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Preface

The halophytes are highly specialized plants, which have greater tolerance to salt. They
can germinate, grow and reproduce successfully in saline areas which would cause the
death of regular plants. Most halophytic species are found in salt marsh systems along
seashores or around landlocked inland lakes and flat plains with high evaporation. The
halophytes play very significant role in the saline areas specially in the coast by
overcoming the salinity in different ways, viz. with regulating mechanisms in which
excess salts are excreted and with out regulating mechanism, which may include
succulents or cumulative types. Besides that they protect coast from erosion and cyclones,
provide feeding ground and nursery for fish, shrimps and birds. Halophytes get increasing
attention today because of the steady increase of the salinity in irrigation systems in the
arid and semi-arid regions where the increasing population reaches the limits of freshwater
availability. In many countries, halophytes have been successfully grown on saline
wasteland to provide animal fodder and have the potential for rehabilitation and even
reclamation of these sites. The value of certain salt-tolerant grass species has been
recognized by their incorporation in pasture improvement programs in many salt affected
regions throughout the world. There have been recent advances in selecting species with
high biomass and protein levels in combination with their ability to survive a wide range
of environmental conditions, including salinity.

Our limited understanding of how halophytes work, as this may well be our future
as our limit of fresh water is reached. It is important that we preserve these unusual plants
and their habitats, not just for their aesthetic beauty, but also as a resource for the
development of new salt tolerant and halophyte crop of economic importance. Over the
last ten years much new information has become available about the genetics, molecular
biology, ecology, physiology, and physiological ecology of high salinity tolerant plants. A
binational US-Pakistan workshop with the support of National Science Foundation, USA
was organized in Brigham Young University, Provo, Utah to discuss the currents trends
on High Salinity Tolerant Plants. This volume was put together primarily based on the
presentations made in that meeting. However, papers were also invited from those who
were unable to attend the workshop due to unavoidable circumstances and other imminent
halophyte biologists.

This volume is a good collection of papers on the halophytes. Effect of soil
salinity in combination of other soil factors were discussed by Barrett Gaylord, Todd
Egan, Ajmal Khan, Bilquees Gul and group from Tunis led by Prof. Chedly Abdelly.
These papers discussed various germination strategies employed by halophytes to be
successful and the role of calcium in promoting seed germination under saline conditions.
Salt tolerance of halophytes during the mature vegetative stage were discussed by a group
from University of Agriculture Faisalabad, Pakistan lead by Prof. M. Ashraf, Prof.
Xiaojing from Shijiazhuang, China, Jack Gallagher from USA, Yasin Ashraf, from
Nuclear Institute for Agriculture and Biology, Pakistan. They indicated there are plants
which can survive on salt concentration approaching seawater and produced considerable
biomass. Dr. Lee Hansen has been instrumental in developing the calorimetric responses to
determine the level of stress in plants and have another excellent paper to indicate the
efficacy of the techniques used. There are several contributions dealing with the
physiology of salt tolerant shrubs and grasses and the mechanism of the salt tolerance.



Xvi

Halophytic vegetation of the most regions is poorly understood. There are several
contributions describing the halophytic vegetation of Great Basin Utah, Saudi Arabia etc.
Several papers were included on economic utilization of halophytes. Nick Yensen and
Michael DePew are the leading name for successful utilization of halophytes as grain crop,
turf and forage in the highly saline areas and have made a significant contribution in
introducing this technology from laboratory stage to a profit making enterprise. Similarly
US Salinity Laboratory has added a new dimension in saline agriculture by growing
floriculture crops. Nick Yensen and Benno Boer look ahead in the 21* century and the
necessity for the halophytic research, its potential and possible contribution in the world
with limited supply of fresh water.

We wish to acknowledge the support provided by the National Science
Foundation (Grant no. NSF INT-0220495) that made it possible to hold the High Saline
Tolerant Plants Symposium in Provo, Utah. We appreciated the support and co-operation
of Brigham Young University in providing services in connection with the symposium.
We especially want to express gratitude to Dr. W.M. Hess who was involved with the
planning of the symposium. We would also like to thank Mr. Zaheer Ahmed for his
invaluable contribution in editing and making it camera ready for the publication.



