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Effect of NaCl on germination, growth, and soluble sugar
content in Chenopodium quinoa Willd. seeds
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Abstract. The influence of NaCl on germination rate, growth, and soluble sugar content in quinoa (Chenopodium
quinoa Willd.) seeds and seedling components (cotyledons and embryonic axes) during early germination was
investigated. Under saline conditions germination decreased markedly. The delay in germination rate was not linear.
In presence of 0.4 M NacCl, the percentage of germination was only 14% after 14 h, whereas the control at the same
time reached maximum germination (87%). The percentage of aborted seeds after 14 h in NaCl was lower than in
distilled water (7% and 16%, respectively). A high percentage (67%) of the ungerminated seeds from saline treat-
ment germinated after washing with distilled water. Fresh weight was reduced by salinity in both embryonic axes
and cotyledons. The highest increase in fresh weight was observed in embryonic axes, where an increase up to 3-fold
higher occurred in distilled water than in saline conditions after 10 h of development. The water content of embry-
onic axes in distilled water increased considerably for the first 10 h, then remained constant thereafter. In saline
conditions, no significant changes were observed in water content. NaCl did not strongly inhibit dry mass production
in either embryonic axes or cotyledons. Total soluble sugar content increased markedly in distilled water, peaking
after 6 h for both embryonic axes and cotyledons. Reduced glucose and fructose contents were found in embryonic
axes in the presence of NaCl. However, in the cotyledons, the glucose and fructose contents did not differ significantly.
Levels of sucrose were higher in NaCl-treated cotyledons than in control seeds. The relationships between germination,

water content, seedling growth, and soluble sugar content in relation to salt stress are discussed.
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Introduction

Quinoa (Chenopodium quinoa Willd.) is a
dicotyledoneous species native to the Andean Region of
South America, where it is used as a very important nutri-
tional resource (Risi and Galwey, 1984). This species is
among the most important grain crops in terms of protein
content and amino acid balance for human nutrition be-
cause of its high lysine and methionine levels (Gonzalez
et al., 1989; Burnouf-Radosevich, 1988; Jacobsen, 1993).
A large spectrum of nutritious and other useful products
is being made from quinoa for human or animal consump-
tion (Jacobsen and Stelen, 1993). Quinoa and other halo-
phytic members of the Chenopodiaceae have long been
known for their extraordinary salt and drought tolerances
(Reimann and Breckle, 1993). These characteristics make
it an attractive alternative crop for the arid and semiarid
regions, where water deficiency and salinity have been rec-
ognized as major agricultural problems (Aronson, 1985).
In halophytes adaptation to salinity is associated with
metabolic adjustments that lead to the accumulation of
several organic solutes, such as sugars, polyols, betaines,
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and free proline (Flowers et al., 1977; Briens and Larher,
1982; Gorham et al., 1981).

The sensitivity of plants to salinity may depend on their
developmental stage (Adam, 1990). Different responses
to salinity have been reported between germinating and
growing seedlings of a number of halophytes (Mayer and
Poljakoff-Mayber, 1975). Ungar (1996) observed that seeds
of Atriplex patula were less affected by salinity than the
growing plants. Nevertheless, very little information is
available regarding the relative salt tolerance of plants at
different stages of development (Ungar, 1991). The results
obtained to date are not clear, even though plant response
to salinity has been one of the most widely researched
subjects (Munns, 1993).

Carbohydrates, especially starch, represent the major
reserve substance in most seeds (Bewley and Black, 1994).
During early germination, mobilisation of storage carbo-
hydrates occurs, especially after radicle emergence.
However, in the growing regions, i.e., embryonic axes,
some mobilisation can occur before germination is com-
pleted (Bewley and Black, 1994). Once the high molecular
weight carbohydrates are mobilised, they are converted
into soluble forms, i.e., sucrose, glucose and fructose, that
are readily transportable to sites where they are required
for growth (Mayer and Poljakoff-Mayber, 1975). The



28

soluble carbohydrates also seem to play an important role
in osmotic regulation of cells during germination (Gorham
etal., 1981; Bolarin et al., 1995). There have been few stud-
ies on carbohydrate status in seeds germinated under
stress conditions, mainly because the metabolism of these
compounds can be affected by a number of environmen-
tal factors such as irradiance, temperature, CO,
concentration, salinity, and type of ions present (Bohnert
et al., 1995). Thus, the variations that occur in soluble
carbohydrates during germination under saline conditions
are poorly understood and information on physiological
events involved in this process is scarce.

