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ABSTRACT 

 

Seedling of Sorghum bicolor L. were grown hydroponically in growth units, filled with continuously aerated 

half strength of Hogland-nutrient solution. Different treatments were manipulated to determine the combined 

effect of three NaCl  levels (30, 60 and 90 mM) with combined levels of Ca
2+

 : K
+
 : Mg

2+
  (10:12:3 mM) on 

seedling growth. Seedling length, leaf sap osmolality, total chlorophyll, soluble protein, proline, 

phosphpenolpyruvate carboxylase (PEPC) andsucrose phosphate synthase (SPS) were used as reaction criteria.  

Several ions (Na
+
, K

+
, Ca

2+
 and Mg

2+
) were analysed in seedling material. Saline treatments decreased the 

growth, which was partly restored with the cation ratio treatment. A significant relation was observed between 

the electric conductivity of the nutrient solution and the osmolality of leaves using independent treatment 

(salinity or cation ratio). Salinity at all concentrations used in this work were reduced the total chlorophyll and 

soluble protein yield compared with that obtained at 0 mMNaCl. However, there was an increase, of previous 

criteria, as a consequence of the application of cation ratio treatments in each saline concentration. Higher 

concentrations of proline in shoot were obtained with increasing salinity concentrations. PEPC enzyme activity 

in roots was considerably higher than shoot under salt medium as well as with cation treatments. Both shoot and 

root SPS activities were slightly higher in root than in shoot subjected to salt and cation treatments. At high 

NaCl concentration, the ratio Na/Ca and Na/Mg decreased as a consequence of cation treatments. Therefore, the 

cation combination treatments were applied in the nutrient solution could be important factors in the hydroponic 

culture of sorghum grown under saline conditions.    

 

Key words: Sorghum, salinity, Ca
2+

, K
+
, and Mg

2+
cations, relative shoot growth rate, salt stress, total 

chlorophyll 

 

INTRODUCTION  

 

Salinity is a major problem in sea-irrigated 

agriculture. Millions of tons of salt are annually 

dumped onto the soil from the sea-water irrigation 

(Hasegawa et al., 2000 and Zhu, 2001). The growth of 

plants may be reduced under salt stress because of (a) 

an osmotic stress due to a lowering of the external 

water potential, or (b) effects of specific ions on 

metabolic processes ranging from the absorption of 

nutrients to enzyme activation or inhibition (Carvajal 

et al., 2000). Moreover, ion regulation and 

osmoregulation are subjects of intensive research into 

possible mechanisms of salt tolerance (Karley et al., 

2000 and Vera-Estrella et al., 2004). In grain 

Sorghum (Sorghum bicolor L.) and in various organs 

of other species, the primary effects of salt stress are 

to reduce growth rate, leaf emergence rate, and 

overall shoot development (Neves-Piestun and 

Bernstein, 2001). In many, but not all, salt–sensitive 
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species, elevated calcium (Ca2+) concentrations in the 

root media ameliorate part of the growth reduction 

caused by the stress. Several investigations have been 

carried out to study the possible role of various kinds 

of chemical treatment to improve the irrigation 

medium and growth in saline environments (Carvajal 

et al., 2000). In literature, there are conflicting reports 

concerning the effects of calcium (Ca
2+

), potassium 

(K
+
) and magnesium (Mg

2+
) on salt tolerance in 

plants (Lopez and Satti, 1996). In contrast, addition of 

calcium to salinized media has been reported to 

effectively enhance salt tolerance in bean (Younis et 

al., 1993), citrus (Banuls et al., 1991), rice (Shah et 

al., 1987) and mung bean (Nakamara et al., 1990). In 

plant cells, maintaining cytosolic potassium (K
+
) in 

an environment with a  high sodium (Na+) 

concentration is a key factor in determining the ability 

to tolerate salinity (Maathuis and Amtmann, 1999). 

Typically involved in these responses are sugars, 

sugar alcohols, and many others molecules such as 

amino acids, organic acids, or inorganic ions (Munns, 

2005). The effect of soil salinity on biomass and grain 

yield in many varieties of Sorghum has been tested 

(Begdullayeva et al., 2007).  It should be noted that 

the principal of measuring the activates of enzymes 

due to that been reported (Huber and Huber, 1991), 

under salt stress could regulate the activity of sucrose-

phosphate synthase (SPS), whereas 

phosphoenolpyruvatecarboxylase (PEPC) could be 

sensitive to inorganic salts (Osmond, 1972). In 

previous studies (Rashed, 2008) three levels of 

combined cations Ca2+ K+ Mg2+ (in mM ratio of 

4:6:1, 7:9:2 and 10:12:3) been tested on sorghum 

exposed to salinity, and growth yield exhibited a 

positive results. In the same way, the cation ratio Ca
2+

 

: K
+
 : Mg

2+
  (10:12:3 mM)  gave  increase in growth 

biomass and greater production in saline treated. In 

the present study we, therefore, re-evaluate previous 

findings by performing a full assessment of the effect 

of salinity and cation ratio Ca
2+

 : K
+
 : Mg

2+
  (10:12:3 

mM) into Sorghum, under controlled salinity 

conditions. In addition to comparing these parameters 

as relative osmolality of leaf cell sap, plant length, 

root/shoot ratio, total chlorophyll concentration, 

soluble protein and proline contents.  The activities of 

both enzymes (PEPC) and (SPS), as well as the 

concentrations of Na+, K+, Ca2+, Mg2+ within and 

across treatments were analysed in seedling material. 

