
 

 

 

INTRODUCTION 

 

Now days Sorghum plants especially (Sorghum bicolor (L.) 

Moench) is considered to be the number fifth among the most 

important grains as food for human and animals, fiber 

production, and for energy production (Zheng et al., 2011). In 

warm and dry localities that suffering from unproductivity for 

many others cereals accompanied with little annual 

precipitation, S. bicolor cultivations still presenting 

satisfactory cereals and for biomass productivity (Ribas, 

2003). Sorghum plants can be grown in environmental 

conditions that are adverse to many other crops, however the 

management cultivations strategies aiming to reduce the 

deleterious effect of salinity as an important factor to 

guarantee a suitable germination. The great importance 

interest of S. bicolor crop, attributed to his adaptive 

characteristics ability under salinity conditions, include 

efficient harmony between photosynthetic carbon and 

nitrogen assimilation, antioxidant defense system and its 

extensive root system that helps the plant to gather any trace 

of water (Dje et al., 1998). In this sense, diluted seawater 

application could be used, since it may raise the plant’s 

tolerance ability to cop such stress (Kafi and Rahimi, 2011; 

Bafeel, 2014; Munns et al., 2006). Salinity represents a severe 

environmental issue that affects the productivity of cereal 

plants whereas about 33% of irrigated soils and 20% of 

cultivated land in the world were affected by salinity 

(Shrivastava and Kumar, 2014; Qadir et al., 2008). Ecotypes 

of salt-tolerant plants as cultivars, varieties, sub-varieties etc. 

of different species have been reported to be evolved in nature 

(Ashraf and Wu, 1994). Ashraf, (2004) reported that plant 

breeders had done an important achievements in a number of 

economic crops using conventional breeding approaches and 

an artificial plant selection. For example, investigating of ten 

salinity sensitive plants from sorghum genotypes and seven 

Saudi local cultivars of sorghum had been reported 

(Krishnamurthy et al., 2007; Bafeel, 2014). By using an 

artificial salt medium many cultivars of salt tolerance 

sorghum were reported (Azhar and McNeilly, 1987; El-Naim 

et al., 2012; Rani et al., 2012). In Saudi Arabia, the selection 

of sorghum plant genotypes under irrigation by the saline 

water had been investigated (Hefny et al., 2013; Metwali, 

2013).  

Therefore, the aim of this research article is to evaluate and 

screen the effect the diluted natural Red seawater on S. bicolor 

seedlings. The performance of some physiological parameters 
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The irrigation of sorghum [Sorghum bicolor (L.) Moench] by diluted seawater is in high demand because the plant is a 

moderately salt-tolerant species. This study was conducted to describe the responses of sorghum seedlings to saline irrigation 

using successive dilutions of seawater regarding the performance of certain physiological parameters. The germination 

percentage shoot and root development, chlorophyll content, proline content, hydrogen peroxide content, and scanning electron 

microscope (SEM) results of both the stem and the root were significantly affected by watering the seeds with 14.29% of 

natural seawater. Using 14.29% seawater caused reductions in the germination percentage (84.82%), the shoot length (42.62%), 

the root length (60.0%), the total chlorophyll (17.36%), chlorophyll a (18.20%), chlorophyll b (16.43%), the shoot’s fresh 

weight (44.58%), the shoot’s dry weight (48.23%), the root’s fresh weight (68.03%), and the root’s dry weight (56.37%) 

compared to the control. There was a steep increase in proline content (by 20.65%), in the leaf and the amount of hydrogen 

peroxidase in the leaf (by 32.74%), and in the roots (by 30.30%) of the stressed sorghum seedlings compared to the control. 

SEM showed that diluted seawater stimulated the hairs, causing them to swell and lie on the surface of the epidermis. In 100 

µm2, no differences were observed in the number of stomata and hairs, whereas the number of cells, the cell wall and the 

intercellular spaces in the leaf, and the number of furrows in the roots varied between the control and the treated sample. The 

results of this experiment can be important for the development of adapted sorghum to various concentrations of natural 

seawater to obtain cultivars with improved germination under salt stress. 
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including germination rate, shoot and root development, 

proline, and hydrogen peroxidase contents of S. bicolor 

seedlings had been investigated. Scanning electron 

microscope (SEM) had been applied to check is any variation 

in the stomata, hairs and in the root morphology of S. bicolor 

seedlings under the effect of watering the seeds by diluted 

seawater. 

