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ELEMENTAL DISTRIBUTION IN SHOOTS OF SALICORNIA PACIFICA VAR. UTAHENSIS AS 

DETERMINED BY ENERGY-DISPERSIVE X-RAY MICROANALYSIS 

USING A CRYOCHAMBER 

M. A. KHAN,' D. J. WEBER, AND W. M. HESS 

Department of Botany and Range Science, Brigham Young University, Provo, Utah 84602 

Cells in different regions of the stem of Salicornia pacifica var. utahensis were analyzed by energy- 
dispersive X-ray microanalysis using a cryochamber that maintains the tissue at liquid nitrogen temperature 
during sample preparation and analysis. The elements detected were Na, Mg, Al, Si, S, C1, K, and Ca. 
The highest concentration of elements was in the cortex. The Na concentration was lower in the palisade 
than in the cortex. The dominant element in all the regions was C1. The cortex contained 50% more Cl 
than the palisade. The protoplasm of the cortex contained ca. 80% of the Cl and the cell wall, 20%. The 
results are consistent with the concept of element compartmentalization in halophytes. 

Introduction 

Osmotic regulation in plants can be achieved by 
changes in internal concentration of inorganic ions 
and low-molecular-weight organic solutes (FLOWERS 
et al. 1977; WYN JONES 1984). Halophytes absorb 
ions and accumulate them in their tissues. Accu- 
mulated salts increase the osmotic-absorbing ca- 
pacity of halophytic plants, allowing them to com- 
pete for water in a saline environment: e.g., dried 
stem tissues of Salicornia pacifica var. utahensis 
contain ca. 10% Na (HANSEN and WEBER 1975). 

Most enzymes investigated in halophytes were 
salt sensitive (FLOWERS 1975; FLOWERS et al. 1977). 
However, in Salicornia spp., a few enzymes, such 
as ATPase (KIM and WEBER 1980), malate dehy- 
drogenase (YoPP 1974), and peroxisomal glycolate 
oxidase (AUSTENFELD 1976), were salt tolerant. The 
essential photosynthetic and metabolic processes in 
these halophytes require compartmentalization of 
salts. WEBER et al. (1977) analyzed the element 
concentration of S. pacifica var. utahensis using an 
electron-microprobe system and found that the 
central cortex region of the stem was high in Na, 
K, and Cl, whereas the outer photosynthetic re- 
gion (palisade) of the stem contained small quan- 
tities of these ions. 

Ion loss occurs in cells when normal electron- 
microscope (EM) fixation procedures are used to 
prepare thin sections because the preparation meth- 
ods result in ion diffusion. Many specialized pro- 
cedures have been used to minimize or eliminate 
ion movement prior to and during elemental anal- 
ysis. The procedures that offer the most promise 
for reducing artifacts of preparation involve quick 
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freezing and rapid drying (TERRACIo et al. 1981), 
quick freezing and freeze-hydrated sectioning (Ross 
et al. 1981), or examination of freeze-hydrated 
specimens (ECHLIN 1979; FORREST and MARSHALL 
1980; ECHLIN et al. 1981a, 1981b; TALMON 1982). 
BECKETT (1982) demonstrated that freeze-drying 
and critical-point drying cause tissue shrinkage that 
was not evident for freeze-hydrated tissue. There- 
fore, use of a cryochamber in combination with en- 
ergy-dispersive X-ray microanalysis (EDS) should 
make it possible to examine samples of tissue and 
not disturb the ion distribution because the tissue 
remains at liquid nitrogen temperatures at all times. 

The purpose of this study was to determine the 
ion distribution in tissues of different shoot regions 
of S. pacifica var. utahensis by using a cryocham- 
ber and EDS microanalysis. 

Material and methods 

Salicornia pacifica var. utahensis (Tidestrom) 
Munz was obtained from natural habitats near 
Goshen, Utah, in the fall 1984. The shoot pieces 
were mounted on special cup-shaped graphite-lined 
aluminum stubs, as suggested by PATRICK ECHLIN 
(Univ. of Cambridge, England, personal commu- 
nication). The mounted shoot pieces were frac- 
tured under liquid nitrogen and then transferred to 
a cryochamber that maintains the tissue at liquid 
nitrogen temperatures. The tissue was then trans- 
ferred, under vacuum, into the precooled chamber 
of a scanning electron microscope (SEM). Cells 
were analyzed with EDS in the freeze-hydrated tis- 
sues of the epidermis, cortex, palisade, and vas- 
cular stem. In addition, the cell walls of the cortex 
and palisade were also analyzed. Each tissue was 
analyzed four times in four different areas to pro- 
vide replications for statistical analysis. 

The EDS was conducted with an EDAX 9100 
interfaced with an AMRay 1OOOA SEM. The volt- 
age for analysis was 10 kV, and analysis times were 
100 s at ca. 3,000 cps. For SEM studies, tissues 
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S.A 

FIG. 1.-SEM micrograph of a cross section of a stem of 
Salicornia pacifica var. utahensis showing the four prominent 
tissue regions: epidermis (A), palisade (B), cortex (C), and vas- 
cular (D). X36. 

were fixed, stained with OS04, and dehydrated (HESS 
1966). The samples were critical-point dried with 
liquid C02, mounted on stubs with double stick 
tape and gold-sputter coated before being photo- 
graphed. 
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FIG. 2.-Ion distribution of epidermis and vascular regions 

of Salicornia pacifica var. utahensis as determined by EDS. 
The Na, K, and Cl content of the cortex region is significantly 
different (5% level) from the element content in the other re- 
gions. The Ca content of the palisade region is significantly 
different (5% level) from the element content of the other re- 
gions. The Al content of the cortex and palisade region is sig- 
nificantly different (5% level) from the Al content of the other 
two regions. 
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FIG. 3.-Ion distribution of cortex and palisade regions of 
Salicornia pacifica var. utahensis as determined by EDS. 

