
PHYSIOL. PLANT. 67: 129^135. Copenhagm 1986

Growth and solute accumulation in 3-week-old seedlings of
Agropyron elongatum stressed with sodium and potassium salts
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Agropyron elongatum [Host. (Beauv.)) cv. Arizona Glendale, was grown in liquid
medium salinized with either NaCl, KCl, or a 50:50 mixture of these two salts at os-
motic potentials ranging from 0 to -1.6 MPa. The amount of growth in 21 days was
measured, and extracts were made of the shoots at this time. The extracts were as-
sayed for low-molecular-weight organic compounds (glucose, fructose, sucrose, be-
taine, pro!ine) and inorganic solutes (Na*, K*, Cl , P,). The purpose was to determine
if there was any correlation between the harmful effect of salinity on growth and the
concentrations of soiutes in tissues. Growth inhibition of A. elongatum was roughly
proportional to the osmotic potentia! of the growth medium and was independent of
the ionic composition of the salinizing sa!ts. Tota! monova!ent cation (the sum of Na*
and K*) concentrations and the ratio of these two cations in !eaves were mainly a
function of the ionic compostion of the sa!t in growth media, and, to a !esser degree,
of osmotic potentials. At an osmotic potentiai of —0.2 MPa, tota! monova!ent cation
in ieaves was the same as in non-stressed plants. However, if the sa!inizing salt con-
tained NaCl, there was an increase in fo!iar Na* with a ba!ancing decrease in K*. At
stress !eve!s between —0.4 and —1.6 MPa, and, if the media were sa!inized with
either 100% NaC! or a 50:50 mixture of NaCl and KC!, tota! monova!ent cation con-
centrations remained constant at a value that was twice that in non-stressed p!ants.
A!though totai monova!ent cation concentrations were equa! in p!ants grown under
these two sa!inity conditions, the K*/Na* ratios shifted from a value of 1:2 in piants
grown in 100% NaC! to 3:1 in plants subjected to the 50:50 mixture. If 100% KCI was
used to salinize media, tota! monova!ent cation was 80% of its concentration in NaCl-
treated p!ants in the range of -0,4 to -1.2 MPa, At -1.6 MPa due to 100% KC!. to-
ta! monova!ent cation was doub!e that in p!ants subjected to —0.4 MPa. In the range
of osmotic potentials from —0.2 to —1.2 MPa, the chloride:cation ratio was 1:2. At
-1.6 MPa the ratio changed to 3:4. Proline started accumulating in leaves oiA. elon-
gatum when the tissue concentration of totai monovalent cation exceeded 200 |imol (g
fresh weight)'. Above this threshold value of total monovalent cation, the proline
concentration of leaves was 6% of the amount of total monovalent cation that ex-
ceeded 200 nmol (g fresh weight) '.
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I trnH Mi erance Or protective mechanism of plants when Stressed
introduction ^̂ ^ salinity or drought (Maas and Nieman 1978, Radin
Osmotic adjustment is defined as the net accumulation 1983). Prestimably such a build-up of solutes in cells
of solutes in cells of higher plants in response to external prevents wilting of the plants by changing the solute to
water deficits or salinity (Tumer and Jones 1980). Os- solvent ratio (i.e. the water activity of the solvent) in-
motic adjustment has long been considered to be a tol- side cells to match a similar change in the external envi-
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ronment in order to prevent net water movement out-
ward across the cell plasma membrane (Borowitzka
1981). There have been numerous studies to identify
and quantitatively measure the compounds whose con-
centrations increased in stressed plant tissues to try to
obtain experimental evidence for a relationship be-
tween osmotic adjustment and salt or drought toler-
ance. (The following references are restricted to saline-
stressed plants: Briens and Larher 1982, 1983, Cou-
ghlan and Wyn Jones 1982, Gorham et al. 1981, Voetb-
erg and Stewart 1984, Weimberg et al. 1984. See also
Greenway and Munns 1980, Wyn Jones and Gorham
1983 and references therein.) TTie compounds usually
found in increased quantity in the tissues were inorganic
ions, proline, betaine and sugars. A few other com-
pounds have also been reported on occasion. Their rela-
tionship to growth inhibition by stress (or salt tolerance
of the plant), however, has never been proven.