 

MATERIALS AND METHODS  

 

Plant growth and salinity conditions: S. bicolor (L.) Moench 

seeds were bought from the crops market in Luxor 

governorate, (commonly grown in Luxor governorate, Egypt) 

as fodder to the animals. Natural Red sea-water was used in 

this research for testing salt tolerance of the germinated S. 

bicolor. Red seawater was collected from Safaga sea shore, 

Egypt. Fiber plates were filled with 250 grams of clay soil and 

irrigated only one time with 280 ml of various dilutions of 

Red seawater using distilled water (100%, 50%, 33.33%, 

25%, 16.67 % and 14.29%). Control samples were irrigated 

with 280 ml of distilled water (0% of sea-water). After 48 

hours all sets irrigated with an equal amount of distilled water 

(23 ml) daily and all plate kept in an open area in ±39 °C to 

±30 °C of day and night temperature for 10 days.  

Fresh and dry weight: To screen the effect of the diluted 

seawater, seedling were collected after 10 days of 

germination. Fresh weight was ascertained in grams using 

electric balance. Dry weight of each plant part was measured 

after keeping in an oven at 70 °C for three days (Mahmood et 

al., 2010). Length of both root and shoot systems were 

measured also.  

Chlorophyll content: Chlorophyll content was evaluated 

using lyophilized shoots powder of treated and control 

samples. 0.1 g from each sample was extracted with 5 ml of 

80% (v/v) acetone and then filtered. At 645 and 663 nm the 

absorbance of spectrophotometer had been calculated. The 

amounts of chlorophyll (a, b and total) were measured in 

accordance with the equations of Lichtenthaler, (1987) as (mg 

g-1 fw leaf). 

Total Proline Content: Proline accumulation was evaluated 

according to (Bates et al. (1973; Bavei et al., 2011). 0.5 g of 

fresh leaf tissues from treated and untreated samples were 

homogenized in 10 ml (3% w/v sulphosalicylic acid). After 

filtration, each homogenate product was treated with glacial 

acetic acid and 2.5% ninhidrine solution. At 100 °C, the 

reaction mixtures were stored in a water bath for 1 h. then the 

toluene was added. Optical density was read at 520 nm using 

UV–VIS spectrophotometer as mg g-1 fresh weight. 

Hydrogen peroxide content: Leaf and root tissues (0.4 g) 

were grinded into fine powder using liquid nitrogen. Each 

tissue was homogenized in 1 ml trichloroacetic acid (TCA) of 

10 %. The homogeneous was centrifuged for 15 min at 12,000 

g (Nxele et al., 2017). Hydrogen peroxide content were 

determined according the detailed method of (Velikova et al., 

2000). The reaction mixture consisting 75 μl of the 

trichloroacetic acid extract, 5 mM K2HPO4, pH 5.0 and 0.5 M 

KI. Each sample was incubated for 20 minutes at 25 °C and 

absorbance was measured at 390 nm.  

Stat analysis: All experiments were carried out for five times 

and the comparisons between treated and non-treated sample 

were performed using Student’s t-test by Microsoft Excel 

2010. P value <0.05 were considered as significantly 

different.  

Scanning electron microscopy (SEM): Leaf and root samples 

were collected and immediately fixed in 0.05 M sodium 

cacodylate buffer and 2% glutaraldehyde, at pH 7.2. The 

samples were then washed thoroughly 3 times in distilled 

water (DW) and then dehydrated using an ethanol series (30, 

50, 70, 80%), followed by 3 times washes in absolute ethanol. 

All samples were installed in metal stubs and investigated 

under a scanning electron microscope (LEO 435 VP, 

Cambridge, England) at 20 kV. Stomata and hairs in the 

leaves epidermis (on adaxial sides) and the numbers of the 

furrows on the roots surface had been investigated. 

