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Abstract 
 

Salt stress strongly affects on plant growth and development, especially maize plant, which is 

reported as a salt sensitive species. The salt tolerant identification in the large genetic resources and 

breeding population is a profitable research topic for solving the salinity problem. Two maize cultivars, 

viz., sweet (Zea mays L. cv. Saccharata) and waxy (Z. mays L. cv. Ceratina) seedlings were treated 

with 0 (control), 100, 200, 300 or 400 mM NaCl. Osmotic potential (s) or water availability in the 

culture media was limited, relating to increase in the NaCl concentrations of the growth medium. The 

chlorophyll degradation in the salt stressed seedlings was positively related to s in the culture media. 

Chlorophyll a (Chla), chlorophyll b (Chlb) and total chlorophyll (TC) concentrations in the salt stressed 

leaves significantly dropped, depending on salt treatments except total carotenoids (Cx+c) content 

which was decreased by the factors of salt concentrations, cultivars and their interaction. Proline in the 

salt stressed leaves accumulated to 600.9 mol g-1FW, especially in sweet maize treated with 400 mM 

NaCl. The chlorophyll degradation in both cultivars was progressively correlated with maximum 

quantum yield of PSII (Fv/Fm) as well as the photon yield of PSII (PSII) was related to net 

photosynthetic rate (Pn), leading to growth reduction. Chlorophyll a fluorescence parameters, Fv/Fm, 

PSII and photochemical quenching (qP), in the leaf tissues were reduced, while non-photochemical 

quenching (NPQ) was exhibited. The biochemical, physiological and morphological changes in salt 

stressed maize cultivars were subjected to K-Means Cluster in SPSS software and classified the two 

cultivars as waxy salt tolerant and sweet salt sensitive. 

 

Introduction 

 

Salinity is one of the most important abiotic stresses widely distributed in both 

irrigated and non-irrigated areas of the world. Soil contaminated salts (ECe > 4 dS m-1 or 

40 mM NaCl or osmotic potential < 0.117 MPa) are defined as salinity land, which 

directly affects plant growth and development in vegetative growth prior to reproductive 

stage, especially crop species (Allakhverdiev et al., 2000; Sairam & Tyagi, 2004; 

Chinnusamy et al., 2005; Ashraf et al., 2008; Ashraf, 2009). Most of crop species i.e. 

bean, eggplant, onion, pepper, corn, sugarcane, potato and cabbage are sensitive to 

salinity (ECe 1.0-1.8 dS m-1), which reduce crop productivity about 6-19%. In general, 

biochemical, physiological, morphological and anatomical characteristics of crop species 

directly affected by soil salinity are well established (Ashraf, 2004; Ashraf & Harris, 

2004; Chinnusamy et al., 2005; Parida & Das, 2005). There are many reports which show 

that salinity induces water deficit in many crop species such as corn, sunflower, potato 

and soybean (Katerji et al., 1996; Katerji et al., 1998; Katerji et al., 2004). A primary 

response in salt stressed plants is a decrease in plant water potential, resulting in 

decreased  water  use  efficiency, leading to the overall toxic damages and yield reduction  
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(Glenn & Brown, 1998; El-Hendawy et al., 2005; Mansour et al., 2005). The role of 
proline in cell osmotic adjustment, membrane stabilization and detoxification of injurious 
ions in plants exposed to salt stress is widely reported (Hare et al., 1999; Kavi Kishor et 
al., 2005; Ashraf & Foolad, 2007). There are several techniques to enhance the 
endogenous proline accumulation for salt defense mechanism such as exogenous 
application (Santos et al., 1996; Hoque et al., 2007; Kaya et al., 2007), biosynthesis 
gene(s) overexpression (Zhu et al., 1998; Han & Hwang, 2003) and degradation gene(s) 
knock-out (Nanjo et al., 1999). The endogenous proline accumulation in salt stressed 
plants has been utilized as effective indicator for salt tolerance. Moreover, multivariate 
biochemical and physiological parameters, growth performances and yield have been 
applied to classify salt tolerant cultivars in maize (Neto et al., 2004), wheat (El-Hendawy 
et al., 2005), rice (Zeng, 2005), cowpea (Murillo-Amador et al., 2006), tomato (Juan et 
al., 2005), seashore paspalum (Lee et al., 2008), and chickpea (Maliro et al., 2008). 

Maize (Zea mays L.) belonging to Poaceae family of C4 type is reported as salt 
susceptible (Katerji et al., 1996; Chinnusamy et al., 2005). In the recent study, salt 
tolerance trait is a major target of maize breeding program, especially in the CIMMYT 
organization (Bänziger et al., 2006). The aim of this investigation was to find-out the 
effective criteria in terms of biochemical, physiological and morphological changes 
taking place in maize cultivars differing in some qualitative traits. 