While the theory that plants need to accumulate solu-
tes to prevent wilting under stress conditions seems
valid, tbere is also a growing body of evidence that indi-
cates that solute accumulation inhibits growth, and that
saline damage to glycophytes is due to "excessive ion ac-
cumulation" (Greenway and Munns 1980, Jeschke
1984). A comparison of the relative degrees of growth
inhibition of varieties of a glycopJiytic species or closely
related species by salinity shows that the more tolerant
forms are the plants that are better "Na-excluders"
(Lauchii 1984, Luttge 1983).

The responses of halophytes to salinity are somewhat
different from those of glycophytes (Jefferies and Rud-
mik 1984, Munns et al. 1983, Stewart and Ahmed 1983).
Leaf ceils of non-stressed halophytes usually contain
much higher levels of inorganic ions than non-stressed
glycophytes. Salinity, especially NaCl, is needed hy a
number of halophytic plants at low to moderate concen-
trations (ca 50-125 mM) for optimal growth. The com-
pounds that accumulate in halophytes subjected to sa-
line stress are the same as in glycophytes (inorganic
ions, proline, betaine, etc.). Because of the high con-
centrations of inorganic ions even in non-stressed ha-
lophytic plants, this investigation was undertaken to
study the dynamics of Na* and K* accumulation in
leaves o( Agropyron elongatum, an halophyte, grown in
media salinized with NaCl and/or KCl, and the con-
sequences of the accumulation of these cations on the
concentrations of other solutes. The quantitative re-
sponses of A. elongatum to K* was compared to its re-
sponses to Na* to determine if there was any decrease in
the tolerance of the plant to salinity due to K* as has
been described for the glycophytes S. bicolor (Weim-
berg et al. 1984) and mung beans (Salim and Pitman
1983), and a few halophytes (Munns et al. 1983).

A. etongatum was chosen for this investigation mainly
because it is a halophytic member of the Triticeae, an
economically important group of piants. Salt tolerance
studies on other species in this tribe have been reported
recently (Chauhan et al. 1980, Gorham et al. 1984,

1985, Wyn Jones et al. 1984). Some detailed informa-
tion is available on salinity effects on cuitivars and ac-
cessions of A. elongatum (Elzam and Epstein 1969,
Shannon 1978). Nomenclature of the Triticeae is in a
state of flux (Dewey 1983, McGuire and Dvorak 1981);
therefore, in this report it was decided to use the name
for this plant that is most familar to plant scientists,
Agropyron etongatum.

Abbreviation - TotM, the sum of K* and Na*.

Materials and methods

Growth of plants

Seeds of Agropyron elongatum [Host. (Beav.)] cv. Ari-
zona Glendale, were obtained from a commercial seed
company. This species is a decaploid organism. Ap-
proximately 20 g of seeds were germinated by first soak-
ing them in aerated water at room temperature for 6 h
and then spreading them on moist cheese-cloth sup-
ported by stainless-steel screens over a solution of 0.5
mM Ca(NO,), in 41 pots. The pots were covered so that
the seeds germinated in the dark in a high humidity at-
mosphere at 25°C. After 4 days of germination, the
seedlings were transferred to aerated 1/2 strength Hoag-
land's growth medium (Weimberg et al. 1982). The
plants were grown in a growth chamber kept at 25°C
with 14 h in the light, and 10 h in the dark. The light
source was a bank of GE fluorescent lamps. Code
32773, and 100 W incandescent bulbs providing an in-
tensity of 58 W m - at plant height, (Mention of com-
pany names or products is for the benfit of the reader
and does not imply endorsement, guarantee, or prefer-
ential treatment by the USDA or its agents.)

Beginning on the 5th day, salt solutions of either
NaCl, KCi, or a 50:50 mixture ofthe two on a molar ba-
sis were added to media in amounts sufficient to lower
the osmotic potential of the growth medium by 0.2
MPa. This salinization procedure was repeated at 24 h
intervals until the desired osmotic potential was
reached. Volumes of growth media iost by evaporation
and transpiration were replaced with fresh water.

Plants were harvested on the 21st day of growth after
the lights had been on for 6 h. Growth of leaves and
roots were measured as fresh weight by excising them
from the seeds and weighing them separately. The roots
were blotted on paper towels before being weighed.