In this report we present details on germination and sta-
tus of soluble carbohydrates in embryonic axes and coty-
ledons during the first phases of germination and plant
development of quinoa seeds under severe salinity stress.

Materials and Methods

Plant Material

The quinoa (Chenopodium quinoa Willd. cv. Sajama)
seeds were obtained from the Experimental Station of
Patacamaya in Bolivia. Prior to experimentation they were
selected for uniformity of size and mass.

Germination Test

Seeds were sterilized by immersing in 2% sodium hy-
pochlorite for 7 min and rinsing repeatedly with distilled
water. They were then germinated in Petri dishes (5 cm)
containing a sheet of filter paper (Whatman 1), moistened
with 1 ml of distilled water or saline solution (0.1; 0.2; 0.3,
and 0.4 M NaCl). Following a germination study, the 0.4
M concentration was selected for detailed analyses. The
highest salt concentration used corresponds to the upper
limits of salinity encountered in diverse places of quinoa
cultivation in the highland regions of Bolivia and Pert.
Each Petri dish contained fifty seeds, and each treatment
was performed five times. Germination was carried out at
25 £ 1°C under dark conditions. Germination percentages
were estimated after 4; 6; 8; 10; 12; 14; 16; 18; 20; 22, and
24 h using radicle protrusion (* 2 mm) as a criterion. The
percentage of abnormal germination, i.e. proportion of
seeds with cotyledons without radicle protrusion (aborted
seeds), was also determined. After 14 h non-germinated
seeds under salt stress, were rinsed in distilled water for 3
min and placed on filter paper moistened with distilled
water, and incubated again.

Seedling Analysis

Germinated seeds in distilled water and in a 0.4 M NaCl
solution were sampled according to their developmental
stages at 4, 6, 10, and 14 h from the beginning of incuba-
tion and then placed at -20°C to stop the germination
process. Embryonic axes and cotyledons of uniform size
were separated under a binocular microscope. A part of
these tissues were weighed to obtain the fresh weight
(FW). The dry weight (DW) was obtained after drying
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the plant material for 48 h at 75°C. Tissue water content
was obtained from the (FW-DW)/DW ratio.

Extraction and Analysis of Sugars

Sugars were extracted from the embryonic axes and coty-
ledon as follows: 500 mg (FW) of sample were
homogenised with 2 ml of 80% ethanol solution in a mor-
tar and pestle. After heating the homogenate in a water
bath at 75°C for 10 min, the insoluble residue was removed
by centrifuging at 5,000 g for 10 min. The precipitate was
re-extracted with 2 ml of 80% ethanol at 75°C and re-
centrifuged. The supernatants were pooled and dried un-
der a stream of hot air, and the residue was resuspended
in 1 ml of water and desalted through a column of ion-
exchange resin (Amberlite MB3). The filtrate was used for
soluble sugar determinations. Total soluble sugars were
determined by the phenol-sulphuric acid method (Dubois
et al., 1956), glucose by the glucose oxidase-peroxidase
coupled reaction (Jorgensen and Andersen, 1973), fructose
by the Roe and Papadopoulos (1954) method, and sucrose
by the Cardini et al. (1955) procedure.

Statistics

Data of germination, growth and soluble sugar content
were analyzed by the Student’s #-test. Means were com-
pared between treatments by LSD (least significant
difference) at the 0.05 confidence level.