 

Materials and Methods 

 
Plant materials: Seeds of sweet corn (cv. Saccharata) and waxy-corn (cv. Ceratina) 
provided by Lion Seed Ltd., were surface disinfected using 5% Clorox overnight, 30% 
Clorox for 30 min., rinsed thrice by sterile-distilled water and then cultured on the MS 
media (Murashige & Skoog, 1962) containing 3% sucrose and 0.25% Phytagel. 
Seedlings were cultured In vitro under condition of 252C ambient temperature, 605% 
relative humidity (RH) and 605 mol m-2 s-1 photosynthetic proton flux (PPF) provided 
by fluorescent lamps with 16 h d-1 photoperiod for 2 weeks. Maize seedlings were 
transferred to MS sugar-free liquid media (photoautotrophic condition) using vermiculite 
as a supporting material for 1 week. The number of air-exchanges in the glass vessels was 
adjusted to 2.32 h-1 by punching a hole in the plastic cap ( 1 cm) and covering the hole 
with a microporous filter (0.20 m of pore size). Sodium chloride concentration in the 
culture media was adjusted to 0, 100, 200, 300 or 400 mM for 5 days. Photosynthetic 
pigments, proline content, chlorophyll a fluorescence, net-photosynthetic rate and growth 
characters were measured. 

Chlorophyll a (Chla), chlorophyll b (Chlb), total chlorophyll (TC) and total 
carotenoid (Cx+c) concentrations were determined following the methods of Shabala et al., 
(1998) and Lichtenthaler (1987), respectively. One hundred milligrams of leaf material 
were collected from the second and third nodes of the shoot tip. The leaf samples were 
placed in a 25 mL glass vial, added with 10 mL of 95.5% acetone, and blended with a 
homogenizer. The glass vials were sealed with parafilm to prevent evaporation and then 
stored at 4C for 48 h.  The Chla and Chlb concentrations were measured using a UV-
visible spectrophotometer at 662 nm and 644 nm wavelengths. The Cx+c concentration 
was measured spectrophotometrically at 470 nm. A solution of 95.5% acetone was used 
as a blank. Pigment degradation percentage was calculated using the following equation: 
 

Pigment degradation (%) = 1  
Salt treatment 

X 100 
Control 
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Proline content in the leaf tissues was extracted and analyzed according to the 

method of Bates et al., (1973). Fifty-milligram fresh leaf materials were ground in a 

motar with liquid nitrogen. The homogenate powder was mixed with 1 mL aqueous 

Sulfosalicylic acid (3 % w/v) and filtered through (Whatman #1) filter paper. The 

extracted solution was reacted with an equal volume of Glacial acetic acid and ninhydrin 

reagent (1.25 mg Ninhydrin in 30 mL of Glacial acetic acid and 20 ml 6 M H3PO4) and 

incubated at 95°C for 1 h. The reaction was terminated placing in an ice bath. The 

reaction mixture was vigorously mixed with 2 mL toluene. After warming at 25°C, the 

chromophore was measured at 520 nm. L-proline was used as a standard. 

Chlorophyll a fluorescence emission from the third leaf was measured using a 

Fluorescence Monitoring System in the pulse amplitude modulation mode as described 

by Loggini et al., (1999) and Maxwell & Johnson (2000). 

Carbon dioxide (CO2) inside (Cin) and outside (Cout) the culture vessel containing 

seedlings was measured using a Gas Chromatograph and net photosynthetic rate (Pn) was 

calculated according to Fujiwara et al., (1987). 

 

[Pn]  = K  E  V (Cout - Cin) / Leaf area 

 

where,  K is a conversion factor converting CO2 amount from volume to mole (40.5 mol 

m-3 at 28C). 

E is a number of air exchanges per hour (2.32 h-1). 

V is an air volume of the vessel (0.0025 m3). 

 

Fresh and dry weights, shoot height, root length and leaf area of maize seedlings were 

measured as described by Cha-um et al., (2006). Maize seedlings were dried at 110C in a 

hot-air oven for 2 days and then incubated in desiccators before measurement of the dry 

weight. Leaf area of maize seedlings was measured using a leaf area meter (DT-scan). 

The experiment was arranged as 25 factorials in a completely randomized design 

(CRD) with six replicates and four plantlets per replicate. The mean values obtained were 

compared by Duncan’s New Multiple Range Test (DMRT) and analyzed by the SPSS 

software. The correlations between physiological and biochemical parameters were 

calculated using Pearson’s correlation coefficients. 

