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Summary. In this study, effect of salinity with different osmotic potential
on shoot length, total fresh and dry weight, amounts of organic (proline) and
inorganic (K* and Na*) substance of leaf tissue, the Na*/K* ratio, and |leaf
area, relative water content (RWC) and leaf osmolality in two maize (Zea
mays L., var. intendata, C.6127 and DK.623) cultivars which are grown as
asecond yield in the Southeastern Anatolia Region (SAR) of Turkey, were
investigated. Plants were grown for 30 days in the controlled growth room.
Salinized culture solutions at different osmotic potential (0, -0.1, -0.3 and
-0.5MPa) prepared by adding varying amounts of NaCl and CaCl, to the
main culture solution were applied to plants from the beginning of the ger-
mination. Asaresult the shoot length, total fresh and dry weight and the | eaf
areadecreased, amounts of proline Na*", Na*/K* ratio and the leaf osmolality
increased, but amounts of K* did not change significantly with increasing
stress, and salt stress caused asimilar decrease in leaf relative water content
in both maize cultivars.
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Abbreviations: RWC —relative water content; SAR —Southeastern Anatolia
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Introduction

Salinity is one of the serious environmental problem that cause osmotic stress and
reduction in plant growth and crop productivity inirrigated areas of arid and semiarid
regions. After finishing Southeastern Anatolia Project (SAP) which isthe most impor-
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tant irrigation project in Turkey, 150000 haof thisregion can beirrigated. If efficient
methods of irrigation and drainage are not applied, it isthought that these agricultural
areaswill be affected by salt. Salinity isasignificant limiting factor in the agricultural
productivity (Hasegawaet a., 1986). The agricultural areas affected by salt need amen-
dment and determination of the most suitable plant species ableto grow in these areas.

Tolerances to environmental stresses as salinity of plants can be determined by
using different parameters. Plants need to have special mechanismsfor adjusting internal
osmotic conditions and changing of osmotic pressure in the root environment. Stres-
sed plants diminish osmatic potential by accumulating free amino acids, ionsand dis-
solvable substances. In this way, osmotic adjustment is ensured (Salamaet al., 1994;
Weimberg, 1986, 1987). Measurement of proline accumulation is also an important
criterion for determination of plant tolerance to salt stress (Palfi and Juhasz, 1971).
In salt stressed plants osmotic potential of vacuole decreased by proline accumulation
(Yoshibaet al., 1997). It was thought that accumulated proline under environmental
stress do not inhibit biochemical reactions and playsarole as an asmoprotectant during
osmotic stress (Yoshibaet al., 1997). In addition, several possibleroles have been at-
tributed to supraoptimal levels of proline; osmoregulation under drought and salinity
conditions, stabilization of proteins, prevention of heat denaturation of enzymes and
conservation of nitrogen and energy for a post-stress period (Aloni and Rosenshtein,
1984). It is suggested that the low osmotic potential may cause proline accumulation
in tissues (Buhl and Stewart, 1983; Sing et al., 1973).

In present study, effect of salinity at different osmotic potential on shoot length,
total fresh and dry weight, amounts of proling, K* and Na" in leaf tissue, Na'/K* ratio,
leaf area, relative water content and leaf osmolality in two maize cultivars grown as
asecond yield in the SAP, were investigated.

Material and methods

In this study, the registered maize (Zea mays L. var. indentata, C.6127 and DK.623)
cultivarswhich are grown as asecond yield in the Southeastern Anatolia Region (SAP)
(Ulger et al., 1992) obtained from the Sapeksa and Dako Company were used. The
salt levels and germination of cultivarswereinvestigated in preliminary experimental
work.

The selected seeds were surface sterilized in 1% sodium hypochlorite solution
for 8 min before experimentation (Ashraf and McNeilly, 1990). Then seedswere wash-
ed with distilled water three times, and were wetted with culture solutions with dif-
ferent osmotic potential for 12 hours so that they could germinate quickly. In experi-
ment ¥z strenght Hoagland' s solution was used as a main culture solution. Salinized
culture solutions at different osmoatic potential were prepared by adding a mixture of
NaCl and CaCl, in a2:1 molar ratio to the main culture solution (Weimberg, 1987).
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Five seedswere planted in each pot containing perlit. A completely randomized block
design was used with six replicates. The experiment was carried out in controlled envi-
ronment room at 25+1°C, with 16 h daylength and with ard ative humidity of 60%x+5.
All conditions were maintained constant during the growth period. Plantswereirrigat-
ed regularly every two days with culture solutions during the experiment (30 days).