Foreword

Volume 40 of the T:VS series, edited by Professors Khan and Weber comes as a present for
the 25th birthday of the series. With many other volumes of the series, it deals with problems
of saline ecosystems and halophytes. Both editors are long time experts in that field. They
were able to attract many other experts in salinity research to present interesting papers from
various aspects of saline systems.

Several volumes in this series have made it possible to include papers from colleagues working
in developing countries. This is also the case in this volume. While this brought some criticism
about problems with the English language, I am still convinced that we should continue the
inclusion of such papers from otherwise neglected areas. We realize that this will be criticized,
but under the present financial constraints it is not possible to obtain the editorial help for a
better presentation. All who were involved in discussions, reviewing and editing, helped to
make the contents of the papers as clear as possible. First priority, however, remained the
scientific value of the papers, which is sometimes difficult to detect, because the research
priority and level varies to some extent in the countries from where papers are included. This
book, like several others before in the series, is a good example for our efforts.

This volume contains papers ranging from seed physiology to presentations of new concepts to
understand saline systems. In between are papers dealing with the present level of
ecophysiological work and the description of halophytic species present in regions of interest.
The latter is very welcome in the context of this book series, because we have several papers
on that topic and may soon approach a complete picture of halophyte species diversity from
the entire world.

With regards to the contributors of this volume, it is rewarding for the series editor to see that
many papers come from colleagues with which I have had contacts for a long time. It is a
pleasure for me to help them publish their research work here and in the future. I hope that the
two volume editors and the book as a whole receive the attention in the scientific community
that they deserve.

I thank the Publisher for the continued interest in the series and hope that it gains similar
standing in the new Springer environment as it had in the previous Kluwer publishing house.

Helmut Lieth
Osnabriick, July 2005



CHAPTER 1

HOW SALTS OF SODIUM, POTASSIUM, AND SULFATE
AFFECT THE GERMINATION AND EARLY GROWTH
OF ATRIPLEX ACANTHOCARPA (CHENOPODIACEAE)

BARRETT GAYLORD AND TODD P. EGAN
Elmira College, 1 Park Place, Elmira, NY 14901, USA

Abstract. Atriplex acanthocarpa is a desert shrub that grows in soils containing many different types of salts.
The effects of two sodium and two potassium salts on the germination and early growth of Atriplex acanthocarpa
(Torr.) Wats. (armed saltbush) were investigated. Seeds were germinated in petri dishes with solutions of 0, 85,
170, and 340 mM NaCl, KCl, Na,SO,, and K,SOy in an incubator with 16 hour days and 8 hour nights with a
constant temperature of 24°C. Seeds were allowed to germinate for 12 days. After this time seeds were rinsed of
their solutions and allowed to germinate in distilled water for 12 more days to test for specific ion toxicity.
Germination and shoot growth were inhibited primarily by salt concentration as opposed to salt type. Recovery
germination of rinsed, ungerminated seeds was high indicating that inhibition of seed germination was due to an
osmotic affect as opposed to a specific ion affect. In contrast, the congener Atriplex prostrata, which native to
oceanic shores, may demonstrate specific ion toxicity to salts other than sodium chloride.

1. INTRODUCTION

Atriplex acanthocarpa (Torr.) Wats. (armed saltbush) is a shrub that grows to 1
meter tall. Male flowers are terminal, whereas female flowers are axillary. Flower
color is pinkish. Seeds are found in a hard bracteole that is 6-12 mm long and
crested. Leaves are 2-6 cm long and are ovate to lanceolate and silvery white
(Jones, 1977). Leaf margins can be dentate or undulating with a base that is
hastately lobed (Welsh & Crompton, 1995).

Atriplex acanthocarpa occurs in the U.S. from New Mexico east to Texas and
south into Mexico (Welsh & Crompton, 1995). In Texas it can be found growing
on brackish or saline clay soils along the shore from Baffin to Oso bays (Jones,
1977). Two varieties occur in the U.S. The northern variety, Atriplex
acanthocarpa var. acanthocarpa, occurs from southeast Arizona, and southern
New Mexico into western Texas. The southern variety which is represented in this
study is the variety coahuilensis and occurs in southern Texas and into Mexico
(Welsh & Crompton, 1995).

