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Summary

The effects of NaCl on seed germination were investigated among five nonhalophytes distributed in Chinese
desert. To evaluate the specific effects of NaCl on the seeds, germination, viability and water uptake of the
seeds in NaCl solutions were compared with those in isotonic solutions of polycthylene glycol-6000. The
seeds of the five species in the same habitat showed wide ranges of differences in susceptibility to NaCl both
before and after radicle emergence. It is suggested that some species distributed naturally in nonsaline loca-
tions are potentially salt-tolerant in the germination stage and can be candidates to be utilized for the rehabili-
tation of vegetation in salinized locations.

Introduction

Salinization of the soil is a serious problem in arid and semiarid regions. For species to
become established in saline environments, adaptation of the species to salinity in the
germination stage is crucial (Ungar, 1991, 1995). Therefore, to predict the effects of
salinization of the soil on vegetation in these regions, or to undertake to introduce agro-
momically important nonhalophytes to salinized locations, information is important on
how salinity affects the seed germination of nonhalophytes distributed in these regions.

In this study, we investigated the effects of NaCl on five species distributed in non-
saline sand dunes in Chinese desert (Table 1). In China, all these five species serve not
only as livestock feed but also as vegetative cover that stabilizes sand dunes (Lanzhou
Institute of Desert Research, 1985).

The effect of salt on seed germination is mainly osmotic for some species (Cluff,
Evans and Young, 1983; Myers and Morgan, 1989; Naidoo and Naicker, 1992), but for
others salt can also exert salt-specific effects on the germinating seeds. At least some of
the salt-specificity is attributable to permeation of salt into the seeds during the imbibi-
tion stage. Indeed, solutes can significantly permeate through the testa of seeds
(Manohar and Heydecker, 1964; Manohar, 1966), and moistening of seeds with NaCl
solution increases the Na content of the seeds (Bliss, Platt-Aloia and Thomson, 1986a;
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Torres-Schumann et al., 1989; Saleki, Young and Lefebvre, 1993). When salt enters the
seed tissues, it decreases the water potential (¥,) in the seeds and promotes water up-
take by them (Sharma, 1973; Romo and Eddleman, 1985; Saleki et al., 1993; Ungar,
1995). However, salt absorbed into seeds can also have toxic effects on the tissue and
reduce the germinability of the seeds (Redmann, 1974; Bal and Chattopadhyay, 1985;
Hardegree and Emmerich, 1990). If imbibed salt can act toxically on the seed ger-
minability, hypersalinity that completely inhibits seed germination can also be lethal to
the seeds. However, Bliss et al. (1986a,b) have reported that NaCl inhibits the germina-
tion of barley seeds only osmotically during the initial imbibition stage, and acts toxi-
cally only by injuring the emerging radicles. In this case, salt can act toxically only at
concentrations that allow the initiation of radicle elongation. It seems that effects of salt
on the seeds differ widely among different species.

In this study, to evaluate the specific effects of salt on the seeds, germination in NaCl
solutions was compared with that in isotonic solutions of polyethylene glycol (PEG)-
6000, which cannot permeate plant cell walls and acts solely as an osmoticum on seeds
(Sharma, 1973; Redmann, 1974; Hardegree and Emmerich, 1990; Bradford, 1995). As-
pects investigated in this study included germination in moderate ¥, effects of pre-
treatment with solutions of low ¥, on seed germinability, and water uptake by the
seeds in solutions of different ¥,.

Materials and methods

Seeds of the five tested species (Table 1) were gathered in nonsaline sand dunes in
Shapotou, China (37°26'N, 104°57'E). At this site the ground is covered with nonsaline
fine sand, and the annual mean temperature and annual precipitation in 1995 were
9.9°C and 220 mm, respectively. Seeds were collected in October, 1996 for H. scopa-
rium, October, 1995 and January, 1996 for A. ordosica, and October, 1995 for the other
three species. Before the experiments, the seeds were stored dry at about 5°C. The ger-
mination experiments were carried out during the period March 1996-August 1997.