Results

Germination and FW, DW Changes

Germination of C. quinoa seeds in distilled water
reached the maximum in 12~14 h (Figure 1). In NaCl maxi-
mum germination occurred later than in the control, the
extent of delay depending on the salt concentration used.
A salt concentration of 0.1 M delayed germination slightly,
and higher concentrations caused progressively strong
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Figure 1. Effect of NaCl salinity on seed germination of Che-

nopodium quinoa. ®,0.0M;D,0.1M;m 02M; ®,0.3M;
N, 0.4 M. Values are means of 4 replicates. Bars on data points
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inhibition, with maximum effect resulting at 0.4 M. Extend-
ing the germinative process to 24 h resulted in germina-
tion rates equal to the control in 0.1 and 0.2 M
concentrations. The 0.3 and 0.4 M levels of NaCl enabled
only 67 and 26% germination, respectively.

For analyses of effects on carbohydrate levels only the
highest salt concentration, 0.4 M was employed.
Furthermore, only the first 14 h of the germination pro-
cess was examined, when the controls in distilled water
reached the maximum germination rate. The percentage
of aborted seeds in 0.4 M NacCl after 14 h was lower than
in distilled water (7% and 16%, respectively). A high per-
centage (67%) of the ungerminated seeds under saline
conditions germinated after washing with distilled water.

The relationship between FW and DW in control and
salt-stressed embryonic axes and cotyledons is summa-
rized in Table 1. During early germination, from 4 to 10 h
the FW values of embryonic axes, but not of cotyledons,
in distilled water increased notably. The highest FW value
of embryonic axes was observed at 10 h of development
in distilled water, which was 3-fold larger than in saline
conditions. In cotyledons the highest value was observed
at 14 h, but the cotyledons did not have differences in
FW values as great as those in embryonic axes. Under
saline conditions a distinct pattern was observed. The
FW values of embryonic axes peaked at 10 h, then de-
creased by 14 h. In the cotyledons FW decreased after
the first 4 h and remained low thereafter. In fact, the FW
values under NaCl stress did not show significant differ-
ences during germination in either embryonic axes or
cotyledons. However, our previous results (Prado et al.,
1995) showed that water absorption by seeds in distilled
water and 0.4 M NaCl had a similar pattern, but the water
uptake was slower in salt solution than in the control. The
DW displayed no significant differences between the con-
trol and salt solution in embryonic axes or cotyledons.
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The water content (FW-DW)/DW ratio), a measure of
expansion growth, of embryonic axes in distilled water
showed a substantial increase the first 10 h, then levelled
off. In cotyledons the water content varied only slightly
during the period studied. Under saline conditions, no
marked variations in size of embryonic axes or cotyledons
were observed over the experimental period.

Carbohydrate Content

Total soluble carbohydrate content changed under sa-
linity stress in embryonic axes and cotyledons during ger-
mination and seedling growth. The influence of 0.4 M
NacCl on total soluble sugar content is shown in (Figure
2A and B). Under saline conditions the sugar content in
both embryonic axes and cotyledons decreased notably
the first 6 h, then increased between 6 and 14 h, reaching
maxima at 10 h and 14 h, respectively. In control seeds
the total soluble sugars increased markedly in the embry-
onic axes the first 6 h, then decreased significantly there-
after (Figure 2A). Cotyledons showed a lower increase in
soluble sugar the first 6 h, then decreased thereafter, al-
though not as dramatically as observed in embryonic axes
(Figure 2B).

Differences were observed in glucose, fructose, and su-
crose content changes between the two treatments. The
more substantial differences were observed in glucose and
fructose contents. Glucose and fructose content in two
tissues showed a similar pattern; thus in embryonic axes
in distilled water the levels of these two sugars exhibited
marked increases from the initial germination stage up to
10 h, with increases of 4.3 and 4.9 fold for glucose and
fructose, respectively (Figure 3A). In cotyledons the glu-
cose and fructose contents showed only slight differences
between the two tissues. Nevertheless, the highest val-
ues were always observed in distilled water (Figure 3B).
The content of sucrose in the first stage (4 h) of germina-

Table 1. Fresh weight (FW), dry weight (DW), and water content in embryonic axes and cotyledons of Chenopodium quinoa seeds

in distilled water and 0.4 M NaCl.

