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Abstract 
Most plants demonstrate wide interactive and complex adaptive morpholog-
ical, biochemical, and physiological responses when subjected to salinity 
stress. Salt stress negatively impacts agricultural yields more especially culti-
vated crops throughout the world. Of interest to this study is maize a salt- 
sensitive crop that is widely grown worldwide, and receiving most attention 
due to its significant attributes and ability to serve as a great model for stress 
response studies. We exposed QN701 maize cultivar, to simulated salinity 
stress and investigated its morphological and physiological responses. Salinity 
negatively induced various morphological responses such as the reduction in 
plant height, number of leaves, shoot and root (length and biomass), and leaf 
width; however, it significantly increased the leaf area. On the physiological 
aspect, salt stress decreased the number of stomata, stomatal density, and 
photosynthesis, while it increased the respiration rate. This study expanded 
our knowledge of the morphological and physiological responses of maize to 
salinity stress. Additionally, these findings may serve as a recommendation 
for salinity breeding programs in maize and related cereal crops.  
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1. Introduction 

Maize (Zea mays L.) is a well-known important cereal crop among others such 
as rice and wheat that is considered as the main staple food. Tons of maize hec-
tares are grown annually in South Africa and other parts of the world indicating 
its economic importance. Maize is a C4 species that is moderately sensitive to sa-
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linity and has a range of genotypic variability which enables it to be widely 
cultivated under varying soil types and climate conditions [1]. In addition, its 
grains contain bioactive phytochemicals such as phenolics, carotenoids and 
phytosterols [2]. Maize is not only used as a food product; more importantly it is 
a major grain in animal feed with a potential as a bioenergy source. Among all of 
the major crops, the yield and performance of maize is negatively affected by 
osmotic stress induced by drought or salt stress [3].  

Salt stress is one of the major abiotic stresses that results in a decline in plant 
productivity worldwide, especially in arid and semi-arid regions [4]. In the arid 
areas, rainfall that is too low to leach salts from the soil and high evaporation 
rates aggravate salts-build up in soil [5]. This condition has severe effects on 
plant growth which can be attributed either to an osmotic effect, specific ion ef-
fect and nutritional imbalance or induced oxidative stress [6]. These effects often 
manifest as plant death or deterioration on plant growth, increased respiration 
rates and decreased photosynthesis efficiency [7]. Decrease in photosynthesis 
rates results in reduced plant growth, including root growth, which leads to a 
reduction in yield [8]. 

Normally, when plants are subjected to salt stress they encounter various ef-
fects such as the lowering of water potential which leads to dehydration of tis-
sues, specific ion effects, and nutrient imbalance, whereby high absorption of 
Na+ and Cl− ions disturb essential mineral uptake [9]. Additional salt stress ef-
fects, include stomatal closure which avoids water loss, limits carbon dioxide 
(CO2) fixation, and increases the production of reactive oxygen species (ROS) 
which leads to oxidative damage in the cellular components that are manifested 
as enzyme deactivation, protein degradation, and DNA damage [10]. Soil salini-
ty is a complex phenotypic and physiological phenomenon in plants, that im-
poses ion imbalance, ionic and osmotic stress, inducing oxidative stress and ne-
gatively influencing metabolic activities in crop plants that result in a decreased 
productivity [11]. It has been predicted that if soil salinity stress could continue 
like this, it will result in the loss of about 50% of the present agricultural lands by 
2050 [12]. Major plant processes such as growth, photosynthesis, lipid metabol-
ism, and protein synthesis are affected when osmotic and water potential in tis-
sues decreases. In addition, salt stress results in a significant decrease in plant 
height, root, and shoot [13]. It is also known to decrease the process of photo-
synthesis, by decreasing both the leaf area as well as the chlorophyll content. 
This is due to metabolic damage or stomatal closure [14]. 

In view of the rising salt stress, plants have to adapt to such stress for their 
survival. Hence, as an adaptation mechanism plants need to produce a number 
of compatible solutes, non-enzymatic and enzymatic antioxidant to protect their 
cells against cellular damage [15]. Although several physiological, morphological 
and biochemical responses have been shown to be induced by salinity stress in 
various crops [16] [17] [18] [19] [20]. The extent to which salinity affects crop 
yield strongly depends on genera, species, and cultivars within certain species 
[21]. 
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With all of those mentioned economic importance of maize and its variability 
in salt tolerance among genotypes. Hence, our study was designed to investigate 
the effects of salt stress on the morphology and physiology in particular the 
photosynthesis and respiration rates during the development of a QN701 maize 
cultivar. Up to date, no information has been reported on the morphological and 
physiological responses of this cultivar under salinity stress. Thus this study 
would assist the scientific community with the knowledge on mechanisms used 
to improve salinity stress tolerance for maize and related grain crop breeding 
programs. 