 

RESULTS  

 

Germination percent: It was observed that germination of S. 

bicolor seeds had been appeared after 3 days of watering by 

14.29% seawater and for distilled water. However, all 

samples treated with 100%, 50%, 33.33%, 25% and 16.67 % 

seawater failed to germinate. It was observed that the 

germination rate for 14.29% seawater found to be (8.00 ± 

1.4%), reduced by (84.82%) compared to the control (97.4 ± 

1.182%) as shown in Figure (1). 

 
Figure 1. Effects of 14.29% seawater on S. bicolor 

seedlings germination percent. All data are 

means ± S.D. of five experiments *p<0.05; 

**p<0.01 based on Student t-test. 

Shoot and root growth response, a) Shoot and root 

lengths: Shoot and root lengths found to be varied greatly 

when watered with 14.29% seawater and distilled water (Fig. 
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2). Average shoot-length was (14.8 ±1.69 cm) for the control 

of S. bicolor plant while the treated plant with 14.29% 

seawater had a shoot length of (5.95 ±0.56 cm) reduced by 

42.62%. Average root-length was (10.9 ±0.29 cm) for the 

control plant while 14.29% seawater affected the root length 

to be (2.73 ±0.32 cm), reduced by 60.0%. It was observed that 

that salinity substantially reduced root surface area and no 

lateral roots had been observed under the effect of diluted 

seawater.  

 

 
Figure 2. Effects of 14.29 % seawater on S. bicolor 

seedlings shoot and root lengths. (A); control; 

(B); treated with 14.29 % seawater. All data are 

means ± S.D. of five experiments *p<0.05; 

**p<0.01 based on Student t-test. 

 

Shoot and root growth response; b) Fresh and dry weight: 

On the other hands, an average shoot fresh weigh of 

controlled samples were (0.128 ± 0.02 g) that increased by 

44.58%, i.e. (0.04± 0.02 g) than the treated sample with 

14.29% seawater. While the dry weight of shoot of control 

sample was (0.016 ± 0.01 g) that increased also by 48.23% 

than the treated sample (0.006 ± 0.00 g). Root fresh weight of 

treated sample showed weight of (0.017 ± 0.002 g) that 

decreased by (68.03%) than the control, while the root dry 

weigh of control sample had a weight of (0.005 ± 0.001 g) 

increased by 56.37% than the treated S. bicolor by 14.29% 

seawater as shown in Figure (3).  

Chlorophyll content: Biochemical parameters including 

chlorophyll pigments were drastically reduced with the 

treatment with 14.29% seawater. The degree of reduction in 

the total chlorophyll, chlorophyll a and chlorophyll b found 

to be ranged between 16.43% to 18.20% than the control 

(Figure 4).  

 

 
Figure 3. Effects of 14.29% seawater on S. bicolor 

seedlings shoot and root fresh and dry weights. 

All data are means ± S.D. of five experiments 

*p<0.05; **p<0.01 based on Student t-test. 

 

 
Figure 4. Effects of 14.29 % diluted seawater on S. bicolor 

seedlings total chlorophyll, chlorophyll a and 

chlorophyll b. All data are means ± S.D. of five 

experiments *p<0.05; **p<0.01 based on Student 

t-test. 

 

Proline and hydrogen peroxidase contents: There was a 

steep increase in proline content in S. bicolor seedlings 

sample treated with 14.29% seawater by 20.65% more than 

control (Figure 5). Also, there was marked increase in the 

amount of hydrogen peroxidase either in the root or shoot 

systems of the treated sample by (30.30%) and (32.74%) 

respectively than control (Figure 6). 
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Figure 5. Effects of 14.29% seawater on S. bicolor 

seedlings proline content. All data are means ± 

S.D. of five experiments *p<0.05; **p<0.01 based 

on Student t-test. 

 
Figure 6. Effects of 14.29% seawater on S. bicolor 

seedlings hydrogen peroxidase. All data are 

means ± S.D. of five experiments *p<0.05; 

**p<0.01 based on Student t-test. 

 

SEM of leaf and root: Scanning electron microscopy of the 

hairs, leaves blade and root of S. bicolor seedlings to study 

the effect of 14.29% seawater were shown in the Figure (7). 

