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Abstract
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Effects of salinity and available water level at the seedling stage of dent corn variety were examined for some
shoot and root characters.  Two different salinity and four available soil water level had no effect on the emer-
gence of corn. The highest values for root dry matter, leaf water loss, shoot fresh weight were obtained in 1.35
salinity water treatment. Generally, 2.7 salinity water treatment was decreased by all of the characters except for
the number of leaves per plant and leaf fresh weight. 75% available water treatment caused in increasing the dry
matter root and shoot, fresh weight for root and shoot, shoot and root length, number of leaves per plant and leaf
fresh weight. The lowest values for all the characters were obtained by 25 % available water treatments.
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Introduction

Salinity and drought are the most serious prob-
lems in arid and semi-arid areas which limit crop pro-
duction (Maiti et al., 1994 and Khan et al., 2001). It
is estimated that about 7 % of the land area and about
5% of agricultural land in the world has been exposed
to salinity (Ghassemi et al., 1995; Flowers et al., 1997
and Munns et al., 2002), which was caused by inad-
equate drainage, low quality irrigation water and land
clearing. Besides, bringing into cultivation efforts of
marginal lands with a high degree of natural salinity to
produce more food for improving the population has
increased the salinity problem (Flowers and Yeo,
1995). Over 50% of all irrigated lands are affected
by salinization (El Swaify et al., 1983).

Plant growth in saline soils is affected mainly by

the reduced availability of water due to high osmotic
pressure. The growth stage of the plants is very im-
portant when considering salt tolerance. Plants are
more sensitive to high salinity during germination and
seedling stages, immediately after transplanting and
when subject to other (e.g., disease, insect, nutrient)
stresses (Saglam, 1993). Selection of crop cultivars
resistant to field drought conditions is difficult to ob-
tain due to the fluctuation of edaphoclimatic condi-
tions. Water stress has been defined as the induction
of turgor pressure below the maximum potential pres-
sure (Osmond et al., 1987; Fitter and Hay, 1987).
The magnitude of such stress is determined by extend
and duration of the deprivation.

Maize, one of the major cereal crops, is the most
salt-sensitive of the cereals (Maas and Hoffman,
1977). Khan et al. (2003) stated that it contains huge
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variability in which salinity tolerance may exist.  Ge-
notypic variability of selective traits for seedling toler-
ance to several stress factors has been documented
and is claimed to be of great importance in crop im-
provement (Turhan et al., 2003). Drought effects stand
establishment, inhibiting the growth, leaf extension, leaf
area, and initiations of reproductive meristem, and
grain filling. The effects of drought on maize produc-
tion vary in different growth stages, affecting dry mass
and grain production in maize (Hetrick et al., 1987;
Hall, 1988 and Sinclair et al., 1990). Salinity reduces
water potentials in the leaves of maize and length and
dry mass of the stem (Izzo et al., 1991), and affects
leaf elongation and water transport in xylem vessels in
maize, as well as length and conductivity of the root in
maize (Azaizeth and Steudle, 1991; Evlagon et al.,
1992). Adequate information on seedling tolerance
of maize to drought and salinity is not available. Al-
though from the agronomy stand point, the most im-
portant trait of maize cultivars submitted to drought
or salinity reflect their adaptation at the early crop
establishment phase and their potentials of grain yield.

Materials and Methods

A material of dent corn was provided by the De-
partment of Field Crops, Agricultural Faculty, and
Namýk Kemal University in Turkey. Dent corn vari-
ety  Pioneer 3397 was evaluated for seedling resis-
tance in three salinity stresses (control, 1.35 dS/m and
2.70 dS/m) and four available soil water levels (25%,
50%, 75% and field capacity), adapting a random-
ized plot design in three replications in each treatment
(Turhan, 1997).