After 30 days, plantswere harvested. The datafor shoot length and fresh weight
were recorded. Sampleswere then dried at 80°C for 2 days and their dry weight was
recorded. To determine free prolinein dried leaf powder, extracts were prepared by
modifying the method of Weimberg (1987). Chemical method was used to detect
proline in the extracts (Bates et al., 1973). For the analysis of K* and Na* in dried
leaf powder, leaveswere digested in nitric acid/perchloric acid (4:1), and two cations
inthe extract were assyed by atomic absorption spectrophotometry (Varian Spectr. AA.
5). Measurement of leaf area was made in the forth leaves according to Zhang and
Brandle (1997). Leaf rdative water content (RWC) was measured by the method of Con-
roy et al. (1988). For the determining of leaf osmolality, extracts were prepared from
3rd leaves by using Jones and Turner’ s (1978) method. The osmolality was determined
by using a cryoscopic osmometer (Gonotec Osmomat 030 Cryoscopic Osmometer).

Statistical analyses of datawere performed using Statistica Programme. Duncan’s
Multiple Range Test was used to determine significant differences of meansa a5%leve.

Results

Data obtained from preliminary experiments were given on Table 1. Salt treatments
did not affect germination significantly in both cultivars. When coleoptile was affected
by salinity, the difference between cultivars was not significant. However, the differ-
ence of radiclelength in both treatment levels and cultivarswas significant (Table 1).

Table 1. Effect of salinity on germination of maize. All means followed by the same letter are not
significantly different at the 5% probability level.

Germination (%) Coleoptile (mm) Radicle length (mm)
Cultivars C.6127 DK.623 C.6127 DK.623 C.6127 DK.623
Osmotic Potential (MPa)
Control ~ A* 82.67 a** A 69.88 b A 3853a A39.02a A96.87a A77.93b

-0.2 A 76.3la A69.57a A3390a A356la A101.82a A73.29b
-0.5 A 8l153a A6591b B16.90a B1835a B7593a B50.0lb
-0.8 A 76.24a AG67.65a Cb542a C221a C4514a C2546b

* Values followed by different capital letter in column represent difference of treatment levels within
cultivar.
** Values followed by different letter in line represent difference among cultivars.
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Effect of salt treatments on shoot length of C.6127 and DK.623 are shown in
Fig. 1a. In both maize cultivars, shoot length decreased significantly by increasing salt
treatment levels, 0.3 and —0.5 MPa. It seemsthat salinity affected more significant-
ly the shoot length of C.6127 than that of DK.623, except at 0.5 MPa. Salt stressresul -
ted in a decrease in total fresh and dry weights of 30day-old plants (Fig. 1b and c).
In all culture solutions, was found that DK.623 had more fresh and dry weight than
C.6127. Leaf areawas reduced by salinity in both maize cultivars (Fig. 1d), but ob-
served decrease was lessin DK.623.
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Figure 1. Effects of salinity on the shoot length (a), fresh (b) and dry weight (c), and leaf area (d) of
30-day-old two maize cultivars. (%) C.6127 and (%) DK.623.

Two cultivars showed differencesin their amounts of prolinein leaf tissue under
salt stress (Fig. 2a). In C.6127, proline increased significantly under the increasing
levels of salt treatment, whereasin DK.623 it increased only at the—0.5 MPasalt stress.

Salt treatment affected also amounts of K*, Na*, and the Na*/K* ratio of both
maize cultivars (Fig. 2b, ¢ and d). Differencesin amounts of K* and Na+ are significant
between both cultivars. There was not asignificant differencein K+ at the all culture
solutions, except in DK.623 at the 0.3 MPa (Fig. 2b). However, amount of Na*
increased markedly in response to increasing stress levels. This increase was more
significant in C.6127 than in DK.623, except at the -0.5MPa (Fig. 2¢). Besides
increased amounts of Na*, the Na*/K™ ratio rose significantly by increasing stressin
both cultivars. Thisincrease was lessin DK.623 than in C.6127 (Fig. 2d).
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Figure 2. Effects of salinity on the amounts of proline (a), K* (b), Na* (c), and Na*/K* ratio (d). (%)
C.6127 and (%) DK .623.