Extraction and assay of solutes

The leaves were extracted with a water-toluene treat-
ment as described previously for sorghum (Weimberg et
al. 1981). After the ieaves were weighed, 4 g ofthe top 5
cm of the leaves were cut off, rinsed quickly in distilled
water to remove any surface salts, and placed in 50 mi
HjO at 25''C. To this was added 1 ml of toluene. The
containers were gently shaken for 1 h. The liquid was
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decanted, and the extraction repeated two more times.
The three supernatants were pooled, filtered, and di-
luted to 150 ml with water. All solutes were measured in
the crude extract. The cations Na* and K* were assayed
by atomic absorbtion spectrometry. Appropriate chemi-
cal methods were used to measure Cl" (Cotlove 1%3),
P, (Taussky and Shorr 1953), proline (Bates et al. 1973)
and betaine (Grieve and Grattan 1983). Enzymatic
methods were used to detect glucose (Slein 1965), fruc-
tose (Klotzsch and Bergmeyer 1965), sucrose (Weim-
berg et al. 1984) and malic acid (Hohorst 1965).

Replication

The entire experiment was performed in duplicate. The
second set of plants was grown ca six months after the
first set.

R^ults
Growth

Seedlings of A. elongatum could survive stresses due to
salinities down to -2.0 MPa for the 3-week growth
period of these experiments. However, tissues were as-
sayed for solutes in 3-week-old plants stressed with sali-
nity only down to -1.6 MPa because the plants at -2.0
MPa were too small and difficult to handle.

Non-stressed seedlings produced 33 g per 100 plants
of leaf tissue (Tab. lA) and 25.5 g per plants of roots
(Tab. IB) in a 3-week-growth period starting from ger-
mination of seeds. At —1.6 MPa, shoot growth was only
one-third of that of unstressed plants, and, undoubt-
edly, most of that growth occurred during the saliniza-
tion period. The degree of growth inhibition at each

level of osmotic potential was the same for all three sali-
nity conditions.

Inorganic ions

Total monovaient cations (TotM) in non-stressed plants
was around 220 (imol (g fresh weight) ' with almost all
of it due to K* (Tab. 2). Stress levels of -0.2 MPa had
little effect on TotM regardless of the composition ofthe
stressing salts. However, if NaCi was present in the me-
dium the amount of Na* in ieaves increased with a bal-
ancing loss of K*. At stress levels ranging from -0.4 to
-1.6 MPa, foliar concentrations of Na* and K* and
their sums were a function mainly of the ionic com-
position of the salts used to salinize growth media.
Therefore, the data obtained at these stress levels in
Tab. 2 are best analyzed as follows:

I. Plants grown in media salinized with 100% NaCI.
At -0.4 MPa, the TotM concentration was ap-
proximately twice that in non-stressed plants, but
TotM then remained constant despite further de-
creases in media osmotic potentials to values as low
as -1.6 MPa. The K*/Na* ratio was 1:2 and it also
remained constant at all stress levels in the range of
-0.4 to -1.6 MPa.

II. Plants grown in media salinized with a 50:50 mix-
ture of NaCl and KCl. TotM values were equal to
those in plants grown in 100% NaCi, but the K*/
Na* ratios were not. The ratio was constant but,
because the concentration of K* in leaves was
greater than in plants grown in 100% NaCl, the ra-
tio in these plants was 3:1.

III. Plants grown in 100% KCl. TotM also increased in
plants grown in KCI at -0.4 MPa, but its concen-

Tab 1. Effect of salinity on growth. Values are the means of results of two growth experiments. The LSD s (P = 0.05) for each
growth condition are in parentheses.

Osmotic potentia! (MPa) g FW (IOO p!ants)-

No
stress

100%
NaCl

100%
KCl

50% NaC!
50% KC!

A. Shoots
0

-0,2
-0,4
-0.8
-1.2
-1.6

33.0

B. Roots
0

-0.2
-0.4
-0.8
-1.2
-1.6

25.5

32.5
29.5
20.5
12.5
12.5
{5.4)

28.0
29.0
13.0
10.5
5.0

(9.8)

33.5
30.2
21.5
15.2
11.0
(7.5)

27.5
28.5
12.5
9.5
4.5

(9.4)

34.0
31,0
20,5
13.5
10.0
(7.6)

27.0
30.0
ll.O
10.0
5.0

(11.6)

(3,0)
(3.7)
(3.8)
(3.1)
(5.1)

(2.8)
(2.5)
(6.5)
(5.5)
(1.3)

Physiol. PUnt. 67. 1986 131



Tab. 2. Concentration of inorganic so!utes in shoots. Va!ues are means of measurements from two experiments, LSD'S ( P = 0.05)
for each solute are in parentheses.