2. Materials and Methods 
2.1. Plant Material and Maintenance of Plant Growth Conditions 

Zea mays (QN701) cultivar seeds were obtained from Quality Seed (Dalton, 
KwaZulu-Natal, RSA). Four seeds per pot were selected for size homogeneity 
and good quality. Approximately twenty-four seeds were surface sterilized with 
2 ml 70% (v/v) ethanol in 50 ml falcon tube (4 per tube) which was vortexed for 
1 minute. The supernatant was discarded, followed by further sterilization with 2 
ml 1.25% (v/v) sodium hypochlorite solution (bleach) to the seeds and vortexed 
for 10 minutes. Immediately after sterilization, bleach was discarded and the 
seeds were rinsed three times with 3 ml of sterile distilled water. All the sterilized 
seeds, about four seeds were sown in each of the six, 14 cm plastic plant pots 
filled with a 3:2 (v/v) mixture of sterilized potting soil (Culterra, Muldershift, 
South Africa) and vermiculite. The sown seeds were watered daily with 100 ml of 
sterile water up until germination started on the 7th day. The germinated seedl-
ings were grown on a 26˚C/22˚C day/night temperature cycle and a 16/8 hours 
light/dark regime with a photon flux density of 300 μmol m−2 s−1 during the day 
(light) for a period of 16 days. Plants were allowed to grow in a randomized 
form to eliminate the effect of variations in environmental conditions at differ-
ent positions. All plants that were of the same developmental stage (1 week after 
germination) and of similar height were selected for further experimental pro-
cedures and divided into two groups for the control and salt treatments. 

2.2. Salinity Stress Treatments 

The two groups of plants were subjected to treatment. Salinity stress was im-
posed by irrigating the experimental plants with 100 ml of 200 mM NaCl (w/v) 
solution at a two-day interval for 16 days, while the control plants were irrigated 
with water only under the same conditions. Both groups of plants were set up in 
a randomized design with three replications. 

2.3. Plant Sampling and Evaluation of Morphological Parameters 

Morphological parameters concerned plant height, leaf number per plant pot, 
leaf epidermal structure (stomatal count), shoot (length and weight) and root 
(length and weight) were determined on day 16 after treatment. Morphological 
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analysis were performed on all the six harvested plants obtained from the section 
2.2 by measuring the plant height (cm), counting the number of leaves in each 
plant pot, measuring leaf length (cm) and width (cm), shoot and root length 
(cm) using a ruler. Fresh root and shoot weights (g) were measured from all the 
six plants (control and experiment) using Radwag weighing balance (Model: PS 
750/C/2, Lasec, Midrand, South Africa). The leaf area was then calculated ac-
cording to [22] formula:  

Leaf area L W A= × ×  

where L is length, W is width and A = 0.75 as a constant coefficient. 

2.4. Estimation of the Physiological Parameters 
2.4.1. Determination of Stomatal Number and Stomatal Density 
To determine the stomatal number and density we followed nail polish imprint 
method as described by Voleníková and Tichá [23]. Three fully developed fresh 
maize leaves from each of the six pots for both the control (water only) and ex-
perimental (salt treated) plants were randomly selected and carefully detached 
from the shoots. Each leaf from both control and treatment upper and lower 
surfaces was identified followed by cutting them into small sizes that can fit on a 
microscope slide. On each of the leaf surfaces (upper and lower side), a thin 
layer of clear nail polish was spread and allowed to dry. Once the nail polish was 
dry, a strip of clear stick tape was placed over the pieces of the leaf (upper and 
lower side). Immediately after placing stick tape, the tape was pressed down to 
make good contact with the nail polish. The sticky tape was peeled off from each 
leaf surface (upper and lower), followed by placing the tape with leaf impres-
sions side by side on a microscope slide. Impressions were examined using a 
high resolution Primo Star light microscope (Carl Zeiss, Cape Town, South 
Africa) at 400x magnification with the field of view of 0.05 mm. The micro-
graphs were imaged with a digital camera coupled to a Primo Star light micro-
scope (Carl Zeiss, Cape Town, South Africa). The obtained micrographs were 
then used to determine the number of stomata. The field of view (FOV), area of 
FOV and stomatal density were calculated following the equations described by 
Voleníková and Tichá [23]:  