In all the experiments, the seeds were sown in petri dishes on three layers of filter
paper (Toyo, No.1) moistened with deionized water or a solution of NaCl or PEG-6000,
so that about half the volume of each seed was immersed in the solution. The NaCl
and PEG solutions of known ¥, were prepared according to the respective equations

Table 1. Characteristics of the five tested species.

Species Family Life form Seed weight (mg)*
Hedysarum scoparium Fisch. et Mey. Leguminosae shrub 2391438
Artemisia ordosica Krasch. Compositae semi-shrub 0.27+0.11

Bassia dasyphylla (Fisch. et Mey.) O. Kuntze Chenopodiaceae annual 0.97+0.22
Agriophyllum squarrosum (L.) Moq. Chenopodiaceae annual 1.78 £0.63
Aristida adscensionis L. Gramineae annual 1.30+£0.25

*: mean + SD (n=20)
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of Lang (1967) and Michel and Kaufmann (1973), but the ¥, of the prepared PEG
solutions was finally determined with an isopiestic psychrometer (Boyer and Knipling,
1965) at 20°C. The petri dishes were covered with lids and maintained at 20°C under
continuous darkness in an incubator. About two thirds the volume of the water or
solution in each petri dish was replaced daily to avoid a change in the ‘¥, of the solution.
The seeds were considered to have germinated when the radicle length exceeded 5 mm
for H. scoparium and 3 mm for the other four species and the radicles showed no ab-
normalities.

Experiment 1: Examination of effects of solutions of moderate ‘¥, on seed germination
The number of seeds sown in each petri dish (inner diameter: 90 mm) was 20 for A.
scoparium or 25 for the other four species. After moistening, the number of sceds that
had germinated in each dish was counted every day for 15-25 days until the germina-
tion percentage became almost steady; the germination percentage at this time is desig-
nated as the final germination percentage (G.). Time needed for the germination per-
centage to reach 50% of G, (1,,) was interpolated from the germination percentages at
the consecutive two days.

Experiment 2: Examination of effects of pretreatments with solutions of low ‘¥, on seed
germination

The seeds of each species were moistened for either 5 days (H. scoparium) or 10 days
(other four species) in petri dishes (inner diameter: 90 mm: the number of the seeds in
each dish being the same as that in experiment 1) with —~5.0 MPa NaCl or -5.2 MPa
PEG solution. Thereafter the seeds were lightly washed with deionized water and trans-
ferred to other petri dishes in which they were moistened with deionized water. The
number of germinated seeds was counted for 10 days after transfer, and G, and 7,,, after
transfer were calculated.

Experiment 3: Examination of effects of solutions differing in ‘¥, on water uptake by
seeds

One seed of H. scoparium sown in each dish (inner diameter: 25 mm) or ten seeds of
each of the other four species in each dish (inner diameter: 50 mm) were moistened with
NaCl or PEG solution of known ¥,. Because it had proved from a preliminary experi-
ment that the seed weight of all these species becomes almost steady within 7 days after
moistening, changes in the weight of the seed(s) in each dish were measured from just
before to 7 days after moistening with various types of solutions. In addition, changes in
the weight of the same single seed of H. scoparium were measured at different times af-
ter moistening with various types of solutions for 7 days, and subsequently transferred to
filter papers moistened with deionized water. Water uptake by the seeds was evaluated in
terms of relative weight gain (W,) which was calculated as (w-w;)/w,, where w and w, are
the seed weights at a given time and just before moistening, respectively.
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Results

Effects of NaCl and PEG solutions of moderate W, on seed germination

For A. squarrosum, germination was abnormal in about 3.5% of seeds in that a plumule
emerged from the ruptured testa distant from the micropyle, while normal germination
of this species was characterized by radicle protrusion from the micropyle. Most of the
abnormally germinated seeds did not develop into normal seedlings. The abnormal ger-
mination was mostly detected 1-4 days after seed moistening, whereas normal germina-
tion usually occurred more than 3 days after moistening. There was no correlation be-
tween the percentage of abnormal germination and the type of the solution with which
the seeds had been treated. Abnormal germination seemed to result from protrusion of
the embryo from an abraded or cracked part of the testa under the turgor pressure of the
embryo before the turgor pressure pushed the radicle through the micropyle. In this
study, abnormally germinated seeds were excluded from calculation of the G, and 7,,
of 4. squarrosum.

