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AbstraCT
Seeds of two halophytes, Atriplcx trianfiiilaris, which grow.s in a niesic saUne marsh environment, and
Atriplex confer-tifolia, which grows in a xeric desert environment, were analyzed by energy-dispersive X-ray microanalysis for the distribution of elements. The highest concentration of sodium, chlorine, potassium, and calcium was
present in seed coats of A. triangularis. All of the elements detected were at low concentrations in the endosperm.
Embryos contained the highest amount of phosphorus that is probably associated with organophosphate compounds.
Potassiiun was also high in embryos. The total amoiuit of elements in all regions of A. confertifolia was low as compared
to A. triangularis. In a similar pattern sodium, chlorine, potassium, and calcium were the highest in seed coats of A.

Elemental concentration was also low in the endosperm. Likewise, the phosphorus level was the highest
embryo. The results support the concept of elemental compartmentalization in seeds of these halophytes.

confertifolia.
in the

Halophytes are plants that grow and comlife cycles in habitats of high salinity. Although Atriplex spp. do not require
other than trace amounts of Na^ for normal
growth, they frequently grow better in the
presence of NaCl (Osmond et al. 1980).
Atriplex spp. from different environments are
characterized by high levels of NaCl in shoots,
particularly in halophytes of arid shrublands
(Hansen and Weber 1975, Osmond et al.
1980). However, few reports are available on
the status of ions present in Atriplex seeds.
Ungar (1984) reported that the ions of seeds of

factors involved in seed germination of halo-

phytic plants.

plete their

Atriplex triangularis constitute

Materials and Methods
Seeds oi Atriplex triangularis Willd. were
marsh at Rittman, Ohio,
and seeds oi Atriplex confertifolia (Torr. and
Frem) S. Wats were obtained from Howard
Stutz (Brigham Young University), who collected them from the desert areas of central
Utah. These seeds were sectioned with razor
blades and mounted on carbon stubs with
graphite glue. Energy-dispersive X-ray microanalysis (EDS) was conducted with an
EDAX 9100/70 with auto-calibration for automated analysis. The background was subtracted automatically. The X-ray analysis system was interfaced with an AM Ray, 1000 A
SEM. The seeds were not coated since the
coating interferes with EDS analyses. The accelerating voltage for analysis was 20 Kv, the
beam current was 75 uA, and analysis times
were 100 sec at about 3,000 cps. The take-off
angle was 45° with respect to the cut surface.
Four different seeds for each species were
analyzed in three different regions. Each region of each seed was analyzed four times at
four different locations to provide a statistical
basis for determining variability. Oneway
ANOVA and Fischer's LSD multiple comparison tests were used for statistical analyses.
collected from a salt

2% of the total

dry weight as compared to about 14% in
leaves. He suggested that halophytes regulate
ion distribution so that the ion concentration
in seeds is low. Several studies have been
done on the distribution of elements in seeds
of glycophytes (Lott et al. 1982, Tanaka et al.
1977, Hofsten 1973). However, little information is available on the ion compartmentalization within different parts of seeds of halophytes. Other plant parts of glycophytes have
been studied using energy-dispersive X-ray
microanalyses (Bennett and Wynn Parry
1981, Saka 1982, Strullu et al. 1981). Therefore, the purpose of this investigation was to
determine the elemental distribution in the
seeds of these two halophytes {Atriplex spp.)
grown in different saline environments. A
clear understanding of the type and dis-tribution of elements is needed to understand the
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Figs. 1-2. Atriplex triangularis:

1,
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Scanning electron micrograph of a cross section of an uncoated seed showing the

embryo (E), endosperm (EN), and seed coat (SC), 120X; 2, Scanning image of X-ray
the same cross section of the seed shown in Fig. 1, 120X.

Results
with both species of
Figures 1-4. Higher
concentrations of some elements were
present in A. triangularis seed coats and embryos than in seed coats and embryos of A.
confertifolia, but endosperms of seeds of both
species were low in all elements. There were
no significant differences in elemental content
of the endosperm of the two species.
Sodium, chlorine, and calcium in the seed
coats of A. triangularis were significantly
higher (5% level) than in the endosperm and
embryo. On the other hand, the elements that
were higher (5% level) in the embryo than in
the seed coat were magnesium, aluminum,
phosphorus, and sulfur. Potassium was significantly different in seed coats and embryos as
compared to the endosperm.
A. confertifolia seeds contained more
potassium and calcium in the seed coat (5%
level) than in the embryo. The highest concentration of phosphorus was in the embryo
(5% level), and the amount of potassium in the
embryo and seed coat was significantly higher
(5% level) than in the endosperm.
Results

Discussion

The

obtained

Atriplex are

shown

in

signals for chlorine (white image) of

regions of the seed studied not only

differed in elemental composition but also in
relative

concentrations.

A comparison

of

these two halophytic plants indicates the concentrations of elements present in A. triangularis

seeds were

fertifolia

seeds,

much

higher than

particularly

in

A. con-

chlorine

and

The high concentrations of potassium may be related to the large number of
enzymes where potassium is a cofactor (Wyn-

potassium.

Jones and Pollard 1983).

Khan and Ungar

(1984) reported that seeds

of A. triangularis collected from a salt

marsh

Rittman, Ohio, where soil salinity was
about 3%, have sodium and chlorine concentrations in seeds ranging from 0.7 to 2% of the
dry weight. The concentrations of these elements after analysis with X-ray microanalysis
(Fig. 3) are much lower considering the fact
that ionic content of leaves of A. triangularis
at

may be 15% in plants growing in 3% salinity
(Ungar 1984). Seeds of Salicornia europaea
have 0.77% sodium as compared to 14.8%
sodium in other parts of the plant (Poulin et al.
1978). Hocking (1982) reported that seeds of

Khan et al: Atriplex Seeds

January 1987

400 T

Atriplex

93

triangularis

Seed Coat
300

••

net

CPS

200 •

100 •

400 T
Elements

Endosperm
300 •

net

CPS

200 +

100 •

I

Na

Mg

Al

Si

S

P

CI

I

Ca

K

400 T
Elements

Embryo
300 •

net

CPS

200 +

100

••

— B — B B M,B._.
Na

Mg

Al

Si

P

S

CI

K

Ca

Elements

Fig. 3. Distribution of nine elements in the seed coat, endosperm, and embryo of Atriplex triangularis
determined by energy-dispersive X-ray microanalysis. Data is in net coinits per second.
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Fig. 4. Distribution of nine elements in the seed coat, endosperm, and embryo of Atriplex confertifolia
determined by energy-dispersive X-ray microanalysis. Data is in net counts per second.
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Cakile maritima have a sodium content of
0.02% and a chlorine concentration of 0.07%
compared to 14. 1% chlorine and 6.8% sodium
in leaves. Thus, the pattern of elemental dis-

HoCKiNc;. P

two species of Atriplex is
these reports. Lott et al.
(1982) observed low calcium content in the
endosperm and embryo of castor bean seeds.
The calcium level was also very low in the
endosperm and embryo in both Atjiplex seeds
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tribution of these

we
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in

seeds as do
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plants.
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their seeds. Similar results were obtained
with seeds o( Salic or 7iia pacifica and Atriplex
canescenshy Khan, Weber, and Hess (1985).
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