Results 

Salicornia shoots have four prominent tissue re- 
gions (fig. 1). The most abundant elements in the 
epidermis and vascular regions were Cl and K. The 
most dominant element in all four tissue regions 
was C1. Elemental content in the epidermis and 
vascular region was similar (fig. 2). In the cortex, 
Cl and K were the most abundant; Na and Al were 
the next most abundant. In addition, Ca, K, Na, 
and Al were all present in the cell walls (fig. 3). 
In the palisade (fig. 3), all of the elements were 
present in low concentrations except Cl and Ca. 
Also present in cell walls were Cl, Ca, Al, and K. 
The amount of Cl in the protoplasm was more than 
twice as much as in cell walls, as were Na and K. 

In the palisade cells, the concentration of Cl was 
only ca. 40% of the level in cortex cells (fig. 3); 
Cl, Ca, K, and Al were detectable in both cell walls 
and cytoplasm; and Cl and Ca were most abundant 
in the palisade. 

Discussion 

WEBER et al. (1977) analyzed the frozen shoots 
of Salicornia pacifica var. utahensis using an elec- 
tron-probe X-ray analyzer. The electron probe had 
limited resolution and could not aid in localizing 
elements within specific cells and organelles. In 
addition, when frozen tissues were analyzed with- 
out the use of a cold stage and a clean vacuum, 
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there was a possibility of movement of ions from 
one cell to another and the formation of artifacts 
(FIoRI et al. 1979; LECHENE 1980; MACINNES 1980). 

The net CPS (counts per second) represents rel- 
ative values of the different elements, and although 
they are not easily converted to absolute concen- 
trations because of the pear-shaped area of analysis 
involved in bulk analysis with EDS, net CPS are 
useful in comparing different tissues and cells 
(LECHENE 1980). 

The conclusion that the cortex contains the high- 
est total ion concentration and concentrations of Na 
and Cl was consistent with the findings of WEBER 
et al. (1977) and with statistical analyses (5% level). 
Although salts accumulate in the cortex, the pho- 
tosynthesizing palisades can continue to function. 
These results also indicate that ions accumulate in 
specific regions since elemental concentrations were 
different in different tissues. WEBER et al. (1977) 
showed that palisade cells in young shoots were 
low in salts and that the spongy cells near the cen- 
ter of the stem had relatively high concentrations. 
As shoots matured, the concentration of salts in- 
creased in the spongy cells, and the amount of salts 
in palisade cells also increased. ESHEL and WAISEL 
(1979) found that Na selectively accumulated in the 
outer layers of chlorenchyma cells in the halophyte 
Suaeda monoica, whereas Cl was concentrated 
mostly in the inner collenchyma cells. 

Our data indicate (1% level) that there is a higher 
concentration of elements in the cytoplasm than in 
the cell wall. Histochemical studies at the light- 
microscope level with S. pacifica var. utahensis in- 
dicated that the Cl concentration was low in the 
chloroplasts and high in the cytoplasm (HESS et al. 
1975). STOREY et al. (1983) studied freeze-hy- 
drated cells of young and mature tissues of Atriplex 
spongiosa with X-ray microanalysis and reported 
low K, Na, and Cl and high K selectivity in the 
bundle sheath cytoplasm. VAN STEVENINCK et al. 
(1976) studied the mangrove Aegiceras and found 
Cl both in cytoplasm and vacuoles of leaf cells by 
silver-chloride precipitation. HARVEY et al. (1978) 

used silver-chloride precipitation and X-ray mi- 
croanalysis techniques and found Cl in chloroplasts 
and in vacuoles of Suaeda maritima leaf cells. The 
content of Na and K in the cytoplasm of these cells 
was low. 

It is surprising that high levels of Cl are present 
in all four of the tissue regions of S. pacifica var. 
utahensis. Also, the total amount of Cl within a 
particular tissue was not balanced by an equal 
amount of cation elements. This raises the question 
of whether there are organic compounds with pos- 
itive charges present. One other factor may be that 
the detection of sodium is at the lower level of sen- 
sitivity of the Si(Li) detecting crystal. Correction 
factors are included in the computer program, but 
these factors require analysis of a perfectly flat sur- 
face. Although surface geometry is better with 
freeze-hydrated tissue than with freeze-dried or 
critical-point-dried tissue, it is still not possible to 
have a perfectly flat surface for analysis, and detec- 
tion efficiency is hampered by the presence of ice 
(TALMON 1982). MARSHALL (1982) and JAFFEE and 
GLAESER (1984) discussed how some of the dis- 
advantages of hydration can be overcome. On the 
other hand, the use of a cryochamber to study freeze- 
hydrated tissues in conjunction with EDS provides 
a method to study elemental composition in tissues 
without exposing ions to leaching solutions, but there 
are still many questions that need to be answered 
concerning ion localization and distribution. 

LECHENE (1980) pointed out that, for best re- 
sults, tissues should be either freeze-dried or freeze- 
hydrated and thin sections or bulk samples should 
be analyzed. All analyses should be performed us- 
ing a cold stage with a clean vacuum. 
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