For 4. ordosica, when the seeds were treated with either NaCl solution of ¥, lower
than —0.4 MPa or PEG solution of ¥, lower than —1.0 MPa, some or most of the radi-
cles emerging from the seeds were necrotised and ceased to elongate when the radicle
was less than 3 mm long; however, the radicles emerging from the other seeds elongat-
ed to more than 3 mm and showed no abnormalities. In this study, G, of A. ordosica
was calculated for both seeds in which radicle emergence was visibly evident and those
in which the radicle elongated to more than 3 mm without abnormalities. For all the
seeds of H. scoparium, B. dasyphylla and A. adscensionis, and normally germinated A.
squarrosum seeds, the emerging radicles that were visibly detectable elongated to 3 mm
or more and showed no abnormalities.

Figure 1 shows changes in G, with changing ¥, of PEG and NaCl solutions with
which the seeds were treated. Mean G of the seeds treated with deionized water (0
MPa) exceeded 89% for all the tested species (Figure 1 and Table 2). With decreasing
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solutions. T,,, of the seeds treated with deionized water (0 MPa) was within the range
0.55 day (B. dasyphylla) to 3.3 days (4. ordosica) (Figure 2 and Table 2). As ¥, de-
creased, 7, increased in both media in all the tested species. The relationship between
7,, and Py, is steeper at lower values of ¥, but in 4. squarrosum it becomes less steep
at very low values of ¥,. The increases in 7,, with decreasing ‘¥ were most pro-
nounced in B. dasyphylla: 1,,, of B. dasyphylla seeds treated with the NaCl solution at
—2.4 MPa was 16.9 days, which was about 30 times longer than that in deionized water.
T,, of B. dasyphylla was longer at low ¥, in PEG than in the isotonic NaCl solutions,
but H. scoparium seeds showed longer 7,, in NaCl than in isotonic PEG solutions. For
the other three species, no substantial difference in 7,, was detected between NaCl and
PEG treatments.

Effects of pretreatment with NaCl or PEG solution of low ¥y, on seed germination
During pretreatment with —5.0 MPa NaCl and 5.2 MPa PEG solutions, seed germina-
tion was completely suppressed in all the five tested species, but transfer of these seeds
to filter paper moistened with deionized water resulted in seed germination in most situa-
tions (Table 2). In Table 2, G and 7, of non-pretreated seeds in deionized water from
the data in Figure | and Figure 2 are also shown. For H. scoparium, G, was significantly
reduced by pretreatment with PEG solution, and germination was completely inhibited
by pretreatment with NaCl. For all the other four species, the G of PEG-pretreated seeds
was not significantly (P = 0.05) lower than those of non-pretreated seeds. NaCl pretreat-
ment, however, significantly (P = 0.01) lowered the G in H. scoparium, A. ordosica and
A. adscensionis. On the other hand, B. dasyphylla and A. squarrosum did not show a sig-
nificant difference (P = 0.05) in G between NaCl pretreatment and no pretreatment.

For B. dasyphylla and A. squarrosum, 7,,, was significantly shortened by pretreatment
with both the NaCl and PEG solutions. However, 7,, of 4. ordosica seeds was in-
creased by the NaCl pretreatment.

¥y of the media, G, of all the tested species was initially unchanged, and then gradually

decreased to near 0% (Figure 1). Both the ¥, at which G, began to decrease and the ¥,

at which G approached 0% varied among the species for both treatments (Figure 1).