Salt

None

100% NaC!

50% NaC!/50% KCI

100% KCl

Osmotic
potential -

(MPa)

0

-0.2
-0.4
-0.8
-1.2
-1.6

(iS^ait.)

-0.2
-0.4
-0.8
-1.2
-1.6

(l-SDoji,)

-0.2
-0.4
-0.8
-1.2
-1.6

(LSDo«)

Na*

8.5

69.0
325
294
301
288
(47.3)

48.0
90.0

100
U l
129
(30.9)

5.2
8.4
6.3
4.8
5.0

(4.1)

K*

213

192
149
148
148
180

(40.9)

202
330
360
353
371

(66.2)

212
358
354
372
746

(33.9)

1

TotM

222

261
474
442
449
468

(73.7)

250
420
460
464
500

(90.3)

217
366
360
377
75!

(47.9)

xmol (g FW)-'

K*/Na*

_

2.8
0.46
0.50
0.49
0.63

-

4.2
3.7
3.6
3.2
2.9
-

_
_
_
_
-

ci-

21.0

141
261
260
241
327

(55.7)

144
226
211
264
420

(74.5)

110
198
197
202
560

(41.9)

Cr/TotM

0.09

0.54
0.55
0.59
0.53
0.70

-

0.58
0.54
0.46
0.57
0.84

-

0.51
0.54
0.55
0.54
0.75

-

Pi

18.5

18.0
24.0
28.0
28.0
32.0
(1,8)

20.8
21.0
26.6
27.9
31.0
(1.9)

17.9
21.5
31.6
26.6
27.5
(1.8)

tration was only 80% of that in plants grown in
NaCL TotM remained constant at greater stress
levels but only to -1.2 MPa. At -1.6 MPa, there
was a doubling in the concentration of TotM com-
pared to its concentration in plants grown at -0.4
to —1.2 MPa. A K*/Na*ratio in plants grown in
KCI is, of course, meaningless.

The concentration of CL in shoots under all three sali-
nizing conditions from -0.2 to -1.2 MPa was 55% that
of TotM, on an average. However, at the most severe
level of stress, the relative concentration of CL in-
creased to 70-88%. These relative proportions of CL
were independent of the compostion of the saiinizing
medium.

The change in inorganic phosphate concentrations
was also independent of the salinizing salts. Inorganic
phosphate in leaves increased but by very small
amounts as the leve! of stress was increased.

Sugars

The levels of sucrose, gluccse and fructose were con-
stant and very low under all growth conditions. Tbeir
average concentrations were 3.5, 15.5, and 11.0 |imol (g
fresh weight)-', respectively (data not presented).

B<4aiiK and malic add

No betaine could be detected in plants grown under any
growth condition at stress levels between 0 and -1.2
MPa. Some betaine was measured in plants grown at
— 1.6 MPa but the amounts were low and the results er-

ratic among three replicated experiments. The concen-
trations of betaine in leaves of plants grown in 100%
NaCl in each of the replicated experiments were 0, 0.8,
and 1.9 pimol (g fresh weight) ' respectively. Similar
fluctuations in values were obtained for plants grown
under the other two salinity conditions.

Malic acid was present in only trace quantities, at
most, in plants under all conditions of growth (data not
presented).

Proline

Proline was present in leaves of all plants, incltiding
non-stressed plants, and its concentrations were directly
related to TotM. It was calculated that there would be a
threshold value of 200 [xmol (g fresh weight) ' of TotM
before proline would begin to accumulate (Fig. 1).
However, this threshold does not exist in A. elongatum
because non-stressed plants already contained more
TotM than this threshold amount and, also, these plants
contained proline. In stressed plants, proline increased
in balance with increasing TotM. Thus, its concentration
was a constant 6% of that part of TotM that exceeded
the theoretical threshold. In addition, proline concen-
trations can be placed into one of four groups based on
TotM concentrations. For plants grown under osmotic
potential conditions of 0 and -0.2 MPa, TotM averaged
238 ± 21.4 |imol (g fresh weight)' and the proline con-
centration averaged 2.2 ± 0.5 fimol (g fresh weight)"';
for plants grown in the range of osmotic potentials of
-0.4 to -1.6 MPa due to either 100% NaCl or 50%
NaCl plus 50% KCl, the TotM and proline averages
were 460 ± 23,4 and 15.7 ± 2.3 nmol (g fresh weight)-'.
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BOO

