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ABSTRACT 
 

In Africa, cereals are major staple foods for the majority of the population. The cereal crop is not 
immune to the problem of salinity, which could threaten 10% of its world harvest. This work was 
undertaken to study the comparative effect of salinity on germination of three cereals, maize (Zea 
mays), millet (Pennisetum glaucum) and rice (Oriza sativa). The seeds were germinated in Petri 
dishes containing a range of NaCl solution (0 g/l, 5 g/l, 10 g/l, 15 g/l and 25 g/l) in the dark and at 
room temperature. The harmful effect of salt varies depending on the concentration of NaCl and the 
type of cereal. It is low on the germination rate of seeds up to a concentration of 10 g/l NaCl. From 
this dose onwards, this rate is reduced by 44% for millet, 20% for rice and 10% for maize. The 
average germination time between 0 g/l and 10 g/l NaCl is low and increases strongly between 10 
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g/l and 15 g/l and reaches 37 days (millet) and 20 days (rice). Corn root growth is less affected by 
salinity (1.2 cm) at 15 g/l NaCl compared to more sensitive rice and millet (0 cm). The height of the 
epicotyl between 0 g/l and 25 g/l NaCl increased from 11.8 to 3.6 cm (corn), from 0.5 to 0 cm (rice) 
and from 4.3 to 0.3 cm (millet). The combination of the parameters studied shows that all three 
cereals are able to tolerate NaCl concentrations of 10 g/l. Rice is the most sensitive to salinity while 
maize is more tolerant than millet. 
 

 

Keywords: Concentration; cereals; Nacl; salility. 
 

1. INTRODUCTION  
 

Salinization is an important process of soil 
degradation. It can be natural or induced by 
agricultural activities such as irrigation [1] or the 
use of certain types of fertilizers [2,3]. It poses a 
real threat to global food security because it 
lowers crop yields and can cause irreparable 
land degradation. Indeed, every minute, three 
hectares of arable land are deteriorated in an 
often irreversible manner due to soil salinization 
[4]. This phenomenon is increasing rapidly 
worldwide and affects one-fifth of irrigated land. 
Moreover, in the space of two decades, the total 
area of irrigated land damaged by salt has 
increased from 40 million hectares to more than 
62 million hectares [4]. Today, 20% of irrigated 
land is now producing less because of salt. 
Productivity losses vary by region from 15 to 70 
per cent [4]. At the economic level, these losses 
in productivity and yield from degraded soils 
have been estimated at $23.7 billion per year [4]. 
Soil salinity is one of the main abiotic stresses 
limiting crop growth [5]. 
 

Faced with this situation, some agronomists 
advocate the use of plant technologies. First by 
selecting better adapted varieties. The response 
of plant species to salt depends on several 
variables such as salt concentration, species, 
variety, but also on growing conditions and the 
stage of development of the plant [6]. Knowledge 
of the tolerance to salinity at the time of 
germination reveals a good tolerance of the 
species to salinity [7]. Cereals are by far the 
world's most important food resource for both 
human consumption and livestock feed [8]. In 
Africa, cereals such as sorghum, millet, wheat, 
maize and rice are major staple foods for the 
majority of the population [9] 10% of the world's 
cereal harvest is threatened by salinity [10]. The 
search for cereals that behave satisfactorily on 
saline soils would make it possible to extend their 
cultivation and to identify tolerance factors with 
regard to this constraint. 
 

The present study is part of the improvement 
studies on cereal crops grown in Côte d'Ivoire. It 

aims to determine the effects of sodium chloride 
(NaCl) on the germination of three cereals 
(maize, millet and rice). The germination tests 
were carried out under different concentrations of 
NaCl. 
 

2. MATERIALS AND METHODS   
 

2.1 Plant Material  
 

This study focused on three cereals: maize (Zea 
mays), millet (Pennisetum glaucum) and rice 
(Oriza sativa) commonly used in Côte d'Ivoire. 
 

2.2 Experimental Design  
 

The purpose of this work was is to determine the 
effects of different concentrations of sodium 
chloride (NaCl) on seed germination in the three 
cereals. For each cereal, 200 seeds were 
disinfected by washing with sodium hypochlorite 
(bleach) for 3 min and then rinsed thoroughly 
with distilled water to remove the bleach [11]. 
The seeds were germinated in Petri dishes lined 
with filter paper soaked with 10 mL of various 
solutions. For the control (T0) distilled water was 
added and for the treatments different 
concentrations of NaCl solution were used: T1: 5 
g/l, T2: 10 g/l, T3: 15 g/l and T4: 25 g/l 5 g/l. The 
cans Petri dishes were placed in the dark in an 
incubator set at a temperature of 25°C. 
Germination is indicated by the exit of the radicle 
from the seed coat which is at least 2 mm long. 
For the test, there were four replicates and five 
treatments. 20 Petri dishes containing 10 seeds 
each were prepared, 40 seeds for each 
treatment. Watering and measurements were 
carried out daily until the sixth day after sowing. 
 