Time (h)
NaCl (M)
4 6 10 14
Embryonic axes
FW (mg) 0.0 0.95 £ 0.06a 1.58 £ 0.33a 2.85+0.20a 2.00+0.32a
0.4 0.74 £ 0.02b 0.70 £ 0.04b 0.95+0.30b 0.80 = 0.05b
DW (mg) 0.0 0.34 £0.02a 0.32+0.01a 0.44 + 0.02a 0.31 £0.03a
0.4 0.35+0.02a 0.29+0.0la 0.33+0.0la 0.35+0.01a
(FW-DW)/DW 0.0 1.79 £ 0.20a 4.10£0.70a 5.48 +£0.30a 5.45+0.80a
0.4 1.11 £0.08b 1.41 £0.20b 1.88 = 0.70b 1.29 £ 0.20b
Cotyledons
FW (mg) 0.0 0.95+0.12a 1.04 £ 0.04a 1.02+0.16a 1.20 £ 0.04a
0.4 0.98 £0.05a 0.72 £ 0.09b 0.72 +£ 0.04b 0.72 £0.02b
DW (mg) 0.0 0.44 £ 0.05a 0.40 £ 0.02a 0.43 £0.02a 0.41 £0.02a
0.4 0.53 £0.02a 0.40 £ 0.02a 0.40 £ 0.02a 0.44 £ 0.03a
(FW-DW)/DW 0.0 1.16 £ 0.07a 1.60 = 0.08a 1.37 £ 0.40a 1.93+0.15a
0.4 0.85+0.15b 0.80 £ 0.25b 0.80 £ 0.02b 0.64 £0.15b

Each value corresponds to weight of an embryonic axis and a pair of cotyledons.
For each seedling component, values within each column followed by a different letter are significantly different at the 0.05 confidence

level. (n=5)
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tion was higher in the embryonic axes as well as cotyle-
dons of seeds in NaCl than in non-stressed seeds (Figure
3A and B). Subsequently, the sucrose content of embry-
onic axes in saline conditions was lower than in the con-
trol seeds (Figure 3A). In cotyledons the sucrose content
in salt-stressed seeds was higher than in the control in
distilled water after 6 h of germination. However, in dis-
tilled water the sucrose content in cotyledons decreased
markedly after 6 h (Figure 3B).

The total soluble sugar/dry weight ratio in embryonic
axes and cotyledons during the first 6 h of seed germina-
tion increased dramatically in controls, then decreased rap-
idly (Figure 4A and B). Under salt stress, both tissues
showed an initial decrease in total soluble sugar/dry
weight ratios, followed by recovery in later stages.
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Figure 2. Changes in total soluble sugars content in embry-
onic axes (A) and cotyledons (B) of quinoa seeds germinating
in ®, 0.0 M and =, 0.4 M NaCl. The values correspond to an
embryonic axis and a pair of cotyledons. Values are means of 4
replicates and each sample was measured 4 times. Bars on data
points are £ SE of the mean (not shown when smaller than the
symbol).
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Figure 3. Content of fructose (top), glucose (middle) and su-
crose (bottom) in embryonic axes (A) and cotyledons (B) of
quinoa seeds germinating in ®, 0.0 M and ®, 0.4 M NaCl. The
values correspond to an embryonic axis and a pair of cotyledons.
Values are means of 4 replicates and each sample was measured
4 times. Bars on data points are = SE of the mean (not shown
when smaller than the symbol).

Discussion

This investigation monitored changes caused by salt
stress in germination rate, growth, and carbohydrate lev-
els of Chenopodium quinoa Willd. seeds. Chenopodiaceae
and other halophytic taxa are well known for their extraor-
dinary salt and drought tolerance (Reimann and Breckle,
1993; Storey and Wyn Jones, 1979). In spite of the over-
whelming importance of the Chenopodiaceae in saline
environments, most studies of their ion relations have
been restricted to salt tolerant, natrophilic species (Naidoo
and Rughunanan, 1990; Yeo and Flowers, 1986). Growth
stimulation by salt has been reported for several
halophytes, but it is less clear from the available data
whether this occurs at the germination stage of
development. In this regard our results are in agreement
with those of Mayer and Poljakoff-Mayber (1975) and
Ungar (1996), who found that the seeds and seedlings of
several halophytes were less tolerant to salinity than grow-
ing plants. However, Uchiyama (1987) determined that
seeds of Atriplex nummularia (Chenopodiaceae) were less
sensitive to salinity than mature plants.
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Figure 4. Changes in total soluble sugars/DW ratios in embry-
onic axes (A) and cotyledons (B) in @, 0.0 M and ®, 0.4 M
NaCl. The values correspond to an embryonic axis and a pair
of cotyledons. Values are means of 4 replicates. Bars on data
points are + SE of the mean (not shown when smaller than the
symbol).

