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ABSTRACT

Polymorphic seeds of Atriplex triangulgris were germinated at various temperatures (5-15 C,
5-25 C, 10-20 C, 20-30 C) and salinity regimes (0 to 1.5% NaCl) in order to determine their
germinability and early seedling growth under these conditions. Larger seeds generally had a
higher germination percentage in saline medium. The rate and percentage of germination de-
creased with increased salinity stress. A thermoperiod of 25 C day and 5 C night, 12 hr/12 hr,
temperature enhanced germination of seeds. Early seedling growth is promoted in larger seeds
at lower salinity, and at high-day and low-night temperatures. Polymorphic seeds have different
physiological requirements which provide alternative situations for seed germination in natural

habitats.

ATRIPLEX TRIANGULARIS WILLD. (Chenopodi-
aceae) is an annual species of halophyte which
is widely distributed in coastal and inland salt
marshes of North America (Chapman, 1974;
Ungar, 1974; Osmond, Bjorkman and Ander-
son, 1980).

Our field studies in a Rittman, Ohio salt
marsh indicated that the normal germination
period for Atriplex triangularis is from Feb-
ruary through June, with some germination
occurring as late as October. Recent investi-
gations of seed germination in the genus Atri-
plex (Springfield, 1966; Sharma, 1976; Igna-
ciuk and Lee, 1980) have treated all seed sizes
together and have not attempted to determine
if seed size affects germination behavior and
seedling growth under various temperature and
salinity treatments. Beadle (1952) found that
seeds of different size had similar responses to
changes in temperature. Koller (1957) found
that ‘“flat” types of Atriplex dimorphostegia
seed germinate very early as compared to a
“humped” type that started germinating at a
later stage. Uchiyama (1981) found that the
germination ability of heavier seeds was much
higher (93%) than lighter seeds (10%).

Previous studies indicated that there was an
interaction between temperature and salinity
concentrations affecting halophyte seed ger-
mination (Ungar, 1978, 1982), but no studies
have been done with species of Atriplex which
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have polymorphic seeds to determine if seed
size and germination responses of seeds to sa-
linity and temperature are correlated. Ger-
mination percentage of several Atriplex species
was greater in the range of 12-25 C at various
osmotic concentrations but declined beyond
this range, i.e., the tolerance of osmotic stress
was greater at the optimum temperature (Bea-
dle, 1952; Springfield, 1966; Ignaciuk and
Lee, 1980). Sharma (1976) demonstrated that
the optimum conditions for germination of
Atriplex vesicaria and Atriplex nummularia
shifted to slightly higher temperatures at low
soil water potentials, but the effects of lowering
of water potential was not marked at temper-
atures above and below the optimum. Similar
results were obtained with seeds of coastal
species (Binet, 1965, 1966), but cold pretreat-
ment (30 days at 5 C) of these seeds resulted
in better germination. Ward (1967) found that
dormancy of Atriplex hastata seeds was re-
moved by cold pretreatments (4 C) for 2 wk
and germination decreased steadily with in-
creased salinity, with 2% (w/v) NaCl com-
pletely inhibiting germination.

Sankary and Barbour (1972) found that the
percentage germination of Atriplex polycarpa
seeds was similar at alternating and constant
temperatures. In contrast to these findings, sev-
eral species of Atriplex had low germination
percentages at constant temperature regimes,
while alternating temperature regimes were ef-
fective in inducing germination (Ignaciuk and
Lee, 1980; Young et al., 1980). Atriplex gla-
briuscula and A. laciniata were less sensitive
to increased salinity concentrations at optimal
alternating temperature regimes (Ignaciuk and
Lee, 1980).
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Seed size appears to be a significant factor
in determining the time of germination and
survival of seedlings in the salt-marsh envi-
ronments. In this study we examined the effect
of the interaction between salinity and tem-
perature on the germination of polymorphic
seeds and seedling growth of Atriplex trian-
gularis.

MATERIALS AND METHODS—Seeds of Atri-,

plex triangularis were collected in 1981 from
plants growing in saline marshes at Rittman,
Ohio. They were stored dry at 4 C. Germi-
nation and growth studies were initiated during
1982. Seeds were separated from inflores-
cences and sorted into large, medium, and small
seeds. The large seeds were >2.0 mm, medium
seeds ranged bewteen 2.0-1.5 mm and small
seeds were <1.5 mm in diameter.