2.3 Data Collection  
 

2.3.1 Final germination rate (FGR) 
 

Final germination rate presents the physiological 
limit of seed germination. It is expressed 
according to the formula below:[12]  
 

            [12]  
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2.3.2 Germination kinetics 
 
Kinetic of germination represents the number of 
seeds germinated daily until the 8th day of the 
experiment [13]. 
 
2.3.3 Germination rate 
 
The germination rate can be expressed by the 
average germination time (T50) (the time at 
which 50% of the germinated seeds is reached) 
Median time (T50) = T1+ (0.5 - G1/ G2- G1) x 
(T2- T1) [12]. 
 
With: G1 = cumulative percentage of germinated 
seeds whose value is closest to 50% by lower 
value. 
 
G2 = Cumulative percentage of germinated 
seeds which is closest to 50% of the highest 
value. 
 
2.3.4 Mean daily germination or MDG (Mean 

Daily Germination)  
 
According to Osborne et al [14],    
 

 
 
2.3.5 Lengths of root and epicotyl  
 
The length of the primary root and the length of 
the epicotyl were measured using a graduated 
ruler.  
 

2.4 Statistical Analysis 
 
The data were processed using STATISTICA 7.0 
software. The analysis of variance was 
performed by the File test at α = 5% using Excel 
2010 and the means were compared using the 
Newman and Keuls method. 
 

3. RESULTS    
 

3.1 Salinity Effect on the Final Rate and 
Germination Kinetics  

 
3.1.1 Germination rate 

  
The results show that germination rates of cereal 
seeds decrease as the NaCl concentration 
increases (Fig. 1). Germination rates were higher 
with the control (0 g/l NaCl) for all cereals, 100% 
for maize, 70% for millet and 37% for rice. Rates 
were lower at the maximum concentration of 25 

g/l NaCl with 33% for maize, 23% for millet and 
0% for rice. Moreover, maize seeds germinated 
more (between 33% and 100%) than rice seeds 
with the lowest proportions (between 0% and 
37%) for all treatments. In addition, the 
depressant effect of salinisation is weak on seed 
germination up to a concentration of 10 g/l of 
NaCl. From this dose onwards, the reduction in 
germination rate is greater for millet 44% 
followed by rice 20% compared to 10% for 
maize. 
 

3.1.2 Effect of salinity on germination kinetics  
 

Fig. 2 shows the germination evolution of three 
cereals as a function of time for four 
concentrations of NaCl. The germination curves 
show three phases:  
 

- a latency phase, during which the germination 
rate remains low. The duration of this phase 
varies according to the NaCl concentration. It is 
nil for maize and millet whatever the NaCl 
concentration. This latency phase is longer with 
rice (at least two days).  
 
- a substantially linear phase, corresponding to a 
rapid increase in the germination rate which 
evolves in proportion to time. This phase is more 
marked between the first and second day and 
with treatments of 0 and 15 g/l of NaCl. It is lower 
for millet and accelerated with maize; 
 

 - a third phase corresponding to a stage 
representing the final percentage of germination 
and reflecting the germination capacity of the 
cereals and for each concentration.  
 
The germination rate of the cereals decreases as 
the NaCl concentration increases. Germination 
kinetics shows that an increasing salt 
concentration causes a delay in germination. 
(Fig. 2). 
 

3.2 Effect of Salinity on Germination Rate 
and Average Daily Germination Rate 

 
3.2.1 Effect of salinity on average germina-

tion time (T 50) or germination speed  
 

Examination of the results in Fig. 3 shows that 
between 0 g/l and 10 g/l of NaCl, the average 
germination time (T50) is low (between 1 and 5 
days), but increases slightly for maize (1 day at 0 
g/l and 2 days at 10 g/l) but decreases for rice (5 
days at 0 g/l and 3 days at 10 g/l). In addition, the 
T50 for rice was higher than for other cereals. At 
salt concentrations between 10 and 15 g/l, the 
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average germination time increased sharply for 
millet (37 days) and rice (20 days). The variation 
in germination rate in maize was small despite 
the application of high doses of NaCl. A 
decrease in T50 was noted from the 25 g/l 
concentration for rice and millet (Fig. 3). 
 