MATERIALS AND METHODS 

 

Growth conditions and experimental design 

Grains of (Sorghumbicolor L.), were obtained from 

Fiffa east of Gazan, south west of Saudi Arabia. 

Grains were sterilized by 10% sodium hypochlorite 

solution for 10 min and rinsed several time with 

distilled water and soaked in water for 24 h, then 

transferred to rectangular plates covered by two layers 

of sheath cloth. The grains were also covered with a 

layer of wetted sheath cloth, irrigated with distilled 

water and left at growth room temperature (30 °C) for 

germination. Seedling of one week (shoot lengths 

reached about 2 cm) old  were transferred to the 

growth units and subjected to different salinity levels 

: 0, 30, 60 and 90 mMNaCl, which correspond to 

1.98, 4.82, 7.82 and 12.2 dSm
-1

 salinity levels. 

Different levels of cations Ca
2+

 : K
+
 : Mg

2+
  (10:12:3 

mM) were added to the nutrient solution, which 

correspond to 6.74,  9.21 and 14.8 dSm
-1

 salinity 

levels. Seedlings were grown for 3 weeks 

hydroponically in growth units consists of 4 

polyethylene tubes with dimensions: 5 cm diameter, 

51 cm length. Each tube has an out and inlet in order 

to pore the nutrient solution. The capacity of each 

tube is 1500 ml with 31 pores (8 mm) were made in 

each tube distributed in two alternation lines, where 

the seedlings should be settled. The plastic tips of 

micropipettes (Eppendorf), were used to support the 

seedlings during growth and when they were 

harvested. An air pump terminal with a pressure (200 

ml/min), which allows a continues aeration to the 

nutrient solution, were used. The growth units were 

placed in a growth room with photosynthetic photon 

flux density was 800 µmol m 
-2

 s
-1

 with day/night 

temperature (32/28 °C), and the surface water 

temperature reaches to about 30 °C, with relative 

humidity means value was 65%.  

 

Measurement of plant length and root and shoot 

ratio 

Plant length of each plant was measured with a ruler 

prior to harvest, with a precision of ~ 1 mm. After 

harvesting, shoots and roots were frozen in liquid 

nitrogen, lyophilized, weighed, ground to a powder, 

and kept in a freezer (-20 °C ) for further analyses. 

The rest of the plant material was weighed after 
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drying in a forced air circulation oven at 80°C for 72 

h. Roots and shoots ratio were recorded according to 

Kingsbury et al. (1984). 

 

Soluble protein and proline analysis 

Soluble proteins were extracted from lyophilized 

shoot of treated seedlings. Sample of 0.20 g powder 

was homogenized in 3 ml Tris-HCl buffer (0.1 M, pH 

7.5) containing 1m Mphenylmethanesulfonylfloride 

(PMSF), at 4°C. The homogenate was centrifuged at 

10000 x g for 30 min. Protein in the supernatant was 

measured by the method of Lowry et al., (1951) using 

bovine albumin to establish a standard 

curve.Extraction and determination of proline was 

measured spectrophotometrically according to Bates 

et al. (1973). 

 

Chlorophyll content  

Chlorophyll content was measured from Lyophilized 

shoot powder.  Sample of 0.1 g was extracted with 

5ml of 80% (v/v) acetone and filtered. Absorbencies 

of spectrophotometer were calculated at 645 and 663 

nm. Chlorophyll content (mg g-1 fw leaf) was 

estimated by equations of Lichtenthaler (1987). 

 

Cell sap osmolality  

Samples of shoot sap were obtained using a 

Scholander pressure chamber according to the method 

of Jachetta et al. (1986). Osmolality of cell Sap 

(mOsmol/kg) was directly measured, according to 

manual standard method (Osmette A, STM model 

2004). 

 

Determination of phosphpenolpyruvate carboxylase 

(pepc) 

PEPC was assayed in extracts of lyophilized material.  

Shoot and root powders were homogenized in a 

morter and pestle with 4ml of ice-cold extraction 

buffer (0.1 M Tris/HCl buffer, pH 7.8, 1 mM MgSO4 

and 0.5 mM EDTA). The extract was centrifuged in a 

cooling centrifuge (Beckman– centrifuge, Model J2–

21) for 25 min at 20000 rpm. The enzyme activity 

was assayed at 30 °C in a total of one ml as final 

volume of the following reaction medium (50 µM 

HEPES/NaOH   (pH 8.57), 10 µM MgCl2, 10 µM 

NaHCO3), and 50 µl PEP, 50 µl NADH, 10 µl MDH. 

The reaction rate was measured by the decrease in 

absorbance at 340 nm of NADH (oxidation of 

NADH) using a Shimatzu multipurpose recording 

Spectrophotometer (Cecil CE 7200 split – beam 

spectrophotometer) according to Tietz and Wild 

(1991).  

