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Summary. Periodic collections of Atr@lex con/erti/olia and Eurotia lanata leaf 
tissue throughout the growing season were analyzed for osmotic potential, water 
content, and concentration of Na +, K +, soluble Ca ++, CI-, and SO~-- ions. Ionic 
concentrations of these two species exhibited marked similarities to corresponding 
values for European members of the same genera. Atriplex con/erti/olia, like many 
other Atriplex species, behaves as an alkali halophyte and accumulates Na+, while 
E. lanata appears to favor accumulation of K+ as did its European counterpart, 
E. ceratoides. 

The analyses showed a much broader range of tissue moisture contents and 
osmotic potentials during the season for Atriplex than for Eurotia. The differences 
in leaf water relations between the two species are possibly related to the greater 
NaC1 accumulation by Atriplex as compared to Eurotia. An apparent advantage 
exists for Atriplex in prolonging physiological activity and carbon gain in the 
dry portion of the lzte summer by NaC1 accumulation. 

Introduction 

Halophyt ic  species commonly exhibit quite high concentrations of 
several salt ions in various plant  organs or the entire plant.  These ionic 
concentrations may  affect the plant  through three major avenues: 1. 
through osmotic effects on plant water relations, 2. through imbibition 
effects on the protoplasmic portion of plant cells, and 3. through chemical 
participation in enzymatic processes and membrane integrity. The 
specific ion effects vary.  The C1- ion plays, for example, an important  
role in imbibition processes, which may  affect morphological processes 
leading to increased succulence. 

Although the salt accumulating nature of halophytes has been 
recognized for many  years, only within the past  15 years has it  been 
shown tha t  sodium is essential to the growth of some Chenopodiaeeae 
(Brownell and Wood, 1957; Brownell, 1965). One interpretation of the 
sodium role in halophytes is tha t  it is an essential par t  of an osmoregnlatory 
mechanism (Black, 1960). I t  also appears tha t  Na+and K + may  substitute 
for each other in some plant functions (Hiatt,  1969; Williams, 1960). 
This substitution is quite limited, however, as shown by  Drayeot t  et al. 
(1970), Poole (1971) and El-Sheikh et al. (1971). Weissenb6ek (1969) 
distinguishes the obligate hMophytes (e.g. Lepidium crassi/olium) by 
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their  great demand  for Na  + for opt imal  development  and  the inab i l i ty  
of K + to satisfy this requirement ,  whereas the  ontogeny of the faeul ta t ive 
halophytes  (e.g. Aster tr@olium) is near ly  independen t  of the avai labi l i ty  
of Na+. 

I n  the present  inves t iga t ion  two desert halophytes  [Atriplex eon]erti- 
]olia (Torr. and  Frem.) S. Wars  and  Eurotia lanata (Pursh) Moq.] of 
nor thwestern  U t a h  were s tudied th roughout  the major  period of growth 

and  physiological ac t iv i ty  from March through September,  1970. These 
results are compared with da ta  from halophytes  collected in  the  Ebro  
Basin  of Spain. 

Materials and Methods 

Plant materials were collected from Curlew Valley (41 ~ 52" N, 113 ~ 5' W) in 
northwestern Utah in a mixed stand of Atriplex and Eurotiet. Physical and ehemica 
characteristics of the soils have been investigated by Mitchell et al. (1966), Gates et al. 
(1956) and Southard (unpublished data). These soils are quite saline towardthe lower 
end of the root zone with Na + and K+ concentrations reaching peaks of 0.15% and 
0.17% respectively (Southard, unpublished data). The soil profile also exhibits 
numerous scattered gypsum layers. Moore and Caldwell (1972) have provided 
information on the soil and plant water stresses throughout the season in 1970. 

The Spanish collections were made by Prof. H. Walter in June 1969 (Los Monegros 
near Bujaraloz) and by the second author in March, 1971. Soils and vegetation of 
the Ebro Basin have been described by Sappa and Rivas-Goday (1954); geological 
and hydrological conditions by Puertas (1965). Duvigneaud and Denayer-De Smet 
(1968) have given a very detailed chemical classification of the gypsicolous vege- 
tation, according to the total content of the various mineral elements. 

Leaf and fleshy stem tissue was removed from at least six plants of Atriplex 
con]erti/olia and Eurotitt lanata at approximately two-week intervals. A portion 
of each sample was used in determining water content (% dry weight) while another 
portion was crushed and centrifuged or pressed to obtai~ sap for osmotic con- 
centration determinations with a Mechrolab Vapor Pressure Osmometer, Model 
301A. Subsamples were analyzed for specific ion concentrations. 

