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ABSTRACT

In this study, investigated were the effects of NaCl (60 mmol-dm) and NaCl supplemented with different
salts (5 mmol-dm™3 CaCl,, CaSO,, CaCO,, KCl), on growth of two maize varieties (Cyrkon and Limko). After 7
days of cultivation in nutrient solution the growth response to salinity of both maize varieties was similar. NaCl
led to a dramatic decrease in growth of plants (approx. 50% reduction in fresh and dry weight of root, and 70%
reduction in fresh weight of shoot). Addition of extra Ca?* or K* to nutrient solution containing NaCl did not defi-
nitely improve the growth parameters of maize. However, among the tested salts, CaCl, had a beneficial visual ef-
fect on maize seedlings. In other cases the plants showed noticeable symptoms of salt damage. In long term expo-
sure to salinity (two weeks) growth of Cyrkon was more inhibited than Limko. Comparison of growth responses
in short-term exposure to salinity (7 days) with long-term (14 days) showed that in Cyrkon variety the negative
effects of NaCl were intensified and addition of CaCl, to salinized solution had not positive effects on growth. On
the contrary, in Limko variety, there was a significant improvement in growth (especially in root dry weight).
This fact indicates that during longer exposure to salinity Limko was able to adapt to those conditions.

Salinity caused a significant decrease in leaf nitrate reductase activity (60% and 30% reduction respectively in
Limko and Cyrkon). Addition of CaCl, to salinized nutrient solution resulted in greater enzyme inhibition in Cyr-
kon (50% decline in relation to plants grown under sole NaCl), and 30% increase in Limko. Inhibition of nitrate

reductase activity did not cause a decrease in concentration of soluble protein in maize leaves.
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INTRODUCTION

Excessive soil salinity is one of the important factors that
limit plant growth and productivity. Under saline condition
plants are subjected to both osmotic stress (reduction in
water availability) and excessive amount of salt (Na* and
CI" toxicity) (Greenway and Munns 1980; Munns 1993,
2002). When exposed to salinity for a short time, growth of
plant is limited predominantly by the osmotic effect of
salts in soil solution. Salt specific effects occur mainly in
older parts of plants after several days at salinity (Neu-
mann 1997; Munns 2002). To overcome osmotic stress sa-
me plants use Na* and/or CI- for osmotic adjustment (Gre-
enway and Munns 1980; Leidi and Saiz 1997). Such ions
are energetically efficient osmolytes, but they can have se-
rious effects on plant metabolism. High intracellular con-
centration of Na* or Cl- may be toxic and can impair the
functioning of key cytosolic enzymes (Greenway and
Munns 1980). Many researches indicate that the applica-
tion of supplemental dose of Ca?* may significantly ame-
liorate stress symptoms (Cramer et al. 1990; Rengel 1992;

Elphick et al. 2001). Physiological effects of supplemental
Ca?* include, among the others, maintenance of structural
integrity of the plasma membrane, prevention of salt-indu-
ced decline in cell elongation, improved K* status of the
cell and reduced Na* accumulation in plants (Rengel 1992;
Shabala 2000). Some scientists have suggested that appli-
cation of extra K* can also reduce deleterious effects of sa-
linity (Helal and Mengel 1979) and plant tolerance towards
salt stress correlates with K* content in plant tissues (Zhu
et al. 1998).

In our previous study (Sacata et al. 2002), we have
shown that both growth of maize seedlings and nitrate re-
ductase are sensitive to mild salinity. In this study, we con-
centrated on the possibilities of improvement in maize
growth by external addition of Ca?* and K*. In the first
experiment we compared the effects of different calcium
salts (CaCl,, CaSO,, CaCO,) and KCI on growth parame-
ters of two maize varieties grown under NaCl stress. When
it occurred that only CaCl, had a beneficial effect on maize
growth under salt conditions (plants were smaller than con-
trol, but remained healthy without any signs of salt injury),
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in subsequent experiments we used that salt. We also exa-
mined the combined action of NaCl and CaCl, on nitrate
reductase activity and soluble protein content in maize lea-
ves. Additionally, we compared maize growth in two diffe-
rent periods (7- and 14-day old plants).