3.2.2 Effects of salinity on the average daily 

germination rate (ADG) 
 
The results showed that the daily germination 
averages decreased with increasing NaCl  

concentration for all cereals. Germination rates 
were higher with the control (0 g/l NaCl) for all 
cereals: 35% for maize, 17% for millet and 7% 
for rice. Levels were lower at the maximum 
concentration of 25 g/l NaCl with 10% for maize, 
0% for millet and 0% for rice. However, the 
highest levels were recorded with maize (35%) 
while rice levels remained below 10% (Fig. 4). 
On the other hand, the decrease of the MDG 
according to NaCl concentrations is lower for 
maize with 10% than for millet and rice with 0% 
to 25 g/l NaCl (Fig. 4). 

 

 
 

Fig. 1. Variation of the germination rate, of the different cereals seeds, according to the 
concentration of NaCl 
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Fig. 2. Effects of different concentrations of NaCl on the kinetics of germination of maize, 
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Fig. 2. Effects of different concentrations of NaCl on the kinetics of germination of maize, 
millet and rice 
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Fig. 2. Effects of different concentrations of NaCl on the kinetics of germination of maize, 



 
Fig. 3. Effects of different concentrations of NaCl

 

 
Fig. 4. Effects of different concentrations of NaCl on the daily average germination of of maize, 

 

3.3 Effect of Salinity on Root and 
Length 

 
3.3.1 Effects on root growth 
 
The results of the study of the root system of 
seeds subjected to different concentrations of 
NaCl are shown in Fig. 5. Root length decreased 
with increasing NaCl concentration. In addition, 
the depressant effect of salinity o
development was not the same for all cereals. 
Indeed, the longest root was 8.9 cm and 
obtained with maize on salt-free medium 
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Effects of different concentrations of NaCl on mean germination time T50 of grains of 
maize, millet and rice 

Effects of different concentrations of NaCl on the daily average germination of of maize, 
millet and rice 

and Epicotyl 

The results of the study of the root system of 
seeds subjected to different concentrations of 

5. Root length decreased 
with increasing NaCl concentration. In addition, 
the depressant effect of salinity on root 
development was not the same for all cereals. 
Indeed, the longest root was 8.9 cm and 

free medium 

(control), it decreased in the presence of NaCl to 
reach a value of 3.6 cm per 10 g/l NaCl and 1.2 
cm per 25 g/l NaCl (maximum dose). For millet, 
root length decreased from 7.4 cm (0 g/l NaCl) to 
3.7 cm per 10 g/l NaCl and 0 cm per 15 g/l NaCl. 
The shortest route lengths were for rice with 3.7 
cm (0 g/l NaCl), 0.3 cm (10 g/l NaCl) and then 0 
cm per 15 g/l NaCl (Fig. 5). 
 
3.3.2 Effects on epicotyl growth 

 
Salt affected the growth of epicotyl. Height was 
higher for corn followed by millet regardless of 
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on mean germination time T50 of grains of 

 

Effects of different concentrations of NaCl on the daily average germination of of maize, 

(control), it decreased in the presence of NaCl to 
reach a value of 3.6 cm per 10 g/l NaCl and 1.2 

mum dose). For millet, 
root length decreased from 7.4 cm (0 g/l NaCl) to 
3.7 cm per 10 g/l NaCl and 0 cm per 15 g/l NaCl. 

lengths were for rice with 3.7 
cm (0 g/l NaCl), 0.3 cm (10 g/l NaCl) and then 0 

 

Salt affected the growth of epicotyl. Height was 
higher for corn followed by millet regardless of 
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treatment. The length of the epicotyl was 
reduced as the NaCl concentration increased. 
The reduction was greatest with maize (11.8 to 
4.3 cm) and rice (0.5 to 0 cm) between the salt-
free control and the 15 g/l dose of NaCl. The 

variation was small with millet (4.3 to 1.8 cm). 
However, maize showed an epicotyl height of 3.5 
cm at the maximum salt concentration of 25 g/l 
compared to 0.3 cm for millet and 0 cm for rice 
(Fig. 6). 

 

 
 

Fig. 5. Variation of t length of root of maize, millet and rice as a function of NaCl 
concentrations 

 

 
 
Fig. 6. Variation of length of epicotyl of of maize, millet and rice as a function of different NaCl 
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4. DISCUSSION  
 
The study of the effect of salinity on the 
germination of three cereals was based on the 
analysis of a number of parameters. 
 

4.1 Final Germination Rate 
 
The results show that germination rates of cereal 
seeds decrease as the NaCl concentration 
increases. On the other hand, germination rates 
were higher for maize than for rice with the 
lowest proportions for all treatments. In addition, 
the depressant effect of salinisation affects 
cereal seed germination less than from a 
concentration of 10 g/l of NaCl. The higher NaCl 
contents affect less the germination of maize with 
a rate of 33% at the maximum concentration of 
25 g/l of NaCl, a medium that did not allow the 
seeds of rice and millet to germinate. These 
results attest to the depressing effect of salinity 
on seed germination and are consistent with 
those of Ben et al. [15]; Rachidai et al. [16] who 
worked on wheat and Camara et al. [11] on 
legumes.  
 