1
M.A. Khan and D.J. Weber (eds.), Ecophysiology of High Salinity Tolerant Plants, 1-9.
© Springer Science + Business Media B.V. 2008



2 B. GAYLORD AND T. P. EGAN

A major taxonomic revision of 4. acanthocarpa was performed by Henrickson
(1988). In this revision Henrickson divides the species into four varieties located
in the Southwestern U.S. and Northern Mexico based on morphological variation
(Henrickson, 1988). In addition to the varieties discussed earlier (acanthocarpa
and coahuilensis), Henrickson includes two additional varieties. The variety
stewartii occurs in Mexico, but approximately at the same latitude as coahuilensis
which occurs in Mexico and Texas. The most southerly occurring variety,
pringlei, occurs only in northern Mexico (Henrickson, 1988).

Few ecological or physiological experiments have studied armed saltbush, but
a foraging quality study by Garza and Fulbright (1988) compared the quality of
forage from armed saltbush to fourwing saltbush (A#riplex canescens (Pursh)
Nutt.). This first study of plant chemistry on armed saltbush found that armed
saltbush generally had higher amounts of crude protein compared to fourwing
saltbush. Magnesium, potassium, and calcium levels were about the same between
armed and fourwing saltbush. Sodium levels in armed saltbush were much higher
than in fourwing saltbush. Differences in phosphorous content varied between
these species depending on the month. In vitro organic matter digestibility was
higher in armed saltbush for most months except November, and this was
probably due to fourwing saltbush being woodier than armed saltbush. Therefore,
on saline soils deer and cattle can use both of these species as nutritious vegetation
(Garza & Fulbright, 1988).

Because armed saltbush can grow in saline soils there is interest in using it to
re-vegetate saline rangelands (Garza & Fulbright, 1988) and it is therefore an
economically important species. Globally, soils may contain a variety of several
different ions. Aside from sodium and chloride, soils in Texas can contain sulfate,
magnesium, and potassium ions. These ions naturally occur in the soil (Provin &
Pitt, 2001). Soils containing sulfate ions are very common in northern prairie soils
(Curtin et al., 1993). Sodium sulfate can also be found in high proportions in the
soils of western Canada (Warne et al., 1989). In India it was found that chloride
and sulfate ions are common in saline areas where barley and wheat are important
crop species (Manchanda et al., 1982).

Because different salts occur in soils worldwide, and the genus Afriplex is
important as grazing fodder, we decided to study how well different species of
Atriplex germinate and grow in varying concentrations of different ions. In a
previous study, Egan et al. (1997) examined the effects of different salts of sodium
and potassium on the germination of Atriplex prostrata, an annual herb of
temperate climates commonly found growing in soils containing sodium chloride
(Gleason & Cronquist, 1991). They found that inhibition of germination was due
mostly to salt concentration, and that there was a high percentage of germination
after seed treatments were flushed with distilled water. This supports the
hypothesis that there was no specific ion effect, and that seeds prevented from
germinating were acted upon by osmotic stress (Egan et al., 1997). If seeds did not
germinate after being flushed with distilled water, it would be very likely that the
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salt concentration of the solution was too high and the embryos in the seeds died
of a specific ion effect (Ungar, 1991).

There are many ways different ions can affect seeds and mature plants exposed
to varying salt concentrations (Ungar, 1991). Therefore, the purpose of this study
was to determine 1) if germination of A. acanthocarpa was inhibited by an
osmotic effect or a specific ion effect, 2) the effect of osmotic stress on the rate of
seed germination, and 3) how well seeds can recover germination after they have
been treated with different ions. Our hypothesis is that the desert shrub
A. acanthocarpa will germinate and grow better in potassium and sulfate salts
compared to the sea-side annual A. prostrata.

