into the ground vertically for 
measuring salinity and water level. These were estab­
lished along four line transects with suitable spaces. 
Using the pipes, a thin pipe like a straw, and a stetho­
scope, we measured water level and extracted water 
for measuring salinity. Our research was carried out 
for each stand with an hour interval from ebb tide to 
high tide for half a day. 

4. Biomass and below-ground biomass. Along the 
line transect I, we established three stands, st.1 was in 
stunted P australis community, st.2 was in P australis -
P latifolius community, and s1.3 was in P latifolius 
community. We cut all plants on the ground 
50 cm X 50 cm at each stands, and measured their dry 
weight for each species to estimate above the ground 
biomass. And we trenched the ground 50 cm X 50 cm 
at each stands, and extracted soil blocks by 30 cm 
depth to estimate below the ground biomass. 
Rhizomes and roots were washed with a lot of water 
by 2 mm mesh basket from the soil block, and were 
measured their dry weight for each species and 
organs. 

5. Sediment type. Soil samples were extracted for each 
soil blocks, and were decided their sediment type and 
color with Standard Soil Color Charts (Koyama and 
Takehara, 1990). 

RESULTS AND DISCUSSION 

Four line transect were similar about their environment 
gradient. But two line transects of right side had no 
back marsh because there were shore protection and 
road behind the vegetation. On the other hand, two line 
transects of left side had back marsh which were 
supplied fresh water from backside cliff. As we thought 
that line transect I was typical, it was shown in 

Figure 3. And in the back marsh, all tall plants fell 
down and were not in any ear. 

Based on the results of our studies, we found three 
communities of plants, namely: 

• Stunted P australis community, 

• P australis - P latifolius community, 

• P latifolius community. 

Stunted P australis community was composed of 
P australis only. These plants were short, and their 
growth rate was low. They were in front of the 
seashore where there was a high frequency of submer­
gence. P australis - P latifolius community was a 
mixed community composed of P australis, P latifolius, 
and Carex scabrifolia. C. scabrifolia is a short, halo­
phyte whose habitat was in front of the seashore, and 
its coverage value was not so high in the study site. In 
this community, P australis was growing taller toward 
the backside than in the front, and the proportion of 
P latifolius was gradually increasing from the front to 
the back. P latifolius community was on the highest 
ground height, where the upper mean highest water 
level (MHWL) was found (Figure 3). 

We clarified the relationship between the plants and 
the environmental factors using the line transect 
method. The zonation pattern of these communities 
was affected by the ground height, the level of under­
ground water, and salinity. But the most important 
environmental factor was the frequency of submer­
gence decided by the water level (Figure 4). The phys­
ical conditions made by tidal changes correlated with 
the frequency of submergence. There were two distin­
guishable lines: a borderline (A) between Stunted 
P australis community and P australis - P latifolius 
community, and the other one was a borderline (B) 
between P australis - P latifolius community and 
P latifolius community. The former line was caused by 
the frequency of submergence and the higher salinity. 
The borderline (B) was also confirmed by our obser­
vation immediately at time of full tide on the flood tide 
day. In front of (A), there was a high frequency of sub­
mergence and the salinity was in the upper 25%0 after 
high tide (1-2 hours after). The latter, the borderline 
(B), was decided by MHWL. The zone between (A) 
and (B) was where the plant height escalated, the salin­
ity and frequency of submergence decreased. 

Salinity showed its interesting movement at high 
tide and after high tide. Because tidal change, fresh 
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Fig. 3, Zonal distribution of the plant communities and micro-topography, Zone <D: Stunted Phragmites australis community: Zone al: 
Phragmites australis - Phacelurus latifolius community: Zone Q): Phacelurus latifolius community: Zone @: Back marsh: Zone (2): Pleioblastus 
chino community: Zone ®: Shrub: I: Line Transect I. (Dotted lines are IO-cm contours.) 

water supply from river mouth of a small stream, and 
water evaporation from ground surface exerted irreg­
ular changes on salinity. In addition, water movement 
under the ground was complicated about between 
brackish and fresh water (Petersen, 1999). It was nec­
essary for us to make more research about salinity and 
water movement in the site. 

According to Miroalav (1999), there were a lot 
of papers that studied in salt concentrations with 
P australis. Halsam (1973) said that the lethal 

concentration of salt solution was in the range of 
10-15%0. Mook and van der Toom (1982) mentioned 
that seedlings were particularly sensitive to increases 
in salt concentrations and the germination potential 
decreased as low as 6%0. Roman et al. (1984) and 
Sinicrope et al. (1990) pointed out that it was possible 
to endure for high salt concentrations as seawater for 
P australis, but its colonies showed poor growth and 
reduction. Matoh (1998) made a study in vitro, the 
growth of P australis was affected by NaCl solutions 
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of 16.60/00. As a result of our studies, P. australis was 
affected by in the range of 15-20%0 for salinity, and 
habitat of P. latifolius was in nearby 10%0 for salinity. 

The aboveground biomass and subterranean biomass 
of either species were estimated (Table 1). The rhi­
zomes and roots of P. australis existed deeper in the 
ground than those of P. latifolius, and the rhizomes of 

P. australis were soft and contained a lot of water. On 
the other hand, Miyawaki and Okuda (1972) pointed 
out that P. latifolius had very strong and thick rhizomes. 
Our study showed immediately that the rhizomes and 
roots of P. latifolius were shallow in the ground, there 
were a great deal more of them than with P. australis, 
and there was a lot of organic matter formed by itself. 
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Table 1. The biomass above the ground and subterranean biomass of P. australis and P. latifolius, along line transect I 

Stand no. 

Community type 
Distance from the sea (m) 

Individuals 

Above the ground biomass 
(g m-2) 

Bellow the ground 
0--30 cm (g m-3) 

Bellow the ground 
-30--60cm (g m-3) 

Stunted P a. 
1.50-2.00 

P a. 

352 

Organic 
Rhizomes 

3,194 

0 

Roots matter 

346 927 

0 0 

PhaceJurus 
.£ iatifoJius 

M~L-------------

P a. 

156 

Rhizomes Roots 

63 II 

297 45 

2 3 

P a.-P I. PI. 
5.50-6.00 9.50-10.00 

PI. P a. P 1. 

344 0 736 

Organic Organic 
Rhizomes Roots matter Rhizomes Roots Rhizomes Roots matter 

4,623 809 502 0 0 5,716 1,849 3,547 

461 70 242 7 314 62 1,732 

Organic matter Brackish water 

MWL-, ..•........ 
Under ground water level Fresh water 

MLWL-- ~ Fresh water 

Fig. 5. Model illustrating the relationship between the habitats of P. australis and P. latifolius and environmental factors. 

Not only were the P. latifolius rhizomes hard and tight, 
but also their sociability was very strong. As a result, 
P. latifolius community extended gregariously, with a 
high coverage value and sociability throughout the 
P. australis habitat (Figure 5). 

Sediment type and soil color were shown in 
Figure 3. Because shell fragments were recognized in 
all soil blocks without upper one of under P. latifolius 
community (std. 3), these habitats were made on 
marine deposit in early stage. Therefore, there was 
humus deposit under P. latifolius community. And 

P. latifolius community had formed its habitat by itself 
while made the deposit. 

The above matter suggested that the ecological and 
physiological habitat of P. australis community had a 
wide range and surrounded P. latifolius community in 
the study site. Then, P. latifolius community extended 
especially in its optimum habitat limited by salinity and 
ground height by the seashore. So the physiological 
range for P. latifolius was narrow, and its habitat was 
apt to be under the influence of human impacts. 
However, it was expected that it had many utilities as a 
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buffer zone for the conservation of the coastal line, 
because P.latifolius had very gregarious and strong rhi­
zomes and roots. After more physiological studies with 
P. latifolius, its community was able to put practical use 
for tidal conservation or natural shore protection. 
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Introduction to Part IV 

H. LIETH 

Developing production systems with halophytes 
requires a solid knowledge of the local flora and fauna 
in the adjacent vegetation and ecosystem. 

In many cases we need to import new species, a 
process which is known to cause ecological problems 
with the native vegetation. For halophytes this prob­
lem is mostly restricted to the area which is used for 
saline irrigation since most halophytes have little 
competitive power in low-saline environments. The 
floristic investigations will concentrate, therefore, on 
saline wetland and coastal areas. 

Such investigation may be undertaken for the identi­
fication of local species with the potential for utilisa­
tion in saline production systems or for checking the 
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potential of introduced species to become obnoxious in 
the existing ecosystems around newly created saline 
production systems. Such considerations are especially 
important if genetically selected or modified species 
are included in pilot plantations. 

For the cases mentioned, this part contains some 
examples. There is much more to be analysed before a 
saline production system can be established. Careful 
planning is needed prior to the establishment of a pilot 
plantation. This will require also construction and 
operational planning as well as marketing and eco­
nomic analyses as we have outlined in our home 
page http://www.usf.uni-osnabrueck.de/projects/ 
exp02000. 



Genetically modified halophytes in agro-ecosystems: ecological and 
environmental considerations 

DETLEF BARTSCH 

PROGRESS IN PLANT TRANSFORMATION 
WITH SPECIAL REGARD TO HALOPHYTES 

Plants with exciting new properties of great human 
values are under development, and new methods in 
plant breeding are used now on the molecular level. 
Benefits of genetically engineered improvements 
include prevention of billions of dollars of losses by 
introduction of resistance to plant diseases, increased 
benefits for the environment due to reduced chemical 
pesticide applications, and improved human health 
because of reduced exposure to chemical pesticide 
residues (Kahl and Winter, 1995). Such new geneti­
cally modified plants (GMPs) must be safe in regard 
to health and the environment. Therefore it is of 
importance to assess GMPs carefully for their effects 
on the environment and to understand the genetical 
and biochemical basis of their effectiveness for sus­
tainable crop production. 

Salinity in soil has an important effect on plant 
growth. About 7% of the world's land surface and 
about 5% of cultivated land are effected by salinity, 
and about 20% of irrigated land has suffered from sec­
ondary salinization and 50% of irrigation schemes are 
affected by salts (Flowers et aI., 1997). Consequently, 
the development of salt-resistant crops is seen as an 
important area of research. On the other hand existing 
halophytes could be used in saline areas for agricul­
tural and landscape improvement (Glenn et aI., 1999). 
Modem biotechnology provides tools for the genetic 
improvement of halophyte plants (Yeo, 1998; Serrano 
et aI., 1999). Several genetically modified (transgenic) 
crops have been released into the environment. In the 
US alone, dozens of transgenic crop varieties have 
been deregulated [1]. Among these plants, only sugar 
beet (Beta vulgaris L.) can be regarded as a halophyte. 
There is yet no sign of commercial approach to add 
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salt-tolerance traits to conventional cultivars, but 
several concepts are currently being developed 
(Bohnert and Jensen, 1996; Winicov, 1998). 

RISK ASSESSMENT: ECOLOGICAL 
CONSEQUENCES OF THE MODIFIED 

PHENOTYPE 

Until now it is not clear if the products of genetic 
engineering will have negative ecological impacts that 
differ from those of traditional breeding. Therefore, 
environmental research is essential to identify the 
risks related to the release of GMPs (Tiedje et aI., 
1989). The ecological advantage of a transgenic plant 
trait can lead to a spread of this plant. For the concern 
that a gene transfer would possibly alter the pest status 
or effect the food quality of human nutrition etc. are 
overviews available (Metcalfe et aI., 1996). A general 
overview of early biosafety research is given by 
Harding and Harris (1997). Scientific based risk 
assessment for GMPs is based on both hazard identi­
fication and the likelihood of hazard occurring 
(Sharples, 1991). 

Establishment and Spread of Transgenes 

It would be interesting to know why many people in 
the Western industrial countries are critical about 
genetically engineered plants, when they are intro­
duced into the environment. In the past thousands of 
non-indigenous species have been spread actively 
from continent to continent and region to region. 
There are numbers of reports available for cultivars 
escaped into natural ecosystems (Williamson, 1993; 
Bartsch et aI., 1993; Bartsch and Ellstrand, 1999). 
In their outstanding review, Ellstrand et aI. (1999) 
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demonstrated that 12 of the 13 world-wide most 
important crops hybridize with wild relatives some­
where in their cultivation area (Table 1). Transgenic 
plants will be no exception from this phenomenon, but 
there is no evidence that transgenic plants are a risk 
per se. Since risk is a product both of probability and 
hazard, it is clear that biosafety research on environ­
mental effects should not only target the probability of 
gene flow, but also must focus on the consequences 
(and potential hazard) of successful transgene flow 
to relatives of transgenic crops. That is, biosafety 
research should address the phenotype (especially, the 
fitness phenotype) of the transgenic hybrid versus that 
of non-transgenic controls. 

The influence of transgenic attributes on the estab­
lishment and spread of halophytes stands in the center 
of consequence assessment: Tolerance against salinity 
is one of the determining factors controlling the estab­
lishment in salt marsh and salt desert environments. 
Competition is hypothesized to playa key role in deter­
mining both the upper and lower limits of species 
distribution along a salinity gradient (Ungar, 1998). 
The relationship between the level of salt tolerance of 
species and their ability to compete with glycophytes in 
less saline habitats seems to be reciprocal. Halophytes -
and sugar beet is a good example - are not competitive 
in non-saline habitats. Their competitiveness increases 
in saline habitats like seashores. 

Allelopathic effects have been reported in salt 
desert habitats, but have not been reported along salin­
ity gradients in salt marshes (Ungar, 1998). Some 
species of halophytes that are salt accumulators have 
the ability to change soil chemistry. Chemical inhibi­
tion of intolerant species occurs when high concentra­
tions of sodium are concentrated in the surface soils of 
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salt desert plant communities that are dominated by 
salt-accumulating species. Establishment of less salt­
tolerant species is inhibited in the vicinity of these 
salt-accumulating species. Herbivory is reported to 
cause both an increase and a decrease in plant diver­
sity in saline habitats. Thus, genes mediating insect 
protection might change the ecological behavior of 
genetically modified plants. 

Unwanted Effects: The Weed Concept 

There are various concepts defining weeds and there is 
no classical approach generally accepted (Amman et 
aI., 2000). Lambelet-Haueter (1990) divides weed def­
initions into popular, economical and ecological con­
cepts whereas Holzner (1982) groups them similarly 
into subjective and ecological ones. Popular as well as 
subjective concepts define weeds as plants of any kind 
growing in the wrong place, causing damage, being of 
no benefit and suppressing cultivated plant species. 
Economical concepts reflect the view of agronomists 
who concentrate on the reduction of yield, thereby 
stressing the damage aspect. A weed problem is solved 
as soon as the plant no longer creates considerable 
damage in the fields, a state which is reached by means 
of adjusted weed control (crop rotation, tillage, herbi­
cide application). In contrast to the previous concept, 
ecological definitions include habitats outside agro­
systems colonized by weeds. The usual preference of 
weeds for habitats disturbed by man is stressed, like for 
cultivated fields and gardens as well as disturbed areas 
on road sides, recently built artificial slopes and others. 
An aggressive weed can cause damage not only in 
agrosystems but also in (semi-)natural plant communi­
ties by outcompeting weak species. 

Table 1. 12 of the 13 world-wide most important crops that hybridize with wild relatives somewhere in their 
cultivation area. Sugar beet is added to the list of Ell strand et al. (1999) due to their European importance 

Crop Relative( s) Crop Re lative( s) 

1. Wheat Wild T turgidum subspecies, 8. Millets Eleusine coracana ssp. 

some Aegi/ops species africana, Wild Pennisetum 
species 

2. Rice Wild Oryza species 9. Beans Wild Phaseo/us species 

3. Maize Wild Zea mays subspecies 10. Oilseed rape Some wild Brassicaea 
species 

4. Soybean Glycine gracilis, G. soya 11. Peanut No report 

5. Barley Hordeum spontaneum 12. Sunflower Wild Helianthus annuus 
6. Cotton Wild Gossypium species 13. Sugarcane Wild Saccharum species 

7. Sorghum Wild Sorghum species 27. Sugar beet Some wild Beta species 
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Non-agricultural area Agricultural area 

Weed form 

Wild form 

Cultivated form 

Fig. 1. Gene flow in cultivar-weed complexes (Harlan, 1965, 
modified). 

Following Holzner (1982), it is sometimes difficult 
to call a plant a weed because one and the same 
species may be considered in some parts of its area as 
a harmless component of natural vegetation, in others 
as a weed and again in others, even as a useful plant 
species. Traditional breeding has so far focussed on 
biomass improvement efforts. In comparison to wild 
relatives, cultivars are in general genetically less 
diverse and therefore less adapted to natural environ­
ments. Reports of fitness advancement for hybrids in 
natural ecosystems are rare. In opposite, hybridization 
and escape of cultivar genes has led to disadvantages 
for wild plant populations in some documented cases. 
Crop-to-weed gene flow have had important practical 
and economic consequences since it promotes the 
evolution of more aggressive weeds (e.g. Anderson, 
1949; Barrett, 1983). Hybridization with domesticated 
species has also been implicated in the extinction of 
certain wild crop relatives (e.g. Ellstrand and Elam, 
1993; Small, 1984). One of the most important goals 
is the conservation of genetic resources, in this case 
the genetic diversity of wild relatives of crop plants. 

CONSERVATION MONITORING OF PLANT 
GENETIC RESOURCES: THE SUGAR BEET 

EXAMPLE 

The genus Beta is endemic to the Old World. Beets 
have been cultivated for more than 2000 years in the 
eastern Mediterranean region. Beta vulgaris comprises 
to an extraordinary variable group, in which cultivated 
and wild forms are often difficult to distinguish. This 
is mainly due to the extensive use of sea beet (Beta vul­
garis ssp. maritima ARCANG) gene resources in con­
ventional breeding programs. Sea beet is largely a 
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coastal taxon, with a wide distribution from the Cape 
Verde and Canary Islands in the west, northward along 
Europe's Atlantic coast to the North and Baltic Seas. It 
also extends eastward through the Mediterranean 
region into Asia where it occurs in Asia Minor, in the 
central and outer Asiatic steppes, and desert areas as 
far as western India (Letschert, 1993). Sea beet varies 
from self-compatible, annuals to self-incompatible, 
iteroparous perennials with a life span between 1 and 
5 years. Cultivated B. vulgaris, including Swiss chard, 
red garden beet and sugar beet, are biennial. The latter 
is partially self-incompatible due to the extensive use 
of male sterility genes in sugar beet breeding. All 
cultivated and wild subspecies of B. vulgaris are 
mostly wind-pollinated, although some insect pollina­
tion has been noted. Besides wild and cultivated forms, 
a weed beet form is also known to grow in sugar beet 
fields, where, due to its genetically based annuality, it 
bolts late in the season. Producing lignescent inflores­
cence and large amounts of seed instead of commer­
cially desirable fleshy beet roots, weed beets can be a 
serious problem for sugar beet farmers. Other weed 
forms of B. vulgaris are reported in several winter 
crops of the Nile Delta region inside cultivated fields 
as well as irrigation canals and drains (Shaltout et aI., 
1992, 1995). Other weed types of an additional Beta 
species, B. macrocarpa, are known from irrigated 
desert areas in Morocco and California (Bartsch and 
Ellstrand, 1999). 

Due to the similarity of their seedling morphology 
and physiology to sugar beet, conventional methods 
do not control annual weed beets. Relatively little is 
known about the persistence and dynamics of weed 
beet populations, but the species Beta vulgaris is a 
good example for a wildlcultivar complex (Miicher et 
aI., 2000), in which gene flow and hybridization can 
be observed according to the model of Harlan. 
Hybridization and gene flow between cultivated and 
wild species is an important source for the origin of 
weeds (Boudry et aI., 1993; Desplanque et aI., 1999). 
F 1 hybrids formed by spontaneous crosses between 
cultivated beets and south European wild types are 
typically annual, because this life cycle trait is geneti­
cally dominant and common in southern wild popula­
tions. To this end, we carried out a monitoring 
program with transgenic sugar beet (Beta vulgaris 
ssp. vulgaris var. altissima DOLL) with beet necrotic 
yellow vein virus (BNYVV) coat protein (cp), phos­
phinothricin-acetyl-transferase (bar) and neomycin­
phospho-transferase (nptIJ) genes. We found that the 
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virus-tolerant phenotype of hybrids with wild sea beet 
were not significantly different to naturally tolerant 
genotypes. In addition, there is no evidence that the 
virus has any ecological role, since the virus cannot be 
found in sea beet populations. We conclude that eco­
logical implications due to the introduction and spread 
of virus resistant transgenic hybrids will be minimal in 
this special case. However, for the assessment of any 
future effect the collecting of basic data on geographic 
distribution and genetic diversity of wild plant popu­
lations is absolutely necessary (Bartsch and Pohl-Orf, 
1996; Bartsch et aI., 1996). 

We also studied the ecological impact of a century 
of gene flow from traditionally bred cultivated beets 
into the wild sea beet populations of north-eastern 
Italy (Bartsch et aI., 1999). We demonstrated that gene 
flow from a crop to a wild relative does not necessar­
ily result in a decrease in the genetic diversity of the 
wild plant, although the cultivated beets are less 
diverse and outnumbered the wild relatives by the fac­
tor 10,000 to l. 

OUTLOOK: ENVIRONMENTAL RISKS AND 
BENEFITS 

The Biological Diversity Convention [2] targets in 
some chapters potentially adverse effects of transgenic 
plants. Every introduction of transgenic halophytes 
should be weighted carefully against the benefits case­
by-case and step-by-step. Productivity increase by 
crop improvement in combination with sustainable 
agriculture is the task of the future. 

NOTES 

1. For details see http://www.aphis.usda.govlbbeplbp/petday.html. 
2. For details see http://www.biodiv.org!. 
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Halophytic grasses as vital components of cash crop halophytes: 
Sporobolus madraspatanus Bor. 

A.I JOSHI AND MANOJ MISRA 

INTRODUCTION 

In order to assess its usefulness in increasing forage 
production on saline wastelands, seed germination and 
seedling growth of highly salt-tolerant grass Sporobolus 
madraspatanus growing in Gujarat were studied. Seed 
germinability up to 16 dS m - \, its ability to grow in 
32 dS m -\ seawater and greater accumulation of organic 
solutes such as alanine, asparagine, aspartic acid, 
proline, sugars and of inorganic ions Na+ and Cl- in 
leaves, stems and roots of 61-day-old plants collectively 
showed its reasonably good growth in saline condition. 
Thus, Sporobolus madraspatanus could be a vital 
resource component of the cash crop halophytes. 

Halophytic grasses constitute a vital component in 
the warm continents and they also luxuriantly grow in 
upper parts of the intertidal zone all along the coast of 
India (Chapman, 1964). Understanding their salt­
tolerance mechanism would help in utilising such 
grasses for increasing forage production of saline 
wastelands, an important part of the integrated coastal 
zone management (Clark, 1964). 

Sporobolus madraspatanus Bor. is extensively used as 
forage for cattle by the natives in Gujarat and elsewhere 
and it is possible to introduce it in barren saline areas 
(Joshi and Misra, 1992). The present investigation 
describes the effects of seawater concentrations on seed 
germination and growth of young plants of Sporobolus 
madraspatanus. It further examines the impact of sea­
water stress on accumulation of amino acid, sugars and 
inorganic ions in leaves, stems and roots of young plants. 

MATERIAL AND METHODS 

Seeds of Sporobolus madraspatanus were collected 
from Bhal area (22° 25' N; 72° 22' E) forming a part 
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of the coastal belt in Gujarat. The seeds were germi­
nated in distilled water and 4-56 dS m- I seawater 
concentrations on Whatman filter paper No. 1 in 
petridishes at room temperature (30-35°C) and six 
replications of each treatment were maintained. 

For raising young plants, the seeds after soaking were 
transferred to perforated plastic pots filled with sand. 
The pots were dipped in distilled water every alternate 
day to keep the sand bed uniformly wet. After 15 days, 
half strength Hoagland's nutrient solution was added to 
the medium and from day 31 salinity was imposed with 
a daily increment of 4 dS m -I. The plants were harvested 
on day 61 for growth data and biochemical analysis. 

Proteins were estimated by folin-phenol reagent 
(Lowry et aI., 1951); sugars by Anthrone reagent 
(Umbreit et aI., 1959); reducing sugars by Folins and 
Malmros method (1929); other sugars (Mishra and 
Rao, 1960) and amino acid by paper chromatography 
(Joshi, 1986). Na+ and K+ by flame photometry; 
Ca2+ and Mg2+ by EDTA titration (Vogel, 1978) and 
chlorides on chloride meter (Elico EE-34 Model). 

RESULTS 

Although the seeds germinated up to 16 dS m -\ sea­
water maximum germination was observed in distilled 
water (Figure 1a) and the seeds, which had been sub­
jected to high concentration of seawater showed a 
greater degree of recovery in distilled water reflecting 
the osmotic effects of concentrations manifested ionic 
and other effects on the process. 

The shoot and root length of 61-day-old control plants 
was 9.5 and 14.0 cm, respectively. However, a noticeable 
decrease in these parameters was observed for those 
plants which were subjected to 16 and 32 dS m-\ 
seawater concentration (Figure 1 band c). Salt stress 
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remarkably reduced these values for plants raised in 
16 and 32 dS m -I seawater concentrations though dry 
matter percentage of such plants increased consider­
ably (Figure I c). Amounts of alkali soluble proteins in 
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Fig 1. Effects of seawater salinity on seed germination (a) and on 
growth (b, c) on 61-day-old plants of S. madraspatanus. Each value 
represents mean:!:: SEM often observations. 
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vegetative organs ranged between 82 and 191 mg g -I, 
while that of ethanol and water soluble ones varied 
between 23 and 103 mg g -I and their accumulation 
was not related to increased levels of salinity in the 
growth medium (Figure 2). 

Findings of amino acid showed that accumulation of 
alanine (69-2277 j.Lg g-I), asparagine (144-939 j.Lg 
g-I), glutamic acid (75-364 j.Lg g-I), phenylalanine 
(128-1013 j.Lg g- I), proline (74-3179 j.Lg g-I) and 
serine (47-311 j.Lg g - I) was greater in leaves and stems 
of plants subjected to 16 and 32 dS/m seawater than 
those of the control plants (Table 1). Nevertheless, a 
noticeable decrease in their accumulation was observed 
in roots. On the other hand were concentration of 
methionine (17-108 j.Lg g- I), serine (47-311 j.Lg g-I) 
and valine (813-57 J.Lg g -I) in the vegetative organs of 
seawater treated plants less than those of control plants. 

Concentration of total (14.16-27.46 mg g-I) and 
reducing sugars (3 .92-11.62 mg g-I) in vegetative 
organs of plants raised in 16 and 32 dSm -1 seawater 
concentration was greater than amounts recorded for 
control plants (Figure 3B). Likewise, accumulation 
of arabinose (0.18-0.57 mg g- I); galactose (0.18-
0.64 mg g-I); glucose (0.32-1.43 mg g- l) and rham­
nose (0.19-0.83 mg g -1) in vegetative organs of plants 
raised in saline conditions was obviously greater than 
those of the control plants (Figure 3a-c). 

Mineral composition of the plants indicated an 
increase in the ash, sodium and chloride content in the 
tissue of plants raised in seawater concentrations; 
whereas accumulation of potassium, calcium and 
magnesium was not related to the concentration of 
seawater in the growth medium (Figure 4). 
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Fig. 2. Effects of seawater salinity on protein content (mg g-I d.wt.) in 61-day-old plants of S. madraspatanus. Each value represents 
mean:!:: SEM of four observations. 
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Table 1. Effects of seawater salinity on free amino acids (/-Lg g -1 d wt.) in vegetative organs of 
61-day-old-plants of S. madraspatanus. Each value represents mean ± SEM of four observations 

Amino Acids 0 

Alanine Lvs 213 ± 10 
St 255 ± 10 
Rt 153 ± 07 

Asparagine Lvs 282 ± 79 
St 609 ± 107 
Rt 274 ± 23 

Aspartic Acid Lvs 319 ± 57 
St 782 ± 150 
Rt 289 ± 49 

Glutamic Acid Lvs 167 ± 15 
St 307 ± 30 
Rt 164 ± 28 

Glycine Lvs 75 ± 11 
St 136 ± 36 
Rt 132 ± 24 

Iso-leucine Lvs 9±2 
St 44 ± 8 
Rt 24 ± 7 

Leucine Lvs 10 ± 2 
St 47 ± 12 
Rt 24 ± 6 

Methionine Lvs 241 ± 53 
St 185 ± 20 
Rt 55 ± 8 

Phenylalanine Lvs 212 ± 49 
St 751 ± 47 
Rt 204 ± 33 

Proline Lvs 15 ± 0 
St 20 ± 4 
Rt 25 ± 5 

Serine Lvs 126 ± 7 
St 82 ± 22 
Rt 158 ± 23 

Threonine Lvs 73 ± 14 
St 156 ± 12 
Rt 75 ± 9 

Valine Lvs 122 ± 27 
St 94 ± 13 
Rt 35 ± 2 

Lvs-Leaves; St-Stem; Rt-Roots. 