For PEG treatment, the ¥, at which G decreased by 50% was the lowest (approximate-

ly —1.6 MPa) for B. dasyphylla and highest (approximately ~0.6 MPa) for A. squarro-

sum, and approximately —1.2 MPa for the other three species. Species
There was not substantial difference in G of A. squarrosum between treatments with

Table 2. Effects of pretreatment with a NaCl or PEG solution on seed germination. After moistening with a solution of
-5.0 MPa NaCl or —5.2 MPa PEG for 5 days (Hedysarum scoparium) or 10 days (other species), the seeds were trans-
ferred to filter paper moistened with deionized water, and thereafter the numbers of germinated seeds were counted.
Final germination percentages (G,) and times needed for the germination percentages to reach 50% of final germina-
tion percentage (7,,,) are shown as mean + SE (n=4).

No pretreatment PEG-pretreated NaCl-pretreated

isotonic NaCl and PEG solutions. However, for the other four species, NaCl and PEG Gr e G i Gr o
solutions of the same ¥, had Qlffgrent efffects on G,. Germination of B. dasyphylla was Hedysarum scoparium 95.0+2.9  1.35%0.05 78.843.1%%  1.43+0.04 0.0£0.0%*  —
favoured more in NaCl than in isotonic PEG solution, while the other three species Artemisia ordosica 100.00.0  3.28+0.08 97.0+1.0 3.08+0.13  30.0£6.6**  5.92+0.80*
showed higher G in PEG than in isotonic NaCl (Figure 1). In A. ordosica, treatment Bassia dasyphylla 89.0£3.4  0.55+0.01 96.0+1.6 0.5 0.0 90.0+3.8 0.50 % 0.0*
with NaCl solutions of ¥, lower than —0.4 MPa caused t ~ Agriophyllum squarrosum ~ 99.0x1.0  3.12+0.06 93.9+2.1 2.10£0.16**  96.8+2.1 1.68+0.11**
v ed the death of most of the emerg Aristida adscensionis 000£2.6 168:0.08 821450  1.58+0.03  S4.5+47%*  14280.02*

ing radicles. B. dasyphylla was distinct from the other four species in that the seeds
were able to germmatg at.h1gher salinity (Figure 1). *: significantly different from ‘no pretreatment’ at P=0.05, **: significantly different from ‘no pretreatment’ at
T,,, of the five species is shown in Figure 2 as a function of ¥, of the NaCl and PEG P=0.01
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Effects of NaCl and PEG on water uptake by seeds

Figure 3 shows change over time in W, of H. scoparium seeds which were treated with
different types of solutions for 7 days and subsequently moistened with deionized wa-
ter. Moistening the dry seeds caused initial rapid increases in W, in all treatments. H.
scoparium seeds treated with deionized water and —0.9 MPa PEG solution began to ger-
minate 1 day and 4 days after moistening, respectively, when the W, was approximately

100 1001 T
8 75 R 75
g 8 |
g 504 g 50
£ E
5 S
o o0
— 254 = 254
g
T a [
0 r T *—o—1o=Co— 0 ———eo—0 oo T
0 04 08 12 16 2 24 0 04 08 12 16 2 24
Water potential ( MPa ) Water potential ( MPa )
100 100 gy
e
& 754 ® 754
g =
E g 5
£ R
: :
80 )
— 254 = 25
E 1 i<
i C i3
0 T T T T 0 T v T 4 T
0 -0.4 0.8 12 1.6 2 24 0 -04 0.8 -1.2 -1.6 2 2.4
Water potential ( MPa ) Water potential ( MPa )
100 Figure 1. Changes in final germination percentages
¢ (G) with changing water potential of NaCl (®) and
- PEG (O) solutions. a: Hedysarum scoparium, b:
3
& 754 Artemisia ordosica, c: Bassia dasyphylla, d: Agrio-
o phyllum squarrosum, e: Aristida adscensionis. For
«% A. ordosica, the percentages of the seeds for which
£ 09 radicle emergence was macroscopically detectable
E are shown with smaller symbols and dotted lines;
=0 25 the percentages of the seeds for which the emerging
g radicle elongated to a length exceeding 3 mm are
o e designated with larger symbols and solid lines.
0 . . S ; Each point represents the mean of four replications,
0 04 08 12 -16 -2 24 and bars indicating the SE are shown only when the
Water potential ( MPa ) SE is larger than point size.
856

