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Genotypic Variability in Salinity Tolerance of Maize Pipe Line Hybrids at Seedling Stage
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In this study using a simple and novel semi-hydroponic technique, 14 maize pipe line 
hybrids with high yield potentials were evaluated for salinity tolerance at different 
levels of stress [control, 0.15 (EC=13.6 dSm-1), 0.2 MNaCl (EC=18 dSm-1)] at seedling 
stage. This technique is proved to be highly effective and consistent to distinguish 
genotypes for salinity tolerance. Increasing salinity decreases emergence percentage, 
shoot and root length and number of adventitious roots in susceptible lines, on the 
contrary the tolerant lines showed increased number of lateral roots with increasing 
salinity as a function of osmotic adjustment. Two genotypes have even at 0.2 M 
NaCl showed high emergence percentage starting from 70% to 77% emergence and 
more number of adventitious roots, viz. revealing these genotypes have high salinity 
tolerance. Seven genotypes have at 0.15 M NaCl showed highest emergence start-
ing from 70% to 96.7%. The results revealed that seedling emergence and number 
of adventitious roots may be considered as selection criteria for salinity tolerance in 
maize. These genotypes have great potential under saline prone areas.
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1.  Introduction

Maize (Zea mays L.) is grown in diverse climatic conditions in 
various countries of the world as an important basic food grain 
mainly for the majority of people in Latin American countries. 
It occupies an indispensable part of the human diet for its high 
nutritional quality of the grain, but the productivity of the crop 
is affected by several abiotic factors such as cold temperature, 
drought and salinity (Maiti et al., 2004). Therefore, there is a 
great necessity in the development of an efficient technique for 
the evaluation and selection of maize cultivars for tolerance to 
salinity as well as other abiotic stresses. Significant progress 
has been achieved on salinity tolerance in maize. 

Salt stress affects the growth of a crop at different stages. 
Genotypic variability exists for resistance to salinity (Nordquist 
et al., 1992). Maiti et al. (1996) reported high genetic variability 
in maize cultivars (Zea mays) for resistance to drought and 
salinity at the seedling stage and diverse genotypes have been 
selected for resistance to drought and salinity stress. Increasing 
salinity reduces germination rate (Jan et al., 1995), but addition 
of CaCl2 improves seedling growth in terms of shoot and root 
dry weight (Alberico and Cramer, 1993). Salt shock inhibits 
root elongation, but it is followed by a gradual recovery 

(Rodriguez et al., 1997). 

In recent studies, considerable variations were observed in the 
root, shoot length and biomass of different hybrids at different 
salinity levels (Muhammad et al., 2010). NaCl concentrations 
at germinating stage had adverse effect on maize than later 
stages of growth (Tayyaba et al., 2010).

Salinity causes several biochemical changes in various crops 
which have been documented in the literature. The salt tolerance 
of maize at the germination stage was found to be associated 
with high transport of Na+ and Cl- to the growing shoot axis and 
time course decrease in K+ and Ca2+ concentration in the embryonic 
tissues. The adverse effect of salt ion on seed germination is 
partly due to the damage caused by breakdown of seed lipids 
in order to supply soluble sugars in the respiratory metabolism 
of the growing embryo (Ashraf and Wahid, 2000).

Several studies have been undertaken to understand the 
mechanism of tolerance to salinity in maize and other crops 
(Naseer, 2001; Mansour et al., 2005; Orak and Ates, 2005; 
Saboora and Kiarostami, 2006; Giavenoet  et al., 2007). 

Salinity affects plant growth through osmotic ion specific effects 
and oxidative stress (Pitman and Läuchli, 2002). Osmotic 
adjustment of both halophytes and glycophytes increased 

NO  Conclusion



© 2012 PP House

through accumulation of organic and inorganic solutes (Yeo, 
1998). Therefore, greater decrease in cell solute potential than 
external salt concentration may indicate an osmotic adjustment. 
This is due to the accumulation of organic solutes in the 
cytosol to balance the solute potential of the vacuole which 
is dominated by ions (Flowers et al., 1977, 2004; Greenway 
and Munns, 1980).