DISCUSSION 

A failure of Sporobolus madraspatanus seed germina­
tion beyond 16 dS m -\ seawater reflects a general 
characteristic owned by other salt tolerant grasses 
(Pollack and Waisel, 1971). However, 60% seed 
germination in Sporobolus wrightii at 20 dS m-\ 

dsm- 1 

16 32 

287 ± 06 2277 ± 18 
334 ± 19 295 ± 17 
138 ± 04 69 ± 05 

297 ± 18 616 ± 18 
517 ± 40 939 ± 42 
188 ± 04 144 ± 08 

761 ± 14 1404 ± 180 
1647 ± 84 1820 ± 154 
605 ± 32 370 ± 16 

49 ± 33 249 ± 15 
250 ± 9 364 ± 13 
136 ± 6 75 ± 5 

129 ± 34 90 ± 7 
104 ± 12 254 ± 11 
58 ± 4 42 ± 4 

27 ± 4 19 ± I 
45 ± 6 37 ± 3 
II ± 1 6 ± 1 

35 ± 6 23 ± 1 
54 ± 3 57 ± 3 
18 ± 2 11 ± 2 

108 ± 15 84 ± 3 
88 ± 6 62 ± 4 
38 ± 2 17 ± 1 

678 ± 59 697 ± 17 
1013 ± 77 822 ± 43 
207 ± 9 128 ± 12 

74 ± 7 1995 ± 61 
3179 ± 73 3004 ± 178 
1183 ± 94 1794±12 

99 ± 28 150 ± 7 
124 ± 10 311 ± 28 
130 ± 8 47 ± 2 

54 ± 9 52 ± 4 
89 ± 8 177 ± 5 
59 ± 4 14 ± 2 

57 ± 8 32 ± 7 
54 ± 4 48 ± 3 
21 ± 3 13 ± 6 

salinity manifested still higher degree of salt tolerance 
(Everitt, 1983). The present study evidently shows that 
half the number of seeds of Sporobolus madras­
patanus do not loose their viability, even after expo­
sure to high seawater concentrations. 

Survival and adequate growth of 61-day-old plants 
of Sporobolus madraspatanus in 32 dS m -\ seawater 
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Fig. 3. (a) Effects of seawater salinity on sugar content (mg g-l d wt.) in leaves (a), stems (b) and roots (c) of 61-day-old plants of 
S. madraspatanus. Each value represents mean::':: SEM of four observations. (b) Effects of seawater salinity on accumulation of total and 
reducing sugars (mg g-l d wt.) in 61-day-old plants of S. madraspatanus. Each value represents mean::':: SEM of four observations. 
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Fig. 4. Effects of seawater salinity on accumulation of mineral ions (meq g-l d wt.) in 61-day-old plants of S. madraspatanus. Each value 
represents mean:!: SEM of four observations. 

obviously shows a remarkable degree of salt tolerance, 
perhaps known for the first time in Indian halophytic 
grasses, because optimum growth of salt tolerant 
plants is normally observed in growth media contain­
ing 100-300 mol m-3 NaCI. Thus, the experimental 
evidence shows the possibility to sow this grass direct 
on soils having salinity equivalent to 20 dS m -1. 

Kalir and Poljakoff-Mayber (1983) had reported an 
increase in leaf proteins of Halimione portulacoides 
grown in 2% NaCI solution suporting an earlier view 
of enhanced protein content in halophytes under saline 
conditions and which in tum, reflect an adaptive char­
acteristic of salt-tolerant plants (EL-Shorbagy and 
Kishk, 1975. See also Costa and Cacador of this vol­
ume). The present study indicates that the protein con­
tent in 61-day-old plants of Sporobolus madraspatanus 
was not much affected by seawater concentrations. 

As noted earlier (Table 1), salinity stress increased 
the concentration of alanine, asparagine, aspartic acid, 
glutamic acid, phenylalanine, serine and proline in 
young plants of Sporobolus madraspatanus. Although 
the osmoregulatory role of proline, glycinebetaine, 
sorbitol, piperolique acid etc. has been elucidated 
(Popp et aI., 1984). The physiological role of other 
amino acids occuring in quite high concentration in 
salt-tolerant plants including Sporobolus madras­
patanus yet remains to be explained. 

Our findings showing an increase in amounts of 
sugar with increasing salinity in Sporobolus madras-

patanus are similar to other halophytic species 
(Rozema, 1976) but no consensus prevails regarding a 
definite role of sugars in salt-tolerance mechanism of 
plants (Misra, 1989). 

A positive relationship between concentration of salts 
and mineral ions in vegetative organs of young plants 
and seawater concentrations in growth media reflects 
the ability of the grass to maintain the internal osmotic 
pressure. However, 20% salt content found in the tissues 
must be taken as a precautionary parameter in deciding 
the forage value of Sporobolus madraspatanus. 

The present study collectively shows that the 
Sporobolus madraspatanus can be introduced suc­
cessfully in coastal saline areas for increasing biomass 
and forage production and thus, it can be considered 
as an important cash crop halophytes in the develop­
ing countries facing acute shortage of the fodder. 
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An ecological overview of halophytes from Pakistan 

M. AJMAL KHAN 

INTRODUCTION 

In recent years there has been increasing recognition 
that the scarcity of fresh water and the salinification of 
agricultural areas are becoming much more global 
problems. Both trends represent a threat to the 
world's food supply. Currently the domestic, industrial 
and agricultural use of fresh and ground water is 
increasing so quickly that fresh water shortage can be 
expected all over the world. This is already the case in 
several different places. Surface and ground water in 
agricultural areas in many places in the world are 
rapidly becoming increasingly brackish and saline, 
particularly in arid tropical and subtropical areas. 
Furthermore, salt deserts (caused by a lack of fresh 
water) and saline inland basins (caused by the level of 
saline ground water rising as a result of leakage of 
drainage water) are being created. FAO data show that 
at least 40% of the world is affected by salinification 
in some form [10]. The actual impact of this estimate 
in not entirely clear. However, it is known that large 
areas in Australia, India, Pakistan, Egypt, Central 
Asia, South America, Mexico and the United States 
[34] are faced with salinification to greater or lesser 
extent. 

At the same time there are growing indications that 
cultivation of crops with a high-salt tolerance can be 
seen as interesting option for utilizing saline soils and 
conserving fresh water (59, 60, 97). Saline agriculture 
is a type of agriculture on the saline soil in which 
crops (halophytes) that can withstand a higher salt 
content than normal agricultural crops are grown. 
Potential halophytic crops could be broadly grouped 
into three categories: (1) plants with a high salt toler­
ance: they grow in water with salt contents equal to or 
even higher than sea water; (2) crops with average salt 
tolerance: they grow in brackish water; and (3) crops 
with moderate salt tolerance: they grow in slightly 
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brackish water that is not suitable for conventional 
agriculture, 

Some halophytes stand out because of their spec­
tacular growth and production in saline conditions. 
Nevertheless, the number of examples where halo­
phytes are actually employed for a particular practical 
purpose is extremely low, although it is demonstrated 
that there are many potential halophytic crops. There 
could be several reasons for this limited utilization: 
(1) So far, there was virtually no urgency yet any­
where because agricultural crops met the needs. 
(2) Essentially all halophytes are species that occur 
naturally. There has been no selection or improvements 
of halophytes with a view of practical applications. 
(3) It is not unthinkable that as soon as real research 
efforts are started, halophytes with unique properties 
can be found. (4) Little information is available about 
the diversity of halophytes in the most areas of the 
world. (5) Saline agriculture is a new technology and it 
requires effort, and special skills to make it successful. 

There are several efforts made to compile the halo­
phytic flora of the world [4, 5, 107] as well list of 
regional halophytes. However, still the information 
regarding halophyte is far from completion. Although 
flora of Pakistan is near completion and it has infor­
mation about the halophytes buried in somewhere. 
Current effort is made to compile a list of halophytes 
distributed in Pakistan with some relevant details. 

PHYSIOGRAPHY, SALINITY AND 
CLIMATE 

Pakistan has varied physiography and climate. It 
stretches about 1,600 km from the subtropical Arabian 
Sea to temperate northern mountains covering an 
area of 800,000 km2. The country could be divided 
into seven major landscape units: (1) The northern 
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mountains, (2) the Hindu Kush and the western moun­
tains, (3) the potwar plateau and salt range, (4) the 
Balochistan plateau, (5) the Indus plain, (6) Cholistan 
and ThaI desert and (7) coastal areas. Indus is a major 
river, which passes through Pakistan with an approxi­
mate annual flow of 115 billion cubic meters [3, 120]. 
It originates on the Tibetan plateau at an altitude of 
about 5,500 m and flows south to the Arabian Sea. In 
addition other major tributaries, the Chenab, the 
Jehlum, the Sutlej, the Beas and the Ravi join the 
Indus at upper Indus plain. 

Pakistan is primarily arid and semiarid, except for a 
narrow belt in the north, with low and variable rainfall. 
Annual precipitation ranges from 1,500 mm on the 
southern step of Himalayas to less than 100 mm in the 
Western Balochistan coast. About 69% of the country 
receives rainfall less than 250 mm of the rain per 
year. The rain primarily falls during the monsoons 
(June-September), however, Southwestern Balochistan 
receives winter rain under mediteranean trend and 
some northwestern areas have both winter and summer 
rams. 

TECHNICAL INFORMATION 

There are numerous ways of defining halophytes. For 
our purpose best definition seems to be "plants that 
complete their life cycle in saline habitats" [178], 
where salt concentration of soil solution is about 5 gil 
total dissolved solids (85 mM NaCI or 7-8 dS m -1, 

11). This list is organized alphabetically by botanical 
family, and within each family, by genus and species. 
Generic and familial taxonomy follows "Flora of 
Pakistan" [4]. However, the flora being continuously 
updated and revised, these names could be changed 
later. 

Distribution 

We have followed the distribution of halophytic 
species based on general landscape of Pakistan but has 
added one more category of plants which are cosmo­
politan in distribution. They are as follows: (1) The 
northern mountains (NM), (2) the Hindu Kush and 
the western mountains (HK) , (3) the potwar plateau 
and salt range (PP), (4) the Balochistan plateau (BP), 
(5) the Indus plain (IP), (6) Cholistan and ThaI desert 
(CT), (7) coastal areas (CO) and Cosmopolitan (CM). 

MAjmal Khan 

Life Form 

Only one life form is given per species, even 
though many species show a certain amount of 
plasticity in this regard. A = annual, AQ = aquatic, 
CH = chamaephyte (small shrub, under 0.5 m average 
height), CRN = nano-chamaephyte (dwarf shrub, 
under 0.25 m average height), H = hemicryptophyte, 
HP = herbaceous perennial, PG = perennial grass, 
SH = shrub, T2 = tree, average height 2 m, 
T4 = tree, average height 4 m, and T(x) = tree, 
average height (x) m. 

Plant Type 

This category bases on the habitats in which the taxon 
is distributed. Hyphal = hydrohalophytes (present in 
salt marshes), Xeorh = Xerohalophyte = salt desert 
species, Psamm = Psammophytes (sand loving plants 
found on littoral or inland sand dunes), Xero = 

xerohalophytes (desert species suspected as halophytes), 
Chasm = Chasmophytes (cliff-dwelling species), 
Weedy = fugitive species, Phrea = phreatophytes. 

Max dS m -1: This heading gives the maximum 
reported salinity tolerance of a taxon as cited in the 
references. 

GENERAL OVERVIEW 

The list showed that halophytic vegetation of Pakistan 
is quite diverse (Table 1) with 380 species with varied 
level of salt tolerance. Menzel and Lieth [107] reported 
that about 2,200 halophytic species were found in the 
literature worldwide. The halophytes of Pakistan con­
stitute about 18% of this halophytic flora. Most of the 
halophytic species in Pakistan are present in the playas 
of northern mountains [95], whereas, others are in 
Indus plains [78], coastal areas [77], Hindu kush and 
the western mountains [34], the Potwar plateau [33], 
Cholistan and ThaI desert [20] and 37 halophytes are 
cosmopolitan in distribution (Figure 1). The data 
showed that mountainous areas of Pakistan are more 
diverse in comparison of flat plains. The halophytes of 
Pakistan represent 58 families. The highest number of 
halophytes is present in the family Chenopodiaceae 
[87], followed by Poaceae [72], Cyperaceae [27], 
Papilionaceae [23], Tamaricaceae [16], Asteraceae [11] 
and Verbenaceae [10] while other families are repre­
sented by less than 10 halophytes (Tables 1 and 2). 
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Table 1. Alphabetical listing of halophytes from Pakistan 

Plant Life Max 
Genus, species and author Distribution type form dS/m Ref. 

Aizoaceae 
Aizoon canariense L. CO Xero A 18 
Mesembryanthemum crystallinum L. IP Xero A 56 40 
Sesuvium sesuvioides (Fenz!.) Verdc. CO,IP Psamm. HP 122 
Trianthema portulacastrum L. NM,IP Xero A 37, 55 
Trianthema triquetra Rott!'ex Willd. CO,IP Xero A 37, 55 

Amaranthaceae 
Aerva javanica (Brum. f.) Juss. ex lA. Schultes CO,IP Xero SH 135 

Asclepediaceae 
Calotropis gigantea (L.) Aiton Cosmo Xero T2 8 117,21 
Calotropis procera (Ait.) Ait. HK, NM, BP, IP Xero T2 8 117, 7 
Cynanchum acutum L. NM Xero V 135 
Leptadenia pyrotechnica (Forssk.) Dene. CO,CT Xero SH 91 
Pentatropis spira lis (Forssk.) Dene. CT,IP Xero HP 50, 100 
Pergularia tomentosa L. CO,CT Xero V 100 

Asteraceae 
Achillea millefolium L. NM Psamm. CH 134 
Artemisia brevifolia Wall. ex DC NM Psamm. CH 4 
Artemisia maritima L. NM Psamm. CH 97 
Artemisia scoparia Waldst. & Kit. NM,IP Psamm. CH 66 
lnula brittanica L. NM Psamm. HP 66 
Lactuca tatarica (L.) C. A. May NM Psamm. HP 66 
Launea sarmantosa (Willd.) Alsoton CO Psamm. HP 66 
Pulicaria hookeri Jafri CO Psamm. HP 66 
Sonchus maritimus L. BP, IP Xero HP 121 
Sonchus tenerrimus L. CO Xero HP 121 
Xanthium sibiricum Patrin. BP Xero HP 66 

Avicenniaceae 
Avicennia marina (Forssk.) Vierh CO Hyphal T8 58 13,73 

Boraginaceae 
Heliotropium aucheri DC BP Weedy HP 110 
Heliotropium bacciferum Forssk. CO Xero HP 110 
Heliotropium currassavicum L. CO,IP Weedy HP 15,49 

Brassicaceae 
Conringia persica Boiss. BP Psamm. A 4 
Dilophia salsa Thompson NM Hyphal CH 4 
Lepidium cartilagineum (l May) Thell. BP Hyphal A 110,137 
Lepidium pinnatifidum Ledeb. Pp, NM Hyphal AP 137 
Lepidium latifolium L. NM Hyphal A 38,97 
Lobularia maritima (L.) Desv. IP Psamm. A 137 
Raphanus raphanistrum L. HK, Pp, BP Psamm. A 137 

Caryophyllaceae 
Cerastium glomeratum Thuill. NM Weedy HP 47 
Spergularia diandra (Guss.) Heldr & Sarto BP, NM Weedy HP 121, 142 
Spergu/aria marina (L.) Griesb. IP Weedy HP 50 97,110 
Spergu/aria media (L.) Pres!' BP Weedy A 50 97,110 

Caesalpiniaceae 
Caesalpinea bonduc (L.) Roxburgh. IP Hyphal SH 107 39, 108 

Chenopodiaceae 
Aellenia acutifolia (Moq.) Jafri BP Xerohal. SH 4 
Aellenia auricula (Moq.) Ulbr. BP Xeroha!. SH 110 
Agathophora alopecuroides (Dellie.) Fenzl ex Bunge BP Xerohal. SH 110 
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Plant Life Max 
Genus, species and author Distribution type form dS/m Ref. 

Anabasis haussknechtii Bunge ex Boiss. BF, PP Xerohal. SH 110 
Anabasis setifera Moq. BP Xerohal. CHN 94, 110 
Arthrocnemum indicum (Willd.) Moq. CO Hyphal CHN 90 52, 108 
Arthrocnemum macrostachyum (Moric.) C. Koch CO Hyphal CHN 90 75,85 
Atriplex aucheri Moq. NM Xero A 4 
Atriplex canescens James BP Xerohal. SH 59 115,117 
Atriplex dimorphostegia Kar. & Kir. BP Xero AP 56 5, 117 
Atriplex griffithii Moq. NM Xerohal. SH 5, 117 
Atriplex halimus L. IP Xerohal. SH 56 115,117 
Atriplex hortensis L. NM Xero A 10 116, 117 
Atriplex lasiantha Boiss. NM, IF, BP Xero A 4 
A triplex leucoclada Boiss. CO, IP Xero SH 79 5, 117 
A triplex pamirica Iljin NM,IP Xerohal. A 4 
Atriplex schugnanica Iljin NM Xero A 4 
Atriplex stocksii Boiss. CO Xerohal. SH 36 74, 89 
Atriplex tatarica L. NM Xero A 66, 137 
Bassia hyssopifolia (Pall.) O. Kuntze NM Weedy A 58 57, 113 
Beta vulgaris ssp maritma (L.) Arcangeli BF, IP Weedy HP 20 97, 117 
Bienertia cycloptera (Bunge ex Trautv.) CO Hyphal A 18,110 

Bunge ex Boiss. 
Camphorosma monspelicata L. BP Xero SH 66, 110 
Ceratocarpus arenarius L. NM,BP Xero A 15 66 
Chenopodium album L. NM,IP Weedy A 65,66 
Chenopodium ambrosoides L. NM,IP Weedy A 104,113 
Chenopodium botrys L. NM,HK Weedy A 4 
Chenopodiumficifolium ssp blomianum (Aellen) Aellen Cosmo Weedy A 4 
Chenopodium foliosum Ascher NM Hyphal A 4 
Chenopodium glaucum L. NM,BP Weedy CH 66,108 
Chenopodium murale L. IP Weedy A 20 57, 58 
Coriospermum korovinii Iljin NM Xero A 66 
Coriospermum tibeticum Iljin NM Xero A 66 
Cornulaca monocantha Del. CO,BP Xerohal. A 92,93 
Gamanthus gamocarpus (Moq.) Bunge BP Xerohal. A 121 
Girgensohnia oppositijlora (Pall.) Fenzl BP Xero A 92, 137 
Halimocnemis pilifera Moq. BP Xerohal. A 135 
Halocharis clavata Bunge BP Xerohal. A 130 
Halocharis hispida (Schrenk ex C. A. Mey) Bunge BP Xerohal. A 130 
Halocharis lachnantha E. Korov. BP Xerohal. A 130 
Halocharis sulpheurea (Moq.) Moq. BP Xerohal. A 110 
Halocharis violacea Bunge BP Xerohal. A 110 
Halocnemum strobilaceum (Pall.) M. Bieb. CO Xero CH 18 
Halogeton glomeratus (M. 8.) C. A. Mey NM Xerohal. SH 66,94 
Halogeton tibeticus Bunge NM Xerohal. A 66 
Halopeplis perfoliata (Forssk.) Bunge ex Schweinf. CO Hyphal HP 10 18,93 
Halostachys belangerana (Moq.) Botsch. CO Hyphal SH 131,137 
Haloxylon griffithii (Moq.) Boiss. NM Xero SH 117 
Haloxylon persicum Bunge ex Boiss. BP Psamm. SH 21,28 
Haloxylon salicornicum (Moq.) Bunge ex Boiss. IP Xero CHN 110 
Haloxylon scoparium Pomel. IP Psamm. SH 25 
Haloxylon stocksii (Boiss.) Benth. & Hook. Cosmo Psamm. SH 35 78, 87 
Kochia indica Wight NM, BF, IP Xero A 93,94 
Kochia iranica Litw. ex Bornrn BP Xero A 46, 177 
Kochia prostrata (L.) Schrad. NM,BP Xero A 66, 110 
Kochia scoparia (L.) Schrad. Cosmo Xero A 92,130 
Kochia stellaris Moq. NM Xero A 93 
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Table 1. (Cont.) 

Plant Life Max 
Genus, species and author Distribution type form dS/m Ref. 

Krascheninnikovia ceratoides (L.) Gueldena NM,BP Xerohal. SH 4 
Salicornia brachiata CO hyphal A 40 75,76 
Salsola arbuscula Pall. BP Xerohal. CH 112,135 
Salsola canescens (Moq.) Boiss. BP Xerohal. CHN 130 
Salsola chorassanica Botsch BP Xerohal. A 110 
Salsola collina Pall. NM Hyphal A 66 
Salsola crassa ssp turcomanica Pall. BP Xerohal. A 134 
Salsola cyclophylla Baker BP Hyphal SH 134 
Salsola drummondii Ulbr. BP, IP Hyphal SH 66 
Salsola griffithii (Bunge) Freitag & Akhani BP Psamm. CH 4 
Salsola imbricata Forssk. IP, Pp, BP Xerohal. SH 4 
Salsola incanescens C.A. Mey BP Xerohal. A 110 
Salsola jacquemontii Moq. NM Xerohal. A 4 
Salsola makranica Freitag BP Xerohal. CHN 4 
Salsola nitraria Pall. BP Xerohal. A 110 
Salsola orientalis S.G. Gmeln BP Xerohal. AP 27, 110 
Salsola paulsenii ssp praecox (Litw.) Rilke BP Psamm. A 66 
Salsola richteri (Moq.) Karel. BP Psamm. CH 27, 114 
Salsola rubescens Franch BP Xerohal. CH 4 
Salsola sclerantha C.A. Mey BP Psamm. A 27, 110 
Salsola tomentosa (Moq.) Spach BP Xerohal. CHN 110 
Salsola tragus L. Cosmo Xerohal. A 4 
Seidlitziajlorida (M. Bieb.) Boiss. BP Xerohal. A 110 
Suaeda acuminata (C. A. Mey) Moq. NM Xerohal. A 66, 110 
Suaeda arcuata Bunge BP Weedy A 4 
Suaeda aegyptiaca (Hasselq.) Zohary BP Hyphal AP 18,48 
Suaeda olufsenii Paulsen NM Hyphal A 18,48 
Suaedafruticosa (L.) Forssk. Cosmo Xerohal. HP 97 82,88 
Suaeda heterophylla (Kar. & Kir.) Bunge NM Hyphal A 4 
Suaeda monoica Forssk. BP, IP Hyphal SH 56 93, 115 

Cistaceae 
Helianthemum lippii (L.) Pers. CO,BP Xero SH 4 

ConvoIvulaceae 
Cressa cretica L. Ip, BP, CT, CO Hyphal HP 97 71,84 
Evolvulus alsinoides (L.) L. IP, BP, CT, CO Hyphal HP 113 
Ipomoea alba L. Cosmo Psamm. HP 15 
Ipomoea pes-caprae (L.) R. Br. CO Psamm. HP 133 

Cyperaceae 
Blysmus rufus (Huds.) Link. NM Hyphal HP 16 97, 103 
Bolboschoenus affinis (Roth.) Drobov Cosmo Hyphal HP 130 
Bolboschoenus maritimus (Roth.) Drobov NM, Pp, HK, BP Hyphal HP 134 
Carex divisa Hudson BP, HK, NM Hyphal HP 38, 50 
Carex orbicularis Boott BP, HK, NM Hyphal HP 66 
Carex songorica Kar. & Kir HK,NM Hyphal HP 118 
Carex stenophylla Wahl. BP, HK, NM Hyphal HP 135 
Carex stenophylla ssp. interrupta (V Krecz.) Egor Co sm. Hyphal HP 135 
Cyperus arenarius Retz. CO,IP Hyphal HP 4 
Cyperus conglomeratus ssp. conglomeratus Rottb. CO Hyphal HP 18, 110 
Cyperus conglomeratus ssp. cuvulus Rottb. CO Hyphal HP 18,110 
Cyperus corymbosis Rottb. CO Hyphal HP 16, 123 
Cyperus laevigatus L. Ip, Pp, CO, BP Hyphal HP 16,51 
Cyperus malaccensis Lam. CO Hyphal HP 70, III 
Cyperus pachyrhizhus Nees ex Boeck CO Hyphal HP 4 
Cyperus rotundus L. Cosmo Hyphal HP 66 
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Plant Life Max 
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Cyperus serotinus Rottb. NM, Pp, HK Hyphal HP 66 
Cyperus stoloniferous Retz. Co Hyphal HP 52 
Eleocharis palustris (L.) Roem & Schultes NM.Ip, Hyphal HP 51 
Eleocharis uniglumis (Link.) Schultes NM, Pp, HK, BP Hyphal HP 16 97 
Fimbristylis cymosa R. Br. CO Hyphal HP 66 
Pycerus polystachyos (Rottb.) P. Beauv CO Hyphal HP 66 
Schoenoplectus lacustris (L.) Palla NM Hyphal HP 66 
Schoenoplectus littoralis (Schrad.) Palla NM,IP Hyphal HP 66 
Schoenoplectus triqueter (L.) Palla NM Hyphal HP 66 
Schoen us nigricans L. Cosmo Hyphal HP 133 
Scirpoides holoschoenus (L.) Sojak NM,BP Hyphal HP 4 

Elaegnaceae 
Elaeagnus angustifolia L. NM, BP, IP Hyphal TX 66 
Hippophae rhamnoides L. NM Hyphal SH 66 

Euphorhiaceae 
Andrachne telephioides L. NM,PP, BP Weedy HP 43 
Euphorbia granulata Forssk. Cosmo Weedy A 117 
Euphorbia serpens Kunth. IP Xero A 123 
Euphorbia thymifolia L. HK, PP, BP, CT Psamm. AP 122 
Flueggea leucopyrus Willd. Pp, IP Xero SH 4 

Frankeniaceae 
Frankenia pulverulenta L. BP, IP, PP Psamm. AP 135 

Gentianaceae 
Centaurum spicatum (L.) Fritsch IP Xerohal. HP 29 

Goodeniaceae 
Scaevola plumieri (L.) Vahl. CO Psamm. SH 60 39, 54 
Scaevola taccada (gaertn.) Roxb. CO Psamm. SH 10 117 

Hydrocharitaceae 
Halophila ova lis R. Br. CO Hyphal AQ 58 44 

Iridaceae 
Iris ensata Thunb. Cosmo Hyphal AQ 110 

Juncaceae 
Juncus bufonius L. IP Hyphal A 113 
Juncus gerardii Lois. BP Hyphal HP 50 97 
Juncus maritimus Lam. CO,IP Hyphal HP 87 97, 117 

Juncus punctorius L. BP Hyphal HP 4 
Triglochin maritima L. NM Hyphal HP 48 36 

Triglochin palustris K. NM Hyphal HP 113,137 

Lauraceae 
Litsea monopetala (Roxb.) Pers. PP Hyphal V 135 

Liliaceae 
Asparagus officinalis L. NM Psamm. HP 137 

Urginea indica Kunth. NM Psamm. HP 117,135 

Malvaceae 
Hibiscus tiliaceous L. CO Psamm. T12 58 39,108 

Thespesia populnea (L.) Sol. CO Hyphal T4 58 39, 117 

Thespesia populneoides (Roxb.) Kostel. CO Hyphal T6 58 39, 108 

Mimosaceae 
Acacia cornigera (L.) Willd. IP Xero T4 15 

Acacia jacquamonti Benth. BP, IP Xero T6 8 

Acacia leucophloea (Roxb.) Willd. CT Xero T6 8 
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Genus, species and author Distribution type form dS/m Ref. 