 

Results and Discussion 

 
Osmotic potential (ψs) in the culture media containing Sodium chloride (NaCl) was 

decreased, depending on salt concentrations. Decrease in ψs in the culture media was 
positively related to pigment degradation in both Saccharata (r2 = 0.98) and Ceratina (r2 = 
0.99) (Fig. 1). Chlorophyll a (Chla), chlorophyll b (Chlb) and total chalorophyll (TC) 
contents in salt-stressed seedlings of Saccharata and Ceratina were significantly dropped 
when exposed to salt stress. Total carotenoid (Cx+c) content was decreased, relating to 
genotype and salt stress factors (Table 1). On the other hand, proline content in the salt 
stressed seedlings reached to 600.9 (3.67 folds of control) and 339.2 mol g-1 FW (2.86 
folds of control) in Saccharata and Ceratina cultivars, respectively under 400 mM NaCl 
stress (Table 1). The proline content in the salt stressed tissues of cv. Saccharata was 
higher than that in Ceratina. The pigment degradation in the salt stressed leaves was 
positively correlated with low maximum quantum yield of PSII (Fv/Fm) in both 
Saccharata  (r2 = 0.85)  and  Ceratina (r2 = 0.90)   (Fig.  2).   Chlorophyll  a   fluorescence  



SURIYAN CHA-UM & CHALERMPOL KIRDMANEE 

 

90 

y = -42.06x - 4.54

r
2
 = 0.98

0

20

40

60

80

100

-2.5 -2.0 -1.5 -1.0 -0.5 0.0

 
 

y = -44.57x - 6.97

r
2 

= 0.99

0

20

40

60

80

100

-2.5 -2.0 -1.5 -1.0 -0.5 0.0

 
 
 

Fig. 1. Relationship between osmotic potential in the culture media and pigment degradation of Saccharata (A) 

and Ceratina (B) maize seedlings grown under salt stress for 5 days. Error bars represent ±SE. 
 

parameters, including Fv/Fm, photon yield of PSII (PSII), and photochemical quenching 
(qP) in the salt stressed leaves were significantly diminished corresponding to cultivar, 
salt stress and their interactions, while non-photochemical quenching (NPQ) was 
increased (Table 2). The reduction in PSII in the salt stressed seedlings of maize was 
positively correlated to net photosynthetic rate (Pn) in both Saccharata (r2 = 0.91) and 
Ceratina (r2 = 0.96) (Fig. 3). The Pn in salt stressed seedlings was sharply dropped in both 
cultivars (Table 2), leading to considerable growth reduction (Fig. 4). In 400 mM NaCl 
treatment, the Pn was reduced to as low as 1.05 mol m-2 s-1 in Saccharata (7.76 folds of 
control) and 0.99 mol m-2 s-1 in Ceratina (5.27 folds of control) (Table 2). The 
relationship between biochemical and physiological parameters are presented in Table 3. 
The Chla, Chlb, Cx+c, Fv/Fm, PSII, qP and Pn showed positive correlations, while proline 
and NPQ was negatively related. In addition, the fresh weight, dry weight and leaf area in 
both cultivars were reduced significantly due to salt stress (Table 4). The data for 
pigment degradation, photosynthetic ability and growth reduction in salt stressed 
seedlings were subjected to K-Means Cluster in SPSS software to classify the cultivars, 
Saccharata (sweet) was found to be salt susceptible and Ceratina (waxy) the salt tolerant. 
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Table 1. Chlorophyll a (Chla), chlorophyll b (Chlb), total chlorophyll (TC), total carotenoids 
(Cx+c) and proline contents of maize seedlings grown under salt stress for 5 days. 

Cultivar 
(CV) 

NaCl 
(mM) 

Chla 
(g g-1FW) 

Chlb 
(g g-1FW) 

TC 
(g g-1FW) 

Cx+c 
(g g-1FW) 

Proline 
(mol g-1FW) 

 0 200.4a 87.8a 288.2a 64.9a 163.6fg 
 100 137.1b 71.3ab 208.4b 55.4ab 271.5d 
Saccharata 200 89.9cd 52.3bc 142.2c 52.3abc 294.9cd 
 300 73.2de 36.3cd 109.5d 49.9abc 520.0b 
 400 45.2ef 28.0cd 73.2e 38.3bcd 600.9a 
 0 200.1a 89.2a 289.3a 62.9a 118.5g 
 100 152.5b 56.7bc 209.2b 50.3abc 188.5ef 
Ceratina 200 106.7c 51.5bcd 158.2c 46.1abc 234.8de 
 300 64.7def 37.9cd 102.6d 32.9cd 273.8d 
 400 38.7f 20.7d 59.4e 26.8d 339.2c 
Significant level      
CV  NS NS NS ** ** 
NaCl  ** ** ** ** ** 
CVNaCl  NS NS NS NS ** 
Different letters in each column show significant difference at p0.01 (**) by Duncan’s New Multiple Range 

Test (DMRT). Non   significant difference represented by NS. 
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Fig. 2. Relationship between pigment degradation and maximum quantum yield of PSII (Fv/Fm) of Saccharata 

(A) and Ceratina (B) maize seedlings grown under salt stress for 5 days. Error bars represent ±SE. 
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Table 2. Maximum quantum yield of PSII (Fv/Fm), photon yield of PSII (PSII), photochemical 
quenching (qP), non-photochemical quenching (NPQ) and net-photosynthetic rate (Pn),  

of maize seedlings grown under salt stress for 5 days. 