EFFECTS OF NACI ON SEED GERMINATION

1.1; the germinated seeds gained W, quickly in deionized water, but slowly in 0.9 MPa
PEG solution. However, in all the other treatments, seed germination was completely
suppressed for 7 days, and the W, became steady after the initial rapid rises. The steady-
state W, of the PEG-treated seeds decreased significantly with decreasing ¥ (Figure 3a
and 4a). For the NaCl treatments, there were not significant differences in steady-state
W, among the seeds treated with solutions of different ¥, (Figure 3b and 4a). When the
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Figure 3. Relative weight gain (W,) over time of Hedysarum scoparium seeds on filter papers moistened with
deionized water (O), a PEG solution of ~0.9 MPa (1J), -1.9 MPa (A) or 5.2 MPa () (a), or a NaCl solution
of —1.0 MPa (W), -2.0 MPa (A) or -5.0 MPa (@) (b). On the seventh day, seeds moistened with NaCl and
-5.2 MPa PEG solutions were transferred to filter papers moistened with deionized water. Each point repre-
sents the mean of six replications, and bars indicating the SE are shown only when the SE is larger than point
size.

seeds treated with —5.2 MPa PEG solution for 7 days were transferred to filter papers
moistened with deionized water, W, increased quickly and the seeds began to germi-
nate, although the increase in W, was slower than that of non-pretreated seeds in deion-
ized water (Figure 3a). However, transfer of either of the NaCl-treated seeds to deion-
ized water caused neither a rise in W, nor seed germination (Figure 3b).

Figure 4 shows the W, of the seeds of five species after moistening with NaCl or PEG
solutions of different ¥, for 7 days. During the treatments, seed germination of all the
five species was completely suppressed. For all the species, mean W, was higher for the
NaCl than for the isotonic PEG treatments. The difference in W, between the treatments
with isotonic NaCl and PEG solutions was conspicuously smaller for 4. squarrosum
than for the other four species. W, of the PEG-treated seeds of all the species generally
decreased with decreasing ¥,. Regression analysis to test the significance (Mendenhall
and Sincich, 1995) of the relationship between W, and ¥, revealed that W, of PEG-
treated seeds was significantly (P = 0.01) affected by ¥, in all the five species. For Na-
Cl-treated seeds, the effect of ¥, was significant (P = 0.01) in B. dasyphylla, A. squar-
rosum and A4. adscensionis, and W, was not significantly (P = 0.05) affected by ¥y in H.
scoparium and 4. ordosica.

Discussion

NaCl and PEG solutions of the same ¥, caused different effects on the seed of all five
tested species, indicating that the effect of NaCl on the seeds of these species was not
solely osmotic. First, water uptake by the seeds of all species was more favoured in Na-
Cl than in the isotonic PEG solutions (Figure 3 and 4), suggesting that NaCl entered the
seeds and alleviated the osmotic inhibitory effects of the media on water uptake (Shar-
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ma, 1973; Romo and Eddleman, 1985).

For H. scoparium, W, of approximately 1.1 would correspond to a sufficiently im-
bibed state at which radicle elongation was able to be initiated (Hegarty, 1978; Bliss et
al., 1986a,b; Bradford, 1995). Though —1.9 MPa PEG solution was insufficient for at-
taining this level (Figure 3a and 4a), imbibition of the seeds in —5.0 MPa NaCl solution
resulted in this state (Figure 3b and 4a). This would indicate that a considerable amount
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of NaCl entered the seeds of this species and lowered the internal ¥y, thus facilitating
water uptake.