TotM, /imol (g FW)

Fig. 1. Proline content of shoots as a function of totai monovai-
ent cations. Open symbois are data points for Experiment 1;
c!osed symbols are data points for Experiment II. O • . non-
stressed plants: O • , p!ants subjected to NaC! stress; A A,
50:50 mixture of NaCl and KCl; O • , KCl stress. The equation
for the linear regression line, Y = 0.057X - 10.9.

respectively; for plants grown in 100% KCl in the range
of -0.4 to -1.2 MPa, TotM and proline averages equal-
led 368 ± 8.6 and 9.4 ± 0.5 ixmol (g fresh weight) ', re-
spectively; and at -1.6 MPa due to 100% KCI, the val-
ues were 751 and 30.7 (imol (g fresh weight) ', respec-
tively, (SD indicated except where n = 2.).

Discussion

Agropyron etongatum may not be a true halophyte since
it did not respond to salinity in terms of growth in the
manner usually observed for halophytes, i.e., growth of
a halophytic plant is stimulated by low to moderate con-
centrations of salts (Flowers et al. 1977). It should be
noted, though, that not all halophytes respond to sali-
nity in this manner (Munns et al. 1983). A. elongatum
deviated from this pattern to the extent that growth was
not affected at a salinity level of -0.2 MPa, and then,
beginning at -0.4 MPa, growth decreased with each in-
crement of decrease in media osmotic potentials.
Nevertheless, A. etongatum did possess other properties
of halophytes that were important for this experiment;
in particular, a high concentration of inorganic ions in
leaves of non-stressed plants, and the ability to survive
and grow in media with osmotic potentials of -1.5 MPa
and lower.

The concentration of TotM, the sum of K* and Na*,
in leaves of non-stressed A. elongatum was over 200
imiol (g fresh weight)-'. This may be compared to a
TotM concentration of 100 nmol (g fresh weight)-' in S.
bicoior, as an example of a non-stressed glycophyte

(Weimberg et al, 1984). TotM in 5. bicohr increased
with decreasing media ostnotic potentials atid reached a
value of 200 ̂ mol (g fresh weight)-' when the stress was
severe enough to cause a 40—50% reduction in growth.
In A. elongatum, a stress level of —0.2 MPa had no ef-
fect on either growth of the plant or TotM. However, if
the growth medium contained NaCl, there was an in-
crease in foliar Na* and a balancing decrease in K* so
that their sum remained the same as in non-stres&ed
plants.

Significant changes in growth and solute concentra-
tions began when the osmotic potential of the medium
was lowered to -0.4 MPa, but the pattern of these
changes in response to increasing levels of salinity were
not parallel to one another. As stated above, growth in-
hibition was a function of the osmotic potential of the
medium and was not related to the specific ions of the
salt. Changes in solute concentrations, in contrast, were
related to the ionic composition ofthe salte used for sali-
nizing the medium and were aimost independent of the
osmotic potentials of the media. At stress levels ranging
from moderate to severe, Na*:K* ratios in leaf tissues
were determined by the ionic composition of the me-
dium, but with one exception their sums remained al-
most unaffected by either ionic composition or osmotic
potential. The exception was plants grown at -1.6 MPa
due to 100% KCl. This growth condition caused a doub-
ling of TotM over its concentration in plants grown un-
der milder conditions of stress. Chloride concentrations
were closely related to TotM values. The CLnbtM ratio
was 1:2 under all salinity conditions at stress levels rang-
ing from -0.2 to -1.2 MPa. At -1.6 MPA, the amount
of CL increased relative to TotM so that the ratio was
3:4.

Proline was the only organic solute found to accumu-
late in stressed plants of A. elongatum, and its concen-
trations were directly proportional to TotM under all
conditions of growth. One can calculate that there is a
threshold value of 200 (imol (g fresh weight)-' before
proline should begin to accumulate. This is the sanne
threshold reported previously for 5. bicolor (Weimberg
et al. 1984) and barley (Voetberg and Stewart 1983).
However, in A. elongatum this threshold is only of the-
oretical interest because non-stressed plants contained
more than 200 (imol (g fresh weight)-' of TotM. Conse-
quently, oiflshould expect to find, and one does find,
proline in snoots of non-stressed plants.