Cultivar 
(CV) 

NaCl 
(mM) 

Fv/Fm PSII qP NPQ 
Pn 

(mol m-2 s-1) 

 0 0.807a 0.716a 0.914a 0.033c 8.15a 
 100 0.785b 0.688ab 0.850a 0.051c 5.70b 
Saccharata 200 0.761c 0.603bc 0.731bc 0.110abc 4.73c 
 300 0.736d 0.503cd 0.686cde 0.167abc 2.02ef 
 400 0.677f 0.385e 0.461f 0.271a 1.05g 

 0 0.815a 0.657ab 0.826ab 0.031c 5.22bc 
 100 0.808a 0.530cd 0.718bcd 0.044c 3.58d 
Ceratina 200 0.779b 0.495d 0.679cde 0.155abc 2.49e 
 300 0.743d 0.458de 0.614de 0.161abc 1.54fg 
 400 0.703e 0.439de 0.576e 0.211ab 0.99g 
Significant level      

CV  ** ** ** NS ** 
NaCl  ** ** ** ** ** 
CVNaCl  NS ** ** NS ** 

Different letters in each column show significant difference at p0.01 (**) by Duncan’s New Multiple Range 

Test (DMRT). Non-significant difference represented by NS. 
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Fig. 3. Relationship between photon yield of PSII (ΦPSII) and net-photosynthetic rate (Pn) of Saccharata (A) and 
Ceratina (B) maize seedlings grown under salt stress for 5 days. Error bars represent ±SE. 
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Table 3. Relationship between physiological and biochemical parameters of maize seedlings 

grown under salt stress for 5 days. 

Parameters Chla Chlb Cx+c PRO Fv/Fm PSII qP NPQ Pn 

Chla - - - - - - - - - 

Chlb 0.734** - - - - - - - - 

Cx+c 0.736** 0.612** - - - - - - - 

PRO -0.720** -0.570** -0.338** - - - - - - 

Fv/Fm 0.856** 0.750** 0.674** -0.657** - - - - - 

PSII 0.737** 0.656** 0.607** -0.560** 0.829** - - - - 

qP 0.633** 0.595** 0.449** -0.533** 0.661** 0.857** - - - 

NPQ -0.614** -0.526** -0.419** 0.612** -0.666** -0.549** -0.432** - - 

Pn 0.810** 0.738** 0.641** -0.619** 0.860** 0.840** 0.761** -0.590** - 
Significant level at p0.01 is represented by ** using Pearson’s correlation coefficients. 
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Fig. 4. Relationship between net-photosynthetic rate (Pn) and dry weight of Saccharata (A) and Ceratina (B) 
maize seedlings grown under salt stress for 5 days. Error bars represent ± SE. 
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Table 4. Growth characters, fresh weight, dry weight and leaf area of maize 

seedlings grown under salt stress for 5 days. 

Cultivar 

(CV) 

NaCl 

(mM) 

Fresh weight 

(mg) 

Dry weight 

(mg) 

Leaf area 

(mm2) 

 0 1238a 105ab 2207a 

 100 855bc 94bcd 1522c 

Saccharata 200 668cd 78def 1056d 

 300 562de 70fgh 658e 

 400 453e 63gh 360f 

 0 1289a 113a 2079ab 

 100 1099a 103abc 1872b 

Ceratina 200 903b 98abc 1470c 

 300 852bc 86cde 1132d 

 400 662cd 59h 899de 

Significant level   

CV  ** ** ** 

NaCl  ** ** ** 

CVNaCl  NS NS ** 

Different letters in each column show significant difference at p0.01 (**) by Duncan’s New 

Multiple Range Test (DMRT). Non-significant difference represented by NS. 
 

In the present study, the osmotic potential dramatically decreased when NaCl was 

supplied in the culture media. This led to water deficit in the maize seedlings. Osmotic 

stress and ionic toxicity resulted from salt stress in maize plants are well established in 

many reports (Fortmeier & Schubert, 1995; Katrrji et al., 1996; Katrrji et al., 2004; 

Mansour et al., 2005; Eker et al., 2006). Low osmotic potential in the media containing 

salts is one of the most factors, which directly affect water use efficiency in plants of 

maize (Neto et al., 2004; Mansour et al., 2005), wheat (El-Hendawe et al., 2005), barley 

(Chen et al., 2007) and soybean (Çiçek & Çakırlar, 2008). 