Acacia nilotica (L.) Delile CO Xero T6 4 

Acacia sphaerocephala Schl. & Chern. IP Xero T2 135 

Prosopis cineraria (L.) Druce Pp, IP, BP, CT Xero T8 18,42 
Prosopisfarcta (Banks & Sol.) Macbride HK Weedy CH 18,41 

Prosopis juliflora (Swartz) DC, IP Xero T8 30,53 

Molluginaceae 
Glinus lotoides L. CO, CT, IP Psamm. A 4 

Moraceae 
Ficus microcarpa L. CO Hyphal T8 4 

Myrsinaceae 
Aegiceras corniculata (L.) Blanco CO Hyphal T6 58 39,49 
Ardisia solanacea Roxb. CO Hyphal SH 135 

Najadaceae 
Najas graminea Delile PP Hyphal SAQ \13 
Najas marina L. Ip, NM Hyphal SAQ 55 2,108 
Najas minor All. IP Hyphal SAQ 135 

Nyctaginaceae 
Bougainvillea spectabilis Willd. IP Xero V 8 20 
Pisonia grandis R. Br. CO Psamm. T4 

Orobanchaceae 
Cistanche tubulosa (Schrenk) Hook CO, IP, BP, PP Hyphal A \10 

Pal mae 
Cocos nucifera L. CO Hyphal T8 58 35, 106 
Hyphaene thebaica (L.) Mart. CO Hyphal T8 51,121 
Livistonia chinenesis (N. J. Jacquin) R. Brown CO Hyphal T8 117 
Pheonix canarienses L. CO Hyphal T8 5,26 
Pheonix dactylifera Linn. CO, IP Hyphal T8 5,136 

Papilionaceae 
Alhaji maurorum Medic. Cosmo Hyphal SH 18,93 
Amorphafruticosa L. IP Xero SH 66 
Astragalus kahiricus DC. HK,IP Xero CH 110 
Dalbergia sissoo Roxb. IP, BP, Xero T8 118 
Erythrina herbacea Linn. IP Hyphal SH 33 
Glycyrrhiza glabra L. NM,BP Hyphal CH 66 
Glycyrrhiza uralensis Fisch ex DC. HK Hyphal CH 135 
Lespedeza juncea var serica (Thunb.) HK, PP, BP Xero HP 4 

Lace & Hemsley 
Macroptilium lathyroides (L.) Urb. IP Hyphal A 4 
Medicago falcate L. NM Chasm PH 66 
Medicago minima (L.) Grutb. NM Chasm A 22,56 
Melilotus alba Desr. NM Chasm A liD 
Melilotus indica (L.) All. Cosmo Chasm A 110,134 
Melilotus officinalis (Li.) Pall. NM Chasm A liD 
Oxytropis glabra DC. NM,HK Chasm CHN 66 
Oxytropis microphylla (Pall.) D.C. NM Psamm. CH 66 
Pongamia pinnata (L.) Merrill IP Hyphal no 58 39 
Robinia pseudoacacia L. PP Hyphal TID 66 
Sophora alopecuroides L. NM Psamm. SH 66 
Sophora japonica L. PP Phre no 66 
Sophora occidentalis L. IP Hyphal SH 66 
Tephrosia purpurea (L.) Pers. IP Hyphal A 91,125 
Trifolium fragiferum L. NM Psamm. HP 16 30,97 
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Plantaginaceae 
Plantago coronopus L. BP Xero A 50 38 
Plantago depressa Willd. NM Hyphal A 86 
Plantago lanceolata L. Np, PP Xero HP 108 
Plantago major L. Cosmo Psamm. HP 137, 143 

Plumbaginaceae 
Limonium gilsei (Hems!.) Rech. NM Hyphal HP 4 
Limonium sinuatum (L.) Miller Cultivated Hyphal HP 56 117 
Limonium stocksii (Boiss.) 0. Ktze CO,BP Hyphal HP 50 18, 117 
Psylliostachys spicata (Willd.) N evski BP Hyphal A 52, 110 

Poaceae 
Aeluropus lagopoides (L.) Trin. ex Thw. CO, RD, Ip, BP Hyphal PG 56 18,62 
Aeluropus littoralis (Gouan) Par!' BP Hyphal PG 56 18, 51 
Aeluropus macrostachys Hack. BP Phyphal PG 4 
Agropyron cristatum (L.) Gaertn. NM Psamm. PG 12 
Agropyronjunceum (L.) P. Beauv. NM Psamm. PG 135 
Agrostis stolonifera L. Np, HK, PP, Psamm. HP 60 64, 124 
Arundo donax L. NP, Bp, IP, PP Weedy PG 52, 117 
Calamagrostis holciformis Jaub. & Spach. NM Psamm. PG 66 
Calamagrostis pseudophragmites (Hall. E) Koeler Bp, HK, NM Psamm. PG 66 
Cenchrus ciliaris Rich. Cosmo Psamm. PG 55, 125 
Chloris gayana Kunth. NM,IP Psamm. PG 16 31,55 
Chloris virgata Sw. BP Psamm. A 110, 128 
Coelachyrum piercei (Benth.) Bor. BP Psamm. PG 110 
Cry psis aculeate (L.) Ait. Cosmo Weedy A 66 
Cry psis schoenoides (L.) Lam. Cosmo Weedy A 66 
Cynodon dactylon (L.) Pers. Cosmo Weedy PG 17 55, 117 
Dactyloctenium aegyptium (L.) P. Beauv. Cosmo Weedy PG 21, 55 
Dactyloctenium scindicum Boiss. Cosmo Xeroha!' PG 27, 73 
Desmostachya bipinnata (L.) Stapf. Cosmo Xeroha!. PG 5.6 21,55 
Dichantheum annulatum (Forssk.) Stapf. Cosmo Xero PG 128 
Digitaria bicornis (Lam.) Roem & Schulte Co Psamm. A 66 
Digitaria longifolia (Retz.) Pers. PP Hypha1 PG 99 
Digitaria sanguinalis (L.) Scop. BP, HK, NM, PP Psamm. A 135 
Diplachne fusca (L.) P. Beauv. IP, CT H PG 15 18, 102 
Eleusine indica (L.) Gaertn. NM, Ip, HK Hyphal PG 24,51 
Elymus dasytachys Trin. Northern Area Psamm. PG 135 
Eragrostis curvula (Schrad.) Nees. CT, IP, BP, PP Psamm. PG 4 
Eragrostis superba Peyr. CO,CT Psamm. PG 4 

Festuca pamirica Tzvelev NM,HK Psamm. PG 4 

Festuca rubra L. NM,HK Psamm. PG 27 97, 117 
Halopyrum mucronatum (L.) Stapf. CO Psamm. PG 35 18,86 

Hordeum bogdanii Wilensky BO,NM Hyphal PG 4 
Hordeum brevisubulatum (Trin.) Link NM,HK Hyphal PG 66 

Hordeum marinum Huds. NM Hyphal A 20 97, 101 

Hordeum maritimum ssp glaucum (steud.) Tzvelev BP, NM, HK, PP Hyphal A 4 

Imperata cylindrica (L.) Raeusche!. Cosmo Psamm. PG 135 

Lasirus sciendicus Forssk. Cosmo Psamm PG 128 

Leymus secalinus (Georgi) Tzvelev HK,NM Psamm PG 4 

Lolium multiflorum Lam. HK,BP Psamm. PG 22, 113 
Lygeum spartum Loefl. ex Linn. NM Psamm. PG 18, 121 

Orinus thoroldii (Staps. ex Hems!.) Bor. NM Hyphal PG 66 
Orthochloa compressa (Forssk.) Hilu Cosmo Hyphal PG 4 

Oryza coarctata Roxb. CO Hyphal HP 135 



An ecological overview of halophytes from Pakistan 175 

Table 1. (Cont.) 

Plant Life Max 
Genus, species and author Distribution type form dS/m Ref. 

Parapholis incurva (L.) C.E. Hubb. BP, PP, HK Hyphal PG 97 
Paspalidium geminatum (Forssk.) Stapf CT Psamm. PG 18 
Paspalum pasploides (Michex) Scribner Cosmo Hypha! HP 32, 127 
Pennisetum hohenackeri Hochst. ex Steud. CT Psamm. PG 4 
Phalaris arundinaceae L. NM,PP Hypha! PG 66 
Phragmites australis (Cay.) Trin. ex Steud. NM,IP Hypha! PG 40.6 !8,47 
Phragmites karka (Retz.) Trin. ex. Steud. Cosmo Hypha! PG 108 
Poa bulbosa L. NM, BP, HK Psamm. PG 134 
Poa pratensis L. NM, BP, HK Psamm. PG 134 
Polypogon monspeliensis (L.) Desf. Cosmo Psamm. PG 119, 121 
Puccinellia distans (Wah!b.) ParI. NM Hypha! PG 27 97, 133 
Puccinellia gigantia (Grossh.) Grossh. BP Hypha! PG 134 
Puccinellia tenuiflora (Griesb.) Scribn. NM Hyphal PG 66 
Sacchraum bengalense Retz. HK, Pp, IP, CT Hypha! PG 4 
Sacchraum spontaneum L. NM, Pp, HK, IP Hyphal PG 66 
Setaria viridis (L.) P. Beauy. NP, BP, HK, PP Psamm. A 66 
Spinifex littoreaus (Brum. E) Merr. Cosmo Psamm. PG 66 
Sporobolus arabicus Boiss. Cosmo Psamm. PG 18, 110 
Sporobolus he/volus (Trin.) Dur. & Schinz. Pp, IP Psamm. PG 8,52 
Sporobolus piliferus (Trin.) Kunth. IP Psamm. PG 4 
Sporobolus tourneuxii Coss. CT Psamm. PG 4 
Sporobolus tremulus (Willd.) Kunth. PP Hyphal A 21,55 
Sporobolus virginicus (L.) Kunth. CO,CT Psamm. PG 73 18, 117 
Stipa splendens Trin. BP, HK, NM Psamm. PG 135 
Tetrachne dregei Nees ex Boeck BM Psamm. PG 110 
Trikeraia hookeri (Staps.) Bor. NM Psamm. PG 4 
Urochloa panicoides P. Beau. NM,HK,PP Psamm. PG 4 
Urochondra setulosa (Trin.) C.E. Hubb CO Xerohal. PG 30 62 
Vulpia unilateralis (L.) Stace NM Psamm. A 4 

Polygonaceae 
Polygonum aviculare L. NM Xero A 47, 83 
Polygonum bellardii All. NM Xero A 135 
Polygonum delicatulum Meissn. NM Xero A 4 
Polygonum patulum M. Bieb. NM Xero A 44 
Polygonum sibiricum Laxm. NM Xero A 66 
Polygonum viviparum L. NM Xero A 4 
Rumex crispus L. NM Xero A 17,47 

Portulacaceae 
Portulaca oleracea L. Cosmo Xero AP 125 
Portulaca pilosa L. NM,PP Hyphal A 108 

Primulaceae 
Anagallis arvensis L. NM Xero A 47, 117 
Glaux maritime L. NM Xero HP 52 97,133 
Samolus valerandi L. NM, PP, BP Hypha! HP 97 

Punicaceae 
Punica granatum L. NM, HK,BP Xero T2 4 

Residaceae 
Ochradenus baccatus Del. CO, BP Xero SH 58 142 
Oligomeris linifolia (Yah!) Macbride CO, IP, BP, PP Xero A 58 52 

Rhamnaceae 
Zizyphus nummularia (Burm. f.) Wight and Am. NM,CO Xero T4 7 

Rhizophoraceae 
Brugiera gymnorhiza (L.) Sayigny CO Hypha! T8 58 18, 108 
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Ceriops decandra (Griff.) Ding. CO Hypha! T9 58 95 
Ceriops tagal (Perr.) C.B. Robinson CO Hypha! T8 58 73, 108 
Rhizophora apiculata Blume, Bijdr. CO Hypha! T8 58 66, 108 
Rhizophora mucronata Poir. CO Hypha! T8 59 18,73 

Rosaceae 
Potentilla anserina L. NM Hypha! V 66 
Potentilla bifurca L. NM Hypha! V 66 
Potentilla supine L. NM Hypha! V 66 

Rubiaceae 
Galium verum L. NM Hypha! A 66 

Ruppiaceae 
Ruppia maritima L. Cosmo Hypha! AQ 58 109, 133 

Salicaceae 
Populus euphratica Olivier IP, BP, PP Xero T8 4 

Salvadoraceae 
Salvadora oleo ides Dene CO,IP Xero T8 21,63 
Salvadora persica L. CT,IP Xero T9 8 18,63 

Scrophulariaceae 
Euphrasia officinalis L. NM Xero HP 135 
Limosella aquatica L. NM Hypha! HP 113 

Simaroubaceae 
Suriana maritima L. CO Hypha1 SH 58 140 

Solanaceae 
Lycium edgeworthii Duna! IP, Pp, BP Xero SH 4 
Lycium shawii R. & S. BP Xero SH 51 
Solanum incanum L. Ip, Pp, BP Xero SH 9 117 

Sonneratiaceae 
Sonneratia caseolaris (L.) Eng!. CO Hypha! TX 58 109,133 

Tamaricaceae 
Reaumuria alternifolia (Labill) Britten BP Hypha! CHN 110 
Reaumuria palaestina Boiss. BP Hypha! CHN 110 
Reaumuria stocksii Boiss. BP, CO Hypha1 CHN 110 
Tamarix androssowii Litw. BP Xero T3 110 
Tamarix aphylla (L.) Karst. Cosmo Phrea T8 56 18,19 
Tamarix arceuthoides Bunge NM Xero T2 110 
Tamarix indica Willd. Cosmo Hypha! T8 19 
Tamarix karelini Bunge BP Xero T2 110 
Tamarix kotschyii Bumge BP Xero T2 66,110 
Tamarix leptostachya Bunge NM Xero T2 66, 110 
Tamarix mascatensis Bunge BP Xero SH 19,110 
Tamarix pakistanica Qaiser IP, BP, CO Phrea T2 4 

Tamarix passernioides De!.ex Desv. BP, IP, CT Xero T2 18, !9 
Tamarix ramosissima Ledeb. CT Xero SH 18,66 

Tamarix smyrensis Bunge. BP Xero T2 4 

Tamarix tetragyna (Boiss.) Boiss. BP Xero T2 26 18,19 

Tiliaceae 
Grewia tenax (Forssk.) Fiori Cosmo Xero T2 108, 112 

Typhaceae 
'Ijlpha domingensis Pers. Cosmo Hypha! HP 26 17, 18 
'Ijlpha latifolia L. NM Hypha1 HP 21 45, 133 
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Table 1. (Cont.) 

Genus, species and author Distribution 

Umbelliferae 
Ammi visnaga (L.) Lamk. HK 
Apium graveolens L. Cosmo 
Centella asiatica (L.) Urban NM 

Verbenaceae 
Clerodendrum inerme (L.) Gaertn. Cultivated 
Phyla nodiflora (L.) Greene IP 
Verbena officinalis L. NM,PP,HK 
Vitex trifolia L. Cultivated 

Zygophyllaceae 
Fagonia bruguieri DC. Prodr. BP 
Fagonia indica ssp. schweinfurthia Hadidi IP, CT, 
Nitraria retusa (Forssk.) Aschers CO 
Nitraria schoberi L. BP 
Seetzenia lanata (Willd.) Bullock IP, BP 
Tribulus terrestris L. Cosmo 
Zygophyllum fabago L. BP 
Zygophyllum propinquum Decne CT,IP 
Zygophyllum simplex L. CT, IP, CO 

160r-------------------------. 

140 

120 
rJl 

.~ 100 
OJ 
Co 
rJl 

'0 80 
Q; 
.0 

~ 60 
z 

40 

20 

o 
NM BP IP CO HK PP CM CT 

Geographical zones 

Fig. 1. Distribution of halophytic species in the major geographical 
zones of Pakistan. 

In addition among the total 380 halophytes about 137 
of them could be classified as hydrohalophytes, 
followed by xerophytes [91], Psammohalophytes [74], 
xerohalophytes [44], Chasmophytes [6], Weedy [23] 

Plant Life 
type form 

Xero T2 
Hyphal AQ 
Hyphal HP 

Hyphal SH 
Hyphal HP 
Hyphal HP 
Hyphal SH 

Xero CHN 
Xero CHN 
Xero SH 
Xerohal. SH 
Psamm. HP 
Xero HP 
Xerohal. SH 
Xero SH 
Xerohal. A 
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Max 
dS/m Ref. 

133, 137 
16 97 

4 

58 66, 108 
15 117,131 

135 
66 

43 
135 

90 18,93 
66 18, 117 

23,91 
23,91 
66 
110 

29 81, 142 

and Phreatophytes [3]. Fifty percent of halophytes 
from Chenopodiaceae are found in arid environment 
while all halophytic members of Cyperaceae are found 
in aquatic conditions (Table 2). 

Life forms of these plants also showed a high 
degree of variation. Annuals [98] are the dominant life 
forms of Pakistani halophytes, followed by 
Herbaceous perennials [79], perennial grass [59], 
shrubs [46], trees [33], Chaemaephytes [20] and oth­
ers like aquatic, geophytes, hemi-cryptophytes and 
small trees are represented by less than 15 individuals 
(Table 3). The data presented in Figure 2 showed dis­
tribution of various life forms in the various geograph­
ical regions. In the northern mountains halophytic 
vegetation is dominated by annuals [47], herbaceous 
perennials [33] and perennial grasses [29]. Halophytes 
in Balochistan plateau are also dominated by annuals 
[41], herbaceous perennials [21], shrubs [20] and 
perennial grasses [16]. Coastal areas are dominated by 
herbaceous perennials and shrubs. Most of the halo­
phytes present in the northern mountains are hydro­
halophytes [46], followed by xerohalophytes [33], 
Psammophytes [29], while halophytic vegetation of 
Balochistan is equally dominated by three types like 
hydro halophytes, xerophytes, and xerohalophytes 
(Figure 3). Hydrohalophytes are the most abundant 
group among the coastal plants. 
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Table 2. Type of halophytes distributed in various families 

No. Family Total # Hyphal Xero Psamm Xerohal Chasm Weedy Phrea 

I Chenopodiaceae 86 11 20 7 37 9 
2 Poaceae 72 24 39 3 5 
3 Cyperaceae 27 27 
4 Papilionaceae 23 9 4 3 6 I 
5 Tamaricaceae 16 4 10 2 
6 Asteraceae II 3 8 
7 Verbenaceae 10 4 4 
8 Mimosaceae 8 7 
9 Brassicaceae 7 4 3 

10 Polygonaceae 7 7 
11 Asclepidaceae 6 6 
12 Juncaceae 6 6 
13 Aizoaceae 5 4 
14 Euphorbiaceae 5 2 2 
15 Palmae 5 5 
16 Rhizophoraceae 5 5 
17 Caryophyllaceae 4 4 
18 Convolvulaceae 4 2 2 
19 Plantaginaceae 4 I 2 
20 Plumbaginaceae 4 4 
21 Boraginaceae 3 2 
22 Malvaceae 3 2 
23 Najadaceae 3 3 
24 Primulaceae 3 I 2 
25 Rosaceae 3 3 
26 Solanaceae 3 3 
27 Umbelliferae 3 2 
28 Zygophyllaceae 3 2 
29 Eleagnaceae 2 2 
30 Goodeniaceae 2 2 
31 Liliaceae 2 2 
32 Myrsinaceae 2 2 
33 Nyctaginaceae 2 
34 Portulacaceae 2 I 
35 Residaceae 2 2 
36 Salvadoraceae 2 2 
37 Scrophulariaceae 2 
38 Typhaceae 2 2 
39 Amaranthaceae 
40 Avicenniaceae 
41 Caesalpinaceae 
42 Cistaceae 
43 Frankeniaceae 
44 Gentianaceae 
45 Hydrocharitaceae 
46 lridaceae 
47 Lauraceae 
48 Molluginaceae 
49 Moraceae 
50 Orobanchaceae 
51 Punicaceae 
52 Rhamnaceae 
53 Rubiaceae 
54 Ruppiaceae 
55 Salicaceae 
56 Simaroubaceae 
57 Sonneratiaceae 
58 Tiliaceae 



An ecological overview of halophytes from Pakistan 179 

Table 3. Distribution oflife form of the halophytes from Pakistan among plant families 

No. Family Total # A AQ CH CHN HP PG SH T2 T4 T(x) V 

1 Chenopodiaceae 86 49 6 7 3 21 
2 Poaceae 72 10 3 59 
3 Cyperaceae 27 27 
4 Papilionaceae 23 6 4 4 4 4 
5 Tamaricaceae 16 3 2 8 2 
6 Asteraceae II 4 7 
7 Verbenaceae 10 2 4 4 
8 Mimosaceae 8 7 
9 Brassicaceae 7 6 

\0 Polygonaceae 7 7 
II AscJepidaceae 6 2 2 
12 Juncaceae 6 5 
13 Aizoaceae 5 4 
14 Euphorbiaceae 5 3 
15 Palmae 5 5 
16 Rhizophoraceae 5 5 
17 Caryophyllaceae 4 3 
18 Convolvulaceae 4 4 
19 Plantaginaceae 4 2 2 
20 Plumbaginaceae 4 I 3 
21 Boraginaceae 3 3 
22 Malvaceae 3 3 
23 Najadaceae 3 3 
24 Primulaceae 3 2 
25 Rosaceae 3 3 
26 Solanaceae 3 3 
27 Umbelliferae 3 
28 Eleagnaceae 2 
29 Goodeniaceae 2 2 
30 Liliaceae 2 2 
31 Myrsinaceae 2 
32 Nyctaginaceae 2 
33 Portulacaceae 2 2 
34 Residaceae 2 I 
35 Salvadoraceae 2 2 
36 Scrophulariaceae 2 2 
37 Typhaceae 2 2 
38 Amaranthaceae 
39 Avicenniaceae 
40 Caesalpinaceae 
41 Cistaceae 
42 Frankeniaceae 
43 Gentianaceae 
44 Hydrocharitaceae 
45 lridaceae 
46 Lauraceae 
47 Molluginaceae 
48 Moraceae 
49 Orobanchaceae 
50 Punicaceae 
51 Rhamnaceae 
52 Rubiaceae 
53 Ruppiaceae 
54 Salicaceae 
55 Simaroubaceae 
56 Sonneratiaceae 
57 Tiliaceae 
58 Zygophyllaceae 2 
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Fig. 2. Life form distribution of halophytes in major geographical 
regions of Pakistan. 
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Fig. 3. Distribution of various halophyte types in major geographi­
cal regions of Pakistan. 

ADAPTATIONS 

A number of different mechanisms are used by halo­
phytes to achieve osmotic adjustment, including inor­
ganic ion accumulation, synthesis or accumulation of 
organic compounds and water loss [138]. Classification 
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schemes have been constructed that attempts to match 
morphological and physiological characters to specific 
halophyte habitats and growth strategies [28]. However, 
all these classifications have little predictive value. 
Under physical or physiological stress conditions, the 
leaves of saline plants play an important role and 
develop certain xeromorphic adaptive characteristics 
like succulence, reduction in surface area, thick cuticle 
or a cover of waxy layers on epidermis, hairs on stem 
and leaves, sunken stomata and salt glands, etc. The 
succulents often lack the ability to secrete salts but they 
thwart the rise of salt concentration by an increase of 
their water content, and they become more and more 
succulent during their development. Arthrocnemum, 
Halogeton, Haloxylon, Heliotropium, Salicornia, 
Suaeda, Salsola, and Zygophyllum are prominent suc­
culent halophytic genera. There is abrupt reduction in 
surface area of leaves of some species (e.g. Salsola 
imbricata, Trianthema triquetra, Suaeda jruticosa) 
during extreme salt stress conditions. Suaeda jruticosa, 
Salsola imbricata, Haloxylon stocksii, H salicornicum, 
Cressa cretica, Sporobolus arabicus, Urochondra 
setulosa and Aeluropus lagopoides are characterized by 
thick cuticle and a cover of waxy layers, while stem and 
leaves of last five species remain covered with hairs. 
Only a small number of halophytes are able to excrete 
salts through glandular cells. Liphschitz and Waisel 
(98) listed active secreting glands in Avicennia, 
Aeluropus, Aegiceras, Limonium, Rhizophora, Ceriops, 
Bruguiera, Tamarix and Reaumuria. Salt concentration 
of the growth medium, light, temperature, oxygen, 
pressure and the presence of metabolic inhibitors are 
the governing factors of salt excretion. A similar func­
tion of salt recretion is ascribed to bladder trichomes of 
some Chenopodiaceae, for example, Atriplex species. 
The basic role of bladders is the protection of young 
developing shoots and leaves from toxic salt levels first 
in the apoplast and subsequently in the symplast. 

Tolerance of salinity by halophyte seeds may be 
expressed either as the ability of un-germinated seeds 
to tolerate high salinity without loosing viability or the 
ability of seeds to germinate at high salinities [79]. 
Seeds of halophytes do not only germinate at higher 
salinities but also remain viable for long periods of 
time when immersed in saline water [80] . Halophytes 
vary in their upper limit of salt tolerance and increase 
in salinity usually delays their germination [139]. 
Seeds of salt marsh species like Atriplex stocksii, 
A. triangularis, Hordeum jubatum, Polygonum avicu­
lare and Zygophyllum simplex show little germination 
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above 125 mM NaCl [14, 74, 76, 89, 80], however, 
species like Aeluropus lagopoides, Haloxylon stocksii, 
Sporobolus arabicus, Suaeda fruticosa, Limonium 
stocksii, Triglochin maritima and Urochondra setulosa 
could germinate up to 500 mM NaCl [61, 62, 75, 78, 
82, 83]. A third group of species like Arthrocnemum 
macrostachyum, Cressa cretica, Halogeton glomera­
tus, Kochia scoparia, Salicornia brachiata, Salicornia 
bigelovii, Salsola iberica and Tamarix pentandra could 
germinate at 800 mM or higher NaCl concentrations 
[60, 71, 76, 85, 86, 87, 88, 89, 139]. Species like 
A. stocks iii H. stocksii and S. fruticosa could be 
classified as moderately salt tolerant and 
A. macrostachyum and C. cretica as highly salt toler­
ant. Sharma and Sen [129] observed an extremely fast 
germination in the seeds of Haloxylon stocksii and 
H. salicornicum, occurring within an hour. An eco­
physiological adaptive role is assigned to such a phe­
nomenon of germination, which appears like uncoiling 
of the young embryo out of the testa immediately after 
contact with water with an unusually high rate of cell 
elongation, soon after imbibition. Such fast seed ger­
mination indicates the adaptive strategy by the plants 
as the availability of water with reduced NaCl content 
in soil during the rainy season is for a short duration. 
Increase in salinity leads to dormancy of seeds in halo­
phytes and glycophytes. More investigations with halo­
phytes [139] have demonstrated that seeds of several 
species, including Arthrocnemum macrostachyum, 
Salicornia bigelovii, Salicornia brachiata, Cressa cret­
ica, Tamarix pentandra, Salsola iberica, Halogeton 
glomeratus, Kochia scoparia, Aeluropus lagopoides, 
Atriplex stocksii, Haloxylon stocksii, Sporobolus arabi­
cus, Suaeda fruticosa, Limonium stocksii, Triglochin 
maritima and Urochondra setulosa remained dormant 
at high salinity and these will germinate when returned 
to distilled water [72, 77-83]. 

Salt tolerance of species vary with the stage of their 
development. Some species like Suaeda fruticosa, 
Haloxylon stocksii, Atriplex stocksii and Zygophyllum 
simplex were not very highly salt tolerant at 
germination but showed a high-salinity tolerance at 
growth stage [74, 76-90]. While other species like 
Arthrocnemum macrostachyum and Cressa cretica 
showed a higher degree of salt tolerance both at 
germination and growth stages [71, 72]. 