MATERIALS AND METHODS

Maize seedlings (Zea mays L. varieties Limko and Cyr-
kon; seeds were obtained from “Nasiona Kobierzyc” Com-
pany) were grown in beakers each filled as follows: modi-
fied Knop solution (control), Knop solution with the addi-
tion of 60 mmol-dm- NaCl, Knop solution with the addi-
tion of both 60 mmol-dm= NaCl and 5 mmol-dm- supple-
mental salts one of the following CaCl,, CaSO,, CaCO; and
KCI. The culture conditions involved: 16 h photoperiod
(220+240 pmol-m2-s!) at 26/20°C day/night temperature,
65-70% relative humidity. After 7 days of cultivation plant
growth parameters were determined (shoot and root length,
fresh and dry weight). Additionally, parameters of plants
growth were measured after 14 days of cultivation in Knop
solution or in nutrient solution supplemented by NaCl or
NaCl plus 5 mmol-dm CaCl, In the second experiment,
activity of nitrate reductase and soluble protein content in

A) Cyrkon

leaves of 7-days-old seedlings were measured. Extraction
and assay of enzyme were performed according to Hage-
man and Flesher procedure (1960). Plant samples (the first
and the second leaf) were homogenized in 50 mmol-dm
Tris-HCI buffer pH 7.5 with addition of 5 mmol-dm-3 cyste-
ine and 2.5 mmol-dm= Na,EDTA. After centrifugation (15
minutes at 20 000 x g, 4°C) enzyme activity and soluble
protein were determined in supernatant. Concentration of
nitrite formed was measured colorimetrically by adding 1%
sulfanilamid in 100 mmol-dm- HCI and 0.02% N-naphtyl-
ethylenediamine (Hucklesby et al. 1972). Protein concentra-
tion was determined by Bradford method (1976) with bovi-
ne serum albumin (BSA) as the standard.

All experiments were repeated at least six times and all
results are presented as means of six separate experiments.
The results were subjected to one-factor and two-factors
analysis of variance with the least significant test between
means (LSD, p=0.05).

RESULTS

After 7 days of cultivation control plants of both varie-
ties had a similar fresh and dry weight, considerably im-
portant differences occurred only in the case of root length
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and shoot height. Cyrkon variety had a bigger size than
Limko (data not shown). Two maize varieties responded
similarly to salt stress (Fig. 1). Salt treatment (60
mmol-dm- NaCl) led to a dramatic decrease in growth of
plants. Moreover, shoot growth was more reduced than ro-
ot growth. NaCl caused approximately a 50% reduction in
fresh and dry weight of roots, whereas fresh matter produc-
tion of shoot decline to 30% of the control. Addition of
extra Ca?* or K* to nutrient solution containing NaCl had
a not definitely protective effect on growth of seedlings.
Negative effects of sole NaCl and NaCl supplemented with
CaCl,, CaSO,, CaCO, or KCI on growth of the Cyrkon va-
riety were very similar. In the case of Limko variety the
detrimental effect of NaCl was partially compensated by
salts applied. This positive response was notably visible in
Limko roots in the presence of CaCl,. There was a 50% re-
covery of growth in comparison with the sole NaCl treat-
ment. It is worth noticing that plants of both varieties
grown in solution with NaCl plus CaCl, looked healthy
and had no visible symptoms of salt injury. In other cases
tips of leaves were getting dry.

After 14 days (long-term experiments) of growth in nu-
trient solution Cyrkon and Limko showed statistically si-
gnificant differences in growth parameters (Table 1). Con-
trol plants of the Cyrkon variety were considerably larger
than Limko, but growth parameters of salinized seedlings
of both the varieties were similar. Therefore, inhibition of
plant growth caused by NaCl was greater in case of the
Cyrkon variety than Limko. Reduction in shoot dry weight
was more significant in 14-day old than in 7-day old see-
dlings of the Cyrkon variety. Therefore, exposure of Cyr-
kon seedlings to salinity for 14 days resulted in intensify-
ing the detrimental effect of salt. On the contrary, in case
of the Limko variety, there was a significant improvement
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in growth parameters (especially in root dry weight) when
compared with 7-day old plants. Addition of CaCl, to sali-
nized solution did not significantly improve the growth pa-
rameters of both varieties.