2. MATERIALS AND METHODS

Seeds of Atriplex acanthocarpa were collected in Webb County, TX five miles
east of Loredo, TX on State Route 359 along an open roadside in ranch lands
(27°28.968’N, 99°20.808’W). In April of 2001 seeds were removed from their
bracteoles with clippers. Four replicates of ten seeds were tested at 0, 85, 170, and
340 mM NacCl, KCl, Na,SO,, and K,SO,. Seeds were placed in petri dishes with 5
mL of each salt type and concentration level and covered with tight fitting lids to
prevent evaporation.

The dishes were placed in an incubator with 16 hour days and 8 hour nights
with a constant temperature of 24°C. Four species of halophytes (Atriplex
acanthocarpa, Atriplex canescens, Blutaparon vermiculare, and Rumex
chrysocarpus) were tested at this temperature regime, and Atriplex acanthocarpa
had high germination. The number of germinated seeds in each dish was recorded
daily. After twelve days, seeds in treatment solutions were no longer germinating,
so all germinated seedlings were removed and their shoot length was measured.
All ungerminated seedlings were rinsed with distilled water and placed back in
their dishes with 5 ml of distilled water for 12 more days. If seeds germinated after
being rinsed with distilled water then seed germination was assumed to have been
inhibited by an osmotic effect as opposed to a specific ion effect (Ungar, 1991).
An osmotic effect is caused by solutes in the environment that lower the osmotic
potential to a point where germination or growth is inhibited. Enforced dormancy
and growth inhibition due to osmotic stress can be alleviated after seeds are
removed from a saline environment. A specific ion effect is due to the chemical
influence/toxicity of a given ion, and not an osmotic stress caused by that ion.
Calcium ions can, in some instances, ameliorate the specific ion effects of other
ions (Ungar, 1991). Germination and growth of the previously ungerminated
seedlings was monitored daily and recorded as before for twelve more days.

A modified Timson’s index was used to determine the rate of seed germination
in the saline and recovery groups. The sum of the number of germinated seeds
each day was divided by the number of days that seeds were allowed to germinate
in each treated dish (Timson, 1965). Therefore if all of the seeds germinated in
one day, the highest Timson’s index would be ten.
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Statistical analyses were performed using NCSS (1995). A two-way analysis of
variance of salt type and salt concentration was used to determine differences
among treatment group means. Bonferroni post-hoc tests were used to determine
significant differences between treatment groups.

3. RESULTS

3.1. Timson’s Index

Timson’s index values ranged from a mean high value for the control groups
(0 mM) of 7.51 (S.E. = 0.44) to a low for the 340 mM salt groups (all salt types) of
2.62 (S.E. £ 0.71) out of a possible high value of 10. There was a significant effect
of salt concentration on the rate of seed germination (F = 25.51, P < 0.001). There
was also a significant effect of salt type (F = 5.65, P = 0.002) on germination, but
there was no interaction of concentration and salt type (F = 0.99, P = 0.46).
Bonferroni post-hoc tests indicated that as salt concentrations increased the rate at
which seeds germinated decreased. A trend found for each concentration was that
the sodium salts often had lower Timson’s index values compared to the potassium
salts, but this was only shown to be statistically significant for potassium chloride
at the 340 mM level where the KCl-treated seeds had a mean Timson’s index of
4.63 (+ 1.71), but NaCl and Na,SOy-treated seeds had values of 2.56 (+ 0.50) and
1.81 (£ 0.56), respectively (Figure 1).

Timson’s Index vs. Salinity
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Figure 1. Modified Timson's index (£ S.E) of germination velocity for A. acanthocarpa for 0, 85,
170, and 340 mM NaCl, KCI, Na,SO,, and K,SO, treatment groups. Different letters denote
significant differences among all groups indicated by Bonferroni tests.
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3.2. Percent Germination

Mean percent germination ranged from a mean high value in the control groups
(0 mM) of 86% (S.E. + 3) to a low for the 340 mM salt groups (all salt types) at 20
(S.E. £ 10). Percent seed germination was significantly affected by both
concentration (F=8.33, P<0.001) and salt type (F=4.41, P=0.01), but not by an
interaction between the two (F=1.21, P>0.05). Although there was an overall
decrease in percent germination as salt concentration increased, the Bonferroni test
indicated few differences between salt types or salt concentrations. This decrease
is seen at the 340 mM salt concentration where the KCl-treated seeds had a higher
germination rate of 65% (£ 18) compared to the next highest germination rate of
43% (£ 3) for NaCl-treated seeds (Figure 2).