NaCl strongly inhibited germination and early seedling
growth of C. quinoa seeds. But the delay in rate of germi-
nation was not linearly correlated. At low salt concentra-
tion (0.1 M) germination of C. quinoa seeds was reduced
slightly. Progressively stronger inhibitory effects were
observed with increasing NaCl concentrations, reaching
maximum at 0.4 M NaCl. After 24 h only seeds exposed to
the 0.2 M NaCl and lower were able to reach the same ger-
mination percentage as the control. Ungar (1996) hypoth-
esized that tolerance of seeds to salinity should be
considered at two levels: (1) the ability to germinate un-
der high salinity and (2) the ability to recover and germi-
nate following removal of the saline condition. In relation
to the first, it has been reported that salinity delays ger-
mination of several species but does not appreciably re-
duce the final germination percentage (Ayers and Westcot,
1985). We did not observe this in the germination of
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quinoa seeds, where the final percentage of germination,
at 24 h, was severely reduced (-70%) by high levels of salt.
With regard to the second consideration, our investiga-
tion showed that inhibition of quinoa seed germination was
almost totally reversed in distilled water, with a high per-
centage of recovery (67%). Similar declines and recover-
ies in seed germination have been reported for several
other halophytes (Khan and Ungar, 1984; Woodell, 1985;
Ungar, 1996; Gonzélez and Prado, 1992). Consequently,
and in coincidence with data obtained for other members
of the Chenopodiaceae by Ungar (1996), we can assume
that salinity treatments did not induce a specific salt tox-
icity in C. quinoa. Nevertheless, the quinoa seeds accord-
ing to Ungar (1996) seemingly develop an osmotically
enforced “dormancy” in the presence of NaCl, which is
removed once that seeds are transferred to distilled water.
Thus, it may be more appropriate to use the term “seed
survival,” instead of “germinability,” as a criterion for suc-
cess of seeds under saline conditions. In terms of
evolution, the ability of halophyte seeds to survive under
hypersaline conditions can be considered as a selective
advantage, distinguishing them from most glycophytes.

In relation to seedling growth, the cotyledons and the
embryonic axes were suppressed by NaCl. They were
smaller than in distilled water because of reduced FW re-
sulting from reduced water absorption (Prado et al., 1995).
The reduction was principally in the embryonic axes,
where a large increase in FW was observed in distilled wa-
ter when compared to that in NaCl. The FW increase of
embryonic axes in distilled water was mainly due to an in-
crease in tissue water content and was reflected in a (FW-
DW)/DW ratio change from nearly 1.80 to 5.50. This
increase was not significant in cotyledons, where the
(FW-DW)/DW ratio showed no significant variation. The
DW did not show significant differences in both embry-
onic axes and cotyledons, probably because cell expan-
sion was not accompanied by cell division (Gonzalez, et
al., unpublished results). Thus, the FW increase is largely
attributable to cell enlargement by water absorption, cell
vacuolation, and turgor-driven wall expansion (Dale, 1988).
DW increases are associated with cell division and new
material synthesis (Sunderland, 1960). Our results sug-
gest that a strong increase in cell size, instead of an in-
crease in cell number, explains the increased growth of
embryonic axes in distilled water.

The total soluble sugar/dry weight ratio of both embry-
onic axes and cotyledons during seed germination and
seedling growth of C. quinoa under saline conditions de-
creased initially. This might be attributable to a diminished
synthetic activity. The latter was evident in the little varia-
tion we observed in DW values. The increase observed
at 6 h probably reflected an increase in carbohydrate
metabolism, in response to the increased water uptake by
germinating seeds. In distilled water, the same relation
showed an initially strong increase, probably due to bio-
synthesis of soluble sugars, but after 6 h in NaCl a pro-
nounced decrease was observed, which is probably
attributable to active tissue growth.