Nitrate reductase activity in leaves of control plants was
markedly higher in Cyrkon than in Limko. Salinity caused
a significant decrease in nitrate reductase activity in leaves
of both the varieties (Table 2), moreover this decrease was
more pronounced in Limko (approx. 60% reduction) than
in Cyrkon (approx. 30% reduction). Addition of CaCl, to
the salinized nutrient solution resulted in a greater reduc-
tion in activity of nitrate reductase in Cyrkon leaves (over
50% decline in relation to plants grown under sole NaCl).
Response of Limko variety was opposite, there was a signi-
ficant increase in nitrate reductase activity (30% increase
compared with NaCl treatment). Soluble protein concentra-
tion in leaves of both varieties was relatively stable under
all treatments applied (Table 2).

DISCUSSION

It is known that NaCl present in rooting medium inte-
racts with plant nutrients and may cause nutritional disrup-
tion, particularly deficiency of calcium and potassium
(Rengel 1992; Albercio and Cramer 1993; Sacata et al.
2002). Therefore, addition of extra CaZ* or K* to saline
medium can ameliorate salt stress. Numerous reports indi-
cate that increased concentration of Ca** or K* in salinized
nutrient solution reduces the deleterious effects of salinity
(Helal and Mengel 1979; Cramer et al. 1990; Watad et al.
1991; Rengel 1992; Elphick et al. 2001). However, some
reports state that addition of extra Ca®* to salinized nutrient
solution has no ameliorative effect on plants (Ehret et al.

TABLE 1. The influence of 60 mmol-dm NaCl and NaCl plus 5 mmol-dm= CaCl, on dry matter accumulation in 7- and 14-day old maize seedlings of
two varieties (Cyrkon and Limko). Values in brackets refer to the per cent of control.
Means in the same row marked with the same letter do not differ significantly (5%).

Dry weight [mg-plant']

Cyrkon Limko
Control NaCl NaCl+CaCl, Control NaCl NaCl+CaCl,
7-day old plant
Roots 13.65a 6.33¢ 8.20bc 13.43a 6.38¢ 9.58b
(100%) (46%) (60%) (100%) (48%) (71%)
LSDII factors
Shoots 49.04a 22.95bc 26.77b 54.05a 20.04¢ 28.28b
(100%) (47%) (55%) (100%) (37%) (52%)
LS DII factors
14-day old plant
Roots 23.52a 13.15¢ 10.74d 16.96b 11.94cd 11.66cd
(100%) (56%) (46%) (100%) (70%) (69%)
LSDII factors
Shoots 97.35a 31.02d 41.14c 77.02b 37.21cd 43.65¢
(100%) (32%) (42%) (100%) (48%) (57%)

LSD

11 factors
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TABLE 2. The influence of 60 mmol-dm- NaCl and NaCl plus 5 mmol-dm- CaCl, on nitrate reductase (NR) activity and concentration of soluble protein
in leaves of 7-day old maize seedlings of two varieties (Cyrkon and Limko). Values marked with the same letter do not differ significantly (5%).

NR activity [nmol (NO,")-g"! FW-h1]

Protein concentration [mg-g! FW]

Control NaCl NaCl+CaCl, Control NaCl NaCl+CaCl,
Cyrkon 852.0a 606.0b 325.0c 9.9a 10.6a 10.9a
LSD, s 61.1 1.7
Limko 654.0a 266.0c 346.0b 11.2a 12.5a 10.9a
LSD,, o5 59.3 2.5

1990; Leidi et al. 1991; Caines and Shennan 1999; Sohan
et al. 1999). Moreover, according to literature, plants re-
sponse to supplemental Ca?* or K* is dependent on the
kind of salt used and its concentration (Islam et al. 1987;
Caines and Shennan 1999). In our study we investigated
four different salts (CaCl,, CaSO,, CaCO,, KC) and we have
established that all the tested salts had a similar effect on
growth of 7-day old plants under saline conditions. The ap-
plication of extra Ca>* or K* did not definitively protect the
plants from negative effects of salt stress. However, CaCl,
had a noticeable positive effect on seedlings. Plants
showed a reduced growth, but looked healthy, without any
symptoms of wilting. It is worth noting that the positive ef-
fect of supplemental salts on plant growth was more prono-
unced in the Limko variety than in Cyrkon. Literature data
prove that salt sensitive cultivars/species are more respon-
sive to supplemental Ca2* than salt tolerant ones (Ehret et
al. 1990; Albercio and Cramer 1993; Elphick et al. 2001).
Accordingly, Limko seems to be more sensitive to salinity
than Cyrkon.