It has been assumed that survival of plants in saline 
environments depends upon the altered biochemical 
relations and on the quantitative ratio between toxic 
and protective compounds like betaine. Khan et al. 
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[85] while studying Halopyrum mucronatum, Atriplex 
stocksii, Haloxylon stocksii and Suaeda fruticosa 
found high accumulation of betaine with the corre­
sponding increase in salinity. The betaine is said to 
function as a source of solute for intracellular osmotic 
adjustment. Betaine accumulation occurs in the tis­
sues of plants exposed to a saline substrate and there 
is a positive correlation between betaine content and 
the amount of Na + and Cl ~ in the cell sap. It is also 
estimated that about 200 mM L ~ 1 plant water or more 
betaine concentration is needed to successfully 
achieve osmotic adjustment under saline conditions 
and most of the Pakistani species tested have betaine 
concentration higher then this. 

Scholander [121] described the presence of an 
ultrafilter in roots of mangroves of the family 
Rhizophoraceae, enabling only selective absorption of 
ions. They may retain a low-internal salinity by means 
of salt excluding mechanisms in the roots. In this 
type, sodium and chloride concentrations are higher 
in xylem sap and do not reach the metabolic cellu­
lar environment. Another mechanism of salt regula­
tion in mangroves is salt excretion. In species of 
Avicennia and Aegiceras, NaCl concentration in the 
excreted solution exceeds the NaCl concentration of 
seawater and this is normally 10 times that of 
salt exclusion types and also does not reach the 
metabolic environment [69]. The same holds true for 
Aeluropus littoralis, Limonium latifolium and Tamarix 
aphylla. 

The stem and leaf succulent halophytes lack the 
ability to excrete salt and these accumulate salt in their 
tissues. They are highly succulent and thwart the ris­
ing of salt concentration by a permanent increase of 
their water content. They become more and more suc­
culent in their development. These are known as 
cumulative halophytes. Inland halophytes like 
Haloxylon stocksii, H. salicornicum, Salsola imbri­
cata, Sesuvium sesuvioides, Suaeda fruticosa, 
Trianthema triquetra and Zygophyllum simplex lead to 
thickening in leaves, elongation of cells, higher elas­
ticity of cell walls and smaller relative surface areas, 
decrease in extensive growth and high water content 
per unit of surface area. Leaves in some species like 
Suaeda fruticosa, Salsola imbricata and Trianthema 
triquetra are reduced in surface area, when exposed to 
high-salt content in the soil. Because these lack regu­
latory mechanisms, salt concentration therefore rises 
during growing season and when a certain level is 
reached, the plant dies. Among mangroves species 
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Avicennia, Ceriops, Rhizophora and Sonneratia 
absorb and accumulate excessive amounts of salts and 
the leaves become fleshy. 

UTILIZATION AND POTENTIALS OF 
HALOPHYTES 

Halophytes can play an important role in local and 
regional communities in the western, tropical and sub­
tropical areas as a source of food, animal feed, chemi­
cals, fine chemicals and other raw materials. 
Halophytes have their greatest potential not so much 
in contributing to the world's food supply but prima­
rily in their utilization of the growing areas of saline 
land for a range of different goals. The most important 
opportunities relate to reforestation or replanting and 
ecological recovery of saline areas that have fallen 
into disuse, coastal development and protection and 
the production of cheap biomass for renewable energy, 
climate improvement and CO2 sequestration. 
Mangroves besides playing roles in stabilization of 
coasts and beaches; food chain and life support sys­
tem; aquaculture; agriculture; and support to develop­
ment of wild-life sanctuary and recreation areas; also 
provide tannin, thatching material, fodder, fish poison, 
food products, medicine and wood for building 
purposes, fuel, boat and canoe making for the 
residents of coastal areas. 

Food Yielding Halophytes 

Of conventional crops, the only species with halo­
phytic ancestors are beets (Beta vulgaris) and the date 
palm (Phoenix dactylifera) which can be irrigated 
with brackish water. The seed bearing species which 
are used as food include alkali sacaton (Sporobolus 
airoides). Indian almond (Terminalia catappa), 
Salvadora oleo ides and S. persica yield fruits rich in 
oil and fat. The young leaves and shoots Salicornia 
bigellovi, S. brachiata, Sesuvium portulacastrum, 
Chenopodium album, Portulaca oleracea, Suaeda 
maritima have also been used for vegetables, salads 
and pickles in various parts of the country. Suaeda 
fruticosa is used to prepare a kind of baking soda, 
which is used in preparation of food. Radicles of 
Rhizophora, Bruguiera and Ceriops; tender leaves of 
Thespesia populnea, Hibiscus tiliaceus and fruits or 
kernels of littoral species such as Terminalia 
catappa. 
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Forages 

In many arid coastal areas where mangroves occur 
sporadically, but little additional vegetation is available, 
the foliage of such species as Avicennia marina, 
Sonneratia alba, Ceriops tagal and Rhizophora 
mucronata has served as camel and cattle feed. Among 
trees, species of Acacia, Prosopis, Salvadora and 
Zizyphus are traditional fodder of arid regions. Many 
species of Salicornia, Chenopodium, Atriplex, Salsola, 
Suaeda and Kochia are common fodder shrubs. Among 
grasses Leptochloa fusca, Aeluropus lagopoides, 
Dactyloctenim sindicum, Cynodon dactylon, Paspalum 
vagina tum, Sporobolus marginatus, Chloris gayana, 
C. virgata, Echinochloa turnerana, E. colonum and 
Puccinellia dis tans are common species found in saline 
and alkaline areas and used as forages. Aronson et al. 
(11) recorded 1.26-2.09 kgm -2 dry matter and 
15.5-39.5% fiber and 10.2-19.5% crude protein in 
some species of A triplex. Kochia indica has been field 
tested for domestic livestock and found the good fodder 
producing with fresh biomass of 8.5 kg per bush from 
March through August. Kallar grass (Leptochloafusca) 
has gained much attention as a fodder on salt affected 
soils (both saline and alkaline) in Pakistan [102]. We 
could get 46.5 t ha- 1 green forage when planted in 
extreme alkali soil (PH > 10) for 5 years. 

Oil Seeds 

Production of vegetable oil from seed-bearing halo­
phytes appears promising. Seeds of various halophytes 
like Suaeda fruticosa, Arthrocnemum macrostachyum, 
Salicornia bigelovii, S. brachiata, Halogeton glomera­
tus, Suaeda moquinii Kochia scoparia and Haloxylon 
stocksii possess sufficient quantity of high quality 
edible oil with unsaturation ranging from 70% to 80% 
(J 4 J). Seeds of Salvadora oleo ides and S. persica 
contain 40-50% fat and are good source oflauric acid. 
Purified fat is used for soap and candle making and is 
a potential substitute for coconut oil. 

Fuel Wood 

More than a billion people in developing countries 
rely on wood for cooking and heating. Quite often fuel 
wood is obtained from salt tolerant trees and shrubs, 
which may include species of Prosopis, Tamarix, 
Salsola, Suaeda, Kochia, Capparis and Salvadora 
(42). In coastal areas the mangroves are used 
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frequently for fuel and timber which has contributed a 
lot to deforestation of these habitats. Species of 
Rhizophora, Ceriops, Avicennia and Sonneratia, are 
excellent fuel woods and also contribute to form 
charcoal. 

Products of Economic and Common Use 

Suaeda, Salicornia, Salsola and Haloxylon, a carbon­
ate of soda is obtained in large quantities and used for 
the soap and glass industry. The stem and leaves of 
salt-tolerant rushes (species of Juncus and Spinifex) 
have been used since ancient times for the manufac­
ture of mats, baskets and cordage. Most of the man­
groves species are rich in tannin contents and 
extraction of tannin from the bark of mangrove 
species had been one of the major uses of mangrove 
species. 

Medicinal Uses 

Many workers have reported the medicinal uses of 
halophytes while describing the economic importance 
of plants [42], some of these have been briefed here: 
Acanthus volubilis - leaves are used for dressing boils 
and wounds. Capparis decidua - bark is acrid, laxa­
tive, diaphoretic, anthelmintic, useful for cough, 
asthma and inflammations; fruits useful in cardiac 
troubles and biliousness. Juncus rigidus - it has 
diuretic properties and used in diarrhea. Kochia indica -
the plant is considered cardiac and stimulant. Salsola 
imbricata - the plant is considered vermifugal; ash is 
applied to itches. S. tetrandra - it has antispasmodic 
and anthelmintic properties. Salvadora persica and 
S. oleo ides - leaves are useful to relieve cough; seed 
oil in rheumatism and suppositories; stem and roots in 
toothache, leaf poultice in piles and tumors. Thespesia 
populnea - leaves are used in stomach trouble. 
Zygophyllum simplex - the plant has cardiac, antimi­
crobial and anthelmintic properties; leaves and seeds 
are applied in eye disease. 

Aronson [5, 6, 9-11] in a recent survey of over 
1,600 salt-tolerant plants with economic potential, has 
identified 290 tree species as being tolerant of 
7-8 dS m- I salinity. Tamarix stricta has been 
recorded as yielding 7.2 t DM ha- I yr- I , with a final 
density of 600 trees ha -I after 5 years. Various species 
of Prosopis, Casuarina, Eucalyptus and Acacia have 
been evaluated for their salinity tolerance and biomass 
production Prosopis juliflora could yield up to 
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52.3 t ha -I biomass in 6 years. P juliflora, Acacia 
nilotica and Casuarina equisetifolia have been found 
to be most alkali tolerant and Tamarix troupii, T. artic­
ulata, Prosopis juliflora, Pithecellobium dulce, 
Parkinsonia aculeata and Acacia farnesiana as of 
tolerant salinity up to EC 25-35 dS m- I ; and 
Acacia niiotica, A. tortilis, Casuarina glauca, C. obesa 
and Eucalyptus calmadulensis up to salinity of 
15-25 dS m -I. Aegiceras corniculata, Avicennia 
marina, Ceriops tagal and Rhizophora mucronata 
trees could be grown in the areas with high salinity 
and low-water table. In recent years research in evalu­
ation of halophytes for land reclamation and land­
scape management has taken a new dimension. 

SUMMARY 

Fresh water resources is becoming increasingly limited 
and that agricultural irrigation systems will steadily 
increase in salinity in the near future. It is about time to 
develop sustainable biological production system 
which could use low-quality saline water for irrigation 
of halophytic crops in saline lands. Halophytes are 
non-conventional crops and it would take a little to 
make people believe that they are good for them. 
However, there are potentials to extract high-quality 
edible oil from them and this would not have any prob­
lem of acceptability. Same would be true for feed, fiber 
and forage crops and the role of halophytes in ecolog­
ically improving the quality of saline degraded lands. 
There is no doubt that saline agriculture is here to stay. 
It would need fine tuning in different ecological situa­
tions and modem tissue culture techniques to improve 
the desired quality of halophytic cash crops. Pakistan 
has about 380 halophytes and if detailed field and lab­
oratory studies are carried out, I am sure that many 
potential crops could be found. 
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A comprehensive survey of halophytes in Khorasan province of Iran 

P. REZVANI MOGHADDAM AND A. KOOCHEKl 

INTRODUCTION 

Khorasan province in the North East of Iran is the 
largest state in the country and occupies one fifth of 
the land surface of the country which is more than 
300,000 km2. This province has a diversity of climatic 
conditions and large borders with two main deserts of 
the country, Kavir Loot and Kavir Namak. The alti­
tude, the location of plateaus, and the deep valleys are 
some of the most important causes of this diverse cli­
mate. Khorasan has four main climatic zones such as 
steppic, substeppic, subdesertic and mountainous. 
Mean annual precipitation of this province is less than 
220 mm/year. Because of the saline ground water, the 
presence of a salt layer in the soil, intense irrigation, 
high evaporation and low precipitation, there is a large 
saline area in this part of the country. Despite a rich 
halophytic flora in the province, halophytic communi­
ties are poorly known vegetation units. 

MATERIALS AND METHODS 

In order to study halophyte species in Khorasan which 
are important as animal feed, fuel, sand dune fixation 
etc., an attempt was made to survey and evaluate halo­
phyte species in terms of species and family names, local 
names, distribution and utilization. Botanical informa­
tion was taken from scientific references, such as 
Rechinger (1975, 1963, 1964, 1965, 1970, 1972a, 
1972b, 1972c, 1972d, 1974, 1977, 1978, 1997), 
Ghahraman (1976-1998: 18 Volumes), Mobayein (1975, 
1980), Rashed Mohasel (1993), Akhani and Ghorbanli 
(1993), Koocheki (1996) and Koocheki and Mohalati 
(1994). In some cases, field investigation was also done. 
A complete list of these species is shown in Table 10. 
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The Halophyte Families 

A list of the halophytes families is shown in Table 1. 
From this table it is apparent that: (1) A total of 229 
halophytic species within 26 families were identified. 
(2) The ranking order of halophytes families with 
respect to the numbers of species was Chenopodiaceae 
110, Tamaricaceae 26, Poaceae 26, Plumbaginaceae 10, 

Table 1. The list of halophyte families 

Percentage of total number 
of halophyte species 

0.4 
1.3 
0.4 
0.4 
1.3 
0.9 
1.7 
48.0 
0.4 
0.8 
2.2 
2.6 
1.3 
0.4 
0.4 
0.4 
0.9 
4.4 
11.4 
3.1 
0.4 
0.4 
0.4 
1.3 
11.4 
0.4 
3.1 

Number of 
species 

1 
3 

3 
2 
4 

110 
1 

5 
6 
3 

2 
10 
26 

7 
1 

1 

3 
26 

1 
7 

Family name 

Asparagaceae 

Asteraceae 
Avicenniaceae 
Balanophoraceae 
Boraginaceae 
Brassicaceae 
Caryophyllaceae 
Chenopodiaceae 
Convolvulaceae 
Cymodoceaceae 
Cyperaceae 
Fabaceae 
Frankeniaceae 
Iridaceae 
Juncaceae 
Orbachaceae 
Plantaginaceae 
Plumbaginaceae 
Poaceae 
Polygonaceae 
Primulaceae 
Ruppiaceae 
Salvadoraceae 

Solanaceae 
Tamaricaceae 
Verbenaceae 
Zygophyllaceae 
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Polygonaceae 7, Zygophyllaceae 7, Fabaceae 6, 
Cyperaceae 5 other families. 

Utilization of Halophytic Species 

Halophytes, either native or exotic, are liable to many 
different economic uses such as: grazing as fodder 
reserves, fuel, sand dune fixation, erosion control, 
industrial purposes, vegetable and detergent. 

Animalfeed 
The main economic value of halophytic plant commu­
nities is grazing. More than 70% of the halophyte 
species in Khorasan are used as animal feed. Camels, 
sheep and goats are the main domestic animals which 
are grazing halophytic plant communities. The rank­
ing order of halophytes families with respect to the 
numbers of species used as an animal feed was 
Chenopodiaceae > Poaceae > Tamaricaceae > other 
species (Table 2). 

Fuel 
Nearly 24% of the halophyte species in Khorasan are 
used as fuel. Among the fuel producing species 
special mention should be made of two families: 
Chenopodiaceae and Tamaricaceae, of which the 
former is grown widely (Table 3). 

Sand dune .fIXation 
Halophyte species has an important role in sand dune 
fixation, partly because of their physiological and 

Table 2. List of halophyte families used as animal feed 

Percentage of total number of 
halophyte species 

39 
\1 
\1 
9 

Family name 

Chenopodiaceae 
Poaceae 
Tamaricaceae 
Other species 

Table 3. List of halophyte families used as fuel 

Percentage of total number of 
halophyte species 

8 
7 

4 
4 

Family name 

Chenopodiaceae 
Tamaricaceae 
Polygonaceae 
Solanaceae 
Other species 
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Table 4. List of halophyte families used as sand dune fixation 

Percentage of total number of 
halophyte species 

10 
7 
4 
2 

Family name 

Tamaricaceae 
Chenopodiaceae 
Poaceae 
Polygonaceae 

Table 5. List of halophyte families used for erosion control 

Percentage of total number of 
halophyte species 

7 
6 
3 

Family name 

Tamaricaceae 
Chenopodiaceae 
Poaceae 
Polygonaceae 

Table 6. List of halophyte families used for industrial agent 

Percentage of total number of 
halophyte species 

4 

2 
I 

Family name 

Tamaricaceae 
Chenopodiaceae 
Poaceae 

Table 7. List of halophyte families used as vegetable 

Percentage of total number of 
halophyte species 

4 

Family name 

Chenopodiaceae 
Poaceae 

Table 8. List of halophyte families used as detergent 

Percentage of total number of 
halophyte species 

2 

Family name 

Chenopodiaceae 
Tamaricaceae 
Poaceae 

Table 9. List of halophyte families with C4 photosynthetic pathway 

Percentage of total number of 
halophyte species 

32 
7 
2 

Family name 

Chenopodiaceae 110 
Poaceae 26 
Tamaricaceae 26 



A comprehensive survey of halophytes in Iran 191 

Table 10. List of halophytes in Khorasan province of Iran. 2: used as animal feed, 3: used as fuel, 4: used as sand dune fixation, 5: used for 
erosion control, 6: used for industrial agent, 7: used as vegetable, 8: used as detergent, 9: with C4 photosynthetic pathway 

Species Family name 2 3 4 5 6 7 8 9 

Asparagus sp. Asparagaceae * * 
Amberboa turanica Asteraceae 
Artemisia fragrans Asteraceae * 
Helichrysum leucocephalum Asteraceae 
Avicennia marina Avicenniaceae 
Cynomorium coccineum Balanophoraceae 
Heliotropium aucheri Boraginaceae * 
Heliotropium bacciferum Boraginaceae * * 
Heliotropium curassavicum Boraginaceae * 
Arabidopsis parvula Brassicaceae 
Lepidium cartilagineum Brassicaceae 
Gypsophila peifoliata Caryophyllaceae * 
Spergularia marina Caryophyllaceae 
Spergularia media Caryophyllaceae 
Sphaerocoma aucheri Caryophyllaceae 
Aellenia auricula Chenopodiaceae * * * * * * 
Agathophora alopecuroides Chenopodiaceae * 
Allenrolfea occidentalis Chenopodiaceae * * * * 
Anabasis annua Chenopodiaceae * 
Anabasis aphylla Chenopodiaceae * 
Anabasis calcarea Chenopodiaceae * 
Anabasis eriopoda Chenopodiaceae * 
Anabasis haussknechti Chenopodiaceae * 
Anabasis salsa Chenopodiaceae * * 
Anabasis setifera Chenopodiaceae * * 
Arthrocnemum fruticosum Chenopodiaceae * * * 
Arthrocnemum halocnemoides Chenopodiaceae * * * 
Atriplex brevifolia Chenopodiaceae * 
Atriplex canescens Chenopodiaceae * * * * * * * 
Atriplex confertifolia Chenopodiaceae * 
Atriplex dimorphostegia Chenopodiaceae * * * * * 
Atriplex grifJithii Chenopodiaceae * * * * * 
A triplex halimus Chenopodiaceae * * * * 
Atriplex hastata Chenopodiaceae * * * 
Atriplex hortensis Chenopodiaceae * * * 
Atriplex inflata Chenopodiaceae * * * 
Atriplex leucoclada Chenopodiaceae * * * 
Atriplex moneta Chenopodiaceae * * 
Atriplex nitens Chenopodiaceae * * * 
A triplex parviflora Chenopodiaceae * 
A triplex polycarpa Chenopodiaceae * * 
Atriplex spongiosa Chenopodiaceae * * 
Atriplex tartarica Chenopodiaceae * * 
Bassia eriantha Chenopodiaceae * * * 
Bassia eriophora Chenopodiaceae * * * 
Bassia hyssopifolia Chenopodiaceae * * 
Bienertia cycloptera Chenopodiaceae * 
Brachylepis eriopoda Chenopodiaceae * 
Camphorosma monspeliacum Chenopodiaceae * 
Climacoptera brachiata Chenopodiaceae * 
Climacoptera lanata Chenopodiaceae * 
Climacoptera turcomanica Chenopodiaceae * 
Cornulaca leucacantha Chenopodiaceae * * 
Eurotia lanata Chenopodiaceae * * * * 
Gamanthus gamocarpus Chenopodiaceae * 
Halanthium rarifolium Chenopodiaceae * 
Halimione flabellum Chenopodiaceae * * 
Halimione verrucifera Chenopodiaceae * * 
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Table 10. (Cont.) 

Species Family name 2 3 4 5 6 7 8 9 

Halimocnemis mollissima Chenopodiaceae * 
Halimocnemis pilosa Chenopodiaceae * * 
Halocharis hispida Chenopodiaceae * * 
Halocharis sulphura Chenopodiaceae * * 
Halocharis violacea Chenopodiaceae * * 
Halocnemum strobilaceum Chenopodiaceae * * * 
Halopeplis perfoliata Chenopodiaceae * 
Halopep/is pygmaea Chenopodiaceae * 
Halostachys caspica Chenopodiaceae * 
Halothamnus auriculus Chenopodiaceae * 
Halothamnus glaucus Chenopodiaceae * 
Halothamnus hierochunticus Chenopodiaceae * 
Halothamnus subaphyllus Chenopodiaceae * * 
Halotis occulta Chenopodiaceae * 
Halotis pilifera Chenopodiaceae * 
Haloxylon aphyllum Chenopodiaceae * * * * * * 
Haloxylon recurvm Chenopodiaceae * * * * * * 
Haloxylon salicornicum Chenopodiaceae * * * * 
Hypocylix kerneri Chenopodiaceae 
Kalidium caspicum Chenopodiaceae * 
Kochia americana Chenopodiaceae * 
Kochia brevifolia Chenopodiaceae * 
Kochia georgei Chenopodiaceae * * 
Kochia iranica Chenopodiaceae * * 
Kochia odontoptera Chenopodiaceae * * 
Kochia prostrata Chenopodiaceae * * * 
Kochia scoparia Chenopodiaceae * 
Kochia sedifolia Chenopodiaceae * * 
Panderia pilosa Chenopodiaceae * 
Petrosimonia brachiata Chenopodiaceae * 
Petrosimonia glauca Chenopodiaceae * 
Piptoptera turkestana Chenopodiaceae * 
Salicornia bigelowii Chenopodiaceae * 
Salicornia europaea Chenopodiaceae * * * * 
Salicornia rubra Chenopodiaceae * 
Salsola abarghuensis Chenopodiaceae * * 
Salsola arbuscula Chenopodiaceae * * * 
Salsola baryosma Chenopodiaceae * * 
Salsola chorassanica Chenopodiaceae * 
Salsola crassa Chenopodiaceae * * * 
Salsola dendroides Chenopodiaceae * * 
Salsola drummondii Chenopodiaceae * * 
Salsola glauca Chenopodiaceae * 
Salsola gossypina Chenopodiaceae * 
Salsola hispidula Chenopodiaceae * 
Salsola incanescens Chenopodiaceae * * * 
Salsola kali Chenopodiaceae * * * 
Salsola kerneri Chenopodiaceae * 
Salsola lanata Chenopodiaceae * * 
Salsola leptoclada Chenopodiaceae * * 
Salsola nitraria Chenopodiaceae * * 
Salsola orientalis Chenopodiaceae * * 
Salsola rigida Chenopodiaceae * * * * 
Salsola sclerantha Chenopodiaceae * 
Salsola soda Chenopodiaceae * * * * 
Salsola tomentosa Chenopodiaceae * 
Seidlitzia jlordia Chenopodiaceae * * * * 
Seidlitzia rosmarinus Chenopodiaceae * * * * * * 
Suaeda acuminata Chenopodiaceae * * 
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Table 10. (Cont.) 

Species Family name 2 3 4 5 6 7 8 9 

Suaeda aegyptiaca Chenopodiaceae * * * 
Suaeda altissima Chenopodiaceae * * 
Suaeda arcuata Chenopodiaceae * * 
Suaeda fruticosa Chenopodiaceae * * 
Suaeda heterocarpa Chenopodiaceae * 
Suaeda maritima Chenopodiaceae * * 
Suaeda microphylla Chenopodiaceae * * * 
Suaeda microsperma Chenopodiaceae * * 
Cressa cretica Convolvulaceae * 
Thalassodendron ciliatum Cymodoceaceae 
Solboschoenus maritimus Cyperaceae 
Cyperus laevigatus Cyperaceae * * 
Cyperus conglomeratus Cyperaceae * * 
Scirpus littoralis Cyperaceae 
Scirpus maritimus Cyperaceae 
Alhagi maurorum Fabaceae * * * * 
Astragalus kahiricus Fabaceae * 
Melilotus alba Fabaceae * * 
Melilotus indica Fabaceae * * 
Melilotus officinalis Fabaceae * * 
Prosopis farcta Fabaceae * * 
Frankenia hirsuta F rankeniaceae 
Frankenia pulverulenta Frankeniaceae * 
Hypericopsis persica Frankeniaceae 
Iris spuria Iridaceae * 
Juncus rigidus Juncaceae 
Cistanche tubulosa Orobanchaceae 
Plantago crassifolia Plantaginaceae * 
Plantago maritima Plantaginaceae 
Limonium gmelinii Plumbaginaceae 
Limonium iranicum Plumbaginaceae 
Limonium meyeri Plumbaginaceae 
Limonium reniforme Plumbaginaceae 
Limonium sogdianum Plumbaginaceae 
Limonium stocksii Plumbaginaceae 
Limonium sufJruticosum Plumbaginaceae 
Psylliostachys beludshistanicus Plumbaginaceae 
Psylliostachys leptostachyus Plumbaginaceae 
Psylliostachys spicatus Plumbaginaceae 
Aeluropus lagopoides Poaceae * * * * 
Aeluropus littoralis Poaceae * * * 
Aeluropus repens Poaceae * * * * 
Agropyron elongatum Poaceae * 
Aristida pennata Poaceae * * * 
Aristida plumosa Poaceae * * * * * 
Astrebla lappacea Poaceae * 
Such/oe dactyloides Poaceae * 
Chloris gayana Poaceae * * 
Chloris virgata Poaceae * * 
Coelachyrum brevifolium Poaceae 
Cynodon dactylon Poaceae * * * * * 
Dactyloctenium aegyptium Poaceae * * 
Dactyloctenium scindicum Poaceae * * 
Digitaria adscendens Poaceae * * 
Eleusine indica Poaceae * * 
Eleusine tristachya Poaceae * * 
Enteropogon macrostachya Poaceae * 
Hordeum marinum Poaceae * * 
Phragmites australis Poaceae * * * * * 
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Table 10. (Cont.) 

Species Family name 2 3 4 5 6 7 8 9 

Polypogon maritimus Poaceae * 
Porteresia coarctata Poaceae * * 
Puccinellia koeieana Poaceae * * 
Sporobolus arabicus Poaceae * * 
Tetrachne dregei Poaceae * 
Zoysia macrantha Poaceae * 
Calligonum comosum Polygonaceae * 
Calligonum crinitum Polygonaceae * 
Calligonum leucocladum Polygonaceae * * 
Calligonum polygonoides Polygonaceae * * * * 
Calligonum stenopterum Polygonaceae * 
Polygonum aviculare Polygonaceae * * * * 
Pteropyrum olivierii Polygonaceae * 
Glaux maritima Primulaceae 
Ruppia maritima Ruppiaceae 
Salvadora persica Salvadoraceae * 
Lycium barbarum Solanaceae * 
Lycium depressum Solanaceae * 
Lycium ruthenicum Solanaceae * 
Reaumuria alternifolia Tamaricaceae * * 
Reaumuria cistoides Tamaricaceae * * * 
Reaumuria Jruticosa Tamaricaceae * * 
Reaumuria palaestina Tamaricaceae * * 
Reaumuria stocksii Tamaricaceae * * 
Tamarix kotschyi Tamaricaceae * * * 
Tamarix mascatensis Tamaricaceae * * 
Tamarix androssowii Tamaricaceae * * 
Tamarix aphylla Tamaricaceae * * * * * * 
Tamarix aralensis Tamaricaceae * * * 
Tamarix aravensis Tamaricaceae * * * 
Tamarix arceuthoides Tamaricaceae * * * 
Tamarix gallica Tamaricaceae * * * * * 
Tamarix hispida Tamaricaceae * * * * * 
Tamarix karakalensis Tamaricaceae * * * 
Tamarix laxa Tamaricaceae * * * * * 
Tamarix leptostachys Tamaricaceae * * 
Tamarix macrocarpa Tamaricaceae * * * * 
Tamarix octandra Tamaricaceae * * * 
Tamarix passerinoides Tamaricaceae * * * * * 
Tamarix pentandra Tamaricaceae * * * * * 
Tamarix ramosissima Tamaricaceae * * * * * 
Tamarix rosea Tamaricaceae * * * 
Tamarix serotina Tamaricaceae * * 
Tamarix szovitsiana Tamaricaceae * * * 
Tamarix tetragyna Tamaricaceae * * * * 
Acantholippia seriphioides Verbenaceae * 
Malacocarpus crithmifolius Zygophy\laceae 
Nitraria schoberi Zygophy\laceae * 
Tetradiclis tene/la Zygophy\laceae 
Zygophyllum eichwaldi Zygophy\laceae * * * 
ZygophyllumJabago subsp. Zygophy\laceae * * * 

dolichocarpum 
Zygophyllum oxianum Z ygophy\laceae * * * 
Zygophyllum propinquum Zygophy\laceae * * * * * 
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morphological features, suitable for survival under 
drought, saline and arid environments. More than 23% 
of the halophyte species are used as a sand dune fixa­
tion in this part of the country (Table 4). 