field number
magnification nu

FOV
mber

=  

2Area of FOV r= π  

where π = 3.14, r2 = radius of the field of view, 

( )2

number of stomata in entire FOVstomatal density
Area mm

=  

2.4.2. Measurements of Photosynthesis and Respiration Rates 
A day before sampling and harvesting, the net photosynthetic (A) and respira-
tion rates were determined from all sets of plant groups using an LCpro-SD leaf 
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chamber (ADC BioScientific, Hertfordshire, UK). For both groups of plants 
(control and experiments) three leaves from each plant pot were randomly se-
lected and enclosed in the leaf chamber of the portable LCpro-SD system which 
was set to keep all environmental factors at ambient state. All the readings were 
recorded from the adaxial surface of the leaf on three independent biological 
replicates for each treatment group (control and experiment). The resultant 
readings displayed on the device’s screen were taken for 3 minutes at 10-second 
intervals. The readings for photosynthesis rates were recorded and all the nega-
tive values of different rates of photosynthesis were recorded as values of respi-
ration rates and used to plot the photosynthesis and respiration graphs against 
time. 

2.5. Data Analysis 

All the morphological and physiological data obtained from 3 biological repli-
cates per treatment were subjected to analysis of variance (ANOVA) (Super- 
Anova, Statsgraphics Version 7, 1993, Statsgraphics Corporation, USA). Further-
more, post hoc Student Newman Kuehls (SNK), multiple range test (p ≤ 0.05) 
was performed to separate the significant differences between treatments (n = 3). 

3. Results 
3.1. Morphological and Growth Responses of Zea mays to Salt  

Stress 

Phenotypic parameters for the control and treated maize plants were recorded 
after 16 days as presented in Table 1. The number of leaves per plant was re-
duced, with the control having greater number of leaves as compared to the ex-
periment (Figure 1(a)). An increased leaf area was observed on the salinity 
treated (experimental) plants than the untreated (control) plants (Figure 1(b)), 
while there was a decline on the leaf width for the treated plants compared to the 
untreated plants (Figure 1(c)). A slight reduction on plant height was noticed 
on the salinity treated plants with about 43 cm compared to the control plants 
with 44 cm (Figure 2(a)). Furthermore a decrease in the shoot and root (length 
and fresh weight) was evident in the experimental plants (Figures 2(b)-(e)). 
 
Table 1. Phenotypes of control and experimental QN701 maize cultivar 16 days after 
treatment. 

Salinity 
treatment 

level 

Sample 
number 

Plant 
height 
(cm) 

Leaf 
area 

(cm2) 

Leaf 
width 
(cm) 

No. of 
leaves 

per plant 

Shoot 
weight 

(g) 

Shoot 
length 
(cm) 

Root 
weight 

(g) 

Root 
length 
(cm) 

0 mM Control 1 48 45 2 19 1.64 11.2 0.56 15.6 

0 mM Control 2 47 33.6 1.4 18 1.74 14.5 0.71 19.5 

0 mM Control 3 38 26.1 1.2 18 1.27 13.6 0.59 18 

200 mM Experiment 1 38 26.55 1.2 16 0.74 9.4 0.29 6.7 

200 mM Experiment 2 48 69.2 2.2 16 0.47 7.5 0.37 8.9 

200 mM Experiment 3 43 24.75 1.1 17 0.88 10.4 0.18 4.5 
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Figure 1. The effects of salt stress on (a) Number of leaves per plant, (b) Leaf area and (c) Leaf width for 
both the control and experiment. All error bars represent the standard errors (SEM) of the means of 
three independent seedling treatments (n = 3). 

 

 

Figure 2. The effects of salt stress on (a) Plant height; (b) Shoot length; (c) Root length; (d) Shoot; 
and (e) Root weight. All growth parameters were determined and quantified 16 days after treat-
ment with salt, where the error bars represent the standard errors (SEM) of the means of three in-
dependent seedling treatments (n = 3). 

3.2. Physiological Responses of Zea mays to Salinity Stress 
3.2.1. Evaluation of Stomatal Number and Stomatal Density 
For quantification and density of stomata, nail polish imprint method was used 
as described in Section 2.4.1. The data for the number of stomata on abaxial and 
adaxial sides of the leaves from all the plant groups (control and treated plants) 
are displayed in Table 2. In the leaves of both plants (control and experiment) 
the adaxial (lower) surface had a higher number of stomata as compared to the 
abaxial (upper) surface (Figure 3(a)). In addition, the leaves of treated (experi-
mental) plants had less stomatal number and density as compared to the leaves 
of non-treated plants (control) (Figure 3). 
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Table 2. Stomatal number and density, from the upper /lower leaf surfaces for the control 
and experiment. 