A large number of plant species accumulate glycinebetaine and 
proline in response to salinity stress and their accumulation may 
play a role in alleviating salinity stress (Hanson and Grumet, 
1985; Ashraf, 1994; Mansour, 2000; Ashraf and Harris, 2004). 
A positive correlation between osmolyte accumulation and the 
adaptation to stress has been well documented (McCue and 
Hanson, 1990; Ashraf, 1994; Lutts et al., 1996; Rodriguez et 
al., 1997; Mansour, 2000; Ashraf and Harris, 2004).

Molecular mechanism of salt tolerance has been well acknowledged 
by different authors. Salt-responsive miRNAs are involved in 
the regulation of metabolic, morphological and physiological 
adaptations of maize seedlings at the post-transcriptional level. 
The miRNA genotype-specific expression model might explain 
the distinct salt sensitivities between maize lines (Dong et al., 
2009). Membrane stability appears as a promising trait in the 
identification of salinity tolerance in maize seedlings (Collado 
et al., 2010).

Traits associated with seedling vigor, such as seedling weight 
and growth rate, and photochemical efficiency under stress 
conditions can be used as selection criteria for salt-tolerant 
maize in breeding programs (Carlos et al., 2007). According 
to the above mentioned, the objective of the present study was 
to evaluate the effect of NaCl stress at the seedling stage in 
maize hybrids and identify potential tolerant genotypes to be 
used in crop improvement programs.

2.  Materials and Methods

2.1.  Plant material and experimental conditions

The present study was conducted at the Seed Physiology 
Laboratory, Vibha Agrotech Ltd., (VAL), Hyderabad, India 
(August-September, 2012) using 42 maize genotypes developed 
by VAL for tolerance to NaCl-salinity at the seedling stage. 
Initially mass scale screening was conducted at 0.15 M NaCl 
(EC 13) for 42 genotypes and selected few (14). Selected lines 
(14) were screened at 0.15 and 0.2 M NaCl (EC 18).

Fourteen maize genotypesdeveloped at VAL were grown in 
plastic pots using coco peat (coir peat) in room temperature 
and artificial light was provided to maintain light up to 12 days. 
Room temperature was about 27oC. A novel technique has been 
developed for this purpose. The technique consists of sowing 
the seeds at a depth of 2 cm in a plastic pot (length 7.5 cm, 
diameter 5 cm) filled with coco peat (neutral delignified coir 

fibers) and then applying water or required saline concentra-
tion up to two thirds of the pot (about 70 mm). Twenty seeds 
were sown in each pot in the upper coco peat layer at 2 cm 
depth which receive water/solution by capillarity. We apply 
the solution only one time, say water, or saline solution up to 
the termination of the experiment (10 days after emergence). 
To protect seeds from fungal attack, seeds were treated with 
thiram solution (5%, v/v) for 5 minutes before sowing. Seeds 
were sown in each pot under control (distilled water) along 
with 0.15 M NaCl or at higher salinity level up to 0.20 M 
NaCl. Each of the treatments was replicated thrice for all the 
genotypes. This technique simulates a semi-hydroponic system 
where the upper layers of coco peat medium receive water/or 
saline solution only by capillary movement, while the roots 
are immersed in saturated lower coco peat medium. During 
capillary movement there is free flow of oxygen owing to constant 
evapo-transpiration. Observations were taken by taking 12 
days old seedlings. Data were taken on average emergence 
percentage, speed of emergence, shoot length (cm), root 
length (cm), and number of lateral roots of five seedlings on 
12th day after emergence. In the experiment, along to control 
and each NaCl concentration, sufficient nutrient solution (Knop’s 
solution) was added to the treatments to supply plant nutrients 
for growing medium.

2.2.  Statistical analyses

Data of the seedling traits were analysed statistically from each 
experiment. Data were statistically analyzed using one-way 
analysis of variance with a factorial arrangement being 
genotypesand NaCl concentrations the factors. Where the 
F-test was significant (p<0.05), differences were validated 
using the Tukey’s honestly significant difference. Assumptions 
of normality of data were tested using the Kolmogorov-
Smirnov test (Steel and Torrie, 1980). For each experiment 
and NaCl treatment, Pearson’s correlation analyses between 
seedlings traits were also computed (Steel and Torrie, 1980). 
All applied statistical methods were computed according to 
the SPSS® (Statistical Package for the Social Sciences) software 
package (standard released version 13.0 for Windows, SPSS 
Inc., Chicago, IL).