The majority of the hairs on the epidermis were small and 

almost perpendicular in the control plants (Figure 7a), while 

in the treated sample the hairs found to be swollen and lie on 

the surface of the epidermis (Figure 7b). In 100 µm2, no 

differences were observed in the number of stomata and hairs 

as two stomata and three hairs present in the leaves for the 

control and in the treated plant sample. However, number of 

cells varies markedly between control sample (about 10 cells) 

and the treated sample (about 13 cells) (Figure 7a1 and 7b1). 

Moreover, the cell wall found to be irregular and had more 

conspicuous intercellular spaces in the treated sample than the 

control sample. In roots systems there were varied number of 

epidermal furrows in 100 µm2. It was found that the numbers 

of epidermal furrow between (14 to 18) in the control sample, 

while in the treated sample had 12 furrows only (Fig. 7a2 and 

7b2). 

 

 
Figure 7. Leaf and root epidermis of control and 14.29% 

seawater observed by scanning electron 

microscopy. a, (leaves edge with hairs), a1, 

(leaves blade), a2, (root) of control plant; b, 

(leaves edge with hairs), b1, (leaves blade), b2, 

(root) grown in 14.29% seawater. 

 

DISCUSSION 

 

The main purpose of this study was to assess the effect of 

diluted seawater on the germination of sorghum plant, as an 

initial step to use it for the irrigation and cultivation. Also to 

adapt and get new varieties or cultivars from sorghum plants 

can endure the saline condition for the successive generations 

of the plant. The initial seed germination, early seedling and 

their vegetative growth stages were regarded to be the most 

critical stage for plant establishment which therefore 

determines their survival under harsh environmental 

conditions (Danai-Tambhale et al., 2011; Almansouri et al., 

2001; Kumar et al., 2007). 

**

0

0.2

0.4

0.6

0.8

1

1.2

Control 14.29% Seawater

P
ro

li
n

e 
co

n
te

n
t 

(m
m

o
l.

g
-1

)

Control

14.29% Seawater

**

**

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

Control 14.29% Seawater

H
y

d
ro

g
en

 p
er

o
x
id

a
se

 (
m

m
o

l.
g

-1
)

Leaf

Root



Impact of diluted seawater on seedlings of sorghum 

 619 

It was shown that sorghum various cultivars differently 

responded with different developed lengths of shoot and root 

when treated with various dilution of sea-water and 

interpreted that the salinity tolerance of sorghum plants is 

associated with a reduced concentration of Na+ in the shoot 

(Krishnamurthy et al., 2007). Our results confirmed this 

negative effect of diluted seawater on the biomass of shoot 

and roots systems of sorghum seedling. Treatments with 

diluted seawater significantly reduced the fresh and dry 

biomass of below- and above-ground plant parts, germination 

percent and the chlorophylls content whereas proline and 

hydrogen peroxidase parameters were significantly increased. 

Trotel et al. (1996) reported that proline is a source of nitrogen 

accessible for stress recovery and growth restoration. Proline 

also functions as an osmolyte that reduces the cell's osmotic 

potential and toxic ion absorption (Woodward and Bennett 

2005). In our study, increased proline content in sorghum 

seedlings leaves might be used as co-factors to defense the 

stress resulted from watering the Sorghum seeds by the 

diluted seawater.  

Also the decline in germination percent and in dry matter 

production of seedlings under saline environmental 

conditions had widely been documented in many literatures 

(Yurtseven, et al., 2005; Mujeeb-ur-Rahman et al., 2008; 

Prado et al., 2000). 

Rani et al. (2012) studied the effect of salt in various 

concentrations on the germination percentage, root and shoot 

length, seedling dry weight, root/shoot dry weight ratio, and 

total dry weight found that the greatest negative influence 

were noted in plants treated with higher salinity level. Their 

study also revealed some cultivars might be useful like HC-

171, HD-19 and, CSV-15 to develop adapted sorghum 

cultivars under salt stress.  