Leaf sample 
number 

Magnification 
(ocular × 
objective) 

Surface 
(upper/lower) 

FOV 
# 

Number of 
stomata 

per FOV (mm2) 

Stomatal 
density 

stomata/mm2 

Control no 1 100× Upper 1 5 2632 

Control no 1 100× Lower 1 7 3684 

Control no 2 100× Upper 1 5 2632 

Control no 2 100× Lower 1 4 2105 

Control no 3 100× Upper 1 5 2632 

Control no 3 100× Lower 1 6 3158 

Experiment no 1 100× Upper 1 4 2105 

Experiment no 1 100× Lower 1 3 1578 

Experiment no 2 100× Upper 1 4 2105 

Experiment no 2 100× Lower 1 6 3158 

Experiment no 3 100× Upper 1 5 2632 

Experiment no 3 100× Lower 1 7 3684 

 

 

Figure 3. The effects of salt stress on the (a) Stomatal number and (b) Stomatal density 
for the upper and lower surfaces of Z. mays leaves. 

3.2.2. Photosynthetic Response of Zea mays to Salt Stress 
The physiological effects of salt stress on the photosynthesis rate were assessed in 
Z. mays leaves and a graph was plotted as shown in Figure 4. A decline on the 
photosynthesis rate was displayed in the experimental leaves as compared to the 
control, this shows that salt stress inhibited photosynthesis. The photosynthetic 
responses indicate that treatment of seedlings with salt resulted in a constant 
state within the first 60 seconds, followed by a slight increase and unstable stag-
gered photosynthesis rate inhibited by salt treatment (Figure 4). 
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Figure 4. The effect of salt stress on photosynthesis rate of Z. mays. The net photosynthe-
sis rates of the control and 200 mM NaCl treated (experimental) leaves. Error bars 
represent the standard errors (SEM) of the three biological replicates (n = 3) for various 
response values analyzed by ANOVA. 

3.2.3. Respiration Response of Zea mays to Salt Stress 
The respiration rates for the experiment leaves were strongly reduced. A mar-
kedly sharp increase in the 70 seconds was observed on the experiment followed 
by a decline in the 100th seconds. The overall rates of the respiration for experi-
ment leaves were greater as compared to the control, this shows that salt stress 
increased respiration rates in Z. mays leaves (Figure 5). 

 

 

Figure 5. The effect of salt stress on respiration rates of Z. mays. The overall rates of res-
piration for the non-treated (control) and 200 mM NaCl treated maize leaves (experi-
ment). All error bars represent the standard errors (SEM) of the means of three indepen-
dent biological replicates (n = 3) of different response values obtained and analyzed by 
ANOVA. 

4. Discussion 

It is well known that salt stress is one of the most deleterious environmental 
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stresses that pose a serious threat to food security, since it limits crop growth 
and productivity especially on cultivated crops [24]. As a result, research on the 
responses of plants to different environmental stresses is of major interest to the 
scientific community. In the present study, we focused on the effects of envi-
ronmental stress on maize, specifically salt stress. Other environmental stresses 
that crop plants may face include drought or water deficit, heat, low or high 
temperature and light stress [25]. Salt stress in plants may lead to various mor-
phological, physiological and biochemical alternations which ultimately reduce 
their growth and productivity [26]. The growth and productivity of crops are 
adversely affected by salt stress due to ionic imbalances, osmotic stress, changes 
in physiological and biochemical processes. Thus various approaches are needed 
to unravel the adaptive mechanisms of salt tolerance, and therefore investigating 
only the morphological or growth parameters such as plant height, shoot length, 
root length, plant biomass, etc. would not be adequate to explain the complex 
interaction demonstrated by plants when faced with salinity stress. Therefore, 
combined morphological and physiological approaches were used in this study 
to evaluate salt stress effects in Zea mays. Numerous studies have shown that the 
growth of different plant species is reduced due to salt stress [15] [27] [28]. Re-
duction in plant growth is known as a common response to environmental 
stresses such as salt stress and drought [15] [29]. 