Five seeds were sown in each pot (13.5 cm high
and 7.6 cm in diameter) with a bottom drainage hole
in xeralf (Cangir and Boyraz, 2001) at 5 cm depth.
Each pot contained 350 g xeralf. The permanent wilt-
ing point (PWP) was measured on xeralf samples (350
g) passing a 2 mm sieve and each pot was satured for
24 hours, and then equilibrated for 72 to 96 hours at
1500 kPa on AWC = FC-PWP. Where AWC is avail-
able water capacity; FC is field capacity and PWP is
permanent wilting point (Özdemir et al., 2000; Arýn

and Kýyak, 2003). After sowing, the pots were irri-
gated with top water (0 dS/m, 1.35 dS/m and 2.70
dS/m salinity water) to FC. Two concentrations of
NaCl (MERC) namely, 864 PPM and 1728 PPM
were used for 1.35 dS/m, 2.71 dS/m salinity water.
After FC, by means of above mentioned methods,
pots were weighed (seeds and pots weights to elimi-
nate replication) until determining PWP. It was main-
tained to AWC by weighing each pot every day ap-
plying the required amount of water (water solution
was not included in plant nutrient elements and salt).
Three days after the emergence of the entire seedling,
the seedlings were thinned to three in each pot. Fif-
teen days after emergence, the plants removed from
the pots, and shoots were separated from the roots
and washed carefully with water (Maiti et al., 1996).
Shoot and root fresh weight (FW), number of leaves
per plant, shoot and root dry weight (DW), shoot and
root length, leaf fresh weight and leaf weights after 2 h
at 30oC (Clarke and McCaig 1982) of stressed and
non stressed plants in drought and saline conditions
were determined. Leaf water loss was calculated us-
ing the following formula (Clarke and McCaig 1982).
The Leaf water loss = Fresh leaf weight - leaf weight
(after 2 h incubation in 30oC). Leaf, shoot and root
samples dried at 78oC for 24 h, to determine dry mater
(DM). The results were analyzed using the MSTAT
software program.

Results and Discussion

Effects of different salinity and water stress treat-
ments during the seedling stage in corn are given in
Figures 1-6 and Tables 1 and 2.

There were found statistically significant differences
among salinity level and available water level treat-
ments for fresh leaf weight, length of shoots and roots.
1.35 and 2.70 dS/m salinity water treatment resulted
in increasing shoot fresh weight, root dry matter and
leaf water loss. The water loss rate 0 dS/m salinity
water treatment showed the higher root and shoots
length, root fresh weight; shoot dry matter weight than
1.35 dS/m and 2.70 dS/m water salinity treatments
(Figures 1, 2 and 3). The water loss rate 0 dS/m sa-
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Fig. 1. Effects of salinity and available water levels on shoot and root fresh weight

Fig. 2. Effects of salinity and available water levels on shoot and root length in corn seedling
(LSD P < 0.05 Shoot (available water 0.799), Root (salinity: 1.751, available water: 4.366)

Fig. 3. Effects of salinity and available water levels on dry matter of shoots and roots
(LSD P < 0.05 Shoot (available water 0.027 and salinity and available water interaction 0.0542)
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Fig. 4. Effects of salinity and available water levels on leaf number per plant

Fig. 5. Effects of salinity and available water levels on leaf fresh weight in corn seedlings
(LSD P < 0.05 Shoot (salinity: 0.018, available water level: 0.038)

Fig. 6. Effects on salinity and available water levels on the leaf water loss
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25 50 75 FC 25 50 75 FC
0 dS/m 4.887 3.820 4.777 4.500 1.473 1.307 1.610 1.753
1.35 dS/m 5.093 5.207 5.240 5.107 1.317 1.320 1.453 1.663
2.70 dS/m 3.977 5.340 5.650 4.387 1.273 1.497 1.617 1.643

Table 1
Shoot and root fresh weights and Shoot and root length of corn seedlings

Available water, % Available water, %Salinity
Shoot weight, g Root weight, g

25 50 25 FC 25 50 75 FC
0 dS/m 0.191 0.139 0.245 0.25 0.39 0.341 0.381 0.418
1.35 dS/m 0.194 0.174 0.202 0.19 0.441 0.423 0.425 0.4
2.70 dS/m 0.188 0.2 0.194 0.196 0.368 0.402 0.449 0.301

Table 2

P?0.05 Shoot (available water 0.027) 
(salinity x available water interaction 0.0542) 

Shoot and root dry weights, number of leaves, leaf fresh weight and leaf retention ability 
of corn seedlings

Available water, % Available water, %Salinity
Shoot dry weight, g Root dry weight, g

25 50 75 FC 25 50 75 FC
0 dS/m 15.857 15.107 17.533 16.787 31.700 35.183 39.167 40.167
1.35 dS/m 15.653 15.843 16.620 15.863 30.133 32.567 39.400 36.800
2.70 dS/m 14.597 14.587 15.753 15.433 29.767 34.300 36.467 34.633

Table 1 continued
Shoot and root fresh weights and Shoot and root length of corn seedlings