Erosion control 
Erosion control is of great importance in arid and desert 
environment for reducing dust wind and run-off water. 
Tamaricaceae and Chenopodiaceae families are mostly 
used as wind break in Khorasan province (Table 5). 

Industrial purposes 
The halophyte species have been used as industrial 
and medicinal agents in dry and desert conditions for 
a long time. More than 9% of the halophytes are used 
for industrial and medicinal purposes (Table 6). 

vegetable 
Vegetative part of some halophyte species are consumed 
freshly or cooked in some part of the province. Among 
the vegetable producing species special mention should 
be made of Chenopodiaceae family (Table 7). 

Detergent 
Utilization of halophytes as detergent material has a 
long history in this part of the country. Leaves and 
roots of some of the halophytes are used as detergent 
for cleaning and washing purposes (Table 8). 

PHOTOSYNTHETIC PATHWAY 

Table 9 shows list of C4 halophyte families which are 
growing in different saline area of Khorasan province. 
More than 41 % of halophyte families in Khorasan 
province belong to the C4 photosynthetic pathway. 

A complete list of halophyte species in Khorasan is 
given in Table 10. 
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Part V 

Future Outlook for Research and Development on 
Cash Crop Halophytes and Foundation of ISHU, 

a New Scientific Society 



Introduction to Part V - Gold Medal award 

The Concerted Action "Sustainable Utilisation of 
Halophytes in the Tropical and Dry Regions" lasted 
from May 1996 until May 2000. It ended at the time 
when the EXPO 2000 started. This event allowed the 
members to present their achievements, concepts and 
future goals conveniently to a large audience. 

Until May 2000 the following activities were 
prepared: 

1. A presentation of halophytes and their utilisation in 
the Botanical Garden of the University ofOsnabrueck 
as part of the OBE 2000, a regional activity mainly 
covering soil problems of various kinds. 

2. A presentation of halophytes in the Hall "Nutrition" 
at the EXPO 2000 in Hannover, together with com­
monly used vegetables. 

3. Opening to the public the pilot projects of the 
Concerted Action of the European Community, 
"Sustainable Utilisation of Halophytes" in Morocco, 
Tunesia, Egypt, Italy, Spain and Germany. 

4. Selling halophyte meals for one week to the stu­
dents of the University of Osnabrueck. 

5. The development of a home page within the frame 
of the OBE 2000, the University of Osnabrueck 
and the Institute of Environmental Systems 
Research: www.usf.uni-osnabrueck.de/projects/ 
expo 2000. 

This home page was visited during the lead time of the 
EXPO 2000 almost 100,000 times with 62,000 visit­
ing from outside of the University and covering all 
continents. For this achievements received the 
Concerted Action a Gold Medal from the EXPO 2000 
for world wide projects (Figure 1). 

A part of the closing activities of the Concerted 
Action "Sustainable Utilisation of Halophytes in the 
Tropical and Dry Regions" organised the group a 
workshop at the Botanical Garden of the University of 
Osnabrueck, the meeting from which many chapters 
of this book originated. 
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During this meeting the new International Society 
of Halophyte Utilisation (ISHU) was founded. Many 
activities and individual groups branched out after that 
meeting. The following chapter summarizes the first 
two years' activity of the new society. It will continue 
in many ways and we expect that several more 
volumes will develop, presenting research and devel­
opment of halophyte production systems with irriga­
tion using saline and other unconventional waters. We 
have compiled the list of publications in this volume 
in order to serve as a resource book for future devel­
opments. At the end of this volume we provide a list 
with all species names reported to be salt tolerant to a 
certain degree. 

Fig. 1. Gold medal for international projects awarded to the 
Concerted Action project "Sustainable halophyte utilisation in the 
Mediterranean and subtropical dry regions" by the EXPO 2000 in 
Hannover, Germany. 



The foundation of an International Society of Halophyte Utilisation (ISHU) 
25.06.2002 in Osnabrueck/Germany 

Deliberations at the founding session. 
The undersigning persons agree to found an inter­

national society for the development of halophyte 
utilisation. 

The society will be named the "International 
Society for Halophyte Utilisation". Out of the found­
ing members we elect as: 

President - Helmut Lieth 

Vice-President - Hassan EI-Shaer 

Secretary - Marina Mochtchenko 

Treasurer - Vito Sardo. 

As members of the governing board we select Atef 
Hamdy, Xiaojing Liu and Ramon Noriega. 

The President is asked to undertake necessary 
action for a legal registration of the new society. 

The official registration can be undertaken with the 
assistance of the Secretary and the Treasurer. 

The President is empowered to undertake all steps 
to enact the foundation of the society in the intention 
of the founding members. 

Signatures: Helmut Lieth, Vito Sardo, Noomene Sleimi, 
Chedly Abdelly, Mokhtar Zarrouk, A.I Joshi, Jose 
Ramon Noriega, Xiaojing Liu, Hassan EI-Shaer 

After the founding session the following persons arrived 
and joint the new society: Cherif Harrouni, Salma 
Daoud, Ajmal Khan, Benno Boeer, Nebiha Mohammed, 
Amnon Bustan, Michael DePew. 

From this meeting the following resolution was 
formulated (Table 1). This resolution served success­
fully as bond for the activities of the members of the 
society. 

Table 1. Resolution to initiate the new international Rand D society "International Society of Halophyte Utilisation" (lSHU) 

The participants at the final meeting of the EU CA group "Sustainable Utilisation of Halophytes" on occasion of the EXPO 2000 agreed to present a resolution 
to the public through the internet. After some discussion the following text was adopted: 

Resolution 
I. The network of experts for halophyte utilisation and the use of unconventional irrigation water developed by the EU CA group be enlarged and structured as 

a new Association (NGO) or private corporation. 
2. The scope of the new organisation will be the promotion of the sustainable utilisation of halophytes through research, application and education. 
3. The importance and feasibility of halophyte production systems be demonstrated through pilot projects in relevant countries. 
4. Private enterprise be encouraged to implement trial plantations and/or halophyte utilisation projects. 
5. A governing board for the new organisation be developed expediently. 
6. The new board be asked to have international organisations and/or funding agencies as well as private investors approached to explain the importance of 

future halophyte utilisation and request funding and support for special projects identified by members ofthe new association. 
7. The new association will issue a biannual or quarterly newsletter. 
8. Assist in the creation of environmental awareness groups world wide, related to the future importance of utilising halophytes. 
9. Assist in the development of an international gene bank of halophytes. 

10. Preliminary Center for the governing board be the institute of Environmental Systems Research at the University of OsnabruecklGermany.' 
Contact address: Marina.Moschenko@usf.uni-osnabrueck.de or Mochtchenko@t-online.de; Helmut.Lieth@usf.uni-osnabrueck.de or Helmut.Lieth@t-online.de 
Signed by: N. Sleimi/Tunisia, C. Abdelly/Tunisia, M. ZarrouklTunisia, V. Sardo/Italy, A. J. Joshi/India, J. R. Noriega/Mexico, X. LiulChina, H. M. El 

Shaer/Egypt, Ch. Harrouni/Morocco, S. Daoud/Morocco, M. A KhaniPakistan, B. Boeer/UAE, Nebiha Mohamed/Ethiopia-UAE, A. BustaniIsrael, 
M. DePew/USA, H. LiethiGermany. 

Persons interested in the newly developing activity are kindly requested to contact the preliminary headquarter via e-mail 
to marina.moschenko@usf.uni-osnabrueck.de 

'Since 2001 the preliminary center is moved to the following address: Marina Mochtchenko, Johann Heinrich-Lieth. Str. 2, D-52525 Kuerten-Duerscheid, Tel/Fax: 
49 2207 706920. The old address may still be used. 
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Activities of ISHU 

Summary of the activities of ISHU and the Concerted 
Action project "Sustainable Utilisation of Halophytes 
in the Tropical and Dry Regions". 

Actions undertaken by the Steering Committee 
since the foundation in May 2000. 

Due to the intensive workload during the years 2000 
and 2001 it was impossible to get the people together 
for the registration procedure. The organisational and 
scientific work, however, began immediately. 

In 15-22 September 2001 was the first Congress 
organised in Huanghua, China by Xiaojing Liu. The 
results of the meeting were published in 2002 in the 
book "Proceedings of International Symposium on 
Halophyte Utilisation and Regional Sustainable 
Development of Agriculture" compiled by Xiaojing Liu 
and Helmut Lieth. The table of content is shown in 
Table 1. 

In 2002 two meetings were organised. January 2002 
in Doha/Qatar the meeting entitled "QUEST 2002 for 
MENA" was organised by Benno Boeer. The abstract 
volume of that meeting, prepared by H. Lieth,U. 
Herpin, B. Boer and A. Kotb was published prior to 
the meeting. From this Volume we present in Table 2 
the statements by Boer et al. 

The final wording of these recommendations in 
form of an activity programme is presently in prepara­
tion by the Supreme Counsel of the Environment of 
the State of Qatar. 

April 2002 a meeting in CairolEgypt was organised 
by Hassan EI-Shaer as a starting point for halophyte 
utilisation in inland semideserts as fodder bases for 
sheep and goats. The proceedings of this conference 
are still in preparation. 

Due to the intense work load the governing board 
decided to delay the official registration and have the 
administrative work executed within the frame of the 
Institute for Environmental Systems Research of 
the University of Osnabrueck where the President 
and the Secretary had their offices at that time. Their 
activities were documented in the home page listed 
below. 

H. Lieth (ed.), Cash Crop Halophytes: Recent Studies, 203-207. 
© 2003 Kluwer Academic Publishers. 

203 

RECENT ACTIVITIES 
FOR RESEARCH AND 

DEVELOPMENT WORK BY 
ISHU MEMBERS 

The wars in Afghanistan and Iraq have greatly affected 
research possibilities in the Near East region. This 
included the cooperative projects on halophytes and 
saline irrigation systems. The editorial work for this 
volume and especially for the Quest conference in 
Doha/Qatar was also delayed. 

The International Center for Biosaline Agriculture 
(lCBA) in Dubai maintained its work at home and 
opened new cooperative projects in countries outside 
of the war-affected area. See ICBA Strategic plan 
2000-2004, Annual report 2000 and Biosalinity News 
vol. 3. 2002 and volume 4.2003. 

The working group in Osnabriick was able to 
continue a project in the AmudaIjev Delta region 
of Usbekistan which they had started in 2001 as 
an INTAS-Aralsee project: see homepage 
< www.usf.uni-osnabrueck.de/proj ects/ aral> . 

Our member, Dr. Boeer continued his work also as 
member of the UNESCO Doha office, mostly outside 
the war-affected region. 

Our member Ramon Noriega cooperated with the 
Ocean Desert Enterprise (ODE), Amsterdam in devel­
oping a saline systems project in the Colorado Delta 
area of Mexican Baja California. 

The evaluation meeting for the project was 
organised by Jeanette Hock in April 2003, during 
which the working group presented the plan for the 
development of an entire saline systems-based com­
munity whose income stems initially mainly from 
agriculture and forestry and some services to a nearby 
nature reserve. The ecological sustainability and eco­
nomical feasibility was presented in two report vol­
umes: Colorado Delta Proposal (March 2003) and 
Reader peer meeting (April 2003). The reports 
demonstrate how the group has planned the land use 
and community development. They plan to get their 
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income initially mainly through 

- Salicornia bigelovii production and other salinity 
tolerant vegetables later on; 

- Wood production with local Tamarix species, 
Prosopis and a foreign Eucalyptus species; 

- Melioration work for the nearby nature reserve; 
- Improvement of fisheries and aquaculture in 

general. 

While this volume appears on the market we see that 
all members ofISHU are continuing their work for the 
promotion of the Cashcrop Halophyte Concept. For 
the Former Osnabriick group, Dr. Huchzermeyer at 
the Botanical Institute of the University of Hannover 
is presently collecting plans and proposals for future 
grant applications. For the Agadir/Morokko working 
group Dr. Harrouni plans an "Island system" for halo­
phyte production, where the main energy is generated 
by wind. 

Electronic addresses 

1. E-mails: 
Al Attar, Dr. Mohammad, ICBA Dubai / UAE 
<icba@biosaline.org.ae> 
Taha, Dr. Faisal, ICBA Dubai UAE 
<icba@biosaline.org.ae> 
Lieth, Dr. Helmut, USF, University of Osnabrueck 
Germany <Helmut.Lieth@usf.uni-osnabrueck.de> 
Mochtchenko, Mrs. Marina, ISHU at Lambda Digitec 
KuerteniGermany <Mochtchenko@t-online.de> 
Van Dieren, Dr. Wouter, IMSA Amsterdam/ 
Netherlands <ODE@imsa.nl> 
Hoek, Mrs. Jeanette, ODE AmsterdamlNetherlands 
<ODE@imsa.nl> 
Noriega, ing .. Jose Ramon, Ensenada, Baja California, 
Mexico <ODE@imsa.nl> 
Hamdy, Prof. Atef, IAMB. Valenzano/Bari, Italy 
<hamdy@iamb.it> 
Chedly, Dr. Abdelly, INRST, Hamam Lif/Tunesia 
<chedly.abdelly@inrst.rnrt.tn> 
Casador Dra.Isabel Univ. Lisboa LisboniPortugal 
<icacador@fe.ul.pt> 
Harrouni,Dr. Cherif, IAV Hassan II Agadir/Morocco 
<c.harrouni@iavcha.ac.ma> 
El Shaer, Dr. Hassan, DRC El Mataria, Cairo/Egypt 
<h-elshaer@yahoo.com> 
Sardo, Dr. Vito, Univ. Catania/Italy <Sardov@unict.it> 
Boeer, Dr. Benno, Unesco regional office Doha/Qatar 
<b.boer@memo.unesco.org> 
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Cluesener-Godt, Dr. Miguel, Unesco Paris/France 
<mcluesener-godt@unesco.org> 
Huchzermeyer, Dr. Bernhard, Univ. Hannover/ 
Germany <huchzermeyer@botanik.uni-hannover.de> 
Depew, Mr. Michael, ETS Pineland,FLI USA 
<saltturf@etsturf.com> 
Tadano, Dr. Toshiki, Tokio/Japan 
<Tadano@nodai.ac.jp> 
Liu, Dr. Xiaojing, lAM CAS Shijizhuang, Hebei/ 
China <xjIiu@ms.sjziam.ac.cn> 
Razakov, Dr. Rustam, Technc. University Tashkent! 
Usbekistan <Razak@econet.org.net> 
Karimov, Dr. Bakthiyor, Inst. Waterproblems 
Tashkent!Uzbekistan <Karimov@dostlink.uz> 
Joldasova, Dra Ilja, Karakalpak Acad. Science, 
Nukus/Uzbekistan <zholdas@online.ru> 
Bustan, Dr. Amnon, Ben Gurion Univ. Beer Sheva/ 
Israel <abustan@bgumail.bgu.ac.il> 
Koyro, Dr. H.-W., Uni-Giessen/ Germany 
<hans-werner.koyro@bot2.bio.uni-giessen.de> 
Khan, Dr. Ajmal, Uni-Karachi/Pakistan 
<ajmalk@super.net.pk> 

2. Internet pages 
<www.biosaline.org> 
< www.usf.uni-osnabrueck.de/proj ects> 
<www.unesco.org/Doha/> 
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Table 2. Statement for Quest 2002 for Mena by the conference steering committee B. Boer, A. Almuftha, N. Al-Muraikhi, F. Alqrimli, 
E.A. Elhag and A. Kotb 

The Arabian Region and the Middle East are among many regions of the world currently facing a process of rapid development together with 
a lack of environmental management capacity. 
Adverse environmental impacts include: 

- Loss of the natural and cultural heritage 
- Habitat loss and fragmentation 
- Pollution of water, soil, air and biota 
- Depletion of resources 
- Declining primary and secondary productivity 
- Declining biological diversity 

These impacts will lead to declining economically essential resources, which will result in undesired costs and losses in the resource based 
economies, which in turn will cause the loss of jobs and income. 

Good environmental research is the prerequisite towards all disciplines of environmental management, such as environmental education, 
environmental legislation, environmental protection and restoration, environmental development and environmental law enforcement. 

Numerous organisations have been established and activities have been initiated in each of the regions countries, towards the improvement of 
environmental management. These are essential to minimise adverse environmental impacts, as well as to allow for sustainable human 
development. 

The QUEST Conference (Qatar United for the Environment, Science & Technology) aims to contribute to the improvement of all disciplines, 
which are necessary towards environmental management. The conference brings together environmental experts from Arabia, Africa, Asia, 
Australia, Europe, North America and South America with expertise relevant for the Middle East and North Africa. 

The QUEST Conference will culminate, via scientific and technical presentations and workshops, in the development of seven 
recommendations : 

- Women's contribution towards environmental management 
- Marine Resources 
- Terrestrial Resources 
- Freshwater supply and saline Water utilisation 
- Industrial pollution and Ecotoxicology 
- Protected areas and Sustainable development 
- Environmental legislation, standards and regulations. 
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UWE MENZEL AND HELMUT LIETH 

Interest in halophytes has grown during recent years. 
Their potential as crops and other useful plants was pro­
posed by the CA members (see Lieth and Moschenko 
1998). This has triggered research, especially in regions 
with a shortage of freshwater and a need for an increase 
in fodder production or landscape protection. 

While the members of the EU Concerted Action 
"Sustainable Utilisation of Halophytes" gradually 
increased their research potential for halophytic plants 
and saline irrigation, the task arose to compile the 
most complete list of halophytes in existence. This 
task was accepted by Uwe Menzel and coworkers in 
the coordinator's office who compiled as much litera­
ture about halophytes as possible. After the termina­
tion of the EU CA, U. Menzel continued the collection 
of halophyte data. He compiled initially two different 
lists. First, he compiled all halophytes listed in the lit­
erature as crop plants or plants with other uses by 
humans. This list is published in Vol. 2 of the 1998 
INTECOL report (Menzel and Lieth, 1999). Second, 
he evaluated all the literature so far available to him on 
halophytic species. While doing this he discovered 
large differences in the number of species different 
authors were quoting as halophytes. We are continu­
ously working on this species lists. We present at this 
time the list in alphabetical order, as required by many 
colleagues not familiar with plant taxonomy. 

A closer checking revealed that different authors 
had differing opinions about the salinity tolerance of 
even the same species and the salinity level which 
would qualify a species to be a halophyte. This fact 
requires continuous revision, and we ask our col­
leagues to send us their comments if they find errors 
or have different opinions. 

Several authors had started the compilation of 
halophytes and provided with it some qualitative 
physiological information. While all these attempts 

H. Lieth (ed.), Cash Crop Halophytes: Recent Studies, 221-250. 
© 2003 Kluwer Academic Publishers. 
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were very useful, we found that many papers had 
shortcomings as far as distinguishing synonyms, geo­
graphical origin and physiological properties were 
concerned. We therefore considered it to be necessary 
to continue the compilation of an authentic list of 
halophytes which could be used as a basic data bank 
in order to complement it with various properties of 
each individual halophytic species. 

We present here the third published version of 
this data bank with the desire to have this list 
double-checked for possible errors and/or for sugges­
tions as to what property categories we should collect 
and add in the future. Comments of users to the 
e-mail adresses at the end are welcome. The list has 
been provided in our Internet page <www.usf.uni­
osnabrueckde/exp02000>. Users were requested to 
identify themselves before drawing data from this list. 
This has not worked satisfactorily so far. Corrections 
on the Internet page required too much work and 
negotiations. We present, therefore, this time the data 
in alphabetical order with the capability to add more 
comments. If anyone finds it necessary to correct or 
amend data he or she should do it and send us a copy 
of the amendments via e-mail or diskette to the 
addresses listed at the end. 

The listings on the CD-ROM provided with this 
book contain over 2600 names of halophytic species 
which U. Menzel checked for synonyms and spelling 
errors. As nomenclature standard we used the Index 
Kewensis, as we did previously (Menzel and Lieth 
1999). The CD-ROM contains several lists. The core 
list follows the sequence used in taxonomic papers. In 
addition to that we added an alphabetical listing. Only 
the alphabetical list is attached to this printed text. 

The literature searched so far has been added fol­
lowing the tabulation in the core list. The citations are 
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numbered and the number is shown at the relevant 
species. The numbers in the alphabetical list refer to 
the page number in the respective list on the CD­
ROM. Please draw our attention to omissions and 
newly published papers. A numbering system has 
been used to cross-reference the authors of the papers 
with the numbers used in the species list. Further 
explanations are shown in the following chapter. 

We accepted the definitions from the authors in the 
published literature to consider a species as salt-toler­
ant. This has caused the acceptance of a low level of 
salinity tolerance for species to qualify for inclusion in 
our list. See the values in the relevant columns. We 
hope that in time we can add for each species the 
salinity tolerance range. Our own level of salinity tol­
erance for a halophytic species is somewhat higher. 
We have set it at the level where common crops can­
not grow any more (see Lieth et al. 1999 and several 
other contributions in this volume). 

All readers and users of this list are kindly 
requested to report corrections required, additional 
species or qualitative properties to be added, in an 
attempt to provide an up-to-date internet listing. 
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the world". In: Pasternak, D. (ed.) Fodder production with 
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ARI-35-90. 
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CONTENTS OF THE LISTINGS ON THE 
ATTACHED CD-ROM 

The core data base lists the species in taxonomic order 
and is structured in three columns: 

Column 1 contains taxonomic information accord­
ing to entries taken from Index Kewensis, see refer­
ence number 473. Plants with * are not in the Index. 

Uwe Menzel and Helmut Lieth 

Column 2 provides the highest reported salinity tol­
erance level in a salinity for species where this value 
was found in the literature. Value with * = Chloride in 
root area. 

Column 3 gives the reference number under which 
the relevant author and/or paper can be found in the 
reference list. 

The literature number 473 is the Index Kewensis. 
When a species has this one number only, we found 
only the synonym. 

The alphabetical list is added for easier locating of 
species names prior to searching in the taxonomic list­
ing. We have added in this list the page number where 
each species can be found in the taxonomic list. We 
supply two kinds of lists, one as a .doc (Microsoft 
Word) file and one as a PDF file. 

Please note that the page numbers given in the .doc 
file may differ from the page numbers in the taxo­
nomic list depending on the age of the Pc. The PDF 
file gives the page numbers correctly. 

USING THE CORE LIST IN TAXONOMIC 
ORDER 

The following chapter explains the difficulty in 
obtaining the valid name among synonyms in the 
Index Kewensis for a name found in the literature. 

The name Sesuvium sesuvioides leads according to 
the rules of the Index Kewensis to two other valid names 
which in turn lead again to other names. Since we can­
not decide ourselves which is the valid name we enter 
this species under 3 different names as shown below. 

Sesuvium sesuvioides {(Fenzl) Verd.} (Fenzl) Verdc. 
= FICODIACEAE Diplochonium sesuvioides {Fenzl 
I = Trianthema hydaspica Edgew.}; { Wawra & Peyr. 
I = Sesuvium digynum Welw. ex Oliver} 

SEARCHING IN THE INDEX KEWENSIS 

AIZOACEAE Sesuvium sesuvioides {(Fenzl) Verd. 
literature author is different from Index Kewensis 
author} (Fenzl) Verdc. 

Under Sesuvium sesuvioides one finds in the Index 
the plant with the publ. author: (Fenzl) Verdc. with the 
remark Diplochonium sesuvioides in field 
notes. = FICODIACEAE Diplochonium sesu­
vioides; under D. s. you can find two plants, D. s. 
Fenzl and also D. s. Wawra & Peyr.; this means {Fenzl 
... } and also {Wawra & Peyr .... } 
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{Fenzl / = Trianthema hydaspica Edgew.}; { 
Wawra & Peyr. / = Sesuvium digynum Welw. ex 
Oliver} {... / = means under the entry from D. s. 
under publ. author Fenzl one finds in 
notes: = Trianthema hydaspica and under D. s. publ. 
author Wawra & Peyr. = Sesuvium digynum. Under 

the entry from T. h. you find now the publ. author 
Edgew. under S. d. the publ. author Welw. ex Oliver. 

These data were taken from the Index Kewensis on 
Compact Disc. The data in their original form remain 
under copyright of the Trustees of the Royal Botanic 
Gardens, Kew. 

Record Type 
Vol/Supp 
Family 
Genus 

Spx 
S13 

AIZOACEAE 
SESUVIUM 

Species sesuvioides 
Publ. Author (Fenzl) Verdc. 
Publication in Kew Bull 1957, 349 (1957) 
Notes =Diplochonium sesuvioides. 

Record Type 
Vol/Supp 
Family 
Genus 

Spx 
OV1F2 

FICOIDACEAE 
DIPLOCHONIUM 

Species sesuvioides 
Publ. Author Fenzl, 
Publication Nov. Stirp. Dec. 58 (1839) 
Notes =Trianthema hydaspica. 

Record Type 
Vol/Supp 
Family 
Genus 

Spx 
OV2F4 

FICOIDACEAE 
TRIANTHEMA 

Species hydaspica 
Publ. Author Edgew. 

j 

Publication in Journ. Linn. Soc. 
vi. (1862) 203. 

Notes Ind. or.; Afr. trop. 

Spx Record Type 
Vol/Supp 
Family 
Genus 

OV1F2 
FICOIDACEAE 

DIPLOCHONIUM 
Species sesuvioides 
Publ. Author Wawra & Peyr. 
Publication Sert. Beng. 24 
Notes =Sesuvium digynum. 

1 
Record Type Spx 
Vol/Supp OV2F4 
Family FICOIDACEAE 
Genus SESUVIUM 
Species digynum 
Publ. Author Welw. ex Oliver, 
Publication Fl. Trop. Afr. ii. 

586 
Notes Afr. trop. 
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INDEX IN ALPHABETICAL ORDER 

The page numbers added refer to the pages where the species are found in the taxonomic list on the CD-ROM 
included in the inside back cover of this volume. 