Both cultivars showed decreased RWC after salt stress. But, this reduction was
visibleonly at the—0.5MPa(Fig. 3). Leaf osmolality wasincreased by st stress(Fig. 4).
The difference between cultivars was not significant, except at the—0.3 MPa. How-
ever, leaf osmolality was higher in C.6127 than in DK.623 at the—0.3 MPa salt stress.
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Figure 3. Effect of salinity on RWC. (%) Figures 4. Effect of salinity on leaf
C.6127 and (%) DK.623. n=30. osmolality. (%) C.6127 and (%) DK.623.
Discussion

Salt treatment affects differently early growth stages of plants. In the preliminary ex-
perimental work, effect of salinity on germination was of little importance, but effect
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on development of coleoptile and radicle was considerable, especially on radicle. It
is supposed that seeds could germinate at several salt levels, but they could not con-
tinue their development. It might be sugested that determining salt tolerant cultivar
isinsufficient during growth period for 5 days.

Salinity has both osmotic and spesificion effects on plant growth (Dionisio-Sese
and Tobita, 2000). In present study, salt stress caused a significant decrease in shoot
length, fresh and dry weights of shoot and leaf area of both cultivars with the increase
of stresstreatments (Fig. 1a, b, c and d). Reduction in plant growth as aresult of salt
stress has al so been reported in several other plant species (Ashraf and McNeilly, 1990;
Mishraet al., 1991; Ashraf and O’leary, 1997). Growth of leaf areais inhibited by
salinity (Brungnoli and Lauteri, 1991; Alberico and Cramer, 1993). Richardson and
McCree (1985) believe that the greater ability of salinized plantsto continue |eaf ex-
pansion, and carbon gain under water stress can be attributed primarily to a slower
development of water stress, which prolonged the osmotic adjustment. But, it was
thought that |eaf areawas not reliable indicators of salt tolerance (Alberico and Cramer,
1993). Probably the negative effect of salinity on plants provoked osmotic potential
by salt in the culture medium, so root cells do not obtain required water from medium.
Therefore in plants the uptake of some mineral nutrients dissolved in water are also
restricted. Thus, growth and development of plants are inhibited due to occurring
defect in metabolism. Some investigators thought that because of ion accumulation
by changing membrane permeability, metabolism was negatively influenced (Cramer
et a., 1985; Grieve and Fujiyama, 1987).

Many plants accumulate proline as a non-toxic and protective osmolyte under
saline or other some stress conditions. Proline accumulation in response to environ-
mental stresses has been considered by a number of authors as an adaptive trait con-
cerned with stresstolerance, and it isgenerally assumed that prolineis acting asacom-
patible solutein osmotic adjustment (Larher et a., 1993). Itsaccumulation is caused
by both the activation of its biosynthesis and inactivation of its degradation (Mattioni
et al., 1997). When most plants including halophytes are faced with environmental
stresses like drought and salt stress, they accumulate low molecular weights of organic
substances as proline (Cakirlar et al., 1986; Tipirdamaz and Cakirlar, 1990; Y oshiba
et al., 1997). The accumulation of compatible solutes may help to maintain the
relatively high water content necessary for growth and cellular function. We found
that salt stress at different osmotic potential increased the amounts of proline of |eaf
tissuesin both maize cultivars (Fig. 2a). But, itsaccumulation wasfast in C.6127. This
might indicate that effect of salinity was serious in the same cultivar. Thus, C.6127
responsed to salinity fast, whereas the response in DK.623 gradually increased. At
the beginning, salt treatments might not provoke an osmotic adjustment. It was shown
that the capability of a number of crop plants to accumulate proline in response to
environmental stresseswas highly variable from one species to another and even bet-
ween some varieties of crop plants (Quarrie, 1980).
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Most crop plants suffer after exposure to saline conditions and showed decline
in growth. The deleterious effect of salinity was suggested as aresult of water stress,
ion toxicities, ion imbalance, or combination of all these factors (Kurt et al., 1986).
In present study, it has been noted that amounts of Na* increased in both cultivars,
whereas those of K* did not change regularly (Fig. 2b and ¢). According to Weimberg
(1987), high levels of Na* inhibit the K* uptake and as a result of thisit causes an
increase in the Na*/K* ratio. The increase in the Na*/K* ratio in our study may be
attributed to the fact that Na* causes a disturbance in the ion balance in plant by an
increase in the Na+ uptake (Fig. 2d). Many of the deleterious effects of Na* seem to
berelated to the structural and functional integrity of membranes (Kurt et al., 1986).
It issuggested that the capacity of ion accumulation of plantsisrelated to their tolerance
to salt stress. It was found that tolerant species accumulated lower Na*, and decreas-
ing of K* was lower than sensitive species (Weimberg, 1986, 1987; Hagibagheri et
al., 1989; Tipirdamaz and Cakirlar, 1989).