Salinity-temperature effect on germination
and seedling growth—The seeds were surface
sterilized with 0.1-strength Clorox (0.52% so-
dium hypochlorite) for 1 min and then washed
2 to 3 times with distilled water. Germination
was carried out in 50 X 9-mm Gelman No.
7232 tight-fitting plastic petri dishes with 6 ml
of test solution. Each dish was placed in a
9-cm-diam glass petri dish as an added pre-
caution against loss of water by evaporation.
Four replicates of 25 seeds each were used for
each treatment. Seeds were considered to be
germinated with the emergence of the radicle.

To determine the effect of temperature on
germination and seedling growth, alternating
temperature regimes of 5-15 C, 5-25 C, 10-
20 C, and 20-30 C, based on a 24-hr cycle were
used, where the higher temperature (15, 20, 25,
and 30 C) coincided with a 12-hr light period
(2,000-lux Sylvania cool-white fluorescent
lamps) and the lower temperature (5, 10, and
20 C) coincided with a 12-hr dark period.

Seeds were germinated in distilled water, 0.5,
1.0, and 1.5% NaCl solutions under the above
mentioned temperature regimes. Percent ger-
mination was recorded every alternate day for
20 days. The rate of germination was estimated
by using a modification of the Timson (1965)
index of germination velocity = 2 G/t, where
G = percentage of seeds germinated at 2-day
intervals, t = total germination period. The
maximum value possible using this index for
our data was 50, that is (1,000/20). Higher
values represent a more rapid rate of germi-
nation. Hypocotyl and root length were mea-
sured to the nearest millimeter after 20 days
and weights were determined by drying the
seedlings 80 + 2 C for 48 hr.
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Statistical analysis—Statistical analysis of
all data was done using the computer programs
of “Statistical Analysis System” (Ray, 1982)
on the IBM 370 computer. Data were analyzed
with the CHART, GLM(ANOVA), LSD and
MEAN procedures.

RESULTS— Salinity-temperature effects on
germination—The germination percentage of
Atriplex triangularis progressively decreased
with increases in salinity. Germination of
smaller seeds was usually more adversely af-
fected by salinity while larger seeds appeared
to be more salt tolerant. Alternating temper-
ature regimes of 5-25 Cyielded maximum ger-
mination at salinities tested (Fig. 1-3). Tem-
perature regimes of 20-30 C also frequently
showed high germination but 5-15-C and 10-
20-C temperature treatments often resulted in
substantially reduced germination percentage -
for all seed sizes (Fig. 1-3). Rates of germi-
nation estimated by using an index of germi-
nation velocity indicate that rate of germina-
tion of seed sizes in the various salinity
treatments is usually higher at the 5-25-C tem-
perature regime (Table 1). Velocity of germi-
nation of large seeds is higher at salinities and
various temperatures except at 5-15 C.

Effect of salinity and temperature on the final
germination percentage of Atriplex indicated a
general reduction in germination percentages
with increasing salinity (Fig. 1-3). Sixty percent
of the large seeds germinated at 5-25 C and
1.5% salinity as compared to small seeds treat-

TABLE 1. Index of germination velocity of Atriplex trian-
gularis seeds from various salinity and temperature
treatments

Tempera- N Seed size

ture Salinity
night-day (%) Small Medium Large
5-15C 0.0 18.95 20.90 15.70
0.5 12.22 15.50 11.60
1.0 9.70 9.85 4.40
1.5 1.50 8.00 1.15
5-25C 0.0 37.15 33.90 43.95
0.5 24.50 26.25 41.75
1.0 9.30 21.10 41.30
1.5 1.90 12.35 31.75
20-30 C 0.0 33.00 40.10 44.05
0.5 18.65 28.15 42.00
1.0 7.90 17.11 15.60
1.5 4.05 12.75 16.10
1020 C 0.0 18.80 24.25 32.95
0.5 12.05 16.65 23.85
T1.0 2.60 9.85 13.95
1.5 1.40 8.90 8.20
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Fig. 1. Effect of temperature and salinity (0.0, 0.5, 1.0 and 1.5% NaCl) on the rate of germination of Atriplex

triangularis small seeds.

ments where only 5% of the seeds germinated
under the same conditions. Individual effects
of temperature, salinity, seed size and their
interactions in affecting germination were very
highly significant (Table 2).