A 
Abronia latifolia 54 
Abronia maritima 54 
Abronia umbellata 54 
Acacia arabica 45 
Acacia cornigera 45 
Acacia cyclops 45 
Acacia jacquemontii 45 
Acacia leucophloea 45 
Acacia nilotica 5 
Acacia rostellifera 45 
Acacia spadicigera 45 
Acacia sphaerocephala 45 
Acanthocarpus preissii 45 
Acantholippia seriphioides 70 
Acanthus ebracteatus 1 
Acanthus ilicifolius I 
Acanthus volubilis I 
Achillea cristata 23 
Achillea milleJolium 23 
Achnatherum hookeri 35 
Achnatherum splendens 35 
Achyranthes lanuginosa 2 
Acicarpha crassifolia 6 
Acnida cannabina 2 
Acnida cuspidata 2 
Acrostichum aureum 62 
Acrostichum danaeifolium 62 
Acrostichum speciosum 62 
Aegialitis annulata 56 
Aegialitis corniculatus 56 
Aegialitis rotundifolia 56 
Aegiceras corniculatum 52 
Aegiceras floridum 52 
Aegiceras majus 52 
Aegiphila viburnifolia 7, 70 
Aellenia auricula 7 
Aellenia lancifolia 7 
Aellenia subaphylla 7 
Aeluropus lagopoides 35 
Aeluropus littoralis 35 
Aeluropus massauensis 35 
Aeluropus micrantherus 35 
Aeluropus repens 35 

Aeluropus villosus 35, 37 
Aerva monsonia 2 
Aerva persica 2 
Aerva tomentosa 2 
Ajzelia bijuga 46, 47 
AJzelia retusa 46,47 
Agalinis maritima 65 
Aganope heptaphylla 46 
Agathophora alopecuroides 7 
Agropyron acutum 35 
Agropyron bessarabicum 36, 43 
Agropyron cristatum 36 
Agropyron elongatum 36 
Agropyron junceiforme 36 
Agropyron junceum 36 
Agropyron littorale 36 
Agropyron pungens 36 
Agropyron pycnanthum 36 
Agropyron rigidum 36 
Agropyron scabrifolium 36 
Agrostis stolonifera 36 
Aizoon canariense 
Aizoon glabrum 
Aizoon quadrifidum 
Aizoon rodwayi 1 
Alhagi maurorum 46 
Alhagi sparsifolia 46, 80 
Allenrolfea occidentalis 7 
Allenrolfea patagonica 7 
Allenrolfea vaginata 7 
Allmania nodiflora 2 
Allophyllus cobbe 65 
Alternanthera fico idea 2 
Alternanthera nodifera 2 
Althaea officinalis 50 
Alyssum maritimum 27, 28 
Amaranthus muricatus 2 
Amaranthus parodii 2 
Amaranthus quitensis 2 
Amaranthus standleyanus 2 
Amaranthus torreyi 2 
Amaranthus watsoni 2 
Amberboa turanica 23 
Amblyopappus pusillus 23 
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Ammi visnaga 69 
Ammodendron argenteum 46 
Ammodendron sieversii 46 
Amoora cucullata 51 
Amorpha fruticosa 46 
Amphibolis antarctica 53 
Amphibolis griffithii 53 
Amphitecna latifolia 4 
Amygdalus davidiana 64 
Anabasis annua 7 
Anabasis aphylla 7 
Anabasis aretioides 7 
Anabasis articulata 7 
Anabasis brevifolia 7 
Anabasis calcarea 8 
Anabasis cretacea 8 
Anabasis elatior 8 
Anabasis eriopoda 8 
Anabasis ferganica 8 
Anabasis haussknechti 8 
Anabasis oropediorum 8 
Anabasis phyllophora 8, 12 
Anabasis prostrata 8 
Anabasis ramosissima 8 
Anabasis salsa 8 
Anabasis setifera 8 
Anabasis turkestanica 8 
Anagallis arvensis 62 
Andrachne telephioides 32 
Andropogon annulatus 36,37 
Anemopaegma chrysoleucum 4 
Anemopsis californica 56 
Aneurolepidium dasystachys 36 
Aniotum fagiferum 46, 47 
Anisacantha glabra 8, 20 
Anoda parviflora 50 
Anogeissus leiocarpus 23 
Anogeissus pendula 23 
Anthemis fuscata 23 
Anthericum divaricatum 49 
Anthobryum triandrum 34 
Anthocleista madagascariensis 49 
Apium graveolens 69 
Apocynum hendersonii 3 
Apocynum venetum 3 
Arabidopsis parvula 27 
Arctotheca nivea 23 
Arctotheca populifolia 23 
Ardisia elliptica 52 
Arenaria graveolens 6 

Arenaria peploides 6 
Aristida mendocina 36 
Aristida namaquensis 36, 43 
Aristida pennata 36 
Aristida plumosa 36 
Armeniaca vulgaris 8 
Armeria maritima 57 
Artemisia adamsii 23 
Artemisia alba 23 
Artemisia anethifolia 23 
Artemisia anethoides 23 
Artemisia austriaca 23 
Artemisia camphorata 23 
Artemisia capillaris 23 
Artemisia cephalostachys 23 
Artemisia fragrans 23 
Artemisia glomerata 23 
Artemisia gracilescens 23 
Artemisia kaschgarica 23 
Artemisia maritima 24 
Artemisia monogyna 24 
Artemisia ordosica 24 
Artemisia schrenkiana 24 
Artemisia scoparia 24 
Arthrocnemum arbusculum 8, 20 
Arthrocnemum capense 8 
Arthrocnemum corallo ides 8, 17 
Arthrocnemum decumbens 8, 20 
Arthrocnemum fruticosum 8 
Arthrocnemum glaucum 8, 14,20 
Arthrocnem. halocnemoides 8, 14 
Arthrocnemum heptiflorum 8 
Arthrocnemum indicum 8, 14 
Arthrocnemum leiostachyum 8 
Arthrocnemum littoreum 8, 20 
Arthrocnemum macrostachyum 8 
Arthrocnemum mossianum 8, 20 
Arthrocnemum parviflorum 8 
Arthrocnemum pillansii 8, 20 
Arthrocnemum pruinosum 8, 14 
Arthrocnemum subterminale 8 
Arthrocnemum xampiensis 8 
Arthrophyt. ammodendron 8, 14 
Arthrophytum leptocladum 8 
Arundo donax 36 
Asparagus longiflorus 49 
Asparagus maritimus 49 
Asparagus officinalis 49 
Asparagus persicus 49 
Asparagus scaber 49 
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Asparagus stipularis 49 
Aster divaricatus 24 
Aster filifolius 24 
Aster puniceus 24 
Aster spinosus 24 
Aster squamatus 24 
Aster tenuifolius 24 
Aster tripolium 24 
Aster surgens 46 
Astragalus kahiricus 46 
Astragalus miniatus 46 
Astrebla lappacea 36 
Astydamia canariensis 69 
Astydamia latifolia 69 
Atriplex abata 8 
Atriplex acanthocarpa 8 
Atriplex acuminata 8 
Atriplex acutibractea 8 
Atriplex acutiloba 8 
Atriplex amnicola 9, 73, 83 
Atriplex arenaria 9 
Atriplex argentea 9 
Atriplex argentina 9 
Atriplex atacamensis 9 
Atriplex australasica 9 
Atriplex axillaris 9 
Atriplex barclayana 9, 86 
Atriplex billardieri 9,22 
Atriplex boecheri 9 
Atriplex breweri 9 
Atriplex bunburyana 9 
Atriplex californica 9 
Atriplex calotheca 9 
Atriplex campanuiata 9 
Atriplex cana 9 
Atriplex canescens 9,87 
Atriplex centralasiatica 9 
Atriplex chilensis 9 
Atriplex chizae 9 
Atriplex cinerea 9 
Atriplex codonocarpa 9 
Atriplex confertifolia 9 
Atriplex coquimbana 9 
Atriplex cordifolia 9 
Atriplex cordobensis 9, 78 
Atriplex coriacea 9 
Atriplex coronata 9 
Atriplex corrugata 9 
Atriplex coulteri 9 
Atriplex crenatifolia 9 
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Atriplex cuneata 9 
Atriplex decumbens 9 
Atriplex deserticola 9 
Atriplex dimorphostegia 9 
Atriplex elegans 9 
Atriplex exilifolia 9 
A triplex farinosa 9 
Atriplexfera 9 
A triplex fissivalvis 9 
A triplex flabellum 9 
Atriplex glabriuscula 9 
Atriplex glauca 9, 11 
Atriplex griffithii 9 
Atriplex halimoides 9 
Atriplex halimus 9, 83, 87 
Atriplex hastata 9 
Atriplex heterosperma 9 
Atriplex holocarpa 10 
Atriplex hortensis 10 
Atriplex hymenelytra 10, 74, 89 
Atriplex hymenotheca 10 
Atriplex hypoleuca 10 
Atriplex inflata 10 
Atriplex intermedia 10 
Atriplex isatidea 10 
A triplex julacea 10 
Atriplex kochiana 10 
Atriplex laevis 10 
Atriplex lampa 10 
Atriplex lentiformis 10, 88 
Atriplex leucoclada 10 
Atriplex leucophylla 10 
Atriplex limbata 10 
Atriplex lindleyi 10 
Atriplex linearis 10 
Atriplex littoralis 10 
Atriplex lobativalvis 10 
Atriplex longipes 10 
Atriplex madarcagae 10 
Atriplex magdalenae 10 
Atriplex malvana 10 
Atriplex maximowicziana 10 
Atriplex micrantha 10 
Atriplex microphylla 10 
Atriplex moWs 10 
Atriplex moneta 10 
Atriplex monilifera 10 
Atriplex montevidensis 10 
Atriplex morrisii 10 
Atriplex muelleri 10 
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Atriplex nan a 10 
Atriplex nessorhina 10 
Atriplex nitens 10 
Atriplex nummularia 10, 87 
Atriplex nuttalii 10 
Atriplex obovata 10 
A triplex pacifica 10 
Atriplex paludosa 10 
A triplex papillata 10 
A triplex parishii 10 
Atriplex parryi 10 
A triplex parviflora 10 
Atriplex parvifolia 10 
Atriplex patagonica 10 
A triplex patens 10 
Atriplex patula 11 
A triplex pedunculata 11, 13 
Atriplex pentandra 11 
A triplex peruviana 11 
Atriplex phyllostegia 11 
A triplex platensis 11 
A triplex polycarpa 11, 76 
A triplex portulacoides 11, 13 
A triplex prosopidum 11 
A triplex prostrata 11 
A triplex pumilio 11 
A triplex pusilla 11 
Atriplex quinii 11 
Atriplex repanda 11, 88 
Atriplex repens 11 
Atriplex rhagodioides 11 
Atriplex rosea 11 
Atriplex sabulosa 11 
Atriplex sagittifolia 11 

Atriplex semibaccata 11 
Atriplex serenana 11 
Atriplex sibirica 11 
Atriplex spinifera 11 
Atriplex spongiosa 11, 87 
Atriplex stewartii 11 
Atriplex stipitata 11 
Atriplex stylosa 11 
Atriplex suberecta 11 
Atriplex taltalensis 11 
Atriplex tartarica 11 
Atriplex tatarica 11 
Atriplex texan a 11 
Atriplex torreyi 11 
Atriplex triangularis 11 
Atriplex truncata 11 

Atriplex turcomanica 11 
Atriplex undulata 11 
Atriplex vallenarensis 11 
Atriplex velutinella 11 
Atriplex verreauxii 11 
Atriplex verrucifera 11, 13 
Atriplex vesicaria 11 
Atriplex vestita 11 
Atriplex watsoni 11 
Atropis bulbosa 36,41 
Atropis gigantea 36,41 
Atropis hauptiana 36,41 
Atropis macranthera 36,41 
Atropis osteniana 36, 42 
Atropis peisonis 36, 42 
Augea capensis 71 
Avicennia africana 70 
Avicennia alba 70 
Avicennia balanophora 70 
Avicennia hicolor 70 
Avicennia eucalyptifolia 70 
Avicennia germinans 70, 74 
Avicennia lanata 70 
Avicennia marina 70, 75, 76 
Avicennia officinalis 70 
Avicennia schaueriana 70 
Avicennia tonduzii 70 
Axyris pentandra 11 

B 
Baccharis acaulis 24 
Baccharis douglasii 24 
Baccharis halimifolia 24 

Baccharis spartioides 24 
Bacopa monniera 65 
Bacopa simulans 65 
Bacopa stragula 65 
Barringtonia acutangul 52 
Barringtonia asiatica 52 
Barringtonia conoidea 52 
Barringtonia racemosa 52 
Bartsia verna 65,66 
Basella alba 11 
Basella rubra 11 
Bassia albolanata 12, 16 
Bassia astrocarpa 12 
Bassia clelandii 12, 20 
Bassia dasyphylla 12 
Bassia decurrens 12, 20 
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Bassia eriantha 12 
Bassia eriophora 12 
Bassia hirsuta 12 
Bassia hyssopifolia 12 
Bassia inchoata 12, 22 
Bassia intricata 12, 20 
Bassia luehmanni 12 
Bassia sedoides 12 
Bassia ventricosa 12 
Bassia walkeri 12,20 
Batis argillicola 4 
Batis maritima 4, 79 
Beckmannia syzigachne 36 
Beta macrocarpa 12 
Beta patellaris 12 
Beta vulgaris 12 
Bienertia cycloptera 12 
Bignonia chrysoleuca 4 
Blysmus rufus 28 
Bolboschoenus affinis 28 
Bolboschoenus compactus 28 
Bolboschoenus maritimus 29 
Bontia germinans 70 
Borrichia arborescens 24 
Borrichia frutescens 24 
Borsczowia aralo-caspica 12 
Bougainvillea spectabilis 54 
Boussingaultia gracilis 12 
Brachylepis eriopoda 8, 12 
Brachylepis salsa 8, 12 
Brahea armata 55 
Brahea edulis 55 
Brexia madagascariensis 65 
Brownlowia argentata 69 
Brownlowia lanceolata 69 
Brownlowia tersa 69 
Bruguiera caryophyllaeoides 63 
Bruguiera cylindrica 63 
Bruguiera decandra 63 
Bruguiera exaristata 63 
Bruguiera gymnorhiza 63 
Bruguiera gymnorrhiza 63 
Bruguiera hainesii 63 
Bruguiera malabarica 63 
Bruguiera parviflora 63 
Bruguiera sexangula 63 
Brunnichia cirrhosa 60 
Buchloe dactyloides 36 
Bucida buceras 23 
Bupleurum semicompositum 69 
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C 
Cacabus miersii 66 
Caesalpinia bonduc 46 
Caesalpinia crista 46 
Cakile edentula 28 
Cakile maritima 28 
Calamagrostis dubia 36 
Calamagrostis epigeios 36 
Calamagrostis gigantea 36 
Calamagrostis holciformis 36 
Calamagrostis littorea 36 
Calamagrostis palustris 36 
Calamagrostis pamirica 36 
Calamagr. pseudophragmites 36 
Calamus erinaceus 55 
Calandrinia ambigua 61 
Calandrinia breweri 61 
Calandrinia maritima 61 
Calandrinia sesuvioides 61 
Calendula suffruticosa 24 
Calligonum comosum 60 
Calligonum crinitum 60 
Calligonum leucocladum 60 
Calligonum polygonoides 60 
Calligonum stenopterum 60 
Callitris rhomboidea 26 
Calophaca wolgarica 46 
Calophyllum inophyllum 22 
Calotropis gigantea 3 
Calotropis procera 3 
Calycera crassifolia 6 
Calystegia maritima 27 
Calystegia sepium 27 
Calystegia soldan ella 27 
Camphorosma monspeliacum 12 
Camptostemon philippinense 50 
Camptostemon schultzii 50 
Canavalia maritima 46 
Canavalia obtusifolia 46 
Canavalia rosea 46 
Cando Ilea cuneiformis 31 
Capparis cynophallophora 6 
Caragana arborescens 46 
Carallia brachiata 63 
Carallia integerrima 63 
Carapa moluccensis 51 
Carex dis tans 29 
Carex divisa 29 
Carex duriuscula 29 
Carex enervis 29 
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Carex eremopyroides 29 
Carex extensa 29 
Carex harfordii 29 
Carex kobomugi 29 
Carex littoralis 29 
Carex lyngbyei 29 
Carex marcida 29 
Carex maritima 29 
Carex orbicularis 29 
Carex phalaroides 29 
Carex reptabunda 29 
Carex rigescens 29 
Carex roborowskii 29 
Carex scabrifolia 29 
Carex songorica 29 
Carex sordia 29 
Carex stenophylla 29 
Carex ursina 29 
Carex vulgaris 29 
Carissa grandiflora 3 
Carpobrotus aequilateralis 32 
Carpobrotus edulis 32 
Casasia clusiifolia 64 
Cassia acanthoclada 46 
Cassia crassiramea 46 
Cassia nomame 46 
Cassia tora 46 
Cassine viburnifolia 7 
Cassipourea thomassetii 63 
Cassytha filiformis 45 
Castilleja exilis 65 
Casuarina cristata 7 
Casuarina cunninghamiana 7 
Casuarina distyla 7 
Casuarina equisetifolia 7, 83 
Casuarina glauca 7 
Casuarina huegeliana 7 
Casuarina litorea 7 
Casuarina monilifera 7 
Casuarina obesa 7 
Casuarina stricta 7 
Ceanothus americanus 62 
Ceanothus reclinatus 63 
Celastrus retusus 7 
Cenchrus ciliaris 36 
Cenchrus palmeri 36 
Centaurium spicatum 34 
Cephalonoplos segetum 24 
Cerastium glomeratum 6 
Ceratocarpus arenarius 12 

Ceratoides latens 12 
Cerbera floribunda 3 
Cerbera manghas 3 
Cerbera odollam 3 
Cereus coryne 5 
Cereus pringlei 5 
Ceriops boviniana 63 
Ceriops decandra 63 
Ceriops roxburghiana 63 
Ceriops tagal 63 
Chaetotropis imberbis 37 
Chamaesyce buxifolia 32 
Chamaesyce mesembryanthemifolia 32 
Chamaesyce polygonifolia 32 
Chenolea arabica 12 
Chenolea astrocarpa 12 
Chenolea carnosa 12, 16 
Chenolea difJusa 12 
Chenolea hirsuta 12 
Chenolea tricornis 12, 16 
Chenopodium acuminatum 12 
Chenopodium album 12 
Chenopodium ambrosioides 12 
Chenopodium auricomum 12 
Chenopodium botryodes 12 
Chenopodo gaudichaudianum 12 
Chenopodium glaucum 12 
Chenopodium hircinum 12 
Chenopodo macrospermum 12 
Chenopodium murale 12 
Chenopodium nigrum 12,22 
Chenopodium rubrum 12,89 
Chenopodium stellatum 12, 17 
Chenopodium tweedii 12, 15 
Chenopodium urbicum 12 
Chloris berroi 37 
Chloris boivinii 37 
Chloris crinita 37,43 
Chloris ctenioides 37 
Chloris gayana 37, 86 
Chloris halophila 37 
Chloris sesquifiora 37 
Chloris virgata 37 
Chrysobalanus icaco 22 
Cirsium esculentum 24 
Cissus vinifera 71 
Cistanche lutea 55 
Cistanche tubulosa 55 
Citrus angulata 64 
Cleomella longipes 6 
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Cleomella perennis 6 
Clerodendron inerme 71 
Climacoptera brachiata 13 
Climacoptera lanata 13 
Climacoptera turcomanica 13 
Cnicus esculentus 24 
Cnicus segetum 24 
Coccoloba uvifera 60 
Cochlearia anglica 28, 74 
Cochlearia danica 28 
Cochlearia officinalis 28 
Cochlearia scotica 28 
Cocos nucifera 55 
Coelachyrum brevifolium 37 
Colliguaja integerrima 32 
Colubrina arborescens 63 
Colubrina asiatica 63 
Commidendrum rotundifolium 24 
Commidendrum rugosum 24 
Conocarpus erectus 23 
Conocarpus lancifolius 23 
Convolvulus cneorum 27 
Convolvulus sepium 27 
Convolvulus soldanella 27 
Cordylanthus canescens 65 
Cordylanthus maritimus 66 
Cordylanthus mollis 66 
Corispermum elongatum 13 
Corispermum platypterum 13 
Corispermum puberulum 13 
Cornulaca korshinskyi 13 
Cornulaca leucacantha 13 
Cornulaca monacantha 13 
Corozo oleifera 55 
Cortesia cuneifolia 5 
Cottea pappophoroides 37 
Cotula coronopifolia 24 
Cotyledon orbiculata 27 
Coulterella capitata 24 
Crambe maritima 28 
Crenea maritima 49 
Crenea patentinervis 49 
Crenea repens 49 
Crescentia cucurbitina 4 
Crescentia cujete 4 
Cressa cretica 27 
Cressa depressa 27 
Cressa nudicaulis 27 
Cressa truxillensis 27 
Crithmum maritimum 69, 78 
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Croton californicus 32 
Croton punctatus 32 
Crypsis aculeata 37 
Crypsis niliaca 37 
Crypsis schoenoides 37 
Cryptostemma niveum 23, 24 
Cumingia philippinensis 50 
Cuscuta salina 27 
Cyclolepis genistoides 24 
Cyclolepsis genistoides 24 
Cyclostemon karapinensis 32 
Cymodocea aequorea 53 
Cymodocea angustata 53 
Cymodocea antarctica 53 
Cymodocea ciliata 53, 71 
Cymodocea isoetifolia 53, 62 
Cymodocea manatorum 53,61 
Cymodocea nodosa 53 
Cymodocea rotundata 53 
Cymodocea serrulata 53 
Cynanchum acutum 3 
Cynanchum sibiricum 3 
Cynodon dactylon 37 
Cynometra iripa 46 
Cynometra ramiflora 46 
Cynomorium coccineum 4 
Cynomorium songaricum 4 
Cyperus conglomeratus 29 
Cyperus corymbosus 29 
Cyperus filicinus 29 
Cyperus laevigatus 29 
Cyperus malaccensis 29 
Cyperus monti 29 
Cyperus odoratus 29 
Cyperus pannonicus 29, 30 
Cyperus papyrus 29 
Cyperus planifolius 29 
Cyperus rotundus 29 
Cyperus serotinus 29 
Cyperus stoloniferus 29 
Cyperus vaginatus 29 

D 
Dactylis lagopoides 35,37 
Dactyloctenium aegyptium 37 
Dactyloctenium ctenoides 37 
Dactyloctenium geminatum 37 
Dactyloctenium scindicum 37 
Dactylopsis digitata 32 
Dactylopsis littlewoodii 32 
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Daemia cordata 3, 4 
Daemonorops erinaceus 55 
Daknopholis boivinii 37 
Dalbergia amerimnum 46 
Dalbergia candenatensis 46 
Dalbergia ecastophyllum 46 
Dalbergia menoeides 46 
Dalbergia sissoo 46 
Dampiera incana 35 
Danthonia lanata 37 
Danthonia lappacea 36,37 
Daucus carota 69 
Daucus gingidium 69 
Daucus halophilus 69 
Daviesia hakeoides 46 
Deinacanthon urbanianum 5 
Derris trifoliata 46 
Derris uliginosa 46 
Desmostachya bipinatata 37 
Dichanthium annulatum 37 
Dichopsis obovata 65 
Dichromena colorata 29 
Dichromena leucocephala 29 
Didymanthus roei 13 
Digitaria adscendens 37 
Digitaria bicornis 37 
Digitaria littoralis 37 
Digitaria longifolia 37 
Digitaria macroglossa 37 
Digitaria sanguinalis 37 
Dimorphandra oleifera 46,47 
Dimorphotheca fruticosa 24, 25 
Diospyros ferrea 31 
Diospyros vaughaniae 31 
Diotis candidissima 24, 26 
Diplachnefusca 37,86 
Diplachnejaegeri 37,39,41 
Diplachne paucinervis 37,39 
Diplachne thoroldi 37,40 
Diplachne uninervia 38 
Diplanthera beaudettei 53,61 
Diplanthera ciliata 53,61 
Diplanthera pinifolia 53,61 
Diplolaena dampieri 64 
Diplotaxis parvula 27, 28 
Dischidia chinensis 3 
Disphyma australe 32, 83 
Disphyma clavellatum 32, 83 
Disphyma crassifolium 32 
Disphyma dundonii 32 

Dissocarpus paradoxus 13 
Distichlis distichophylla 38 
Distichlis humilis 38 
Distichlis maritima 38 
Distichlis palmeri 38, 77 
Distichlis scoparia 38 
Distichlis spicata 38, 81, 88 
Distichlis thalassica 38 
Dobera glabra 65 
Dobera roxburghii 65 
Dodartia orientalis 66 
Dolichandrone rheedii 4 
Dolichandrone spathacea 4 
Dondia conferta 13,21 
Dondia mexicana 13,21 
Dondia palmeri 13,22 
Dorstenia foetida 51 
Dorstenia gypsophila 51 
Dorstenia obovata 70 
Drepanocarpus lunatus 46 
Drosanthemum can dens 32 
Drosanthemum lique 33 
Drymoglossum piloselloides 61 
Drypetes karapinensis 32 
Dyckia chaguar 5 
Dysphania littoralis 24 
Dysphania plantaginella 24 
Dysphania simulans 24 
Dysphania sphaerosperma 24 

E 
Echinocactus delaetii 5 
Echinochloa colonum . 38 
Echinocystis bigelovii 28 
Echinopepon insularis 28 
Echinopsis mirabilis 5 
Ehrharta calycina 38 
Elaeagnus angustifolia 31 
Elaeagnus oxycarpa 31 
Elaeagnus turcomanica 31 
Elaeis melanococca 55 
Elatine americana 31 
Elatine minima 31 
Eleocharis capitata 29 
Eleocharis globularis 29 
Eleocharis halophila 29 
Eleocharis pachycarpa 29 
Eleocharis palustris 30 
Eleocharis parvula 30 
Eleocharis uniglumis 30 
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Eleusine aegyptiaca 37,38 
Eleusine aristata 37,38 
Eleusine compressa 38 
Eleusine indica 38 
Eleusine tristachya 38 
Elymus arenarius 38 
Elymus dasystachys 36,38 
Elymus sabulosus 38 
Elytropappus rhinocerotis 24 
Enallagma latifolia 4 
Enchylaena lanata 13 
Enchylaena tomentosa 13 
Enhalus acoroides 44 
Enhalus koenigii 44 
Enteropogon macrostachya 38 
Ephedra foliata 31 
Ephedra ochreata 31,35 
Ephedra ocreata 31 
Ephedra peduncularis 35 
Ephedra przewalskii 3 
Equisetum ramosissimum 38 
Eragrostis chaetophylla 38 
Eragrostis coelachyrum 37,38 
Eragrostis curvula 38 
Eragrostis dielsii 38 
Eragrostis domingensis 38 
Eragrostis obtusiflora 38 
Eragrostis orthoclada 38 
Eragrostis superba 38 
Eragrostis uninervia 38, 39 
Eremochloa ophiuroides 38 
Eremophila latifolia 51 
Eremophila maculata 51 
Eremophila miniata 51 
Eremophila oppositifolia 51 
Eremophila polyclada 51 
Eremophila pterocarpa 51 
Eremophila serra tum 51 
Eremophila serrulata 51 
Eremophila sturtii 51 
Eremophila subfloccosa 51 
Erigeron filifolius 24 
Eriocephalus africanus 24 
Eryngium aristulosum 69 
Eryngium articulatum 69 
Eryngium maritimum 69 
Eryngium petiolatum 70 
Erythea armata 55 
Erythea edulis 55 
Erythraea spicata 34 
Erythrina herbacea 46 
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Erythrina indica 46 
Erythrina variegata 46 
Esfandiari calcarea 8, 13 
Eucalyptus astringens 52 
Eucalyptus bicolor 52 
Eucalyptus brockwayi 52 
Eucalyptus camaldulensis 52 
Eucalyptus halophila 52 
Eucalyptus kondininensis 52 
Eucalyptus largiflorens 52 
Eucalyptus leucoxylon 52 
Eucalyptus loxophleba 52 
Eucalyptus occidentalis 52 
Eucalyptus sargentii 52 
Eucalyptus spathulata 52 
Eugenia capensis 52 
Eupatorium dodoneaefolium 24, 26 
Eupatorium littorale 24 
Euphorbia atoto 32 
Euphorbia buxifolia 32 
Euphorbia granulata 32 
Euphorbia leucophylla 32 
Euphorbia myrtoides 32 
Euphorbia polygonifolia 32 
Euphorbia serpens 32 
Euphorbia terracina 32 
Euphorbia thymifolia 32 
Euphrasia littoralis 66 
Euphrasia marshallii 66 
Euphrasia officinalis 66 
Euphrasia rotundifolia 66 
Euphrasia tetraquetra 66 
Eurotia cera to ides 13, 16 
Eurotia lanata 13 
Eustoma exalatum 34 
Euterpe cuatrecasana 55 
Evolvulus alsinoides 27 
Excoecaria agallocha 32 
Excoecaria dallachyana 32 
Excoecaria indica 32 