4.2 Germination Kinetics 
 
Increasing concentrations of NaCl slow the 
germination of seeds in the cereals tested. High 
salt levels had less impact on the          
germination kinetics of millet than other cereals. 
Rice is more sensitive to salinity, which slows 
down seed germination Salt has a depressant 
effect on the mobilization of seed reserves, which 
delays germination. These results are 
comparable to those reported by Taffouo et al. 
[17] and Benidire et al. [18] who worked on 
legumes.  
 

4.3 Germination Rate and Average Daily 
Germination Rate  

 
The results show that for all cereals tested, the 
average daily germination rate as well as the 
germination speed decreases with increasing 
salinity. However, maize seeds had the highest 
rates of these parameters. The decrease in the 
average daily germination rate is explained by 
the low energy required to use the seed's 
reserves. Indeed, high doses of NaCl cause a 
reduction in the availability of water in the 
medium, which can delay or prevent the 
absorption of water necessary to trigger the 
enzymatic reactivations that mobilize the 
reserves for germination [19, 20].  

4.4 Variation in Root and Epicotyl 
Lengths 

 
4.4.1 Root length  

 
Salt affects root development. The length of the 
roots is reduced as the salt concentration 
increases. The depressive effect of salt is more 
marked at a concentration of 15 g/l for all 
cereals, which, however, do not show the same 
response to the salt doses applied. An absence 
of root growth (0 cm) is noted for rice and millet 
at 15 g/l of NaCl, unlike maize, which is less 
sensitive to this salt concentration with a length 
of 1.2 cm.  Salinity slows down and even inhibits 
root growth. These results are in line with those 
of Saadallah et al. [21] who observed in beans a 
fall in root growth associated with an increase in 
the nodule number/root dry matter unit ratio. 
Allah [22] and Mallek-Maalej et al. [23] 
demonstrated the depressing effect of salt on the 
development of tomato and cultivated cereal 
seed germination, respectively. According to 
Benidire et al. [18], high salinity concentrations 
have a negative effect on the length growth of 
seedlings and reduce both the size and density 
of absorbent hairs. Salinity modifies the 
anatomical structure of the root and leads to a 
decrease in the number of cells per xylem cluster 
and the number of cortical parenchyma layers 
[18]. 
 
4.4.2 Length of the epicotyls 

 
Epicotyl length is higher for corn followed by 
millet regardless of treatment. The development 
of epicotyl is reduced with the addition of NaCl 
and this reduction was even more important with 
the high salt concentration. Furthermore, the 
adverse effect of salinity is more significant at a 
dose of 15 g/l of NaCl. Thus, the growth of 
epicotyl is nil for rice, while the reduction is more 
than half for maize and millet. Bouda and 
Haddioui [24] state that the effect of NaCl on 
germination varies with the species, as the final 
germination rate and seedling growth differ 
significantly between the species studied. Rice is 
the most sensitive of the cereals tested to excess 
salt. These results could be explained by the 
small size of rice roots. Plant growth depends on 
several factors, including the availability of water 
and nutrients absorbed by the roots. Under the 
effect of salt, the absorption capacity of these 
roots is reduced, resulting in a reduction in the 
growth of young plants. Other studies on wheat 
and barley by Termaat et al. [25] revealed that 
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the reduction in growth of aerial organs is 
thought to be due to salinity on the production of 
root growth regulators, such as abscisic acid and 
cytokinins. However, maize has an epicotyl 
height of 3.5 cm at the maximum salt 
concentration of 25 g/l compared with 0.3 cm for 
millet. Maize grows under conditions of high salt 
content and is more tolerant to salinity than the 
other cereals tested. It has been established that 
the tolerance of cereals to salt stress varies 
significantly with genotype, stage of 
development, duration of exposure and severity 
of stress [26,27]. Similarly, El Mekkaoui [28,29] 
showed in eleven varieties of durum wheat that a 
concentration of 100 mM NaCl is sufficient to 
detect differences in tolerance. In bean varieties 
subjected to different salt concentrations, 
Benidire et al. [18] found varieties that were more 
tolerant to saline stress. 
 

5. CONCLUSION 
 
This analysis shows that salinity reduces the 
germination rate and growth of all three cereals. 
The depressant effect of salt also depends on 
the concentration and type of grain. The 
concentration of 10 g/l of NaCl was found to be 
the tolerance threshold. Maize is more tolerant, 
whereas rice is the most sensitive to salinity. 
These experiments should be continued to 
confirm these results obtained at the germination 
and seedling stages.  
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