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Abstract

The lengths of roots and shoots, fresh and dry matter yield, and the contents of
insoluble saccharides and free amino acids were reduced with the rise in NaCl
concentration. However, under combination of NaCl with Ca2* ions, these
parameters generally raised. Contents of soluble saccharides, proline and quaternary
ammonium compounds increased with increasing NaCl concentration, but under
addition of CaCl, or CaSO,, contents of these compounds were decreased. Low
concentrations of NaCl stimulated soluble proteins production, but higher
concentrations decreased the content of soluble proteins. Addition of Ca2* in the
media did not improve the soluble protein production. Insoluble proteins content was
increased with the rise of salinity level, but these effects were more pronowiced with
NaCl and CaCl, or CaSQ, than with NaCl only.

Soil salinity is a worldwide problem hampering productivity of several agricultural
crops. Many attempts have been made to alleviate the effect of sodium chloride on
plant cells. Some of these studies concentrated on the effect of added Ca2* in
counteracting the inhibitory effect of NaCl salinization on plants (e.g. Hyder and
Greenway 1965, Chaudri and Wiebe 1968, Leopold and Willing 1984).

The present investigation was undertaken to study the interactive effect of NaCl
salinity and Ca2* applied as CaCl, or CaSQ,4 on germination, growth and some
metabolic pools of maize plants.

The germination experiments were performed as described by Maftoun and
Sepaskhah (1978). Seeds of maize (Zea mays L.) were placed on absorbant pads in
Petri-dishes to which 25 cm3 of the nutrient solution with NaCl of different
concentration (0.0 (control), 50, 100, 150, 200 mM) and with CaCl, or CaSO,
(5mM) solution was added. Seeds were considered to be germinated after the radicle
emerged from the testa. After 10 d of germination the length of the roots and of
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shoots were measured. The fresh shoots and roots were then dried in an aerated oven
at 70 °C during which successive weighing was carried out until a constant dry mass
was reached. The amount of saccharides was determined with the anthrone sulphuric
acid method (Fales 1951), free amino acids were determined according to Moore and
Stein (1948), free proline according to Bates er al. (1973), amount of proteins
according to Lowry et al. (1951), quaternary ammonium compounds (QACs)
according to Story and Wyn Jones (1977).

The length of roots and shoots as well as fresh and dry matter, remained more or
less unaffected at the 50 mM NaCl, but above this level they decreased sharply
(Table 1). The growth of maize was markedly inhibited with the rise of NaCl level.
The water content remained more or less unchanged up to the highest salinity level
used. However, when the test plants were subjected to salinization and Ca2*, length
of roots and shoots and fresh and dry matter were higher in comparison with those of
plants treated only with the NaCl, especially at the high levels of salinity. The effect
of Ca?* in promoting salinity tolerance is widely recognized (LaHaye and Epstein
1971, Leopold and Willing 1984 and Kent and Lauchli 1985) and may be related to
the essential role of calcium for membrane integrity.

Table 1. Effect of NaCl and Ca?* as [CaCl, or CaSO,] on fresh, dry matter [g plant!], water content
[g £}(d.m.)] and length of roots and shoots [cm plant-] of maize seedlings.

Ca?t NaCl [mM] Freshmass Drymass  Water content Shoot length  Root length
[gplant!] [ plant!] [ggldm)] [cmplant!] [cm plant!]
Control 0 0.374b 0.049 a 6.659a 48a 95a
50 0.402 Aa 0.049 a 7.217 Aa 48 Aa 98a
100 0.245 Ac 0.033 Ab 6.472 Aa 4.0 Aa 4.5 Ab
150 0.183 Ad 0.025 Ac 6.320 Aa 35Aa 3.3 Abc
200 0.160 Ae 0.021 ¢ 6.632 Aa 28 Aa 20c¢c
CaCl, 50 0.338 Bb 0.0452a 6.542 Aa 5.0Aa 9.0a
[5 mM] 100 0.260 Bc 0.031 Bb 7.386 Aa 45 Aa 6.3 ABb
150 0.215 Bd 0.027 Bb 7.000 Aa 38Aa 3.8Bc
200 0.183 Be 0.024 b 6.822 Aa 32Aa 33¢
CaSO, 50 0.394 Cb 0.053a 6.457 Aa 5.0 Aa 105a
[5 mM] 100 0.403 Bb 0.045 Ba 7.959 Aa 55Aa 7.0 Bb
150 0.420 Cc 0.048 Ba 7.889 Aa 45Aa 6.0 Bb

200 0.255Cd 0.032b 6.990 Aa 33Aa 25¢

Means which are not significantly different are followed by the same letter (P = 0.05).