F 
Fagonia bruguieri 71 
Fagonia cretica 71 
Fagonia mollis 71 
Fagraea crenulata 49 
Felicia filifolia 24 
Festuca maritima 38 
Festuca mucronata 38, 39 
Festuca ovina 38 
Festuca pseudovina 38 
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Festuca rubra 38 
Festuca scirpifolia 38 
Ficus microcarpa 70 
Ficus retusa 70 
Fimbristylis caroliniana 30 
Fimbristylis castanea 30 
Fimbristylis ferruginea 30 
Fimbristylis longiculmis 30 
Fimbristylis obtusifolia 30 
Fimbristylis sericea 30 
Fimbristylis spadicea 30 
Fimbristylis triflora 30 
Fissistigma manubria tum 3 
Flagellaria indica 34 
Flaveria australasica 25 
Flaveria brownii 25 
Flaveria campestris 25 
Flaveria floridana 25 
Flaveria linearis 25 
Flaveria trinervia 25 
Frankenia boissieri 34 
Frankenia chilensis 34 
Frankenia corymbosa 34 
Frankenia grandifolia 34 
Frankenia hirsuta 34 
Frankenia juniperoides 34 
Frankenia kamesii 34 
Frankenia laevis 34 
Frankenia microphylla 34 
Frankenia palmeri 34 
Frankenia patagonica 34 
Frankenia pauciflora 34 
Frankenia persica 34 
Frankenia peruviana 34 
Frankenia portulacaefolia 34 
Frankenia pulverulenta 34 
Frankenia revaluta 34 
Frankenia thymifalia 34 
Frankenia triandra 34 

G 
Galenia africana 33 
Galeniafruticosa 33,88 
Galium verum 64 
Gamanthus commixtus 13 
Gamanthus gamocarpus 13 
Genipa clusiifolia 64 
Geoffraea decorticans 46 
Gerardia maritima 65,66 
Girgensohnia oppositiflora 13 
Gisekia pharnacioides 33 

Glaux maritima 62 
Gleditschia triacanthos 46 
Glehnia leiocarpa 70 
Glehnia littoralis 70 
Glochidion littorale 32 
Glossostigma dian drum 66 
Glossostigma spathulatum 66 
Glossostigma submersum 66 
Gluta velutina 3 
Glyceria distans 38,41,42 
Glyceria glaucescens 38,41 
Glyceria maritima 38,41 
Glyceria stricta 38, 42 
Glyceria subfastigiata 38,41 
Glycyrrhiza aspera 46 
Glycyrrhiza asperrima 46 
Glycyrrhiza glabra 46 
Glycyrrhiza inflata 46 
Glycyrrhiza pallidiflora 46 
Glycyrrhiza pallidifolia 46 
Glycyrrhiza squamulosa 46 
Glycyrrhiza uralensis 47 
Gourliea decorticans 46, 47 
Grabowseia duplicata 66 
Grabowskia duplicata 66 
Grahamia bracteata 61 
Grewia populifolia 69 
Grewia tenax 69 
Grindelia paludosa 25 
Grindelia robusta 25 
Guettarda speciosa 64 
Gunnia septifraga 1,33 
Gunniopsis calcarea 1 
Gunniopsis calva 1 
Gunniopsis glabra 1 
Gunniopsis intermedia 
Gunniopsis quadrifaria 
Gunniopsis rodwayi 1 
Gunniopsis septifraga 
Gymnocalycium delaetii 5 
Gymnocalycium ragonesei 5 
Gymnosporia emarginata 7 
Gynotroches axillaris 63 
Gypsophila perfoliata 6 

H 
Halanthium rarifalium 13 
Halerpestes cymbalaria 62 
Halerpestes filisecta 62 
Halerpestes ruthenica 62 
Halerpestes tricuspis 62 
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Halimione pedunculata 13 
Halimione portulacoides 13 
Halimione verrucifera 13 
Halimocnemis karelini 13 
Halimocnemis mollissima 13 
Halimocnemis pilifera 13, 15 
Halimocnemis pilosa 13 
Halimocnemis sclerosperma 13 
Halimodendron halodendron 47 
Halocharis afghanica 13 
Halocharis hispida 13 
Halocharis lachnantha 13 
Halocharis sulphura 13 
Halocharis turcomanica 13 
Halocharis violacea 13 
Halocnemum strobilaceum 13 
Halodule australis 53 
Halodule beaudettei 53 
Halodule bermudensis 53 
Halodule ciliata 53 
Halodule hawaiiana 53 
Halodule pinifolia 53 
Halodule uninervis 53 
Halodule wrightii 53 
Halogeton alopecuroides 13 
Halogeton arachnoides 13 
Halogeton glomeratus 13 
Halogeton sativus 13 
Halopeplis amplexicaulis 13 
Halopeplis perfoliata 13 
Halopeplis pygmaea 13 
Halophila baillonis 44 
Halophila decipiens 44 
Halophila engelmanni 44 
Halophila minor 44 
Halophila spinulosa 44 
Halophila stipulacea 44 
Halophytum ameghinoi 14 
Halopyrum mucronatum 38 
Halosarcia auriculata 14 
Halosarcia bulbosa 14 
Halosarcia calyptrata 14 
Halosarcia chartacea 14 
Halosarcia cupuliformis 14 
Halosarcia doleiformis 14 
Halosarcia en trichoma 14 
Halosarcia fimbriata 14 
Halosarcia flabelliformis 14 
Halosarcia fontinalis 14 
Halosarcia halocnemoides 14 
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Halosarcia indica 14 
Halosarcia lepidosperma 14 
Halosarcia leptoclada 14 
Halosarcia lylei 14 
Halosarcia nitida 14 
Halosarcia peltata 14 
Halosarcia pergranulata 14 
Halosarcia pluriflora 14 
Halosarcia pruinosa 14 
Halosarcia pterygosperma 14 
Halosarcia syncarpa 14 
Halosarcia undulata 14 
Halosicyos ragonesei 28 
Halostachys belangeriana 14 
Halostachys caspica 14 
Halothamnus auriculus 14 
Halothamnus glaucus 14 
Halothamnus hierochunticus 14 
Halothamnus subaphyllus 14 
Halotis occulta 15 
Halotis pilifera 15 
Halotis pilosa 15 
Haloxylon ammodendron 8, 15 
Haloxylon aphyllum 15 
Haloxylon articulatum 15 
Haloxylon persicum 15 
Haloxylon recurvum 15 
Haloxylon salicornicum 15 
Haloxylon scoparium 15 
Hammada salicornica 15 
Hammada scoparia 15 
Hedysarum carnosum 47 
Hedysarum pallidum 47 
Heleocharis uniglumis 30 
Heleocharis yokoscensis 30 
Heleochloa schoenoides 37,38 
Helichrysum leucocephalum 25 
Heliotropium aucheri 5 
Heliotropium bacciferum 5 
Heliotropium curassavicum 5 
Heliotropium greggii 5 
Heliotropium johnstonii 5 
Heliotropium ovalifolium 5 
Heliotropium procumbens 5 
Heliotropium zeylanicum 5 
Hemichroa diandra 15 
Hemichroa pentandra 15 
Heritiera fomes 67 
Heritiera globosa 67 
Heritiera littoralis 67 
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Heritiera minor 67 
Heterostachys olivascens 15 
Heterostachys ritteriana 14, 15 
Heterothalamus acaulis 24, 25 
Heterothalamus spartioides 24, 25, 26 
Heterozostera tasmanica 71 
Hibbertia cuneiformis 31 
Hibiscus tiliaceus 50 
Himeranthus runcinatus 66 
Hippocratea ovalifolia 7 
Hippocratea ovata 7 
Hippomane mancinella 32 
Hippophae rhamnoides 31 
Hirpicium integrifolium 25 
Holmbergia tweedii 15 
Hololachna songarica 67 
Honkenya peploides 6 
Horaninovia minor 15 
Horaninovia ulicina 15 
Hordeum boreale 38 
Hordeum brachyantherum 39 
Hordeum brevisubulatum 39 
Hordeum euclaston 39 
Hordeum flexuosum 39 
Hordeum geniculatum 39 
Hordeum glaucum 39 
Hordeum gussoneanum 39 
Hordeum halophilum 39 
Hordeum jubatum 39, 74 
Hordeum marinum 39 
Hordeum maritimum 39 
Hordeum pusil/um 39 
Hordeum secalinum 39 
Hordeum stenostachys 39 
Hordeum vulgare 39 
Hosackia prostrata 47 
Houttuynia californica 56 
Hoya australis 3 
Hoya carnosa 3 
Hydril/a verticil/ata 44 
Hydrocotyle asiatica 70 
Hydrocotyle bonariensis 70 
Hydrocotyle capil/aris 70 
Hydrocotyle ovalis 70 
Hydrocotyle umbellata 70 
Hydrodea cryptantha 33 
Hymenocallis caribaea 2 
Hymenocallis crassifolia 2 
Hymenocallis keyensis 2 
Hymenocallis latifolia 2 

Hymenoxys anthemoides 25 
Hymenoxys cabrerae 25 
Hymenoxys parodii 25 
Hypericopsis persica 34 
Hypertelis salsoloides 1 
Hyphaene benguelensis 55 
Hyphaene crinita 55 
Hyphaene natalensis 55 
Hyphaene parvula 55 
Hyphaene reptans 55 
Hyphaene thebaica 55 
Hypochoeris petiolaris 25 
Hypocylix kerneri 19,65 
Hysterionica pinifolia 24, 25 

I 
Imperata arundinacea 39 
Imperata brasiliensis 39 
Imperata cylindrica 39 
Indigofera spinosa 47 
Inocarpus edulis 47 
Inocarpus fagifer 47 
Intsia bijuga 47 
Intsia retusa 47 
Inula ammophila 25 
Inula britannica 25 
Inula crithmoides 25 
Inula salsoloides 25 
Inula viscosa 25 
Ipomoea alba 27 
Ipomoea biloba 27 
Ipomoea bona-nox 27 
Ipomoea brasiliensis 27 
Ipomoea carnosa 27 
Ipomoea grandiflora 27 
Ipomoea pes-caprae 27 
Ipomoea sagittata 27 
Ipomoea stolonifera 27 
Ipomoea verticil/ata 27 
Iresine portulacoides 2 
Iresine rhizomatosa 2 
Iris dichotoma 44 
Iris ensata 44 
Iris lac tea 44 
Iris spuria 44 
Ischaemum australe 39 
Ischaemum muticum 39 
Ischaemum ophiuroides 38, 39 
Iva axil/aris 25 
Iva frutescens 25 
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Iva hayesiana 25 
Iva imbricata 25 
Iva texensis 25 
Ixeris repens 25 

J 
Jaborosa runcinata 66 
Jaumea carnosa 25 
Jouvea pilosa 39 
Juncellus pannonicus 30 
Juncus acutus 45 
Juncus arabicus 45 
Juncus arcticus 45 
Juncus balticus 45 
Juncus bufonius 45 
Juncus canadensis 45 
Juncus capitatus 45 
Juncus cooperi 45 
Juncus gerardii 45 
Juncus kraussii 45 
Juncus lesueurii 45 
Juncus maritimus 45, 87 
Juncus rigidus 45 
Juncus roemerianus 45 
Juncus torreyi 45 
Juncus vvedenskyi 45 
Jussieua repens 54 

K 
Kalidium arabicum 15 
Kalidium caspicum 

15 

Kalidium cuspidatum 
Kalidium foliatum 15 
Kalidium gracile 15 
Kalidium schrenkianum 
Kandelia candel 63 
Kandelia rheedii 63,64 
Karelinia caspia 25 
Kissenia capensis 49 
Kissenia spathulata 49 
Kleinhovia hospita 67 
Kochia americana 15 
Kochia amoena 15, 16 
Kochia aphylla 15, 16 
Kochia appressa 15, 16 
Kochia atkinsiana 15, 16 
Kochia brachyptera 15,20 
Kochia brevifolia 15, 16, 78 
Kochia californica 15 
Kochia dasyphylla 12, 15 

14, 15 
15 
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Kochia eirophora 12, 15 
Kochia georgei 15 
Kochia glomerifolia 15, 16 
Kochia hirsuta 15,21 
Kochia hyssopifolia 12, 15 
Kochia indica 15 
Kochia iranica 15 
Kochia melanoptera 15 
Kochia odontoptera 15 
Kochia oppositifolia 15, 16 
Kochia polypterygia 15, 16 
Kochia prosthecochaeta 15, 16 
Kochia prostrata 16, 19, 78 
Kochia pyramidata 16 
Kochia radiata 16 
Kochia scoparia 16 
Kochia sedifolia 16 
Kochia suaedifolia 16 
Kosteletzkya virginica 50 
Krascheninnikovia cera to ides 16 

L 
Lactuca repens 25 
Lactuca tatarica 25 
Lagerstroemia madagascariensis 49, 50 
Laguncularia racemosa 23 
Lampranthus albus 33 
Lannea malifolia 3 
Lannea schweinfurthii 3 
Lantana involucrata 71 
Larrea nitida 71 
Lasiurus scindicus 39 
Lathyrus littoralis 47 
Lathyrus maritimus 47 
Lathyrus palustris 47 
Launaea bellidifolia 25 
Lavatera arborea 50 
Leitneria floridana 49 
Leontodon nudicaulis 25 
Leontodon saxatilis 25 
Lepidium acutidens 28 
Lepidium cardamines 28 
Lepidium cartilagineum 28 
Lepidium crassifolium 28 
Lepidium latifolium 28 
Lepidium oxycarpum 28 
Lepidium parodii 28 
Lepidium pinnatifidum 28 
Lepidium ruderale 28 
Lepidium spicatum 28 
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Lepidium subulatum 28 
Lepidosperma gladiatum 30 
Lepiurus strigosus 39,40 
Leptadenia pyrotechnica 4 
Leptadenia spartum 4 
Leptocarpus similis 62 
Leptochloa filiform is 39 
Leptochloa uninervia 39 
Leptospermum lanigerum 52 
Leptospermum pubescens 52 
Lepturus cylindricus 39 
Lepturus filiform is 39 
Lepturus incurvatus 39,40 
Lepturus repens 39 
Lerrouxia ifniensis 57 
Lespedeza cuneata 47 
Lespedeza juncea 47 
Leucanthemella vulgare 25 
Leucopogon parviflorus 31 
Leucopogon richei 31 
Licuala acutifida 55 
Licuala rumphii 55 
Licuala spinosa 55 
Ligusticum scoticum 70 
Lilaeopsis occidentalis 70 
Limoniastrum articulatum 57 
Limoniastrum guyonianum 57 
Limoniastrum ifniense 57 
Limoniastrum monopetalum 57 
Limonium arborescens 57 
Limonium articulatum 7 
Limonium asterotrichum 
Limonium aureum 57 

57 

Limonium auriculae-ursifolium 
Limonium australe 57 
Limonium axil/are 57 
Limonium bellidifolium 57 
Limonium bicolor 57 
Limonium biflorum 57 
Limonium binervosum 57 
Limonium bourgeaui 57 
Limonium brasiliense 57 
Limonium brassicifolium 57 
Limonium californicum 57,89 
Limonium carnosum 57 
Limonium carolinianum 57 
Limonium catalaunicum 57 
Limonium cordatum 57 
Limonium cylindrifolium 58 
Limonium cymuliferum 58 

57 

Limonium delicatulum 58 
Limonium dendroides 58 
Limonium dichotomum 58 
Limonium difJusum 58 
Limonium duriusculum 58 
Limonium echioides 58 
Limonium ferulaceum 58 
Limonium fruticans 58 
Limonium girardianum 58 
Limonium gmelinii 58 
Limonium hirsuticalyx 58 
Limonium humile 58 
Limonium imbricatum 58 
Limonium iranicum 58 
Limonium limbatum 58 
Limonium macrophyllum 58 
Limonium meyeri 58 
Limonium oleifolium 58 
Limonium otolepis 58 
Limonium ovalifolium 58 
Limonium pectinatum 58 
Limonium perezii 58 
Limonium preauxii 58 
Limonium pruinosum 58 
Limonium psilocladon 58 
Limonium puberulum 59 
Limonium ramosissimum 59 
Limonium redivivum 59 
Limonium reniforme 59 
Limonium rumicifolium 59 
Limonium salicorniacea 59 
Limonium sinense 
Limonium sinuatum 

59 
59 

Limonium sogdianum 59 
Limonium speciosum 59 
Limonium spectabile 59 
Limonium stocksii 59 
Limonium suffruticosum 59 
Limonium tomentellum 59 
Limonium vulgare 59 
Limosella aquatica 66 
Limosella subulata 66 
Linum maritimum 49 
Lippia canescens 71 
Lippia lycioides 71 
Lippia nodiflora 71 
Lippia salsa 71 
Lippia seriphioides 70, 71 
Litsea sebifera 45, 69 
Livistona chinensis 55 
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Lobularia maritima 28 
Lolium multiflorum 39 
Lomatophyllum aldabrense 49 
Londesia eriantha 12, 16 
Lophotocarpus ca/ycinus 2 
Lotus creticus 47 
Lotus cytisoides 47 
Lotus halophilus 47 
Lotus jolyi 47 
Lotus nuttallianus 47 
Lotus prezlii 47 
Lotus pusillus 47 
Lotus tenuis 47, 83 
Lotus uliginosus 47 
Ludwigia adscendens 54 
Lumnitzera coccinea 23 
Lumnitzera littorea 23 
Lumnitzera racemosa 23 
Lumnitzera rosea 23 
Lycium ameghinoi 66 
Lycium barbarum 66 
Lycium brevi pes 66 
Lycium californicum 66 
Lycium carolinianum 66 
Lycium cestroides 66 
Lycium chilense 66 
Lycium cilia tum 66 
Lycium comberi 66 
Lycium depressum subsp. angustifolium 66 
Lycium elongatum 66 
Lycium europaeum 66 
Lycium ferocissimum 66 
Lycium humile 66 
Lycium infaustum 66 
Lycium puberulum 66 
Lycium pubescens 66 
Lycium ruthenicum 67 
Lycium scoparium 67 
Lycium shawii 67 
Lycium tenuispinosum 67 
Lycium torreyi 67 
Lycium truncatum 67 
Lycopersicon cheesmanii 67 
Lycopersicon minor 67 
Lycopersicon pennellii 67 
Lycopersicum peruvianum 67 
Lygeum spartum 39 
Lygodium comforme 65 
Lygodium digitatum 65 
Lygodium flexuosum 65 
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Lygodium japonicum 65 
Lygodium microstachyum 65 

M 
Maba buxifolia 31 
Macfadyena phellosperma 4 
Maireana amoena 16 
Maireana aphylla 16 
Maireana appressa 16 
Maireana atkinsiana 16 
Maireana brevifolia 16 
Maireana carnosa 16 
Maireana difJusa 16 
Maireana eriosphaera 16 
Maireana glomerifolia 16 
Maireana luehmannii 16 
Maireana melanocarpa 16 
Maireana oppositifolia 16 
Maireana platycarpa 16 
Maireana polypterygia 16 
Maireana proslhecochaeta 16 
Maireana pyramidata 16 
Maireana radiata 16 
Maireana sedifolia 16 
Maireana suaedifclia 16 
Malacocarpus crithmifolius 64 
Malacocera albicans 16 
Malacocera albolanata 16 
Malacocera biflora 16 
Malacocera gracilis 16 
Malacocera tricorn is 16 
Malva leprosa 50 
Mammillaria dioica 5 
Manicaria saccifera 55 
Marsdenia tenacissima 4 
Matricaria inodora 25, 26 
Mauritia flexuosa 55 
May tenus emarginata 7 
May tenus phyllanthoides 7 
May tenus texana 7 
May tenus vitis-idaea 7 
Medicago falcata 47 
Medicago hispida 47 
Medicago littoralis 47 
Medicago marina 47 
Medicago minima 47 
Medicago ruthenica 47,49 
Meiomeria stellata 17 
Melaleuca cymbifolia 52 
Melaleuca ericifolia 52, 80 
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Melaleuca genistifolia 52 
Melaleuca halmaturorum 52 
Melaleuca huegelii 52 
Melaleuca lanceolata 52 
Melaleuca laterifolia 52 
Melaleuca leucadendron 52 
Melaleuca pustulata 52 
Melaleuca quinquenervia 52 
Melaleuca thyoides 52 
Melananthera deltoidea 25 
Melanthera aspera 25 
Melilotus alba 47 
Melilotus indica 47 
Melilotus mauritanica 47 
Melilotus officinalis 47 
Melodorum manubriatum 3 
Merope angulata 64 
Mertensia maritima 5 
Mesembryanthemum aequilaterale 32, 33 
Mesembryanthemum aitonis 33 
Mesembryanthemum album 33 
Mesembryanthemum australe 32, 33 
Mesembryanthemum candens 32, 33 
Mesembryanthemum crassifolium 33 
Mesembryanthemum cryptanthum 33 
Mesembryanthemum crystallinum 33 
Mesembryanthemum digitiforme 33 
Mesembryanthemum edule 32, 33 
Mesembryanthemum forskahlei 33 
Mesembryanthemum megarhizum 33 
Mesembryanthemum nodiflorum 33, 89 
Mesembryanthemum obliquum 33 
Mesembryanthemum salicornioides 33 
Mesembryanthemum sessiliflorum 33 
Messerschmidia sibirica 5 
Messerschmidtia argentea 5 
Mestoklema macrorhizum 1 
Micranthium micranthemoides 66 
Microcnemum corallo ides 17 
Millettia hemsleyana 47 
Mimosa gilliesii 47, 48 
Mimozyganthus carinatus 47 
Mimulus repens 66 
Minuria cunninghami 25 
Miscanthus sinensis 39 
Modiola caroliniana 50 
Modiola geranioides 50 
Modiola multifda 50 
Modiolastrum geranioides 50 
Monanthochloe eludens 39 

Monanthochloe littoralis 39 
Monerma cylindrica 39 
Monochoria hastaefolia 61 
Monochoria hastata 61 
Monolepis spathulata 17 
Mora oleifera 47 
Morus alba 70 
Muehlenbergia asperifolia 39 
Muehlenbergia ligularis 39 
Muellera frutescens 47 
Muellera moniliformis 47 
Muhlenbergia mexicana 39 
Myoporum insulare 51 
Myoporum mauritianum 51 
Myoporum parvifolium 51 
Myoporum serra tum 51 
Myristica hollrungii 51 
Myristica irya 51 
Myrsine capitellata 52 
Myrsine umbellulata 52 

N 
Najas browniana 53 
Najas graminea 53 
Najas major 53 
Najas marina 53, 73 
Najas minor 53 
Nanophyton caspicum 17 
Nanophyton erinaceum 17 
Nardophyllum obtusifolium 25 
Neoluederitzia sericocarpa 71 
Niederleinia juniperoides 34 
Nipa fruticans 55 
Nitraria billardieri 72 
Nitraria retusa 72 
Nitraria schoberi 72 
Nitraria sibirica 72 
Nitraria tangutorum 72 
Nitraria tridentata 72 
Nitrophila australis 17 
Nitrophila mohavensis 17 
Nitrophila occidentalis 17 
Noaea mucronata 17 
Noaea spinosissima 17 
Nolana crassulifolia 54 
Nowodworskya imberbis 37,39 
Nucularia perrini 65 
Nuphar advena 54 
Nypa fruticans 55 
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o 
Ochradenus baccatus 62 
Ochthocharis bornensis 51 
Ochthocharis javanica 51 
Odina malifolia 3 
Odontites litoralis 66 
Odyssea jaegeri 39 
Odyssea mucronata 39 
Odyssea paucinervis 39 
Oedera trinervia 25 
Oenanthe fistulosa 70 
Oenanthe lachenalii 70 
Ofaiston monandrum 17 
Ofaiston paucifolium 17 
Olearia axillaris 25 
Oligomeris linifolia 62 
Oncosperma filamentosum 55 
Oncosperma horridum 55 
Oncosperma tigillaria 55 
Opuntia paediophila 5 
Opuntia platyacantha 5 
Orchipeda papuana 3 
Orin us thoroldii 40 
Ormenis praecox 25 
Ormocarpum verrucosum 47 
Orthocarpus castille joides 66 
Orthocarpus pusillus 66 
Oryza coarctata 40,41 
Oryza meyeriana 40 
Oryza sativa 40 
Osbornia octodonta 52 
Osteocarpum dipterocarpum 17 
Osteocarpum salsuginosum 17 
Osteospermum fruticosum 25 
Osteospermum moniliferum 25 
Osteospermum pachypteris 25 
Osteospermum sanctae-helenae 26 
Otanthus maritimus 26 
Oxytropis glabra 47 
Oxytropis microphylla 48 

p 

Pachycereus pringlei 5 
Pachycornia robusta 17 
Pachycornia triandra 17 
Palaquium obovatum 65 
Pandanus affinis 56 
Pandanus edulis 56 
Pandanus helicopus 56 
Pandanus odoratissimus 56 
Pandanus pedunculatus 56 
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Pandanus pygmaeus 56 
Pandanus rivularis 56 
Pandanus rostratus 56 
Pandanus spiralis 56 
Pandanus tectorius 56 
Pandanus utilis 56 
Pandanus veitchi 56 
Panderia pilosa 17 
Panicum adscendens 37, 40 
Panicum compressum 38,40 
Panicum helopus 40, 44 
Panicum hochstetterianum 40 
Panicum javanicum 40 
Panicum sanguinale 40 
Panicum syzigachne 36, 40 
Panicum virgatum 40 
Pappophorum caespitosum 40 
Pappophorum philippianum 40 
Pappophorum vagina tum 40 
Paramignya angulata 64 
Paramignya longispina 64 
Parapholis incurva 40 
Parapholis strigosa 40 
Parinari corymbosum 22 
Parkinsonia aculeata 48 
Paspalidium geminatum 40 
Paspalum distichum 40 
Paspalum paspaloides 40 
Paspalum vaginatum 40 
Paspalum walterianum 40 
Pavonia racemosa 50 
Pavonia rhizophorae 50 
Pavonia spicata 50 
Pectin ella griffithii 53,61 
Pectis arenaria 26 
Pedilanthus tithymaloides 32 
Peganum harmala 64 
Peganum nigellastrum 64 
Pelargonium capitatum 35 
Pellacalyx axillaris 63 
Pelliciera rhizophoreae 69 
Pemphis acidula 50 
Pemphis madagascariensis 50 
Pennisetum alopecuroides 40 
Pennisetum cenchroides 36, 40 
Pennisetum typhoideum 40 
Pentatropis cynanchoides 4 
Pentatropis spiralis 4 
Pentzia incana 26 
Pentzia virgata 26 
Peponium sublitorale 28 
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Pergularia tomentosa 4 
Petrosimonia brachiata 17 
Petrosimonia crassifolia 17 
Petrosimonia glauca 17 
Petrosimonia glaucescens 17 
Petrosimonia litvinowi 17 
Petrosimonia sibirica 17 
Petunia parviflora 67 
Phacelurus latifolius 40 
Phalaris arundinacea 40 
Pharnaceum acidum 33 
Pharnaceum verrucosum 33 
Phaseolus semierectus 48 
Phellopterus littoralis 70 
Philoxerus vermicularis 2 
Phoberos zeyheri 4 
Phoenix canariensis 55 
Phoenix dactylifera 55 
Phoenix paludosa 55 
Phoenix reclinata 55 
Phoenix theophrastii 55 
Pholiurus incurvus 40 
Phragmites australis 40 
Phragmites communis 40 
Phragmites karka 40 
Phryganocydia phellosperma 4 
Phucagrostis manatorum 53 
Phyla nodiflora 71 
Phyllospadix iwatensis 53 
Phyllospadix japonicus 53 
Phyllospadix scouleri 53 
Phyllospadix serrulatus 53 
Phyllospadix torreyi 53 
Physalis viscosa 67 
Picramnia pentandra 66 
Picrosia longifolia 26 
Pimelea clavata 69 
Pimelea ferruginea 69 
Piper colubrinum 56, 63 
Piper revolutum 56 
Piptoptera turkestana 17 
Pisonia aculeata 54 
Pisonia alba 54 
Pisonia grandis 54 
Pithecellobium lanceolatum 48 
Pithecellobium umbrellatum 48 
Plagianthus helmsii 50 
Plantago asiatica 56 
Plantago australis 56 
Plantago bigelovii 56 
Plantago corn uti 56 