The alkali cations were analyzed by flame spectroscopy with PMQ II (Zeiss) 
equipment and a hydrogen flame, using boiling water extracts of samples dried 
at 100~ Calcium was determined using the same boiling water extracts. By 
adding BaCl~ in the same proportions as Kinzel et al. (1969), we tried to eliminate 
disturbances by other ions. However, we had no recording device available. So 
we had to use values obtained by direct-reading. For our purpose, it proved 
to be exact enough. 

Chloride was analyzed iodometrieally according to Prikladowizky and Apollonow 
(1928), cited in Steubing (1965), using smaller amounts of material. 

Sulfate was analyzed by the methods of Fritz and Yaxaamura (1955) and 
Wagner (1957), which were modified as follows: 

To 10 ml of the water-extract (0.3 g plant dry matter-t- 20 ml boiling water, 
then brought up to 50 ml) are added 5 drops HCIO~ (1%) and 0.15 g MgCO3. The 
extract is then boiled slowly for 5 minutes, cooled and filtered directly on a cation 
exchange column (Merck stark saurer Austauscher I, in H+-stage), washed several 
times and then brought up to 50 ml. Ten ml of this solution are mixed with 40 ml 
iso-propanol and ca. 6 drops HClOa (20%) to reach pH 3.5. Then 5 drops of Thorin 
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[2(2-hydroxy-3,6-disulfo-l-naphthylazo) benzenearsonic acid] as an indicator 
(0.2% in H~0) and 5 drops of methylene blue (0.0125% in H~0) are added. Quick 
titration is carried out with 0.005 ~ Ba (ClOa) 2. The end-point is marked by a 
change from greenish-yellow to reddish-brownish yellow. In most samples exactly 
5 ml 0.005 N H2SO 4 are added to provide a sharper color change during titration. 
In specimens with very low SO( -  content the addition ofH2S04 also renders more 
reproducible determinations. 

Nitrate was determined using 2-4-dimethylphenole (2-4-xylenole) according to 
Runge (1964). 

Results 

Water content and osmotic potential throughout the season are 
shown for Atriplex con]erti/olia and Eurotia lanata in Fig. 1. Ionic con- 
centrations of K +, Na +, Ca ++, SOa-- and C1- are depicted for these 
species in Fig. 2-6. Ratios os K+/Na + and SO(-/C1- are presented in 
Fig. 7. These ratios should indicate tendencies in these species to pre- 
ferentially accumulate different specific ions. 

Table 1 contains the results of comparable ion analyses of some 
Spanish halophytes. 

On the gypsum soil where the Spanish halophytes were collected, 
different groups of halophytes can be easily distinguished. Atriplex, 
Suaeda, and Lygeum are ehloride-halophytes. They accumulate high 
concentrations of C1- ions in the leaf tissue even in soils of low C1- 
content (Walter, 1970). A second group are sulfate-halophytes, e.g. 
Gypsophila. The salt-excreting ~ species, Frankenia, is intermediate be- 
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Fig. 1. L~af moisture content  and osmotic potential  of Atriplex con/erti[oIia and 
Eurotia lanata in 1970 

I The excretions consist mainly of CaCO~. 
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Fig. 2A and B. Potassium ion concentration in leaves and fleshy stem tissues of 
Eurotia lanata (A) and Atriplex con/erti/olia (B) during 1970 

Table 1. Specific ion concentrations of Spanish halophytes compared to A. con/erti- 
/olia and E. lanata. Values are expressed in percent of dry matter and in m-equiv. 

per liter of leaf sap 

C1- S O ( -  Na + K + 

% m-equ. % m-equ. % m-equ. % m-equ.  

Spanish plants (June, 1969) 

Atrlplex halimus 8.60 520 1.55 23 6.60 790 3.95 275 
Suaeda brevi/olia 4.40 270 1.75 20 7.65 745 2.00 f15 
Lygeum spartum 1.45 315 1.50 62 0.03 12 2.00 400 
Frankenia reuteri 6.35 750 5.80 125 3.95 725 0.95 105 
Gypsophila hisTanica 1.20 75 10.30 118 0.06 6 1.60 90 
Salsola vermlculata 1.40 180 3.95 90 0.06 12 6.70 725 
Salsola kali 1.15 55 1.00 8 0.07 6 8.40 360 
Peganum harmala 1.90 150 2.90 42 3.60 460 2.05 150 
Junlperus thuri/era 1.10 230 0.25 9 0.04 13 1.05 195 
soil 0.27 13.8 0.8 0.06 