Percent Germination vs. Salinity
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Figure 2. Percent germination (£ S.E) for A. acanthocarpa for 0, 85, 170, and 340 mM NaCl, KCI,
Na,SO,, and K,SO, treatment groups. Different letters denote significant differences among all
groups indicated by Bonferroni tests.

3.3. Seedling Length

Seedling length ranged from a mean high value in the control groups (0 mM) of
9.1 mm (S.E. £ 1.4) to a low in the 340 mM salt groups (all salt types) of 1.0 mm
(S.E. £ 0.0). There was a significant effect of salt concentration on shoot
length (F=3.69, P>0.02). However, there was no effect of salt type on shoot length
(F=0.57, P>0.05). There was no interaction between concentration and type
(F=0.46, P>0.05). The main differences indicated by the Bonferroni tests were
between the control groups and the 170 mM and 340 mM treatment groups. In
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general, control groups differed little in seedling length from the 85 mM treatment
group, but more from the higher salinity treatments (Figure 3).

Seedling Length vs. Salinity
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Figure 3. Seedling length (= S.E) for A. acanthocarpa for 0, 85, 170, and 340 mM NaCl, KCI,
Na,SO,, and K,SO, treatment groups. Different letters denote significant differences among all
groups indicated by Bonferroni tests.

3.4. Recovery

Different numbers of seeds for each group were left after the salt treatment in each
group, so maximum Timson’s index values would be different for each group and
comparisons between groups would not be meaningful. Therefore, Timson’s index
values are not included as part of the recovery data. A similar issue of few data
points arises with percent germination, so no statistical analyses were performed.

Mean percent recovery germination does demonstrate good recovery after the
treatment solutions were rinsed from the seeds and replaced with distilled water,
indicating that enforced seed dormancy was due to an osmotic effect as opposed to
a specific ion effect. This data should be interpreted keeping in mind that the mean
number of ungerminated seeds remaining in each dish ranged from 1-9 seeds with
a mean number of seeds equal to 3.8. However, a general trend in the data shows
higher percent germination for seeds at 170 mM and 340 mM salt concentrations
because there were more seeds to germinate in the recovery phase of this
experiment as opposed to the 0 mM and 85 mM groups where most of the seeds
germinated in the salt treatment phase of this experiment (Table 1).
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4. DISCUSSION

Several studies have compared the effects of chloride and sulfate salts on different
plant species to determine if our knowledge of the effects of NaCl on plants can be

Table 1.Percent germination recovery of Atriplex acanthocarpa seeds
12 days after salt solutions were replaced with distilled water.

Salt Concentration (millimolar)

Salt Type 0 85 170 340

NaCl 50.00 25.00 41.67 16.67
KCl 0.00 37.50 70.83 58.73
Na,S0, 33.33 5.00 49.58 42.76
K2SO, 12.50 27.78 44.17 39.44

extrapolated onto the effects of other salt types (Onnis et al., 1981; Bal &
Chattopadhyay, 1985; Romo & Haferkamp, 1987; Egan et al., 1997), but the
results have been too variable to formulate a general answer this question (Curtin
et al., 1993).

Egan et al. (1997) tested the effects of sodium chloride, potassium chloride,
sodium sulfate, and potassium sulfate on Atriplex prostrata seed germination and
early growth and found results similar to those of the present study of
A. acanthocarpa. We found that germination of A. acanthocarpa was inhibited by
an osmotic effect as opposed to specific ion toxicity (Figure 1). This is reflected in
the high recovery germination rates (Table 1). It should be repeated that at 340
mM, the sodium salt-treated seeds of 4. acanthocarpa had a significantly lower
Timson’s index than KCl-treated seeds at 340 mM. This is interesting because in
the study of 4. prostrata at the highest salt concentration sodium also had a
statistically significant effect on lowering seed germination (Egan et al., 1997).
These results are interesting in light of Glenn et al. (1996) and their work with the
annual Atriplex canescens. They found that growth was negatively correlated with
initial amounts of potassium in the leaf, but not sodium. They also found that
A. canescens accumulated more sodium than potassium (Glenn et al., 1996).