Proline accumulation in salt stressed plants is a primary defense response to maintain 

the osmotic pressure in a cell, which is reported in salt tolerant and salt sensitive cultivars 

of many crops (de Lacerda et al., 2003; Kumar et al., 2003; de Lacerda, et al., 2005; 

Demiral & Türkan, 2005; Mansour et al., 2005; Misra & Gupta, 2005; Desingh & 

Kanagaraj, 2007; Koca et al., 2007; Veeranagamallaiah et al., 2007). In the present study, 

proline accumulation in the salt tolerant maize (cv. Ceratina) was significantly lower than 

that in the salt sensitive maize (cv. Sacharata). Similar results have been reported in rice 

[IR28 (salt susceptible) < Pokkari (salt tolerant)] and sorghum [CSF18 (salt susceptible) 

< CSF20 (salt tolerant)] grown under salt stress (de Lacerda, et al., 2003; de Lacerda, et 

al., 2005; Demiral & Türkan, 2005). Salt tolerant plant species may possibly survive in 

salt stress condition using other defense mechanisms such as ion homeostasis, 

antioxidation and hormonal systems (Zörb et al., 2005; Neto et al., 2006; Zhang et al., 

2006). Due to this, evaluation of a number of parameter in salt stressed plant would result 

in the identification of some effective criteria to classify plants for salt tolerance. 

The pigment degradation, chlorophyll a fluorescence weakness and Pn reduction in 

salt stressed maize cultivars were found to be the sensitive parameters to determine the 

pigment stability, photosystem II (PSII) efficiency and CO2 assimilation rate in the leaf 

tissues. The chlorophyll content in 100 mM NaCl stressed maize (cv. Helix) for 8 days 

was significantly reduced to 8% when compared to control, causing low CO2 assimilation 
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and transpiration rates (Lohaus et al., 2000). The chloroplast in the bundle sheath zones 

of 513 mM NaCl stressed maize (cv. Golden Bantam) is drastically damaged 2.26 folds 

of control, leading to low Fv/Fm and PSII (Hasan et al., 2006). The reduction in both light 

reaction and dark reaction of photosynthesis of salt stressed maize is related to growth 

reduction and low productivity (Fortmeier & Schubert, 1995; Lohaus et al., 2000; Katerji 

et al., 2004; Rodríguez et al., 2004). In addition, the salt tolerant cultivars, Pioneer 3769, 

Pioneer 3906, Giza 2, and salt sensitive cultivars, Pioneer 3751, Across 8023, Trihybrid 

321, of maize have been categorized (Fortmeier & Schubert, 1995; Mühling & Läuchli, 

2002; Mansour et al., 2005). In this study, cv. Ceratina was identified as salt tolerant, 

while Saccharata as salt susceptible using K-Means Cluster analysis. There are several 

reports, which show that salt tolerant cultivars of maize can be identified using 

biochemical, physiological and morphological changes as well as productivity criteria. 

From previous publications, maize cultivar, Maverik (hybrid), 2572 (sweet corn) and 

BR5033, were identified as salt tolerant, and 7993 (hybrid), Reliance and BR5011 as salt 

susceptible (Pasternak et al., 1995; Neto et al., 2004; Eker et al., 2006).  

In conclusion, the photosynthetic parameters in both light and dark reactions in cv. 

Ceratina (waxy) and cv. Saccharata (sweet) cultivars were the sensitive parameters, 

which related to overall growth reduction under salt stress. There was a significant 

relationship between biochemical and physiological characters. Saccharata cultivar of 

maize was classified as salt susceptible, whereas cv. Ceratina as salt tolerant, based on 

various biochemical, physiological and growth parameters appraised in the present study. 

 

Acknowledgements 

 

The authors are grateful to Lion Seed Ltd. for providing maize seed and the National 

Center for Genetic Engineering and Biotechnology (BIOTEC), National Science and 

Technology Development Agency (NSTDA) for financially supporting the project. 

 
References 

 

Allakhverdiev, S.I., A. Sakamoto, Y. Nishiyama, M. Inaba and N. Murata. 2000. Ionic and osmotic 

effects of NaCl-induced inactivation of photosystem I and II in Synechococcus sp. Plant 

Physiol., 123: 1047-1056. 

Ashraf, M. 2004. Some important physiological selection criteria for salt tolerance in plants. Flora, 

199: 361-376. 

Ashraf, M. 2009. Biotechnological approach of improving plant salt tolerance usinf antioxidants as 

markers. Biotech. Adv., 27: 84-93. 

Ashraf, M. and M.R. Foolad. 2007. Improving plant abiotic-stress resistance by exogenous 

application of osmoprotectants glycinebetaine and proline. Environ. Exp. Bot., 59: 206-216. 

Ashraf, M. and P.J.C. Harris. 2004. Potential biochemical indicators of salinity tolerance in plants. 

Plant Sci., 166: 3-16. 