3.  Results and Discussion

With exception of interaction genotypes *NaCl concentration 
for emergence percentage, studied seedling traits were signifi-
cantly different between maize genotypes, NaCl concentration 
and between genotypes within NaCl concentration (Table 1). 

Place Table 1 here

Under control conditions, emergence percentage ranged from 
50 to 100%; at 0.15 M NaCl from 10 to 96.7%; and at 0.2 M 
NaCl from 0 to 77% (Figure 1a). With respect to emergence 
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index under control conditions it ranged from 34.5 to 69.6; at 
0.15 M NaCl from 9.5 to 34.6; at 0.2 M NaCl from 0 to 33.2 
(Figure 1b). With respect to shoot length, under control conditions 
it varied from 8.6 to 14.2 cm; at 0.15 M NaCl from 3.3 to 9.4 
cm; at 0.2 M NaCl from 0 to 6.8 cm; (Figure 1c). Seminal root 
length under control conditions varied from 14.4 to 22.1; at 
0.15 NaCl from 3.5 to 15.7 cm; at 0.2 M NaCl from 0 to 13.6 
cm (Figure 1d). Number of adventitious roots control conditions 
varied from 1 to 7; at 0.15 M NaCl from 1 to 7; at 0.2 M NaCl 
from 0 to 6 (Figure 1e). Overall correlations, seedling emergence 
(%) was positively correlated with emergence index (r=0.834 
at 0.01 level), shoot length (r=0.794 at 0.01 level), seminal 
root length (r=0.748 at 0.01 level), and number of adventitious 
roots (r= 0.647 at 0.01 level).

Therefore, it reveals that root length and number of adventi-
tious roots contribute to salinity tolerance in maize. Similarly, 
under control condition seedling emergence (%) was positively 
correlated with emergence index (r=0.515 at 0.01 level), shoot 
length (r=0.459 at 0.01 level), seminal root length (r=0.664 at 
0.01 level), and number of adventitious roots (r=0.695 at 0.01 
level). Under 0.15 M NaCl condition seedling emergence (%) 
was positively correlated with emergence index (r=0.814 at 
0.05 level), shoot length (r=0.640 at 0.01 level), seminal root 
length (r=0.666 at 0.05 level), and number of adventitious roots 
(r=0.834 at 0.01 level). Under 0.2 M NaCl condition seedling 
emergence (%) was positively correlated with emergence index 
(r=0.866 at 0.01 level), shoot length (r=0.812 at 0.01 level), 
seminal root length (r=0.703 at 0.01 level), and number of 
adventitious roots (r=0.752 at 0.01 level).

Thus the results of the experiment have suggested that there 
is genetic variability among maize genotypes which may be 

utilized for crop improvement for salt tolerance during the 
early stages of crop growth and development. Results have 
also indicated that among studied seedling traits, emergence 
percentage and number of adventitious roots could be selected 
as salt stress criteria for concentration above 0.15 M NaCl. In 
addition, among studied maize genotypes, it seems that the 
most promising genotypes to tolerate concentrations up to 0.2 
M NaCl are 1,025 and 1,034, and for emergence above 70%, 
and emergence index 30 above. In contrast, the most susceptible 
genotypes for both emergence and emergence index are 1,035 
and 1,037. Thus, for massive genetic screening selection, 
materials could be evaluated up to 0.2 M NaCl in order to 
identify sources of germplasm tolerant to salt stress.

The results of the present study are in agreement with the 
results achieved by Giaveno et al. (2007) in screening tropi-
cal maize for salt tolerance. Genotypic variability has been 
reported by some authors (Nordquist et al., 1992; Maiti et al., 
1996). Increasing salinity decreased emergence percentage, 
emergence index, shoot length, root length and number of 
adventitious roots. These observations coincide with those of 
several authors (Alberico and Cramer, 1993; Rodriguez et al., 
1997). Similar findings to present study, salinity inhibits root 
growth as reported by Rodriguez et al. (1997). The adverse 
effect of salt stress is due to the cause of breakdown of lipid in 
order to supply sugars (Ashraf and Wahid, 2000) and polypeptide 
pattern (Läuchli et al., 1992).