We found that salt stress also affected RWC and leaf osmolality (Fig. 3 and 4).
Many important physiological and morphological processes, such asleaf enlargement,
stomatal opening, and associated leaf photosynthesis are directly affected by the reduc-
tion of |leaf turgor potential which accompaniesthe loss of water from leaf tissue (Jones
and Turner, 1978). They reported that although RWC was decreased, leaf osmolality
increased, the slow development of water deficits resulted not only in osmotic adjust-
ment, but also adecreasein leaf tissue elasticity. Similar trends could be seen in the
results of other authors (Tipirdamaz and Cakirlar, 1990; Alberico and Cramer, 1993;
Shalaby et a., 1993). Hamadaet al. (1992) supposed that an increase of ion concentra-
tion in tissues caused an increase in osmolality. Thus, shoot and root cell-sap osmolal-
ity increased by increase in salinity concentrations, reflecting enhanced ion concentra-
tion in the tissues.

Inthelight of thefindings of this study, it could be said that the DK.623 cultivar
ismore salt tolerant than the C.6127 cultivar. However, further studies by using new
technigues should be carried out to reach at more certain realistic results.

Acknowledgement: This research was supported by The Scientific and Technical
Research Council of Turkey (TOGTAG-1741).

References

Alberico, G. J., G. R. Cramer, 1993. Isthe salt tolerance of maize related to sodium exclusion?
1. Preliminary screening of seven cultivars. J. Plant Nutr., 16(11), 2289-2303.

Aloni, B., G. Rosenshtein, 1984. Prolin accumulation: A parameter for evaluation of sensitivity
of tomato varieties to drought stress? Physiol. Plant., 61, 231-235.



The effect of salinity on some physiological parametersin two maize cultivars 73

Ashraf, M., J. M. O'leary, 1997. lon distribution in leaves of salt—tolerant and salt—sensitive
lines of spring wheat under salt stress. Acta Bot. Neerl., 46(2), 207-217.

Ashraf, M., T. McNeilly, 1990. Improvement of salt tolerance in Maize by selection and
breeding. Plant Breeding , 104, 101-107.

Bates, L. S, R. P. Waldren, |. D. Teare, 1973. Rapid determination of free proline for water—
stress studies. Plant and Soil, 39, 205 207.

Brugnali, B., M. Lauteri, 1991. Effects of salinity on stomatal conductance, photosynthetic
capacity, and carbon isotope discrimination of salt-tolerant (Gossypium hirsutum
L.) and salt—sensitive (Phaseolus vulgaris L.) C; non-halophytes. Plant Physiol.,
95, 628-635.

Buhl, M. B., S. R. Stewart, 1983. Effects of NaCl on proline synthesis and utilization in
excised barley leaves. Plant Physiol., 72, 664—667.

Conroy, J. P, J. M. Virgona, R. M. Smillie, E. W. Barlow, 1988. Influence of drought acclima-
tion and CO, enrichment on osmotic adjustment and chlorophyll a fluorescence of
sunflower during drought. Plant Physiol., 86, 1108-1115.

Cramer, G. R, A. Luchli, V. S. Polito, 1985. Displacement of Ca*?by Na* from the plasma-
lemma of root cells. Plant Physiol., 79, 207-211.

Cakirlar, H., R. Tipirdamaz, F. . Topguoglu, 1986. Change of proline and betainein the some
barley varieties under water stress condition, 8th Turkey National Biology Congress,
Publishing of Ege University, 186—198 (In Turkish).

Dionisio-Sese, M. L., S. Tobita, 2000. Effects of salinity on sodium content and photosynthetic
responses of rice seedlings differing in salt tolerance. J. Plant Physiol., 157, 54-58.

Grieve, C. M. H. Fujiyama, 1987. The response of two rice cultivarsto external Na/Caratio.
Plant and Soil, 103, 245-250.

Hajibagheri, M. A., A. R. Yeo, T. J. Flowers, J. C. Coallins, 1989. Salinity resistance in Zea
mays: fluxes of potassium, sodium and chloride, cytoplasmic concentrations and
microsoma membrane lipids. Plant, Cell and Environ., 12, 753-757.