The comparison of maize growth after 7 and 14 days of
salt treatment indicates that there were differences between
Limko and Cyrkon. After 14 days of exposure to salinity,
growth of the Cyrkon variety was more reduced than that
of Limko. Moreover, the inhibition of dry mass production
was higher than in 7-day old seedlings. The response of
Limko variety was quite different; the inhibition of plant
growth after 14 days of salt treatment was lower than that
after 7 days. These data suggest that within prolonged time
of salinity the seedlings of Limko are able to adapt to salt
conditions. In spite of the assumption mentioned above,
this physiological trait of growth response may lead to the
conclusion that Limko is more salt tolerant than Cyrkon.
Thus, the obtained results do not allow to distinguish defi-
nitively which variety is more tolerant to salinity. Various
reports indicate that there are varietal differences in growth
responses to salinity (Aslam et al. 1993; Cramer et al.
1994; Neumann 1997). However, Munns (2002) reported
that during a short time in salinity it is difficult to assess
the differences in plants’ salt tolerance, since the decrease
in growth rate may be the same for species that have quite
different reputations for salt tolerance. In our experiment
the differences in growth parameters between Cyrkon and
Limko varieties appeared after two weeks. Under control
conditions Cyrkon seedlings showed a faster growth rate
than Limko, but under salt stress this trend did not occur.
Salinity can affect plant growth in various ways. In the first
phase (in early term of salinity) inhibition of plant growth
is due to osmotic stress and later (in long-term exposure)
there are additional effects connected with excessive salt

accumulation (Munns 1993, 2002). Thus, the observed va-
rietal differences in growth parameters (after 14 days of
salt stress) might suggest that Cyrkon and Limko differ in
their ability to overcome both osmotic and toxic effects of
excessive amount of salts.

In order to establish the effect of salt stress on metabolic
status of plants, we have chosen nitrate reductase and pro-
tein content (Table 2). Nitrate reductase (NR), which cata-
lyses reduction of nitrate to nitrite, is recognized as the ra-
te-limiting step of the nitrate assimilation pathway (Camp-
bell 1999). Nitrate reductase is responsive to metabolic and
physiological status of plants, hence it is used often as an
indicator of plant stress (Campbell 1988; Lorenzo et al.
2001). Regarding leaf NR activity, we observed a marked
decrease of NR activity under saline conditions, which re-
mains in agreement with our previous investigations (Saca-
ta et al. 2002) and numerous literature data (Gouia et al.
1994; Omarov et al. 1998; Silveira et al. 2001). Plants’ re-
sponse to supplemental Ca?* was different in the two maize
varieties examined. In the case of Cyrkon, a synergistic ef-
fect between NaCl and CaCl, was observed. The inhibition
of NR activity amounted to 62%, whereas under sole NaCl
it ranged only to 39%. In the case of Limko, there was an
increase in NR activity in the presence of both NaCl and
CaCl, in comparison to plants grown under NaCl only
(30% increase as compared with NaCl treatment).

The decrease in NR activity under salt treatments did not
cause any significant changes in the level of soluble prote-
in in leaves of both varieties. Abd-El Baki et al. (2000) in-
dicated that in spite of decreased total activity of NR under
salt stress, the concentrations of free amino acid and prote-
in in maize leaf tissues were higher than in control plants.
Accordingly, the cited authors concluded that salt-depen-
dent decrease in maize growth was not due to impaired ni-
trate assimilation and that nitrate reduction exceeded the
demands. Other researchers (Gilbert et al. 1998) also provi-
ded a similar conclusion that under conditions of reduced
plant growth the amount of nitrogen is in excess in relation
to the demands and therefore plants accumulate nitrogen-
containing compounds as sinks for excess nitrogen.

CONCLUSIONS

The presented experiments showed that mild salinity (60
mmol-dm-3 NaCl) significantly reduces fresh and dry
weight of both maize varieties Cyrkon and Limko, and ap-
plication of extra Ca?* or K* does not definitively improve
plants growth under salt conditions. The results obtained
indicate also that inhibition of nitrate reductase activity do-
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es not decrease the concentration of soluble protein in lea-
ves of both varieties.
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