Ashraf, M., H.R. Athar, P.J.C. Harris and T.R. Kwon. 2008. Some prospective strategies for 

improving crop salt tolerance. Adv. Agron., 97: 45-110. 

Bänziger, M., P.S. Setimela and D. Hodson. 2006. Breeding for improved abiotic stress tolerance in 

maize adapted to southern Africa. Agric. Water Manage., 80: 212-224. 

Bates, L.S., R.P. Waldren and I.D. Teare. 1973. Rapid determination of free proline for water-stress 

studies. Plant Soil, 39: 205-207. 

Cha-um, S., K. Supaibulwatana and C. Kirdmanee. 2006. Water relation, photosynthetic ability and 

growth of Thai Jasmine rice (Oryza sativa L. ssp. indica cv. KDML105) to salt stress by 

application of exogenous glycinebetaine and choline. J. Agron. Crop Sci., 192: 25-36. 



SURIYAN CHA-UM & CHALERMPOL KIRDMANEE 

 

96 

Chen, Z., T.A. Cuin, M. Zhou, A. Twomey, B.P. Naidu and S. Shabala. 2007. Compatible solute 

accumulation and stress-mitigating effects in barley genotypes contrasting in their salt 

tolerance. J. Exp. Bot., 58: 4245-4255. 

Chinnusamy, V., A. Jagendorf and J.K. Zhu. 2005. Understanding and improving salt tolerance in 

plants. Crop Sci., 45: 437-448. 

Çiçek, N. and H. Çakırlar. 2008. Effects of salt stress on some physiological and photosynthetic 

parameters at three different temperatures in six soya bean (Glycine max L. Merr.) cultivars. J. 

Agron. Crop Sci., 194: 34-46. 

de Lacerda, C.F., J. Cambraia, M.A. Oliva and H.A. Ruiz. 2005. Changes in growth and in solute 

concentrations in sorghum leaves and roots during salt stress recovery. Environ. Exp. Bot., 54: 

69-76. 

de Lacerda, C.F., J. Cambraia, M.A. Oliva, H.A. Ruiz and J.T. Prisco. 2003. Solute accumulation 

and distribution during shoot and leaf development in two sorghum genotypes under salt stress. 

Environ. Exp. Bot., 49: 107-120. 

Demiral, T. and İ. Türkan. 2005. Comparative lipid peroxidation, antioxidant defense systems and 

proline content in roots of two rice cultivars differing in salt tolerance. Environ. Exp. Bot., 53: 

247-257. 

Desingh, R. and G. Kanagaraj. 2007. Influence of salinity stress on photosynthesis and 

antioxidative systems in two cotton varieties. Gen. Appl. Plant Physiol., 33: 221-234. 

Eker, S., G. Cömertpay, Ö. Konuşkan, A.C. Ülger, L. Öztürk and I. Çakmak. 2006. Effect of 

salinity on dry matter production and ion accumulation in hybrid maize varieties. Turk. J. 

Agric. For., 30: 365-373. 

El-Hendawy, S.E., Y. Hu and U. Schmidhalter. 2005. Growth, ion content, gas exchange, and water 

relations of wheat genotypes differing in salt tolerances. Aust. J. Agric. Res., 56: 123-134. 

El-Hendawy, S.E., Y. Hu, G.M. Yakout, A.M. Awad, S.E. Hafiz and U. Schmidhalter. 2005. 

Evaluating salt tolerance of wheat genotypes using multiple parameters. Europ. J. Agron., 22: 

243-253. 

Fortmeier, R. and S. Schubert. 1995. Salt tolerance of maize (Zea mays L.): the role of Sodium 

exclusion. Plant Cell Environ., 18: 1041-1047. 

Fujiwara, K., T. Kozai and L. Watanabe. 1987. Fundamental studies on environment in plant tissue 

culture vessel (3) Measurement of carbon dioxide gas concentration in closed vessel 

containing tissue cultured plantlets and estimates of net photosynthetic rate of the plantlets. J. 

Agric. Meteorol., 43: 21-30. 

Glenn, E.P. and J.J. Brown. 1998. Effects of soil salt levels on the growth and water use efficiency 

of Atriplex canescens (Chenopodiaceae) varieties in drying soil. Amer. J. Bot., 85: 10-16. 

Han, K.H. and C.H. Hwang. 2003. Salt tolerance enhanced by transformation of a P5CS gene in 

carrot. J. Plant Biotechnol., 5: 149-153. 

Hare, P.D., W.A. Cress and J. van Staden. 1999. Proline biosynthesis and degradation: a model 

system for elucidating stress-related signal transduction. J. Exp. Bot., 50: 413-434. 

Hasan, R., M. Kawasaki, M. Taniguchi and H. Miyake. 2006. Salinity stress induces granal 

development in bundle sheath chloroplasts of maize, an NADP-malic enzyme-type C4 plant. 