In order to gain an insight into the rate of photosynthesis 

pigments, we investigated the amount of total chlorophylls, 

chlorophyll a and chlorophyll b in sorghum leaves. It was 

reported that any changes in any one of pigment components 

can affect many of other metabolic activities, particularly the 

carbohydrate metabolites that plays crucial role in seed 

germination and in seed development (Lobato et al., 2009a, 

Lobato et al., 2009b). In earlier research, Nxele et al. (2017) 

and Bafeel, (2014) had reported negative correlation between 

salinity stress and many growth traits such as plant growth, 

oxidative damage, biomass, leaf chlorophyll content etc, that 

were significantly declined in irrigation by the seawater. Our 

results are similar to findings from these studies. 

Based on the results of our investigation saline conditions 

stimulate the production of hydrogen peroxide content in the 

leaves and in roots of sorghum plants. Hydrogen peroxide in 

the treated sample more higher and the amount of H2O2 in the 

roots was almost 2-fold less than H2O2 in the leaf. In 

agreement with the previous study proofed that any decrease 

in the content of chlorophyll affected by stress will produce 

reactive oxygen species (ROS) such as O2 − and H2O2 that 

leads to lipid peroxidation and therefore destruction of 

chlorophyll (Smirnoff, 1993; Foyer et al., 1994). Also, 

Poljakoff and Gale (1975) stated that under stress conditions 

the plant ability to synthesize more amounts from chlorophyll 

will be a good criterion to combat such stress.  

Herein, we found that there was an association between the 

levels of H2O2 in the roots and in the shoot system and salinity 

stress caused by the diluted seawater that also coupled with 

reduced biomass and chlorophyll content (Nxele et al., 2017).  

The results of SEM revealed variations in the forms of the 

hairs on the leaf epidermis, number of cells, intercellular 

spaces and in the number of epidermal furrow in the roots 

between the treated sample and control. There were no 

obvious variations in the stomata shape except very little 

elongation could be observed in the treated sample. However, 

plants subjected to water loss had reduction in their stomata 

length as one of mechanism involved to prevent such loss of 

water (Shi and Cai, 2008). 

Based on the analysis the numbers of epidermal cells by SEM 

in the area of 100 µm2, the numbers of epidermal cells 

increased from more or less 10 cells in the control to be 

around 13 in the treated sample. Also our results showed that 

there was an irregular cell wall and more intercellular space 

in the treated sample by the diluted seawater. It was stated that 

plants could change their cells shape or their compartments in 

case having some types of stress. For example, cadmium 

caused decrease in the size of palisade parenchyma cells in 

the leaves of Never ripe and diageotropica and an increase in 

the area of intercellular spaces in Never ripe leave (Gratao et 

al., 2009). Also, it has been reported that salinity caused 

anatomical and morphological changes in root system of 

Chloris gayana by applying different NaCl concentrations 

(Céccoli et al., 2011). 

The most obvious effect exhibited by S. bicolor roots was the 

reduction in the number of epidermal furrow and the lack of 

lateral roots which can be related to the sensitivity to stress 

caused by diluted seawater. It was reported that root system 

architecture and new lateral root development are controlled 

by environmental conditions surrounding the plants (Malamy, 

2005). For example, the inhibition of elongation nature of 

seminal root in sorghum plants affected greatly by prevailing 

environmental conditions whereas the cell lengths of roots 

exposed to high root-zone temperature were remarkably 

shorter than those grown at low root-zone temperature 

(Pardales et al., 1992). To the best of our knowledge, no 

equivalent data is available for SEM for the root system 

subjected to saline conditions, therefore this is the first report 

showing epidermal furrow in the root of sorghum plants. 

 

Conclusion: In conclusion, the results obtained proved the 

tolerance of S. bicolor (L.) Moench to salt stress of diluted 

seawater to some extent. The information available in this 

research is an important step towards understanding the 

structural modifications caused by diluted seawater, its 

http://www.theplantlist.org/tpl1.1/record/kew-443283
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impacts on metabolic processes and for the possibility to 

obtain adapted S. bicolor to the various concentrations to the 

seawater. However, broader research for the successive 

generations is highly recommended for sorghum various 

varieties. 
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