Among the seeds of the five species, the seeds of H. scoparium and 4. ordosica seem
to be highly permeable to NaCl because the W, of the NaCl-treated seeds was not signif-
icantly changed with changing ¥, and the difference in W, between the isotonic NaCl
and PEG treatments was larger. For the other species, the W, of the NaCl-treated seeds
decreased with decreasing ‘P, suggesting that NaCl permeation into these seeds was
more limited. Especially for 4. squarrosum, the difference in W, between the NaCl and
PEG treatments was small over the entire range of ¥, (Figure 4d). This suggests that
NaCl permeation into the seeds of 4. squarrosum is considerably lower than in the oth-
er species.

For 4. squarrosum seeds, the effect of NaCl on G, was substantially the same as that
of isotonic PEG. Shorter 7, for NaCl than for PEG pretreatment (Table 2) and larger
mean W, of the NaCl-treated than of PEG-treated seeds (Figure 4d) suggest that water
uptake by the seeds was favoured more in NaCl than in isotonic PEG solution. It seems
that the slightly higher water uptake was not effective to increase G, of this species. For
H. scoparium, A. ordosica and A. adscensionis, despite greater water uptake by the
seeds in NaCl than in the isotonic PEG solution, G was lower in NaCl than in isotonic
PEG (Figure 1). This indicates that NaCl had a toxic effect on the seeds at the stage of
either initial imbibition (Sharma, 1973; Hardegree and Emmerich, 1990), final radicle
emergence (Bliss et al., 1986b), or both.

The pretreatments with NaCl and PEG solutions of low ¥, produced different re-
sponses in the seeds of the five species (Table 2). PEG pretreatment brought about a
significant decrease of G, only in H. scoparium seeds. The reason for this response is
unclear, but one possibility is that solute leakage from the seeds into the medium (Si-
mon, 1974; Hendricks and Taylorson, 1976) reduced the germinability of the seeds. Na-
Cl pretreatment caused a more marked decrease in G in H. scoparium, and significant
Gr decreases in A. ordosica and A. adscensionis, for both of which PEG pretreatment
did not affect G;. The most probable explanation for this NaCl effect is that NaCl that
has entered the seeds acts toxically on the embryos before the initiation of radicle emer-
gence. However, considering that treatment with hypersaline solutions resulted in a
highly imbibed state in the seeds of these species (Figure 4a, b and e¢), the possibility
cannot be completely ruled out that radicle emergence did begin, but that the emerging
radicles suffered NaCl toxicity in this solution and died before the radicle had become
macroscopically detectable. In any event, hypersalinity irreversibly reduced the seed
germinability of these three species. For A. squarrosum, lower permeation of NaCl
through the seed coat would have protected the seeds from salt toxicity during the pre-
treatment with NaCl (Table 2). The maintenance of germinability of B. dasyphyila
seeds in hypersaline solution would have resulted from their NaCl tolerance.