Atriplex prostrata, an annual species, treated with these same salts in a similar
manner also showed good recovery, usually near 100% even for seeds at high salt
concentrations (Egan et al., 1997). Keiffer and Ungar (1995) observed that
A. prostrata germination can occur even after seeds have been treated with a 10%
NacCl solution for 2 years. Comparing germination of A. acanthocarpa to another
woody species, Atriplex griffithii, was interesting because Ungar and Khan (2001)
demonstrated that once the bracteole was removed from A. griffithii seeds there
was greater germination. It is possible that the bracteole of A. griffithii prevented
germination because it was causing an osmotic stress due to the high salt
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concentration in the bracteole and that the seed was able to recover from once the
bracteole was removed (Ungar & Khan, 2001).

Atriplex prostrata percent germination generally decreased as salt
concentration increased. With KCIl and K,SO, the two lower salt concentration
treatment groups (-0.75 and -1.00 MPa) did not differ from each other, but did
differ from the highest salt concentration (-1.50 MPa). For NaCl, percent
germination for the highest and lowest salt concentration treatment groups differed
from each other, but neither differed from the intermediate concentration. For
Na,SO; all three concentration treatment groups differed from each other (Egan et
al., 1997). In the present study with A. acanthocarpa, percent germination
differences between salt types were not as pronounced (Figure 2) which may be
due to A. acanthocarpa being native to western deserts (Henrickson, 1988) where
many different ions occur in the soil (Provin & Pitt, 2001), and 4. prostrata being
commonly found along sea beaches (Gleason & Cronquist, 1991) where NaCl is
the predominant salt.

Seedling growth for A. acanthocarpa was similar to A. prostrata (Egan et al.,
1997). For A. prostrata there was a significant effect of salt concentration and salt
type even though a Bonferroni post-hoc test did not demonstrate differences
among salts at the same concentration (Egan et al., 1997). When comparing the
effect of salt types on seedling growth for A. acanthocarpa at the same salt
concentrations there was no significant effect of salt type. Once again we see that
A. prostrata, which is native to habitats where NaCl is the predominant soil salt,
was more affected by ions other than Na" and CI" compared to 4. acanthocarpa
which is indigenous to soils with a variety of ions. Al-Jibury and Clor (1986)
demonstrated similar results with bitter lentil (Securigera securidaca). They found
that for seedling growth osmotic pressure had a greater effect on seed germination
than the different types of salts used (Al Jibury & Clor, 1986).

It was shown that for mature plants of A. prostrata, potassium salts had a
stronger inhibitory effect than sodium salts (Egan & Ungar, 1998) on both plant
growth and survival. It would therefore be interesting to test the effects of these
salts on mature 4. acanthocarpa.

Percent germination recovery for 4. prostrata was 100% for chloride salts, but
less for SO, salts (Egan et al., 1997). Percent recovery germination for
A. acanthocarpa did not reflect differences in salt type which lends further support
to the hypothesis that different ions have less of an affect on desert shrubs.

5. CONCLUSIONS

The effects of different salts on 4. prostrata and A. acanthocarpa germination and
early growth were similar; however, there were some differences. The results of
this experiment support our hypothesis that the desert shrub, A. acanthocarpa, was
more tolerant of a variety of ions that may naturally occur in a desert environment
compared to its seaboard congener A. prostrata. A further study comparing the
growth of mature A. acanthocarpa to A. prostrata plants might strengthen this
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hypothesis and tell us more about the relationships between ions and the genus
Atriplex.
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CHAPTER 2