Salinity-temperature effects on growth—
Seedlings raised from different seed sizes differ
in their response to temperature and salinity.
Hypocotyl growth in the non-saline control was
usually greater than that at all salinity concen-
trations (Table 3). Greatest inhibition of growth
was obtained in the 1.5% NaCl treatment. The
hypocotyl was in general significantly longer at
5-25-C temperature regimes in all seed sizes,
whereas, 5-15-C and 10-20-C temperatures
were very inhibitory to hypocotyl growth. In-
dividual effects of salinity, seed size, temper-
ature and their interaction were highly signif-
icant in effecting hypocotyl growth (Table 2).

Atriplex triangularis seedlings had a signif-
icant reduction in root growth with increases
in salinity for all seed sizes tested (Table 4).
Alternating temperature regimes of 5-15 Cin-

hibited root growth substantially as compared
to other temperature treatments. Best root
growth for large seeds was obtained at the 5-
25-C temperature regimes in all salinities (Ta-
ble 4). The effect of salinity, temperature, seed
size and their interactions in affecting root
growth were very highly significant (Tables 3,
4).

Dry weight of seedlings grown from various
seed sizes in most cases was significantly higher
in low salinity treatments than in the non-sa-
line control (Table 3). The dry weight of seed-
lings at the highest salinity was significantly
different from the control at all temperature
treatments. Seedlings at temperature regimes
of 5-25 C and 20-30 C had comparatively
higher dry weight for all seed sizes compared
to that of the 5-15-Cand 10-20-C temperature
regimes. Temperature regimes of 5-15 C were
found to be most inhibitory for dry weight of
large seedlings when compared to any other
temperature regime used (Tables 3, 4). Indi-
vidual effects of salinity, temperature and seed
size, and their interactions on the dry weight
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Fig. 2. Effect of temperature and salinity (0.0, 0.5, 1.0, and 1.5% NaCl) on the rate of germination of Atriplex

triangularis medium seeds.

of seedlings were very highly significant (Table
2).

DiscussioN— Germination regulating mech-
anisms with which Atriplex triangularis seeds
are equipped may be utilized as strategies for
survival. A number of environmental and bi-
ological variables, and their interactions, may
be used as signals by which germination is trig-
gered so as to take advantage of ecological sit-
uations that maximize the probability for suc-
cessful establishment. Most of the seed
population remains dormant in the absence of
such signals. Morphological differences among
the polymorphic seed types of Atriplex trian-
gularis are significantly correlated with the
variations in the germinability of seeds, with
small seeds being more dormant than large
seeds. Laboratory studies indicate that large
seeds of Atriplex triangularis do not have any
requirements for cold pretreatments. In late
fall 1982 they were found germinating under
field conditions. However, increases in salinity
concentrations seemed to induce dormancy,
and this effect of salinity was more pronounced
in small seeds than in large seeds.

Low temperatures probably maintain dor-
mancy in seeds during the winter and early
spring. High germination percentages occur in
the laboratory experiments only under alter-
nating temperatures. The low temperatures and
small ampl‘i:fude of the diurnal temperature
cycle in winter may therefore be a major factor
contributing to the inhibition of germination.

Similar interactions between increased sa-
linity and alternating temperatures were found
by Ignaciuk and Lee (1980). They reported that
seeds of Atriplex glabriuscula and A. laciniata
germinated well under alternating temperature
regimes in the laboratory. The alternating tem-
perature requirements of species of Atriplex
thus provide not only a means of delaying ger-
mination until the proper season, but also in
the case of Atriplex triangularis causes smaller
seeds to remain dormant in the moderately
saline conditions and thus maintains a seed
bank. Similar alternating temperature require-
ments have-been reported for other halophytes
(Binet, 1964, 1965; Ungar, 1974; Okusanya,
1977; Young et al., 1980). However, alternat-
ing temperatures did not promote germination
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Fig. 3. Effect of temperature and salinity (0.0, 0.5, 1.0, and 1.5% NaCl) on the rate of germination of Atriplex

triangularis large seeds.

more than constant temperatures in some oth-
er species of Atriplex (Sankary and Barbour,
1972; Uchiyama, 1981).

Atriplex triangularis was most tolerant to
increasing salinity at the optimal temperature
(5-25 C) for germination. The present study
also demonstrated a very highly significant
(P < 0.0001) interaction between temperature
and salinity in affecting germination. Similar
interactions have been reported by Ungar and
Hogan (1970) for Iva annua, Binet and Combes
(1961) for Cochlearea anglica, and Khan and
Khan (1978) for Triticum aestivum and Cor-
chorus capsularis.