Plant Prod. Sci., 9: 256-265. 

Hasegawa, P.M., R.A. Bressan, J.K. Zhu and H.J. Bohnert. 2000 Plant cellular and molecular 

responses to high salinity. Annu. Rev. Plant Physiol. Mol. Biol., 51: 463-499. 

Hoque, M.A., E. Okuma, M.N.A. Banu, Y. Nakamura, Y. Shimoishi and Y. Murata. 2007. 

Exogenous proline mitigates the detrimental effects of salt stress more than exogenous betaine 

by increasing antioxidant enzyme activities. J. Plant Physiol., 164: 553-561. 

Juan, M., R.M. Rivero, L. Romero and J.M. Ruiz. 2005. Evaluation of some nutrition and biochemical 

indicators in selecting salt-resistant tomato cultivars. Environ. Exp. Bot., 54: 193-201. 

Katerji, N., J.W. van Hoorn, A. Hamdy and M. Mastrorilli. 2004. Comparison of corn yield response 

to plant water stress caused by salinity and by drought. Agric. Water Mange., 65: 95-101. 

Katerji, N., J.W. van Hoorn, A. Hamdy, F. Karam and M. Mastrorilli. 1996. Effect of salinity on 

water stress, growth and yield of maize and sunflower. Agric. Water Manage, 30: 237-249. 



EFFECT OF SALT STRESS ON TWO MAIZE CULTIVARS 

 

97 

Katerji, N., J.W. van Hoorn, A. Hamdy, M. Mastrorilli and F. Karam. 1998. Salinity and drought, a 

comparison of their effects on the relationship between yield and evapotranspiration. Agric. 

Water Manage., 36: 45-54. 

Kavi Kishor, P.B., S. Sangam, R.N. Amrutha, P.S. Laxmi, K.R. Naidu, K.R.S.S. Rao, S. Rao, K.J. 

Reddy, P. Theriappan and N. Sreenivasulu. 2005. Regulation of proline biosynthesis, 

degradation, uptake and transport in higher plants: Its implications in plant growth and abiotic 

stress tolerance. Curr. Sci., 88: 424-438. 

Kaya, C., A.L. Tuna, M. Ashraf and H. Altunlu. 2007. Improved salt tolerance of melon 

(Cucummis melo L.) by the addition of proline and potassium nitrate. Environ. Exp. Bot., 60: 

397-403. 

Koca, H., M. Bor, F. Özdemir and İ. Türkan. 2007. The effect of salt stress on lipid peroxidation, 

antioxidative enzymes and proline content of sesame cultivars. Environ. Exp. Bot., 60: 344-351. 

Kumar, S.G., A.M. Reddy and C. Sudhakar. 2003. NaCl effects on proline metabolism in two high 

yielding genotypes of mulberry (Morus alba L.) with contrasting salt tolerance. Plant Sci., 

165: 1245-1251. 

Lee, G., R.N. Carrow, R.R. Duncan, M.A. Eiteman and M.W. Rieger. 2008. synthesis of organic 

osmolytes and salt tolerance mechanisms in Paspalum vaaginatum. Environ. Exp. Bot., 63: 19-27. 

Lichtenthaler, H.K. 1987. Chlorophylls and carotenoids: Pigments of photosynthetic biomembranes. 

Method. Enzymol., 148: 350-380. 

Loggini, B., A. Scartazza, E. Brugnoli and F. Navari-Izzo. 1999. Antioxidant defense system, 

pigment composition, and photosynthetic efficiency in two wheat cultivars subjected to 

drought. Plant Physiol., 119: 1091-1099. 

Lohaus, G., M. Hussmann, K. Pennewiss, H. Schneider, J.J. Zhu and B. Sattelmacher. 2000. Solute 

balance of a maize (Zea mays L.) source leaf as affected by salt treatment with special 

emphasis on phloem retranslocation and ion leaching. J. Exp. Bot., 51: 1721-1732. 

Maliro, M.F.A., D. McNeil, B. Redden, J.F. Kollmorgen and C. Pittock. 2008. Sampling strategies 

and screening of chickpea (Cicer arietinum L.) germplasm for salt tolerance. Genet. Resour. 

Crop Evol., 55: 53-63. 

Mansour, M.M.F., K.H.A. Salama, F.Z.M. Ali, and A.F.A. Hadid. 2005. Cell and plant responses to 

NaCl in Zea mays L. cultivars differing in salt tolerance. Gen. Appl. Plant Physiol., 31: 29-41. 

Maxwell, K. and G.N. Johnson. 2000. Chlorophyll fluorescence – a practical guide. J. Exp. Bot., 

51: 659-668. 

Misra, N. and A.K. Gupta. 2005. Effect of salt stress on proline metabolism in two high yielding 

genotypes of green gram. Plant Sci., 169: 331-339. 