In our study, QN701 maize cultivar was used to assess the morphological and 
physiological responses of this cultivar to salt stress. This was conducted by 
treating 8-day old plants (treated or non-treated) for 16 days under controlled 
laboratory conditions. Various morphological parameters were affected by salt 
stress. The number of leaves per plant was reduced, with the control having 
greater number of leaves as compared to the experimental plants (Figure 1(a)). 
Similar results were observed by [30] and co-workers in (2001) in tomato under 
salt stress condition. Surprisingly, our study has shown that the experimental 
plants had a higher leaf area compared to control (Figure 1(b)), leaf width of 
both the control and experimental plants was almost the same, so there was no 
significant difference between the two plant groups (Figure 1(c)), this indicated 
that salt stress had a positive effect on leaf area and no impact on leaf width of 
experimental plants. The increase in leaf area of experimental plants may be due 
to the ability of the plants having a higher leaf tissue tolerance to ion accumula-
tion and osmotic adjustments. These findings were not in agreement with the 
results observed by [31] on maize where salt stress had a negative effect on leaf 
area by decreasing leaf area by 15%. 

Morphological parameters such as plant height, shoot and root length, shoot 
and root fresh weight were highly impacted by salinity. According to our results, 
salt stress reduced plant height although the degree of changes between the con-
trol and treated plants were not significant (Figure 2(a)). Reduction in height of 
various plant species due to increased salinity has been reported to be associated 
with excess ion accumulation, which results in low yield, limited growth and de-
velopment [32] [33] [34]. In addition, salt stress reduced shoot and root (length 
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and weight) (Figures 2(b)-(e)). Similar results were reported by Zörb et al. [35] 
on maize, where salt stress decreased root and shoot weight by half. The root 
and shoot length are considered as important organs for screening salt tolerance 
in plants because soil particles and solution are in direct contact with these parts. 
In our study, salt stress negatively affected root and shoot length as manifested 
by reduced root and shoot length (Figure 2(b) & Figure 2(c)). Reduction in 
root and shoot length is often brought about by the increase in osmotic pressure 
around the roots due to saline environment which ultimately prevent water up-
take by roots causing shorter root and shoot length [36]. Leaf stomatal density 
and stomatal number decreased with salt stress, experimental plants had a less 
number of stomata and stomatal density on both leaf surfaces (Figure 3(a) & 
Figure 3(b)). Stomatal conductance is highly sensitive to increased salinity 
stress, hence a decreased conductance illustrates a reduction of water loss in 
plants as a response mechanism to compensate for the salt accumulation and 
reduce osmotic pressure [37]. These findings concurred with previous experi-
ments carried out in tomato and quinoa, which indicated a reduction of plant 
leaf stomatal density under salinity stress [30] [38].  

On the basis of the physiological responses, photosynthesis was reduced in 
experimental plants as compared to the control plants (Figure 4). The major 
changes occurred within 60 to 140 seconds interval with maximal values of pho-
tosynthesis at about 16.38 µmol∙m−2∙s−1 and 4.38 µmol∙m−2∙s−1 for control and 
experimental plants respectively. Reduced photosynthesis rates have also been 
reported on rice [39] and maize [3] under salt stress condition. Reductions in 
photosynthesis rates often result due to stomatal closure [40].  

Contrary to the strong inhibition of photosynthesis rate, respiration was not 
inhibited that much as changes in the rates of respiration were much less than 
those in the rates of photosynthesis. Respiration rate was increased in experi-
mental plants compared to the control plants (Figure 5), the instant increase 
was observed from the 70th to the 100th seconds with a maximal rate of 7.09 µmol 
CO2 m−2∙s−1 to 2.26 µmol CO2 m−2∙s−1 respectively. To the best of our knowledge, 
the effects of salt stress on leaf respiration of maize are not well documented. 
Nevertheless, our results agreed with some previous studies on the effects of salt 
stress in other plant species [41] [42]. 

5. Conclusion 

Our study evaluated the performance of (QN701) maize cultivar using morpho-
logical and physiological growth parameters to induced salinity stress. This cul-
tivar indicated some variation in response to salt stress. Salinity induced several 
morphological changes in this maize cultivar including the reduction in plant 
height, leaf numbers, shoot and root length, shoot and root fresh weights. Inte-
restingly of the morphological parameters that were evaluated leaf area showed 
an increase with salt treatment as opposed to the non-treated plants. Moreover, 
salinity induced a decrease in various physiological parameters including sto-
matal number, stomatal density, and photosynthesis, while an increase in the 
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rate of respiration was observed. In summary, cultivar response was observed in 
plant growth development and at a cellular level. The results of this research 
provided precise knowledge on the morphological and physiological responses 
of maize to salt stress, and a potential recommendation for maize or related crop 
breeding screening programs on salinity tolerance. 
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