High day temperatures appeared to be play-
ing a significant role in promoting germination.
This promotion could be due to increased water
uptake by seeds (Koller and Hadas, 1982;
Uchiyama, 1981), changes in membrane per-
meability (Taylorson and Hendricks, 1977),
leakage of organelle membranes and enhanced
metabolic activity over that at low tempera-
tures (Koller and Hadas, 1982) and a syner-
gistic effect with Pfr (Taylorson and Hendricks,
1977). However, the exact nature of these

mechanisms is not yet properly understood
(Ungar, 1982).

Germination of halophyte species can occur
in salinities ranging from 200 to 1,700 mm.
However, germination of many halophytic
species occurs at concentrations of NaCl less
than that of sea water (600 mm) (Ungar, 1978).
Atriplex triangularis falls into this latter group.
With increasing salinity there was a consistent
decrease in the percent of germination, a no-
ticeable delay in rate of germination, and a
decrease in seedling length. Optimal germi-
nation occurs under reduced salinity stress even
in the case of the most highly salt tolerant species
(Binet, 1964; Ungar, 1962, 1974, 1977, 1978).
This could be of ecological significance since
germination of seeds in early spring, when sa-
linity stress is reduced by high soil moisture
levels, probably assures that some individuals
would survive until the end of the growing
season (Ungar, 1977). Later in the summer salt
stress would be too high on inland saline pans
for germination of seeds to occur and subse-
quent seedling mortality would be high.

Seed dimorphism and polymorphism have
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TABLE 2. Summary of analysis of variance for germination, hypocotyl length, root length and dry weight
Dependent variable Source df ss F P
Germination (%) Salinity (S) 3 4,555.9 193.5 <0.0001
Seed size (SS) 2 1,672.4 106.6 <0.0001
Temperature (T) 3 1,898.9 80.7 <0.0001
SSx T 6 1,089.5 23.1 <0.0001
SS x S 6 205.7 4.4 <0.0004
TxS 9 204.4 2.8 <0.0036
SSxT xS 18 431.4 3.1 <0.0001
Hypocotyl length (mm) Salinity (S) v 3 7,317.6 103.7 <0.0001
Seed size (SS) 2 1,250.6 26.6 <0.0001
Temperature (T) 3 6,428.2 91.1 <0.0001
SSx T 6 1,390.4 9.9 <0.0001
SS xS 6 183.1 1.3 <0.2619
TxS 9 1,403.9 6.6 <0.0001
SSxTxS 18 835.1 1.9 <0.0147
Root length (mm) Salinity (S) 3 4,159.5 244.1 <0.0001
Seed size (SS) 2 59.2 5.2 <0.0066
Temperature (T) 3 2,002.6 117.5 <0.0001
SS x T 6 432.1 12.7 <0.0001
SS x S 6 110.7 3.3 <0.0050
TxS 9 1,148.8 22.5 <0.0001
SSxT xS 18 465.5 4.6 <0.0001
Dry weight (mg) Salinity (S) 3 4.9 42.9 <0.0001
Seed size (SS) 2 25.3 329.5 <0.0001
Temperature (T) 3 9.1 78.9 <0.0001
SS x T 6 6.4 27.8 <0.0001
SS x S 6 2.2 9.7 <0.0001
TxS 9 2.1 6.0 <0.0001
SSxT xS 18 1.3 1.9 <0.0223

been reported for a number of Atriplex species
growing under saline conditions (Kadman-Za-
havi, 1955; Koller, 1957; Ward, 1967; Frank-
ton and Bassett, 1968; Ungar, 1971; Drysdale,
1973). The ecological significance of seed poly-
morphism in plants growing in saline envi-
ronments is not clearly understood. Larger seeds
of Atriplex triangularis were found to be less
dormant than the smaller seeds, and germi-
nation percentages and the index of germina-
tion velocity of large seeds were much higher
at optimal temperatures (5-25 C) than for the
medium and small seeds. Seeds of Atriplex
triangularis have an extended germination pe-
riod, lasting from February to June, with some
germination occurring even in late fall (Ungar

TaBLE 3. LSD values for germination, hypocotyl length,
root length, and dry weight (P < 0.05)

Independent variable

Tempera-
Dependent variable Seed size Salinity ture
Germination (%) 3.91 5.52 4.52
Hypocotyl length (mm) 1.69 1.96 1.96
Root length (mm) 0.83 0.96 0.96
Dry weight (mg) 0.07 0.08 0.08

and Khan, unpublished data). Wertis (1982)
showed a nearly complete germination of large
seeds in the seed bank early in the germination
period, while small seeds provided a long-term
seed bank. This behaviour is most likely re-
lated to the differences in physiological re-
sponses of polymorphic seeds and to the fluc-
tuation in soil salinity conditions during the
growing season which limits the periods when
seeds can germinate.