Muhling, K.H. and A. Lauchli. 2002. Effect of salt stress on growth and cation compartmentation 

in leaves of two plant species differing in salt tolerance. J. Plant Physiol., 159: 137-146. 

Murashige, T. and F. Skoog. 1962. A revised medium for rapid growth and bioassays with tobacco 

tissue cultures. Physiol. Plant., 15: 473-497. 

Murillo-Amador, B., E. Troyo-Diéguez, J.L. García-Hernández, R. López-Aguilar, N.Y. Ávila-

Serrano, S. Zamora-Salgado, E.O. Rueda-Puente and C. Kaya. 2006. Effect of NaCl salinity in 

the genotypic variation of cowpea (Vigna unguiculata) during early vegetative growth. Sci. 

Hort., 108: 423-431. 

Nanjo, T., T. Kobayashi, Y. Yoshiba, Y. Kakubari, K. Yamaguchi-Shinozaki and K. Shinozaki. 

1999. Antisense suppression of proline degradation improves tolerance to freezing and salinity 

in Arabidopsis thaliana. FEBS Lett., 461: 205-210. 

Neto, A.D.A., J.T. Prisco, J. Enéas-Filho, C.E.B. de Abreu and E. Gomes-Filho. 2006. Effect of salt 

stress on antioxidantive enzymes and lipid peroxidation in leaves and roots of salt-tolerant and 

salt-sensitive maize genotypes. Environ. Exp. Bot., 56: 87-94. 

Neto, A.D.A., J.T. Prisco, J. Enéas-Filho, C.F. de Lacerda, J.V. Silva, P.H.A. da Costa and E. 

Gomes-Filho. 2004. Effects of salt stress on plant growth, stomatal response and solute 

accumulation of different maize genotypes. Braz. J. Plant Physiol., 16: 31-38. 

Parida, A.K. and A.B. Das. 2005. Salt tolerance and salinity effects on plants: a review. Ecotoxicol. 

Environ. Safe., 60: 324-349. 



SURIYAN CHA-UM & CHALERMPOL KIRDMANEE 

 

98 

Pasternak, D., M. Sagih, Y. DeMalach, Y. Keren and A. Shaffer. 1995. Irrigation with brackish 

water under desert conditions XI. Salt tolerance in sweet-corn cultivars. Agric. Water Manage., 

28: 325-334. 

Rodríguez, A.A., A.R. Córdoba, L. Ortega and E. Taleisnik. 2004. Decreased reactive oxygen 

species concentration in the elongation zone contributes to the reduction in maize leaf growth 

under salinity. J. Exp. Bot., 55: 1383-1390. 

Sairam, R.K. and A. Tyagi. 2004. Physiology and molecular biology of salinity stress tolerance in 

plants. Curr. Sci., 86: 407-421. 

Santos, M.A., T. Camara, P. Rodriguez, I. Claparols and J.M. Torné. 1996. Influence of exogenous 

proline on embryogenic and organogenic maize callus subjected to salt stress. Plant Cell Tiss. 

Org. Cult., 47: 59-65. 

Shabala, S.N., S.I. Shabala, A.I. Martynenko, O. Babourina and I.A. Newman. 1998. Salinity effect 

on bioelectric activity, growth, Na+ accumulation and chlorophyll fluorescence of maize 

leaves: a comparative survey and prospects for screening. Aust. J. Plant Physiol., 25: 609-616. 

Veeranagamallaiah, G., P. Chandraobulreddy, G. Jyothsnakumari and C. Sudhakar. 2007. 

Glutamine synthetase expression and pyrroline-5-carboxylate reductase activity influence 

proline accumulation in two cultivars of foxtail millet (Setaria italica L.) with differential salt 

sensitivity. Environ. Exp. Bot., 60: 239-244. 

Zeng, L. 2005. Exploration of relationships between physiological parameters and growth 

performance of rice (Oryza sativa L.) seedlings under salinity stress using multivariate 

analysis. Plant Soil, 268: 51-59. 

Zhang, J., W. Jia, J. Yang and A.M. Ismail. 2006. Role of ABA in integrating plant responses to 

drought and salt stresses. Field Crops Res., 97: 111-119. 

Zhu, B., J. Su, M. Chang, D.P.S. Verma, Y.L. Fan and R. Wu. 1998. Overexpression of a 1-

pyrroline-5-carboxylate synthetase gene and analysis of tolerance to water- and salt-stress in 

transgenic rice. Plant Sci., 139: 41-48. 

Zörb, C., A. Noll, S. Karl, K. Leib and F. Yan. 2005. Molecular characterization of Na+/H+ 

antiporters (ZmNHX) of maize (Zea mays L.) and their expression under salt stress. J. Plant 

Physiol., 162: 55-66. 

 

(Received for publication 15 April 2008) 