Root (salinity: 1.751, available water: 4.366)
P?0.05 Shoot (available water 0.799)

Salinity
Shoot length, g Root length, g

Available water, % Available water, %

25 50 75 FC 25 50 75 FC 25 50 75 FC
0 dS/m 4.633 4.733 5.000 5.100 0.131 0.121 0.163 0.19 0.072 0.074 0.103 0.114
1.35 dS/m 4.867 4.633 5.000 4.933 0.142 0.181 0.13 0.223 0.074 0.104 0.074 0.132
2.70 dS/m 5.000 5.100 5.000 5.067 0.157 0.154 0.204 0.191 0.082 0.075 0.086 0.065

Table 2 continued
Shoot and root dry weights, number of leaves, leaf fresh weight and leaf retention ability 
of corn seedlings

Salinity
Number of leaves, unit Leaf fresh weight, g

Available water, % Available water, %
Leaf retention ability, g

Available water, %



linity water treatment (39.9 %) was found the lower
than 1.35 dS/m (43.5 %) and 2.70 dS/m water salin-
ity treatments (55.7 %). All of the examined charac-
ters except for leaf number per plant and leaf fresh
weight, the lowest values were obtained in 2.7 dS/m
salinity treatments (Tables 1 and 2). These results show
that increasing of salinity rate causes the important
decreases on the characters of corn seedlings.  Arin
and Kiyak (2003) state that the fresh weight and seed-
ling diameter were increased by stress conditions; but
the results were in partly accordance with Misra and
Dwivedi (2004). It was reported that the FW and
DW in seedlings were decreased by salinity. Other
values were similar to those designated by Maas
(1990), Izzo et al. (1991), Evlagon et al. (1992), Maiti
et al. (1994) and Maiti et al. (1996).

As can be seen in the Figures, the effects of avail-
able water levels on the characters were found sig-
nificant for shoot and root dry weight, shoot and root
length, leaf fresh weight. The highest leaf fresh weight,
leaf water loss rate and shoot fresh weight was ob-
tained from field capacity soil water level. (Figures 6
and 1). In addition, the maximum root and shoot dry
matter, shoot and root height, numbers of leaves per
plant and root fresh weight were determined from the
75 % available water level (Figures 3, 2, 4, 1). 25%
and 50% available water level treatments were caused
by the higher the root dry matter weight than field ca-
pacity available water level. The maximum leaf water
loss was obtained from 25%, 50% and 75% avail-
able water treatments. One of the important seedling
vigor characteristics is shoot DM for seedling growth.
The highest seedling dry matter was obtained from
75% and FC available water treatments while the low-
est shoot dry matter was found from 25% and 50%
available water treatments (Figure 3). The results of
this research were similar to those of the other re-
searchers (Forbes and Watson, 1992; Turhan et al.
2003).

When the results of the experiment were evalu-
ated, it was shown that the highest fresh shoot weight
and root weight had been obtained from 75% field
capacity and 1.3 dS/m salt consistency. Diminishing
available water brought about a decrease in shoot and

root length, and especially shoot weight, however root
and shoot weight were decreased by increasing salt
intensity. Similar results were also obtained for root
and shoot length. Dry matter contents of shoot and
root have very low in all of the water applications ex-
cept 75% field capacity. Whereas 1.35 dS/m salt
consistency caused increase in shoot weight, it de-
creased in root weight. The highest number of leaf
and leaf weight were obtained from 100% and 75%
field capacities. In addition, increases were determined
in them by increasing the salt concentration. The high-
est leaf water loss value was obtained from 1.3 dS/m
salt concentration; it decreased in other salt increased
concentrations.

Conclusion

The response of maize to salinity and drought dif-
fers depending upon the stage of development and
tissue assayed. Shoot growth in the first weeks ap-
pears to be the stage most sensitive to stress condi-
tions. When dent corn seedling were irrigated with
1.35 dS/m salinity water, root dry matter, leaf water
loss rate and shoot fresh weight were increased at
arid and semiarid lands. The highest seedling vigor,
shoot and root length, number of leaves per plant and
leaf water loss was determined from 75% available
water level and field capacity at irrigation conditions.
Obtained results showed that corn seedlings are bet-
ter growing in 75% available soil water level. In addi-
tion, slight saline water sources can use 75% and field
capacity level; but it would be carefully during con-
tinuous treatments.
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