The adaptation of the embryonic cultures to salinity stress is 
reported to be associated with the qualitative and quantitative 
changes in polypeptide pattern (Lusardi et al., 1991). Tolerant 
lines accumulate glycinebetaine which reduces shoot growth 
under saline condition and helps in maintaining greater leaf 

Table 1: Calculated mean squares (MS) and F values from the statistical analysis corresponding to data of fourteen maize 
genotypes subjected to 0.15 and 0.2 M NaCl†

Source of 
variation

Variable
Emergence Emergence index Shoot length Root length No adventitious roots

MS F MS F MS F MS F MS F
Genotype 
(G)

3156.3 2204.0*** 328.8 368.3*** 21.0 480.3*** 60.0 1532.4*** 16.4 4655.2***

NaCl 13390.3 9350.5*** 6217.1 6963.8*** 281.9 6431.7*** 691.5 17650.6*** 3.8 1077.8***

G*NaCl 273.8 191.2*** 75.7 84.7*** 1.2 28.4*** 8.9 227.3*** 1.9 542.1***

Error 1.43 0.89 0.04 0.04 0.004

Mean 57.4 31.5 7.5 12.9 4.3
R2 .998 .999 .996 .998 .997
CV (%) 2.1 3.0 2.8 1.5 3.3
NSNot significant, p>0.05, *p<0.05, **p<0.01, ***p<0.001
†Mean, adjusted coefficient of determination (R2), and coefficient of variation (CV, %) values are provided.
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relative water content, a higher rate of carbon assimilation, 
and a greater turgor potential (Saneoka et al., 1995). The 
heritability for relative root growth is moderate suggesting 
that there is good scope for enhancing salt tolerance in maize 
through selection and breeding (Khan et al., 2003). Salinity 
affects water transport in maize roots (Azaizeth and Steudle, 
1991). The growth and mineral absorption by maize seedling 
is affected by increasing NaCl (Izzo et al., 1991). Jan (1999) 
studied salt tolerance of maize cultivars under salt-stressed 
conditions. In this study, it is observed that though salinity 
reduced root elongation, but salinity increased the production 
of adventitious roots in tolerant lines. This may be associated 
with increase in osmotic adjustment.

Seven genotypes have at moderate stress showed high emer-
gence percentage at 0.15 M NaCl starting from 70 to 96.7% 

emergence, viz. 1,022, 1,025, 1,031, 1,033, 1,034, 1,041, 1,044, 
and 1,056. Apart from this highest stress showed high emergence 
percentage at 0.2 M NaCl are 1,025 and 1,034. These genotypes 
are well adapted to wide range of agro-climatic conditions 
associated with high yielding capacity. Therefore, this finding 
confirms the transfer of technology from lab to the land. It is 
suggested that the evaluation and selection of pipe lines genotypes 
could offer great scope for the combination of high yield and 
stress resistance (salinity/drought). This is considered as an 
effective approach for increasing productivity under salinity 
stress. Traits associated with seedling vigor, such as seedling 
weight and growth rate, and photochemical efficiency under 
stress conditions can be used as selection criteria for salt-
tolerant maize in breeding programs (Giaveno et al., 2007). 
The heritability for relative root growth is moderate suggesting 
that there is good scope for enhancing salt tolerance in maize 
through selection and breeding (Khan et al., 2003).

4.  Conclusion

Increasing salinity decreases emergence percentage, shoot and root 
length and number of adventitious roots in susceptible lines, on the 
contrary the tolerant lines showed increased number of lateral roots 
with increasing salinity as a function of osmotic adjustment. T The 
results revealed that seedling emergence and number of adventitious 
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Figure 1: Emergence percentage of fourteen maize genotypes 
grown under control (water + Knop’s nutrient solution) 0.15 and 
0.20 M NaCl (Plotted values are means±standard errors; n=3)
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roots may be considered as selection criteria for salinity tolerance 
in maize. These genotypes have great potential under saline prone 
areas.
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