HALOPHYTE SEED GERMINATION

M. AJIMAL KHAN AND BILQUEES GUL
Department of Botany, University of Karachi, Karachi-75270, Pakistan

Abstract. Halophyte seed germination, although displays a high degree of inter- and intra-specific variability,
shows some patterns in response to various environmental factors. Seeds of stem succulent species germinated
better in highly saline conditions. The salt tolerance decreased progressively from leaf succulent, secreting to
non-secreting grass halophytes. Seed germination of cold desert halophytes progressively increased with an
increase in temperature while seeds of warm desert halophytes showed better germination at cooler temperatures.
Halophytes from moist temperate regions germinated better at cooler temperatures. The percentage of un-
germinated seeds that recovered when they were transferred to distilled water varied significantly with variation
in salinity and temperature regimes in different species. Seeds of some species failed to germinate when exposed
to high salinity and temperature stress. While seeds of other halophytic species showed various levels of recovery
ranging from 20% to complete recovery of germination. There are some species where recovery of germination is
higher then untreated control. Higher temperature inhibited germination recovery for most of the species
reported. Germination regulating chemicals like GA;, kinetin, ethylene, fusicoccin, proline, betaine, thiourea and
nitrate released the innate dormancy in seeds of some sub-tropical species while GA; was most effective.
Germination regulating chemicals had better effect in releasing innate dormancy of Great Basin halophytes and
fusicoccin appeared to be more effective. Alleviation of salinity induced dormancy using different chemicals was
more successful in Great Basin species in comparison to sub-tropical species. Fusicoccin and ethephon succeeded
with subtropical species while all chemicals alleviated either partially or completely the salinity-induced
dormancy in Great Basin halophytes except for proline, betaine and nitrate.

1. INTRODUCTION

Halophytes, plants capable of growing and reproducing in saline conditions, as a
group have several physiological adaptations that facilitate their survival in saline
environments. Of these, most common among halophytes is the ability of osmotic
adjustment i.e., allowing for the uptake of water into the plant despite the salt
content. In other words, the plants essentially become “saltier” than the soil water.
For the plant to adjust osmotically and yet still function physiologically, the plant
adjusts both by absorbing and sequestering salts and also by the manufacture of
organic plant — derived osmotica. The ability of many halophytes to sequester and
compartmentalize ionic compounds (salt, including metals) even when these ionic
compounds are in high concentration in the soil, make them ideal candidates for
saline agriculture. Halophytes are distributed in a variety of climatic conditions
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from coast to mountain valleys (Khan, 2003b). Generally, most tropical
halophytes are perennials while majority of the moist temperate halophytes are
annuals. However, in cold deserts like Great Basin, USA a large number of
perennial halophytes are also reported. Halophytes utilize a broad range of
physiological adaptations to salinity and may be stem succulents, leaf succulents,
secreting forbs and grasses, annual and perennial grasses, pseudohalophytes and
non-halophytes (Breckle, 1983).

The success of halophyte populations is greatly dependent on the germination
response of their seeds particularly in temperate conditions while seed germination
in subtropical habitats confers an ultimate advantage (Khan, 2003a). The soils
where halophytes normally grow become more saline due to rapid evaporation of
water particularly during summer, therefore, the soil surface tends to have higher
soil salinity and higher water potentials (Khan & Gul, 1998; Khan & Ungar,
1998b). Seed germination in arid and semi-arid regions usually occurs after the
rains by reducing surface soil salinity (Khan, 1999). The germination of
halophytes could be inhibited under saline conditions due to: i) a complete
inhibition of germination process at salinities beyond the tolerance limit of
species, ii) delaying the germination of seeds at salinities that cause some stress to
seeds but do not prevent germination, iii) causing the loss of viability of seeds due
to high salinity and temperature and iv) upsetting growth regulator balance in the
embryo to prevent successful initiation of germination process. There is a great
deal of variability in the response of halophytes to increasing salinity, moisture,
light, and temperature stresses and their interactions (Khan, 2003a).

The information available on the germination of halophytic seeds is far from
complete (Khan, 1999). From a total of about 2400 species reported (Lieth et al.,
1999); patchy data is available for only about a few hundred species (Baskin &
Baskin, 1995; Ungar, 1995). Several factors determine the germination responses
of halophytic seeds including salinity, temperature, light, habit, life form, habitat,
water etc (Khan, 2003a). It would be interesting to determine patterns of
germination if any due to