The present study suggests that there is a
physiological polymorphism in Atriplex trian-
gularis seeds. Large seeds, less sensitive to sa-
linity, germinate earlier in the spring when soil
salinity levels are less than 1.5%, whereas small
seeds are more sensitive to salt and tempera-
ture. Some of the small seeds germinate as
temperatures reach the optimum while the re-
mainder form part of the seed bank. Soil sa-
linities in July and August averaged 3.8% and
4.9%, beyond the range that small seeds of A4.
triangularis can germinate.

Seedling length of Atriplex triangularis was
significantly reduced with increased salinity.
However, seedlings grown from larger seeds
were more tolerant to salinity at all tempera-
tures. Alternating temperature regimes of 5—
25 C and 20-30 C produced comparatively
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TABLE 4. Mean hypocotyl length, root length, and dry weight of Atriplex triangularis seedlings after 20 days from

various salinity and temperature regimes. Mean + S.E.

Salinity (%)
Temperature
Variables night-day 0.0 0.5 1.0 1.5
SMALL SEED
Hypocotyl length (mm) 5-15C 11.60 £ 2.35 6.32 + 0.08 0.00 = 0.00 0.00 £ 0.00
5-25C 23.16 = 0.71 19.86 + 0.95 11.99 + 1.45 5.00 £ 0.06
10-20C 14,70 = 3.16 18.30 + 2.16 6.67 + 1.66 0.00 + 0.00
20-30C 20.31 £ 0.92 19.47 £+ 0.69 12.36 + 1.22 8.60 = 2.15
Root length (mm) 5-15C 7.75 £ % 0.89 4.38 = 0.20 0.00 = 0.00 0.00 + 0.00
5-25C 19.85 £ 0. 56 7.40 £ 0.60 3.73 £ 0.33 3.00 = 0.75
10-20 C 12.66 £ 1.5 8.05 £ 0.81 3.33 £ 0.83 0.00 + 0.00
20-30C 18.68 = 1. 42 8.79 + 1.05 4.24 + 0.13 2.00 = 0.50
Dry weight (mg) 5-15C 0.41 = 0.05 0.33 = 0.03 0.29 + 0.06 0.00 = 0.00
5-25C 0.44 = 0.07 0.93 + 0.30 0.73 £ 0.16 0.50 £ 0.13
10-20C 0.35 = 0.03 0.48 = 0.03 0.33 + 0.08 0.00 + 0.00
20-30C 0.46 = 0.09 0.47 = 0.04 0.36 + 0.02 0.40 = 0.10
MEDIUM SEED
Hypocotyl length (mm) 5-15C 13.36 = 1.14 8.50 £ 1.51 0.00 = 0.00 0.00 £+ 0.00
5-25C 26.02 £ 0.91 23.09 £ 0.99 14.25 + 0.94 12.75 + 2.06
10-20 C 16.79 = 1.34 15.16 = 1.14 8.16 = 1.33 3.40 £ 0.68
20-30C 22.19 £ 0.72 18.25 £ 1.50 16.91 + 0.98 8.00 = 1.06
Root length (mm) 5-15C 3.91 £ 0.56 1.94 + 0.14 1.69 + 0.13 1.64 = 0.1
5-25C 25.90 + 1.34 13.84 + 0.91 2.74 + 0.35 3.19 £ 0. 81
10-20 C 9.93 + 0.84 4.02 = 0.32 3.12 £ 0.36 1.84 = 0.1
20-30C 18.02 + 0.63 5.47 £ 0.44 4.53 + 0.35 4.26 + 0. 64
Dry weight (mg) 5-15C 0.44 = 0.03 0.45 = 0.06 0.42 + 0.03 0.38 = 0.0
5-25C 0.57 = 0.08 0.73 = 0.08 0.52 + 0.08 0.42 + 0.0
10-20 C 0.51 = 0.04 0.31 = 0.08 0.30 + 0.08 0.35 £ 0.1
20-30 C 0.72 £ 0.04 0.83 = 0.09 0.67 + 0.09 0.56 = 0. 06
LARGE SEED
Hypocotyl length (mm) 5-15C 7.00 + 1.53 0.00 = 0.00 0.00 = 0.00 0.00 + 0.00
5-25C 31.69 = 0.98 33.96 = 1.67 17.73 = 1.67 . 18.39 + 1.47
10-20 C 29.38 = 1.27 23.09 £+ 2.09 12.60 + 1.42 5.00 £ 0.45
20-30 C 26.22 + 1.59 31.29 £ 1.61 20.33 £ 2.95 9.11 + 1.06
Root length (mm) 5-15C 2.35 £ 0.23 2.05 £ 0.20 1.43 + 0.17 1.00 £ 0.00
5-25C 26.05 + 1.20 16.87 £ 1.16 6.27 = 0.56 8.49 + 0.56
10-20 C 17.09 + 1.12 6.54 + 0.67 4.44 + 0.37 2.94 + 0.30
20-30C 11.25 + 1.00 6.81 = 0.60 3.85 = 0.39 3.13 £ 0.31
Dry weight (mg) 5-15C 0.21 = 0.09 0.24 = 0.14 0.21 = 0.00 0.07 £ 0.00
5-25C 1.80 = 0.08 2.33 £ 0.08 2.03 + 0.09 1.62 + 0.16
10-20 C 1.63 = 0.08 1.80 £ 0.12 1.50 £ 0.24 1.12 £ 0.08
20-30C 1.91 = 0.05 2.14 + 0.23 2.29 + 0.02 1.54 + 0.45