32

According to Gill and Singh (1985) germination, growth,
respiration, and other related processes can be affected
in seeds that are subjected to salt stress; changes in any
one of these processes can affect other metabolic
activities, particularly the carbohydrate metabolism that
plays an important role in germination. In this context,
our results, showing variations that occurred in total
soluble sugar content during exposure of C. quinoa seeds
to salt stress, could be very useful for understanding the
physiological events associated with germination of seeds
under salt stress. Seed carbohydrate metabolism under
stress conditions can be considered a dynamic process
involving often concomitantly occurring processes of
polysaccharide degradation and synthesis of new
compounds. However, this supposition does not apply
to quinoa seed germination because the low level of total
soluble sugars observed in NaCl produced no increase in
DW. Our results differed from that obtained with alfalfa
(Medicago sativa), where a linear correlation existed be-
tween salt stress and dry matter accumulation (Schubert
et al., 1995). Nevertheless, an increase in soluble carbo-
hydrate content, principally sucrose in both monocotyle-
don and dicotyledon plants, has been associated with an
adaptation to saline conditions among higher halophytes
(Briens and Larher, 1982; Quick et al., 1989; Wang et al.,
1996). It might also be mentioned that the adaptive value
of sucrose in salt stress is questionable in species exhib-
iting a weak potential to store carbohydrates (Jefferies et
al., 1979). Although some researchers agree that salinity
and water stress induce soluble sugar accumulation
(Binzel et al., 1989; Wang and Stutte, 1992; Kameli and
Losel, 1995), there are objections to the suggestion that
metabolically labile primary metabolites, such as reducing
sugars, are “compatible” cytosolutes, since many of them
have effects on cytoplasmic enzymes and could be incom-
patible in high concentrations (Rozema et al., 1978). This
differs from other compatible osmotica—such as betaine,
polyols, and proline—that have little effect on enzyme ac-
tivities (Ahmad et al., 1979). Thus, we could assume that
the increase in sucrose content we observed in embryonic
axes of salt-stressed C. quinoa seeds was associated with
an active osmotic adjustment. It is also possible that the
high sucrose content of salt-stressed C. quinoa seeds was
due to a low invertase activity under such conditions
(Prado et al., 1995). It could also be attributed to a gen-
eral decrease in total metabolic activity caused by salt
stress. In this regard the latter explanation could account
for the decreases observed in glucose and fructose of NaCl
treated embryonic axes. It is also possible that a more rapid
hexose metabolism, supplying compounds involved in wa-
ter balance is involved. This assertion is supported by
studies with a variety of plants that demonstrate a salt or
drought-induced conversion of hexoses and other
carbohydrates, such as sucrose and starch, into sugar
alcohols (polyols) and proline (Pfeiffer and Kutschera,
1996; Wang et al., 1996; Pérez-Alfocea and Larher, 1995).
The high level of hexoses observed in embryonic axes in
distilled water could also be related to an NaCl inhibition
of a@-amylase activity, as we observed in another prelimi-
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nary study of starch perisperm degradation in C. quinoa
seeds under saline conditions (Kortsarz, personal
communication), and supported by other investigations on
rice seedling growth (Lin and Kao, 1995). Nevertheless,
the above explanation can not be applied to cotyledons,
since differences in sugar levels were not as large as in
embryonic axes, possibly because of weak development
followed by a diminished metabolic activity in cotyledons.

As for the low sugar level observed in embryonic axes
of salt stressed C. quinoa seeds, several questions remain
open: Is this due to a low water entry into seeds, or is it
due to metabolic alterations, or to both? Vacher et al.
(1994) suggested that the salt tolerance of this species
might be related to its capacity to adjust osmotically, but
they did not provide direct supporting evidence. Their
study focused only on growth of plants, without consid-
ering the germination process. Consequently, our study
is the first contribution to understanding the physiologi-
cal events that occur during quinoa seed germination and
early development. Further investigations are needed,
however, to enhance our understanding of the salt stress
effect during seed germination.
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