Utah  plants (May 27, 1970) 
Atriplex con/erti/olia 8.9 657 3.29 32 8.4 945 3.6 247 
Eurotia lanata 0.70 101 1.58 40 0.06 14 2.8 360 
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Fig. 3A and B. Sodium ion concentration in leaves and fleshy stem tissues of 
Eurotia lanata (A) and Atriplex con/erti/olia (B) during 1970 

Fig. 4A and B. Calcium ion concentration (soluble part) in leaves and fleshy stem 
tissues of Eurotia lanata (A) and Atriplex con/erti/olia (B) during 1970 

tween these two groups. Furthermore,  in the Chenopodiaceae, some 
species tend to accumulate potassium (Salsola), and others more sodium 
(Suaeda, Atriplex). The lat ter  group are termed alkali-halophytes. In  a 
similar vein, although the two Utah species grow in the same soils, they 
differ markedly in their accumulation of both cations and anions (see 
Fig. 7). 

Discussion 

Although leaf water content decreased substantially in both species, 
leaf osmotic potential (~0=) for Eurotia remained low and relatively stable 
throughout most of the season. 

The ~o= values of AtripZex were also quite low early in the season, and 
then underwent a further sharp decrease in July.  The timing of this 
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Fig. 5A and B. Sulphate ion concentration in leaves and fleshy stem tissues of 
Eurotia lanata (A) and Atril~lex con]erti]olia (B) during 1970 

downward shift suggests a relationship with the secretion of salt into 
vesicular epidermal hairs and the subsequent rupture of these hairs. 
These hairs have been reported on numerous species of A triplex (Black, 1954; 
West, 1970; Mozafar and Goodin, 1970; Osmond et al., 1969) and ap- 
parently act as a mechanism of salt excretion. In these determinations 
it was not possible to separate vesicular salts or salts on the leaf surfaces 
from those in the mesophyll tissues. Grieve and F[ellmuth (1970) like~-se 
reported extremely low ~G values (--80 bars) for Atriplex stipitata leaves 
during midsummer. 

Black (1960) found the moisture content of mature A. vesicaria 
leaves to drop appreciably and permanently following transfer of the 
plants to saline culture solution. A resultant increase in internal salt 
concentration provided an apparent compensation mechanism against 
the decreased external osmotic potential. He suggested that the salt- 
uptake mechanism of the mature leaves allowed only for maintenance 
of high salt levels acquired when the leaves were developing. This type 
of dehydration mechanism, particularly when coupled with the rupture 
of vesicular hairs on the leaf surfaces, could easily account for the 
abrupt downward shift in leaf osmotic potentials during July for Atr@lex 
con]erti/olia. In the field, however, the increase in salt concentrations of 
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Fig. 6A and B. Chloride ion concentration in leaves and fleshy stem tissues of 
Eurotia lanata (A) and Atriplex con/erti/olia (B) during 1970 

the leaf would probably be in response to decreasing soil water potentials 
(Moore and Caldwell, 1972). 

The seasonal change in leaf moisture content is much more pronounced 
in Atriplex, with a range from 95 to 800% of dry weight, than in Eurotia, 
with a range of 45 to 275 %. Because of these extreme changes in moisture 
content, we have expressed the ionic concentrations in milliequivalents 
of ion per liter of leaf sap. Thus, particularly for Atriplex, while the ionic 
concentration/dry weight ratios are relatively stable throughout the 
season, the effective ionic concentrations in the tissue vary  substantially. 

In  some of our data the partial  osmotic potential of the C1- -anion 
(calculated as NAG1) is similar to or even slightly exceeds the corre- 
sponding total  osmotic potential  of the leaves. This is the case at  the end 
of Ju ly  with Eurotia and possibly at  the end of June with Atriplex. 
Whether or not this can be accounted for by  salt excretion by the leaves 
is not clear. 
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Fig. 7A and B. Ratios of K+/Na + and S04--/C1- concentrations for Eurotia lanata 
(A) and Atr@tex con/erti/olia (B) in 1970 

In  calculating (Na + 4- K+)/(C1 - 4- 0.5 S04--),  values exceeding 1.0 
usually result, suggesting tha t  there must  be other anions, probably 
organic acids such as oxalates etc. or inorganic NO3-, to result in neutral  
conditions. The nitrate-content ranges from 10 to 100 rag-equiv, in 
F, urotia, and from 5 to 200 rag-equiv, in Atriplex. The lowest values in 
both species are found in June (young leaves). Additional anions are 
necessary to complement other cations such as l~g++ and Ca ++, which 
must  also exist in these leaf tissues. Only Ca ++ was included in our anal- 
yses (Fig. 4). The seasonal variation in soluble calcium content is very 
similar to tha t  of potassium in both species, so tha t  the K+/Ca+ + ratio 
is relatively constant, 14.0 :k 2.8, in Eurotia and 5.5 • 0.8 in Atr@lex. 