In A. ordosica, most of the radicles died in NaCl solutions of ¥, lower than ~0.4
MPa, showing that the seedling radicles of this species are exceptionally sensitive to
NaCl. Furthermore, it is interesting that some radicles emerging from the seeds of this
species treated with PEG solution died in the same media. Hegarty and Ross (1978) and
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Ross and Hegarty (1979) have reported that for many species, germination is initiated
only at a P, that is sufficient to allow the elongation of emerging radicles. This seems
to hold true in the present study for the other four tested species, where all the emerging
radicles macroscopically detectable continued to elongate in PEG solutions until they
exceeded 3 or 5 mm in length, 4. ordosica being the only exception. However, the dele-
terious effect of NaCl solution on the radicles of A. ordosica was much more marked
than that of the isotonic PEG solution (Figure 1b). Indeed, —0.4 MPa NaCl solution
killed most of the radicles, while PEG solution of ¥, higher than 0.8 MPa did not af-
fect them (Figure 1b). The effect of PEG solution on the A. ordosica radicles would be
osmotic; that is, the solution would have caused dehydration of the radicles. Then, the
more marked deleterious effect of NaCl on the radicles suggests salt-specific toxicity.
When seeds of which the emerging radicles died without elongation were counted as
having germinated (dotted lines in Figure 1b), the difference in G, between the isotonic
NaCl and PEG treatments was smaller. Moreover, it is possible that some radicles hav-
ing emerged from the seeds died before reaching a visibly detectable size. Similarly, for
A. adscensionis, NaCl solutions of —0.8 to ~1.2 MPa seemed to act more toxically than
that of —5.0 MPa. For example, treatment with ~1.0 MPa NaCl solution, where osmotic
G, depression was not conspicuous as seen in the G, of PEG-treated seeds at this ¥,
(Figure 2e¢), decreased the mean G to 7%, whereas pretreatment with —5.0 MPa NaCl
solution for 10 days decreased the mean G, only to 54.5% (Table 2). These results sug-
gest that NaCl has injurious effects on radicles emerging from the seeds of 4. ordosica
and A. adscensionis, and decreases the apparent G of these species. According to Bliss
et al. (1986a,b), NaCl inhibits the germination of barley seeds only osmotically during
their initial imbibition stage, and acts toxically only by injuring the emerging radicles.
In this study, 4. ordosica and 4. adscensionis seemed to show marked inhibition of ger-
mination at the stage of radicle emergence, although their seeds seemed to suffer from
salt toxicity also at the imbibition stage.

In this study, there was no evidence that NaCl exerted any toxic effects on the seeds
of B. dasyphylla and A. squarrosum. For A. squarrosum, the seeds seem to be protected
from salt toxicity by lower salt permeability through the seed coat, and germination of
the seeds only at higher ¥, would protect the emerging radicles from suffering from
salt toxicity. On the other hand, the seed coat of B. dasyphylla seem to be considerably
permeable to NaCl (Figure 4c). However, seed germinability was not affected after
moistening with hypersaline solution (Table 2). Moreover, the seeds were able to ger-
minate in NaCl solutions with ¥, higher than —2.0 MPa (Figure lc), at which the ger-
mination of seeds of the other four species was completely inhibited, and the radicles
survived in these solutions. Thus, the tissues of this species seem to have a conspicu-
ously higher tolerance to salinity than those of the other four species.

One important factor that determines whether seeds suffer from salt toxicity would be
salt permeation through the seed coat. For seeds with seed coats showing low perme-
ability to salt, the embryos would be protected from salt toxicity before the radicles
cmerged from the seed coats (e.g. 4. squarrosum seeds), while the embryos in the seeds
with seed coats that are highly permeable to salt would tend to suffer from salt toxicity
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before radicle emergence (e.g. H. scoparium seeds). After radicle elongation has been
initiated, radicles emerging from seed coats are directly exposed to salt in the external
medium, but this situation is brought about only when the salinity in the external medi-
um is decreased. In any event, the embryos would suffer from salt toxicity inside and/or
outside the seed coat. Therefore, the salt tolerance of embryo tissues would be another
important factor determining the susceptibility of seeds to salinity. The seeds of differ-
ent species would show differing degrees of susceptibility to salt toxicity both before
and after radicle emergence, depending on the salt permeability of the seed coat, and ac-
cordingly would be inhibited from establishing themselves in saline environments ei-
ther before or after the start of germination.

The seeds of the five species collected from the same nonsaline habitat showed a
wide variety of adaptability to NaCl in the germination stage. Although this study ex-
amined only the initial stage of development, a wide variety in salt susceptibility of the
seedling radicles (e.g. B. dasyphylla vs. A. ordosica) suggests a wide variety in salt sus-
ceptibility of the tissue among the different species. If a habitat of these species is salin-
ized, salt-tolerant species (especially, B. dasyphylla) will dominate there over the other
salt-susceptible species (especially, 4. ordosica). It seems that some species distributed
naturally in nonsaline locations are potentially salt-tolerant and can be candidates to be
utilized for the rehabilitation of vegetation in salinized locations.
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