Proline accumulates in numerous plants undergoing
saline and other types of stress (see Greenway and
Munns 1980, Weimberg et al. 1984, Wyn Jones 1981 for
further references). Jefferies et al. (1979) measured
proline concentrations in two halophytes, Limonium
vutgare and Triglochin maritima, exposed for 2 weeks to
levels of artificial sea water ranging frotn -0.05 to -2.4
MPa. Subjecting their data to linear regression analysis
showed that proline accutnulation roughly followed the
same pattern in these two species as reported here for
A. elongatum and previously for S. bicolor (Weitnberg
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et al. 1984). In Simmondsia chinensis, the concentration
of proline ranged from 3-5% of TotM (Tal et al. 1979),
and in Mesembryanthemum nodiflorum, proline con-
centrations were 2% of Na* in plants subjected to
150-400 mM NaCI and increased to 4% in piants at 500
mM NaCl (Treichel 1975). Unfortunately, the data in
the latter two reports do not permit a determination of a
threshold value. Thus, these observations lend further
support to the theory that organic solutes such as pro-
iine are probably located in the cytoplasm in concen-
trations adequate to balance a low osmotic potential of
the vacuole where most of the inorganic solutes are
stored.

The other two organic solutes found in many salt-
stressed plants are sugars, particularly sucrose, and be-
taine. Sugars are at too low a concentration in A. elon-
gatum to be important for osmotic adjustment and their
concentrations are not affected by subjecting the plant
to saline stresses. Flowers et al. (1977) claims that sug-
ars play a minor role in osmotic adjustment in ha-
lophytes, and many halophytes have been characterized
as utilizing mainly nitrogenous compounds for osmotic
adjustment (Briens and Larher 1982, Jefferies and Rud-
mik 1984). Jefferies et ai. (1979) found no significant
changes in sugar concentrations in leaves of the ha-
lophytes they studied. On the other hand. Shannon
(1978) found enough sucrose in 32 lines of tall wheat-
grass to permit him to suggest that sugars might be used
as markers of salt tolerance in this taxonomic group.
Clearly, though, A. elongatum cv. Arizona Glendale, is
not a sugar accumulator and, therefore, it fits the cata-
gory of being a nitrogenous accumulating species.

The absence of betaine in extracts of plants used in
this study, except at low concentrations in plants grown
under the most severe saline conditions used, is puzz-
ling. There is ample evidence in the literature that be-
taine is accumulated by nnembers of the Triticeae when
plants are subjected to saline stress (Gorham et al.
1984, 1985, Wyn Jones et al. 1984). We have found be-
taine in other cultivars of ^4. elongatum (R. Weimberg,
unpublished results). However, these studies were done
with plants that were grown in the field and were several
months old or even older. The piants used in the experi-
ment reported here were very young (3 weeks old)
when harvested, grown in a growth chamber under con-
trolled conditions, and were grown in liquAnedia. It is
not known if age and growth conditions are factors to be
considered in betaine accumulation. This problem will
be investigated further.

The main conclusion to be drawn from the present in-
vestigation is that there is no relationship between os-
motic adjustment in A. etongatum and its salt tolerance
as measured by growth inhibition by salinity. In terms of
growth, A. elongatum responded to increasing amounts
of salinity in the root zone in the manner typical for nu-
merous plants. However, as already described and dis-
cussed, no concomitant change occurred in foliar solute
concentrations. This raises the question as to whether or

not the concentrations of particular solutes in plant tis-
sue can be used as markers or indicators of salt toler-
ance. A survey of the literature of osmotic adjustment
patterns in glycophytes and halophytes gives no unam-
biguous indication that the ability of a plant to accumu-
late any one or group of solutes could be a measure of
its salt tolerance. Indeed, the oniy biochemicai par-
ameter detected so far that appears to be reliably corre-
lated with tolerance is the relative ability of glycophytes
to exclude Na* (or avoid ion excess). Certainly, much
more work is needed to obtain an understanding of os-
motic adjustment and the role of solutes in the water re-
lations of the plant in order to elucidate the mechanisms
of salt tolerance.
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