better seedling growth at all salinities than that
of 10-20-C and 5-15-C treatments.
Chatterton and McKell (1969) found that
growth of the established seedling of Atriplex
polycarpa was reduced by NaCl solutions (—25
bars). Root growth was somewhat correlated
with shoot growth; however, salt restricted
shoot growth more than root growth as the
level of salinity increased. Only the highest
concentrations of NaCl used reduced the root
length. Results of our study support these find-
ings. Black (1956) has shown that A¢riplex has-
tata tolerates NaCl concentrations of 0.6 M,
but growth was severely inhibited at concen-

trations above 0.3 M. Sankary and Barbour
(1972) found that optimal conditions for veg-
etative growth of Atriplex polycarpa were an
18-hr photoperiod and 24 C, whereas growth
at 12 C was considerably reduced.
Abdulrahman and Williams (1981) studied
the effect of temperature and various NaCl con-
centrations on the growth of Salicornia frui-
ticosa. They found maximum growth at 171
mM NaCl under cool growth conditions (20—
10 C) and at 342 mm NaCl under warm con-
ditions (30-15 C) with minimum growth in the
0 mm NaCl (control). The significantly higher
shoot and root weights for Puccinellia nuttal-
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liana seedlings in —4-bar solution than in nu-
trient solution controls indicated that growth
was favored by small increments of sodium
sulphate. A reduction of seedling growth was
obtained with increased salinity beyond —4
bars, with a sharp decline in root length, and
fresh and dry weight of shoots and roots be-
tween —8 and —16 bars (Macke and Ungar, |
1971). Osmond et al. (1980) indicated that
Atriplex growth was stimulated at external NaCl ,
concentrations which were inhibitory to the
growth of glycophytes. This result was also ev-
ident in the earlier work of Ashby and Beadle
(1957). However, Billard and Binet (1975)
showed a progressive decrease in dry weight
with an increase in salinity in all A¢riplex species
studied. Dry weight of Atriplex triangularis
seedlings was not significantly different in var-
ious temperature regimes in the absence of
NaCl, whereas, addition of 0.5% and 1.0% NaCl
significantly promoted seedling growth in all
temperatures as compared to non-saline con-
trols. Maximum dry weights were obtained for
seedlings grown in alternating regimes of 5-25
C

Our study clearly suggests an ecological sig-
nificance of the polymorphic seeds in Atriplex
triangularis. The various seed sizes have dif-
ferent tolerance limits to salinity, with all of
the larger seeds germinating early in the grow-
ing season (Ungar and Khan, unpublished data).
Smaller seeds which germinate throughout the
growing season are more dormant and these
seeds have more specific temperature require-
ments for germination under saline conditions.
Small seeds form a seed bank while large seeds
remain dormant only over winter. Polymor-
phic seeds have different physiological require-
ments which provide alternate temporal and
spatial situations for seed germination and
growth in a habitat which experiences a gra-
dient of salinity and temperature changes
throughout the period of germination and
seedling growth.
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