Plantago coronopus 56 
Plantago crassifolia 56 
Plantago depressa 56 
Plantago eriopoda 56 
Plantago hirtella 56 
Plantago insularis 56 
Plantago lanceolata 56 
Plantago major 56 
Plantago maritima 56 
Plantago myosurus 56 
Plantago patagonica 56 
Plantago robusta 56 
Plantago tenuiflora 56 
Plectrocarpa tetracantha 72 
Pluchea camphorata 26 
Pluchea cardinensis 26 
Pluchea purpurascens 26 
Pluchea sericea 26 
Pluchea sordida 26 
Poa bulbosa 41 
Poa lanuginosa 41 
Poa pratensis 41 
Poa rupestris 41, 42 
Poa scoparia 38,41 
Poa subfastigiata 41 
Poacynum hendersonii 3 
Podocarpus neriifolia 26 
Podocarpus polystachya 27 
Pollichia campestris 44 
Polyalthia sclerophylla 3 
Polycarpon succulentum 6 
Polygonum acetosum 60 
Polygonum aphyllum 60 
Polygonum aviculare 60 
Polygonum bellardi 60 
Polygonum blumei 60 
Polygonum brasiliense 60 
Polygonum maritimum 60 
Polygonum monspeliense 60 
Polygonum patulum 60 
Polygonum sibiricum 60 
Polygonum striatum 60 
Polygonum stypticum 60 
Polypogon elongatus 41 
Polypogon maritimus 41 
Polypogon monspeliensis 41 
Pongamia glabra 48 
Pongamia pinnata 48 
Pongamia velutina 48 
Populus euphratica 64 
Populus pruinosa 64 
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Porpa repens 69 
Porteresia coarctata 41 
Portulaca confertifolia 61 
Portulaca lutea 61 
Portulaca mundula 61 
Portulaca oleracea 61 
Portulaca parvula 61 
Portulaca phaeosperma 61 
Portulaca pilosa 61 
Portulaca ragonesi 61 
Portulaca retusa 61 
Portulaca ria afra 61 
Portulacaria armiana 61 
Posidonia australis 53 
Posidonia caulini 53 
Posidonia oceanica 53 
Posidonia ostenfeldii 53 
Potamogeton crispus 53 
Potamogeton javanicus 54 
Potamogeton lucens 54 
Potamogeton pectinatus 54 
Potamogeton pusillus 54 
Potentilla anserina 64 
Potentilla bifurca 64 
Potentilla multicipitis 64 
Potentilla sup ina 64 
Pouteria obovata 65 
Prosopidastrum globosum 48 
Prosopis alpataco 48 
Prosopis articulata 48 
Prosopis chilensis 48 
Prosopis cineraria 48 
Prosopis denudans 48 
Prosopis farcta 48, 76 
Prosopis juliflora 48, 87 
Prosopis nigra 48 
Prosopis pallida 48 
Prosopis rep tans 48 
Prosopis ruscifolia 48 
Prosopis spicigera 48 
Prosopis stephaniana 48 
Prosopis strombulifera 48 
Prosopis tamarugo 48, 79, 88 
Prosopis torreyana 48 
Prosopis velutina 48 
Prunus persica 64 
Pseudoclappia arenaria 26 
Psiadia rotundifolia 24, 26 
Psila spartioides 26 
Psilocaulon salicomioides 33 
Psilolemma jaegeri 41 
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Psylliostachys beludshistanicus 59 
Psylliostachys leptostachyus 59 
Psylliostachys spicatus 59 
Pterocactus tuberosus 6 
Pterocarpus draco 48 
Pterocarpus indicus 48 
Pterocarpus officinalis 48 
Pteropyrum olivierii 60 
Puccinellia capillaris 41 
Puccinellia ciliata 41 
Puccinellia dis tans 41 
Puccinellia festuciformis 41 
Puccinellia gigantea 41 
Puccinellia glaucescens 41 
Puccinellia grandis 41 
Puccinellia hauptiana 41 
Puccinellia kurilensis 41 
Puccinellia limosa 41 
Puccinellia macranthera 41 
Puccinellia maritima 41 
Puccinellia nuttalliana 41, 81 
Puccinellia osteniana 42 
Puccinellia parishii 42 
Puccinellia peisonis 42, 87 
Puccinellia rupestris 42 
Puccinellia schischkinii 42 
Puccinellia stricta 42 
Puccinellia tenuiflora 42 
Pycreus polystachyos 29,30 

R 
Ranunculus baudotii 62 
Ranunculus cymbalaria 62 
Ranunculus plantaginifolius 62 
Ranunculus ruthenicus 62 
Ranunculus tricuspis 62 
Raphanus raphanistrum 28 
Raphia taedigera 55 
Raphia vinifera 55 
Reaumuria alternifolia 67 
Reaumuria billardieri 67 
Reaumuria cis to ides 67 
Reaumuria fruticosa 67 
Reaumuria hirtella 67 
Reaumuria hypericoides 67 
Reaumuria negevensis 67 
Reaumuria palaestina 67 
Reaumuria soongarica 67 
Reaumuria stocksii 67 
Reaumuria trigyna 67 
Reederochloa eludens 42 
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Remirea maritima 30 
Reseda hirsuta 62 
Reseda linifolia 62 
Reseda pulverulenta 62 
Reseda stenostachya 62 
Rhabdadenia biflora 3 
Rhagodia baccata 17 
Rhagodia billardieri 17 
Rhagodia crassifolia 17 
Rhagodia drummondii 17 
Rhagodia gaudichaudiana 12, 17 
Rhapidophyllum hystrix 55 
Rheum leucorrhizum 60 
Rheum nanum 60 
Rhigozum obovatum 4 
Rhigozum trichotomum 4 
Rhizophora apiculata 63 
Rhizophora brevistyla 63 
Rhizophora caseolaris 50, 63 
Rhizophora harrisonii 63 
Rhizophora mangle 63 
Rhizophora mucronata 63 
Rhizophora parviflora 63 
Rhizophora racemosa 63 
Rhizophora samoensis 64 
Rhizophora sexangula 63,64 
Rhizophora stylosa 64, 76 
Rhizophora tagal 63,64 
Rhodostachys urbaniana 5 
Robinia halodendron 47,48 
Robinia pseud-acacia 48 
Rottboellia latifolia 40, 42 
Roycea divaricata 17 
Roycea pycnophylloides 17 
Roycea spinescens 17 
Rumex crassus 60 
Rumex crispus 60 
Rumex maritimus 61 
Rumex marschallianus 61 
Rumex persicarioides 61 
Ruppia cirrhosa 61 
Ruppia maritima 61 
Ruppia rostellata 61 
Ruppia spiralis 61 
Rynchospora nitens 30 

S 
Sabal palmetto 55 
Sabatia arenicola 34 
Sabatia campanulata 34 
Sabbatia calycina 34 

Sabbatia calycosa 34 
Sabbatia gracilis 34 
Saccharum arundinaceum 42 
Saccharum robustum 42 
Saccharum spontaneum 42 
Sagina crassicaulis 6 
Sagina maritima 6 
Sagina occidentalis 6 
Sagitta ria calycina 2 
Salicornia ambigua 17 
Salicornia arabica 17 
Salicornia australis 17,22 
Salicornia bigelovii 17, 79, 85, 87, 89 
Salicornia bigelowii 17 
Salicornia brachiata 17 
Salicornia dolichostachya 17 
Salicornia europaea 17, 20 
Salicornia fragilis 17 
Salicornia fruticosa 8, 18 
Salicornia gaudichaudiana 18 
Salicornia herbacea 18 
Salicornia leiostachya 8, 18 
Salicornia lignosa 18 
Salicornia lylei 14, 18 
Salicornia meyeriana 18 
Salicornia natalensis 18, 20 
Salicornia nitens 18 
Salicornia pachystachva 18 
Salicornia pachystachya 8, 18 
Salicornia pacifica 18, 20 
Salicornia peruviana 18 
Salicornia procumbens 18 
Salicornia prostrata 18 
Salicornia pulvinata 18 
Salicornia ramosissima 18 
Salicornia rubra 18 
Salicornia subterminalis 8, 18 
Salicornia tenuis 18, 21 
Salicornia uniflora 18 
Salicornia utahensis 18, 20 
Salicornia veneta 18 
Salicornia virginica 18 
Salsola abarghuensis 18 
Salsola aphylla 18 
Salsola arbuscula 18 
Salsola auricula 14, 18 
Salsola baryosma 18 
Salsola brachiata 13, 18 
Salsola canescens 18 
Salsola carinata 18 
Salsola chinghaiensis 18 
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Salsola chorassanica 18 
Salsola clavifolia 18 
Salsola collina 18 
Salsola crassa 18 
Salsola delileana 18 
Salsola dendroides 18 
Salsola drummondii 18 
Salsola ferganica 18 
Salsola foetida 18 
Salsola foliosa 18 
Salsola gemmascens 18 
Salsola glauca 14, 18 
Salsola gossypina 18 
Salsola gymnomaschala 18 
Salsola hierochuntica 14, 18 
Salsola hispidula 18 
Salsola iberica 19 
Salsola incanescens 19 
Salsola inermis 19 
Salsola jordanicola 19 
Salsola kali 19 
Salsola kerneri 19 
Salsola komarovi 19 
Salsola lanata 13, 19 
Salsola lancifolia 7, 19 
Salsola leptoclada 19 
Salsola longifolia 19 
Salsola longistylosa 19 
Salsola nitraria 19 
Salsola orienta lis 19 
Salsola passerina 19 
Salsola paulsenii 19 
Salsola praecox 19 
Salsola prostrata 19 
Salsola richleri 19 
Salsola rigida 19 
Salsola rosacea 19 
Salsola ruthenica 19 
Salsola schweinfurthii 19 
Salsola sclerantha 19 
Salsola sieberi 19 
Salsola soda 19 
Salsola spissa 19 
Salsola subaphylla 7, 14, 19 
Salsola subcrassa 19 
Salsola tamariscina 19 
Salsola tetragona 19 
Salsola tetrandra 19 
Salsola tomentosa 19 
Salsola turcomanica 13, 19 
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Salsola verdoorniae 19 
Salsola vermiculata 19 
Salsola villosa 19 
Salsola volkensii 19 
Salsola zaidamica 19 
Salvadora angustifolia 65 
Salvadora oleo ides 65 
Salvadora persica 65 
Samolus ebracteatus 62 
Samolus junceus 62 
Samolus porosus 62 
Samolus repens 62 
Samolus valerandi 62 
Sanicula maritima 70 
Sapium indicum 32 
Sarcobatus maximiliani 19 
Sarcobatus vermiculatus 19 
Sarcocornia blackiana 20 
Sarcocornia decumbens 20 
Sarcocornia fruticosa 20 
Sarcocornia globosa 20 
Sarcocornia littorea 20 
Sarcocornia mossiana 20 
Sarcocornia natalensis 20, 83 
Sarcocornia pacifica 20 
Sarcocornia perennis 20 
Sarcocornia pillansiae 20 
Sarcocornia quinquejlora 20 
Sarcocornia utahensis 20 
Saussurea amara 26 
Saussurea amiaria 26 
Saussurea crassifolia 26 
Saussurea glomerata 26 
Saussurea laciniata 26 
Saussurea mongolica 26 
Saussurea radiata 26 
Saussurea runcinata 26 
Saussurea salsula 26 
Scaevola crassifolia 35 
Scaevola frutescens 35 
Scaevola humilis 35 
Scaevola koenigii 35 
Scaevola lobelia 35 
Scaevola nitida 35 
Scaevola plumieri 35 
Scaevola sericea 35 
Scaevola taccada 35 
Scaevola thunbergii 35 
Sceletium rigidum 33 
Schinus dependens 3 
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Schinus polygamus 3 
Schizonepeta multifida 45 
Schoenus nigricans 30 
Scirpus acutus 30 
Scirpus americanus 30 
Scirpus californicus 30 
Scirpus carinatus 30 
Scirpus cernuus 30 
Scirpus dioecus 30 
Scirpus holoschoenus 30 
Scirpus koilolepis 30 
Scirpus lacustris 30 
Scirpus littoralis 30 
Scirpus maritimus 29, 30 
Scirpus nanus 30 
Scirpus nodosus 30 
Scirpus olneyi 30 
Scirpus paludosus 30 
Scirpus pungens 30 
Scirpus riparius 30 
Scirpus robustus 30 
Scirpus rufus 28, 31 
Scirpus tabernaemontani 31 
Scirpus triqueter 31 
Scirpus validus 31 
Sclerochlamys brachyptera 20 
Sclerolaena clelandii 20 
Sclerolaena decurrens 20 
Sclerolaena eriacantha 20 
Sclerolaena glabra 20 
Sclerolaena intricata 20 
Sclerolaena lanicuspis 20 
Sclerolaena paradoxa 13,20 
Scleralaena walkeri 20 
Sclerostegia arbuscula 20 
Sclerostegia dis articulata 20 
Sclerostegia medullosa 21 
Sclerostegia moniliformis 21 
Sclerostegia tenuis 21 
Scolopia macrophylla 4 
Scolopia rhinanthera 4 
Scolopia zeyheri 4 
Scorzonera divaricata 26 
Scorzonera parviflora 26 
Scyphiphora hydrophyllacea 64 
Seetzenia lanata 72 
Seidlitzia flordia 21 
Seidlitzia florida 21 
Seidlitzia rosmarinus 21 
Selenothamnus helmsii 50 

Selliera radicans 35 
Senecio filaginoides 26 
Senecio pampae 26 
Senecio pampeanus 26 
Senecio roldana 26 
Senecio sublobatus 26 
Senecio subulatus 26 
Serenoa repens 55 
Sesbania grandiflora 48, 76 
Sesuvium digynum III, IV, 1, 33 
Sesuvium eastwoodianum 1 
Sesuvium erectum 1 
Sesuvium hydaspicum 
Sesuvium maritimum 33 
Sesuvium portulacastrum 33 
Sesuvium sessile 33 
Sesuvium sesuvioides III, 1 
Sesuvium verrucosum 33 
Setaria viridis 42 
Sevada schimperi 21 
Sida hederacea 50 
Sida lepidota 50 
Sida leprosa 50 
Sida obliqua 50 
Sida parviflora 50 
Sidalcea neomexicana 50 
Sidalcea parviflora 50 
Sideroxylon brownii 65 
Sisymbrium salsugineum 28 
Sisyndite spartea 72 
Solanum halophilum 67 
Solanum incanum 67 
Solanum kurtzianum 67 
Solanum pennellii 67, 77, 88 
Solidago sempervirens 26 
Sonchus maritimus 26 
Sonneratia acida 50 
Sonneratia alba 50 
Sonneratia apetala 50 
Sonneratia caseolaris 50 
Sonneratia griffithii 50 
Sonneratia ovata 50 
Sooja nomame 46, 48 
Sophora alopecuroides 48 
Sophora heptaphylla 46, 48 
Sophora japonica 48 
Sophora tomentosa 48 
Spartina alterniflora 42 
Spartina anglica 42 
Spartina brasiliensis 42 
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Spartina foliosa 42 
Spartina gracilis 42 
Spartina longispica 42 
Spartina maritima 42 
Spartina montevidensis 42 
Spartina patagonica 42 
Spartina patens 42 
Spartina pectinata 42 
Spartina schreberi 42 
Spartina spartinae 42 
Spartina stricta 42 
Spartina townsendi 42, 85 
Spartina townsendii 42, 85 
Spergularia canadensis 6 
Spergularia diandra 6 
Spergularia grandis 6 
Spergularia macro theca 6 
Spergularia marginata 6 
Spergularia marina 6 
Spergularia media 6 
Spergularia rubra 6 
Spergularia rupicola 6 
Spergularia salina 6 
Sphaeralcea bonariensis 50 
Sphaerocoma aucheri 6 
Sphaerophysa salsula 48 
Sphenopus divaricatus 42 
Sphenopus gouani 42 
Spinifex hirsutus 42 
Spinifex littoreus 42 
Spinifex longifolius 42 
Spinifex squarrosus 42 
Spirostachys occidentalis 7, 21 
Spirostachys olivascens 15,21 
Spirostachys patagonica 7, 21 
Spirostachys vaginata 7, 21 
Sporobolus affinis 42, 43 
Sporobolus airoides 42 
Sporobolus arabicus 42 
Sporobolus artus 43 
Sporobolus asperifolius 39, 43 
Sporobolus consimilis 43 
Sporobolus fimbriatus 43 
Sporobolus helvola 43 
Sporobolus ioclados 43 
Sporobolus ligularis 39,43 
Sporobolus maximus 43 
Sporobolus micranthum 43 
Sporobolus phleoides 43 
Sporobolus platensis 43 
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Sporobolus pungens 43 
Sporobolus pyramidalis 43 
Sporobolus pyramidatus 43 
Sporobolus regis 43 
Sporobolus rigens 43, 74 
Sporobolus robustus 43 
Sporobolus secundatum 43 
Sporobolus spicatus 43 
Sporobolus spiciformis 43 
Sporobolus tremulus 43, 87 
Sporobolus virginicus 43 
Sporobolus wrightii 43 
Spyridium globulosum 63 
Statice articulata 57,59 
Statice asterotricha 57, 59 
Statice aurea 57, 59 
Statice auriculaefolia 59 
Statice australis 57,59 
Statice axillaris 57, 59 
Statice bellidifolia 57, 59 
Statice bicolor 57, 59 
Statice bourgaei 57,59 
Statice brassicaefolia 57,59 
Statice cancellata 59 
Statice carnosa 57,59 
Statice cordata 57, 59 
Statice cylindrifolia 58, 59 
Statice cymulifera 58, 59 
Statice delicatula 58, 59 
Statice dichotoma 58, 59 
Statice difJusa 58, 59 
Statice duriuscula 58, 59 
Statice echioides 58, 59 
Statice ferulacea 58, 59 
Staticefruticans 57,58,59 
Statice globulariaefolia 59 
Statice gmelini 60 
Statice imbricata 58,60 
Statice leptostachya 59,60 
Statice limonium 57,59, 60 
Statice macrophylla 58, 60 
Statice opulenta 58, 60 
Statice otolepis 58, 60 
Statice ovalifolia 58, 60 
Statice pectinata 58,60 
Statice perezii 58, 60 
Statice peifoliata 60 
Statice preauxii 58, 60 
Statice pruinosa 58, 60 
Statice psiloclada 58, 60 
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Statice puberula 59,60 
Statice rediviva 59,60 
Statice rumicifolia 59, 60 
Statice salicorniacea 59, 60 
Statice sinuata 59, 60 
Statice speciosa 59,60 
Statice spectabilis 59, 60 
Statice spicata 59,60 
Statice stocksii 59, 60 
Statice suffruticosa 59,60 
Statice tomentella 59,60 
Stegnosperma cubense 56 
Stegnosperma halimifolia 56 
Stellaria littoralis 6 
Stenochlaena palustris 5 
Stenocholaena palustris 5 
Stenotaphrum glabrum 43 
Stenotaphrum secunda tum 43 
Sterculia africana 67 
Stipa hookeri 35,43 
Stipa krylovi 43 
Stipa splendens 35, 43 
Stipagrostis namaquensis 43 
Suaeda acuminata 21 
Suaeda aegyptiaca 21, 77 
Suaeda altissima 21 
Suaeda arbusculoides 21 
Suaeda arcuata 21 
Suaeda argentinensis 21 
Suaeda asphaltica 21 
Suaeda australis 21, 85 
Suaeda baccata 21 
Suaeda baccifera 21 
Suaeda caespitosa 21 
Suaeda californica 21 
Suaeda conferta 21 
Suaeda corniculata 21 
Suaeda crassifolia 21 
Suaeda depressa 21, 89 
Suaeda divaricata 21 
Suaeda esteroa 21 
Suaedafruticosa 21, 76 
Suaeda glauca 21 
Suaeda heterocarpa 21 
Suaeda heterophylla 21 
Suaeda jacoensis 21 
Suaeda japonica 21 
Suaeda kossinskyi 21 
Suaeda linearis 21 
Suaeda linifolia 21 

Suaeda littoralis 21 
Suaeda maritima 21, 78, 79, 89, 90 
Suaeda mexican a 21 
Suaeda microphylla 22 
Suaeda microsperma 22 
Suaeda minutifolia 22 
Suaeda monodiana 22 
Suaeda monoica 22, 87 
Suaeda moquinii 22 
Suaeda nigra 22 
Suaeda nigrescens 22 
Suaeda nudiflora 22 
Suaeda palaestina 22 
Suaeda palmeri 22 
Suaeda paradoxa 22 
Suaeda patagonica 22 
Suaeda physophora 22 
Suaeda plattensis 22 
Suaeda prostrata 22 
Suaeda pruinosa 22 
Suaeda przewalskii 22 
Suaeda pterantha 22 
Suaeda salsa 22 
Suaeda setigera 22 
Suaeda splendens 22 
Suaeda stauntonii 22 
Suaeda stellatiflora 22 
Suaeda suffrutescens 22 
Suaeda torreyana 22 
Suaeda vera 22 
Suaeda vermiculata 22 
Suriana maritima 66 
Swainsona salsula 48 
Sympegma rege/ii 22 
Syringodium filiforme 61 
Syringodium isoetifolium 62 

T 
Tabebuia palustris 4 
Tabernaemontana dichotoma 3 
Talinum paniculatum 61 
Talinum patens 61 
Talinum polygaloides 61 
Tamarix africana 67 
Tamarix amplexicaulis 67 
Tamarix androssowii 67 
Tamarix aphylla 67 
Tamarix aralensis 67 
Tamarix aravensis 67 
Tamarix arborea 67 
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Tamarix arceuthoides 67 
Tamarix articulata 67, 68, 81 
Tamarix aucherana 68 
Tamarix balansae 68 
Tamarix boveana 68 
Tamarix canariensis 68 
Tamarix chinensis 68 
Tamarix dalmatica 68 
Tamarix elongata 68 
Tamarix gallica 68 
Tamarix gracilis 68 
Tamarix hampeana 68 
Tamarix hispida 68 
Tamarix hohenackeri 68 
Tamarix indica 68 
Tamarix juniperina 68 
Tamarix karakalensis 68 
Tamarix komarovii 68 
Tamarix kotschyi 68 
Tamarix laxa 68 
Tamarix leptostachys 68 
Tamarix macrocarpa 68 
Tamarix mannifera 68 
Tamarix mascatensis 68 
Tamarix meyeri 68 
Tamarix nilotica 68 
Tamarix octandra 68 
Tamarix palaestina 68 
Tamarix parviflora 68 
Tamarix passerinoides 68 
Tamarix pentandra 68 
Tamarix polystachya 68 
Tamarix psammophila 68 
Tamarix pycnocarpa 68 
Tamarix ramosissima 68 
Tamarix rosea 68 
Tamarix salina 68 
Tamarix senegalensis 68 
Tamarix serotina 68 
Tamarix szovitsiana 68 
Tamarix tetragyna 68, 80 
Tamarix usneoides 68 
Taraxacum erythropodium 26 
Taraxacum sinense 26 
Taraxacum sinicum 26 
Tarenna fragrans 64 
Tecticornia australasica 22 
Tecticornia verrucosa 22 
Tegicornia uniflora 22 
Telanthera maritima 2 
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Tephrosia purpurea 48 
Terminalia buceras 23 
Terminalia catappa 23 
Tessaria absinthioides 26, 80 
Tessaria borealis 26 
Tessaria dodoneifolia 26 
Tetrachne dregei 43 
Tetradiclis salsa 64, 71 
Tetradiclis ten ella 71 
Tetragonia arbuscula 33 
Tetragonia eremaea 33 
Tetragonia expansa 33 
Tetragonia fruticosa 33 
Tetragonia galariculata 33 
Tetragonia hirsuta 33 
Tetragonia implexicoma 33 
Tetragonia portulacoides 33 
Tetragonia tetragonoides 33 
Tetragonia zeyheri 33 
Thalassia hemprichii 44 
Thalassia testudinum 44 
Thalassodendron ciliatum 71 
Thalassodendron pachyrhizum 71 
Theleophyton billardieri 22 
Thellungiella salsuginea 28 
Thermopsis lanceolata 49 
Thespesia acutiloba 50 
Thespesia howii 50 
Thespesia lampas 50 
Thespesia macrophylla 51 
Thespesia populnea 51 
Thespesia populneoides 51 
Thinogeton miersii 66, 67 
Thinopyrum bessarabicum 43 
Threlkeldia diffusa 22 
Threlkeldia inchoata 22 
Threlkeldia salsuginosa 17, 22 
Thuarea involuta 43 
Thuarea sarmentosa 43 
Tidestromia lanuginosa 2 
Tournefortia argentea 5 
Tournefortia gnaphalodes 5 
Tournefortia montana 5 
Tournefortia sibirica 5 
Tovomita rhizophoroides 44 
Traganum nuda tum 22 
Trapa natans 54 
Trianthema crystallina 33 
Trianthema decandra 33 
Trianthema hydaspica III, IV, 1,33 
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Trianthema portulacastrum 33 
Trianthema triquetra 34 
Tribulus cis to ides 72 
Tribulus terrestris 72 
Trichloris crinita 43 
Trichloris pluriflora 43 
Trichurus monsoniae 2 
Trifolium fragiferum 49 
Trifolium involucratum 49 
Trifolium maritimum 49 
Trifolium resupinatum 49 
Trifolium tomentosum 49 
Trifolium wormskioldii 49 
Triglochin bulbosum 54 
Triglochin concinna 54 
Triglochin gas pense 45, 81 
Triglochin maritimum 54 
Triglochin mucronatum 54 
Triglochin palustre 54 
Triglochin straada 54 
Triglochin striatum 54 
Trigonella ruthenica 49 
Tripleurospermum maritimum 26 
Tripteris pachypteris 25, 26 
Triticum aestivum 43 
Triticum intermedium 43 
Triticum vulgare 43 
Triumfetta procumbens 69 
Tuberostylis axillaris 26 
Typha angustata 69 
Typha angustifolia 69 
Typha domingensis 69 
Typha glauca 69 
Typha latifolia 69 
Typha orientalis 69 
Typha shuttleworthii 69 

U 
Ulmus pumila 69 
Uniola palmeri 38,44 
Uniola paniculata 44 
Urceolina latifolia 2 
Urginea maritima 49 
Urginea scilla 49 
Urochloa helopus 44 

V 
Vaseyanthus brandegei 28 
Vaseyanthus insularis 28 
Verbena gracilescens 71 

Verbena ligustrina 71 
Verbena officinalis 71 
Verbena scabra 71 
Verbena urticifolia 71 
Verbena xutha 71 
Vigna marina 49 
Vilfa helvola 43, 44 
Vitex clarkeana 71 
Vitex trifoUa 71 
Voacanga papuana 3 
Voacanga thouarsii 3 

W 
Wash ington ia filifera 55 
Webera fragrans 64 
Weihea thomassetii 63,64 
Westringia dampieri 45 
Wislizenia refracta 6 

X 
Xanthium sibiricum 26 
Xylocarpus australasicus 51 
Xylocarpus gangeticus 51 
Xylocarpus granatum 51 
Xylocarpus mekongensis 51 
Xylocarpus moluccensis 51 

Z 
Zamia chigua 28 
Zannichellia palustris 54 
Zannichellia pedicula 54 
Zizania aquatica 44 
Zizania bonariensis 44 
Zizaniopsis bonariensis 44 
Ziziphus nummularia 63 
Zostera americana 54 
Zostera asiatica 54 
Zostera caespitosa 54 
Zostera capensis 54 
Zostera capricorni 54 
Zostera caulescens 54 
Zostera marina 54 
Zostera mucro nata 54 
Zostera muelleri 54 
Zostera nana 54 
Zostera noltii 54 
Zostera novazelandica 54 
Zostera tasmanica 54, 71 
Zoysia macrantha 44 
Zoysia macrostachya 44 

249 



250 

Zoysia matrella 44 
Zoysia pungens 44 
Zoysia tenuifolia 44 
Zygophyllum album 72 
Zygophyllum billardierii 72 
Zygophyllum clava tum 72 
Zygophyllum coccineum 72 
Zygophyllum cornutum 72 
Zygophyllum crenatum 72 
Zygophyllum decumbens 72, 77 
Zygophyllum dumosum 72 
Zygophyllum eichwaldi 72 
Zygophyllum Jabago 72 
Zygophyllum Jontanesii 72 
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Zygophyllum gaetulum 72 
Zygophyllum geslini 72 
Zygophyllum glaucescens 72 
Zygophyllum iodocarpum 72 
Zygophyllum lana tum 72 
Zygophyllum loczyi 72 
Zygophyllum microcarpum 72 
Zygophyllum oxianum 72 
Zygophyllum prismatothecum 72 
Zygophyllum propinquum 72 
Zygophyllum quatarense 72 
Zygophyllum simplex 72 
Zygophyllum stapfii 72 
Zygophyllum water/otii 72 
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