Hamada, E. A. M., M. A. Hamoud, M. A. El-Sayed, R. C. Kirkwood, H. El-Sayed, 1992.

Studies on the adaptation of selected species of the family Gramineae A. Juss. to
salinization. Feddes Repertorium, 103(1-2), 87-98.

Hasegawa, P. M., R. A. Bressan, A. K. Handa, 1986. Cellular mechanism of salinity tolerance.
Hort. Sci., 21, 1317-1324.

Jones, M. M. N. C. Turner, 1978. Osmotic adjustment in leaves of Sorghum in response to
water deficits. Plant Physiol., 61, 122—-126.

Kurth, E., G. R. Cramer, A. Lauchli, E. Epstein, 1986. Effects of NaCl and CaCl, on cell
enlargement and cell production in cotton roots. Plant Physiol., 82, 1102-1106.

Larher, F.,, L. Leport, M. Petrivalsky, M. Chappart, 1993. Effectors for the osmoinduced
proline response in higher plants. Plant Physiol. Biochem., 31(6), 911-922.

Mattioni, C., N. G. Lacerenza, A. Troccoli, A. M. De Leonardis, N. Di Fonzo, 1997. Water
and salt stress-induced alterations in proline metabolism of Triticum durum
seedlings. Physiol. Plant., 101, 787-792.



74 N. Cigek and H. Cakirlar

Mishra, S. K., D. Subrahmanyam, G. S. Singhal, 1991. Interrel ationship between salt and light
stress on primary processes of photosynthesis. J. Plant Physiol., 138, 92-96.

Palfi, G., J. Juhasz, 1971. The theoretical basis and practical application of a new method of
selection for determining water deficiency in plants. Plant and Soil, 34, 503-507.

Quarrie, S. A., 1980. Genotypic differencesin leaf water potential, abscisic acid and proline
concentrations in spring wheat during drought stress. Ann. Bot., 46, 383-394.

Richardson, S. G., K. J. McCree, 1985. Carbon balance and water relations of Sorghum
exposed to salt and water stress. Plant Physiol., 79, 1015-1020.

Salama, S, S. Trivedi, M. Busheva, A. A. Arafa, G. Garab, L. Erdei, 1994. Effects of NaCl
salinity on growth, cation accumulation, chloroplast structure and function in wheat
cultivars differing in salt tolerance. J. Plant Physiol., 144, 241-247.

Shalaby, E. E., E. Epstein, C. O. Qualset, 1993. Variation in salt tol erance among some wheat
and Triticale genotypes. J. Agronomy and Crop Sci., 171, 298-304.

Singh, T. N., L. G. Paleg, D. Aspinall, 1973. Stress metabolism. I. Nitrogen metabolism and
growth in the barley plant during water stress. Aust. J. Biol. Sci., 26, 45-56.

Tipirdamaz, R., H. Cakirlar, 1989. Effect of salinity onion (Na*, K*, CI7) contents in two
different wheat varieties. Hacettepe Fen ve Muhendislik Bilimleri Dergisi, 10,
720 (In Turkish).

Tipirdamaz, R., H. Cakirlar, 1990. Effects of water and salinity stresses on relative water con-
tent, proline and betaine composition in two varieties of wheat plants (7riticum aes-
tivum L.) cultivated in Turkey. Tr. J. of Biology, 14, 125-148 (In Turkish).

Ulger, A. C., V. Tang, T. Saglamtimur, H. Baytekin, M. Kiling, 1992. Determination of maize
and sorghum cultivars to be grown as main and second yield in the Southeastern
Anatolia Region of Turkey. Univ. Cukurova, No.40, SAP Publishing, No.67, Adana,
41 (In Turkish).

Weimberg, R. 1986. Growth and solute accumulation in 3-week-old seedlings of Agropyron
elongatum stressed with sodium and potassium salts. Physiol. Plant., 67, 129-135.

Weimberg, R. 1987. Solute adjustments in leaves of two species of wheat at two different
stages of growth in response to salinity. Physiol. Plant., 70, 381-388.

Yoshiba, Y., T. Kiyosue, K. Nakashima, K. Y. Yamaguchi-Shinozaki, K. Shinozaki, 1997.
Regulation of levels of proline as an osmolyte in plants under water stress. Plant
Cell Physiol., 38(10), 1095-1102.

Zhang, H., J. R. Brandle, 1997. Leaf area development of corn as affected by windbreak
shelter. Crop Scie., 37, 1253-1256.