Ionic concentrations in Eurotia tended to  r ise  during the  latter half 
of the season but  to a much lesser degree than in Atr@lex. This agrees 
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closely with the much smaller change in tissue water content for Eurotia 
and the lack of epidermal vesicular hairs. The occurrence of wind-blown 
salt on the pubescent leaves of Eurotia was probably of little significance, 
because even after rain there was no distinct change in the total ionic 
concentrations of leaf samples. The sharp decrease in the osmotic poten- 
tials of Atriplex was not apparently related to precipitation and was 
not closely correlated with the gradually decreasing soil water potential. 
Instead, it  was closely associated with the development and rupture of 
vesicular epidermal hairs. 

Although the two species exhibited quite comparable levels of K + 
and SOa-- throughout most of the season, the Na + and C1- levels were 
several times higher in Atriplex than in Eurotia. These differences are 
also manifested in the K+/Na + and SO(-/C1- ratios. The K+/Na + ratios 
ranged from 1.6 to 24 for Eurotia, while for Atriplex they were below 
0.5 the entire season. Likewise the SO(-/C1- ratios were about 5 times 
higher for Eurotia than Atriplex. Eurotia lanata did not appear to 
accumulate high NaC1 concentrations as many Chenopodiaceae have 
been shown to do. However, Eurotia ceratoides (Krascheninnikovia 
ceratoides) in Central Afghanistan possessed higher C1- concentrations 
when compared to Nepeta rugosa, a non-halophyte growing in the same 
nonsaline area. Eurotia ceratoides also exhibited much greater diurnal 
fluctuations in C1- concentration (Breckle and Reshad, 1971). 

Our data indicate that  Eurotia lanata likely possesses a highly specific 
active transport carrier which allows the K+ accumulation. This is in 
sharp contrast to the data for Atriplex which indicate a far higher 
percentage of carriers suitable for ~a+. These data for K+/Na + accumu- 
lation ratios in A. con/erti/olia agree closely with the behavior of many 
other members of the genus (Black, 1960; Beadle et al., 1957). 

From other samples collected north of the Great Salt Lake in a more 
saline soil, however, Wiebe and Walter (1972) have found ionic concentra- 
tions for both Eurotia lanata and Atriplex con/erti/olia to yield very 
similar K+/Na+ and SOa--/C1- ratios to those reported here for Atriplex. 

The K+/Na+ ratios of the Spanish halophytes range from 0.052 
(Arthrocnemum glaucum) to 60 (Salsola-species). In Atriplex halimus 
the average value of 0.35 is very similar to our values for Atriplex 
con/erti/olia during early summer. Eurotia ceratoides from the Ebro 
Basin shows a K+/Xa + ratio of 3.7 (Breckle, unpublished data). 

The S04--]C1- ratios of the Spanish species range from 0.039 (Juni- 
perus thuri/era) and 0.044 (Atriplex halimus) to 3.2 (Eurotia ceratoides). 
Thus, E. ceratoides exhibits a tendency for a very high sulfate accumula- 
tion which may partially reflect the very high gypsum content of the soil. 
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The high Na  + and C1- concentrat ions in Atri~plex con]ertifolia quite 
likely contr ibute to the characteristic succulence of its leaves and 
possibly to an extended ontogenetic period (Black, 1958; Greenway 
et al., 1966; Jcnnings,  1968). As evidenced by  the leaf water  content  
da ta  in Fig. 1, the Eurotia leaves were considerably drier, and in fact  
became quite withered and involute after midsummer.  This early 
withering of the Eurotia leaves appears to be closely related to  their 
relatively low ionic concentrat ions and higher osmotic potentials as 
compared to  Atriplex. Transpirat ion and photosynthet ic  ac t iv i ty  of 
Eurotia were also great ly  depressed after midsummer  while Atri,plex 
maintained transpirat ion and positive photosynthet ic  ac t iv i ty  until  a t  
least October (Moore, 1971; White,  et al. t971). Thus, the high ionic 
levels and related degree of succulence m a y  help Atriplex to achieve a 
longer active season of physiological ac t iv i ty  and carbon gain than  
Eurotia, and hence a probable competi t ive advantage  
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