Salinity induced a considerable increase in the content of soluble saccharides. The
insoluble saccharides accumulation was stimulated at low NaCl concentration while
it was reduced at higher NaCl concentration. The addition of Ca?* decrease the
accumultion of soluble saccharides and alleviate the depression of insoluble
saccharides (Table 2).

Salinity induced a decrease in the soluble proteins content and inclusion of Ca2*
in the media did not improve soluble protein production. On the other hand,
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insoluble proteins were increased with the rise of the salinization level, but these
effects were more pronounced by addition of Ca2*. These variable changes add more
support to the results obtained by (Gates et al. 1966, Wilson et al. 1970,
El-Shourbagy and Missak 1975 and Heikal 1976).

There is a general increasing trend in the concentration of proline in seedlings of
experimental plants with increasing salinity levels (Table 2). The pattern of changes
in the total free amino acids of the seedlings was opposite to that obtained for
changes in proline (Table 2). The opposite trend was exhibited with respect to the
production of the other free amino acids by addition of 5 mM CaCl, or CaSO, to the
different salinity levels.

Table 2. Effect of NaCl and Ca2* on the content of soluble and insoluble saccharides, soluble and
insoluble proteins, proline, other free amino acids and quaternary ammonium compounds
[mg g1(d.m.)] of maize seedlings.

Ca2* NaCl Saccharides Proteins Proline Amino QACs
[mM]  soluble insoluble  soluble  insoluble acids

Control 0 5954a  266.04a 89.39a 53.03a 427a 650a 217a
50 7442 Ab 36744 Ab 9849Ab 4393 Ab 782Ab 833ab 2.89Aa
100 8l.16¢ 314.19Ac 9394Ac 3939Ac 9.73Ab 733ab 239Aa
150 91.86 Ad 22535d 77.27Ad 8031 Ac 1046 Ac 7.00b 244 Aa
200 93.02 Ae 21396 Ad 7576 Ad 9697 Ac 1236 Ad 4.08 BC 2.11Aa

Ca(Cl, 50 92.33Bb 303.02Bb 84.24 ABa218.79 Bb 18.18 Bb 7.67 2.86 Aa
[5mM] 100 78.14b  247.44 Abc 83.33Ba 18940 Bc 1291 Bc 7.67 233 Aa
150 7472Bb  23953bc 69.70 Bb 160.60 Bc 8.73Bd 7.50 213 Aa
200 7093 Bc 24256 Bc 65.15Ab 146.97Bd 636Be 850A 183 Aa

CaSO, 50 76.28 Ba 335.35Ca 90.91 Bab 103.03 Ca 11.46 Cb 5.92 283 Aa
[5 mM] 100 78.49a  32849Ba 86.36Bb 104.55Ca 6.64Cb 5.33 232 Aa
150 80.00Ba 313.72a 84.85Cc 103.03Cb 555Cc 6.83 2.16 Aa
200 7744Bb 31442Cb 78.79Bd 9091 Bc 327Cc 733A 2.06Aa

Means which are not significantly different are followed by the same letter (P = 0.05).

Quaternary ammonium compounds (QACs) were increased at low salinization
levels, while at high salinization levels they were decreased (Table 2). Addition of
CaCl, or CaSO4 had no effect on the concentration of QACs.

Seedling growth of maize subjected to lower and moderate salinizations were
found to be associated with more or less unchanged values of water content. This
behaviour of the water content was found to be linked with a pronounced
accumulation of soluble saccharides, amino acids, proline and quaternary ammonium
compounds (QACs) of maize plants, which might play an important role in
increasing the internal osmotic pressure. This conclusion is in accordance with
Hellebust (1976) and Flower et al. (1977), working with some halotolerant plants,
and Munns e al. (1979) and Drossopoulos et al. (1987), with glycophyte plants. The
addition of Ca2* reduced accumulation of soluble saccharides, QACs and proline
contents, which is in agreement with the results obtained by Imamul-Huq and Larher
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(1984). The addition of Ca2* seems to counteract the toxic effect of Nat.
Accumulation and transport of the low molecular mass organic compounds
considered to be either compatible solutes or stress markers (Hsiao 1973, Stewart and
Larher 1980, Imamul-Huq and Larher 1983) were also modified by the presence of
Ca?t,
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