 

Determination of sucrose phosphate synthase (sps) 

SPS was assayed in extracts of lyophilized material. 

Shoot and root powders  were homogenized in a 

morter and pestle with 4ml of ice-cold extraction 

buffer (50 mM HEPES / KOH buffer,  pH 7.4), and 

absorbance was measured at 620 nm using a 

spectrophotometer (model UV–200–RS), and flow 

the method described by Vassey (1988). 

 

Ion analysis
 

For each sample analysed, 10 mg of dry seedling 

material was digested with 3ml of  

concentratedultrapure HNO3and 2ml of H2SO4. The 

samples were placed overnight in microwave at 90°C. 

After digestion at 270 °C for 6 hours according to the 

method described by Netondo et al., (2004). The 

amount of Na
+
, K

+
, Ca

2+
 and Mg

2+
 in the sample was 

then determined with Atomic Absorption 

Spectrophotometer (Model do dlame). Ion 

concentrations were expressed as mmol per g of dry 

weight. 

 

Statistics 

Statistical analyses were done with a ANOVA by 

SigmaStat.
 

 

RESULTS AND DISCUSSION  

 

The Effect of treatments on cell sap osmolality and 

growth parameters 

Sorghum bicolor L. was exposed for 3 weeks to 

nutrient  medium supplemented with different 

concentration of NaCl levels : 0, 30, 60 and 90 

mMNaCl, which correspond to 1.98, 4.82, 7.82 and 

12.2 dSm
-1

 salinity levels and in combination with 

cation ratio of  Ca
2+

 : K
+
 : Mg

2+
  (10:12:3 mM). Song 

and Fujyiama, (1996) state that cation ratio support 

Na
+
 action. Positive linear relationship is established 

between electric conductivity (EC) and cation-Na+ 

combination in the nutrient solution (Table1). Plant 

grown in saline media accumulates high levels of salt 

(Munns, 2002).An osmotic adjustment is needed to 
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keep root water potential lower than the external 

medium. Such osmotic adjustment may lead to 

positively related to growth reduction (Ottow et al., 

2005).  As the responses to salinity cell sap 

osmolality in this work was increased by salt stress. 

Stress effects were based on several mechanisms such 

as a driven uptake of water, which wasnecessary for 

the cell enlargement (Fricke and Peters 2002). The 

difference between saline treatment only and saline 

with cation was significant, except at the 

concentration of 30 mM /21 day. We found that salt 

stress also affected cell sap osmolality (Table 2).  Cell 

sap osmolality was higher in concentration of  

90mM/21 day with cation treatment than in salt (90 

mM) only. Various cation have been reported to 

contribute to the osmotic adjustment, and as 

mechanism of maintenance of the cell under saline 

conditions (Saneoka et al., 2001). Many important 

physiological and morphological processes, such as 

leaf enlargement stomatal   opening (Al-Shintinawy, 

2000 and Netondo et al., 2004), and associated leaf 

photosynthesis are directly affected by the reduction 

of leaf turgor (Maas et al., 1986; Boursier and 

Läuchli, 1990), which accompanies the loss of water 

from leaf tissue (Jones and Turner, 1978). They 

reported that although relative water content was 

decreased, leaf osmolality increased the slow 

development of water deficits resulted not only in 

osmotic adjustment, but also in a decrease in leaf 

tissue elasticity. Similar trends could be seen in the 

results of other (Çiçek  andÇakirlar 2002). Hamada et 

al. (1992) supposed that an increase of ion 

concentration in tissues caused an increase in 

osmolality. Thus, shoot and root cell-sap osmolality 

increased by an increase in salinity concentrations, 

reflecting enhanced ion concentration in the tissues. 

A significant decrease was observed in seedling 

length (cm plant
-1

) when the NaCl concentration was 

increased from 0 to 90 mM (Table 2). Meanwhile, 

germination seeds at all salinity levels with cation 

ratio were higher than that of salinity ones (result not 

shown).Although seeds had better efficiency for water 

absorption from growing media which is obviously 

due to metabolic activities during germination 

process. A growth reduction in seedling length of 

approximately (45%) was found over a period (21d) 

of experiment at 90 mM salt only (Table 2). It may 

either be due to reduction in cell size or to inhibition 

of the mitotic activity (Achakzai et al., (2009). No 

significant changes were observed within the two 

levels (30 and 60mM) of NaCl. Evidence that salinity 

(>30mM) inhibited the growth of shoot and root 

(Amazallag et al., 1990; Bernstein et al., 1993; 

Flowers 2004). In many crops, growth is 

progressively inhibited by increasing NaCl-treated 

(Erdei and Taleisnik, 1993; Fricke and Peters 2002). 

Carvajal et al. (2000) found that the growth of tomato 

was reduced at high salt concentration. Salinity 

directly affects the cell wall as well as membranes 

(Shalhevet and Hsiao, 1986; Hasegawa et al., 2000). 

In the same way, the decreases which appeared in 

seedling length was partial when elevated 

concentration of cation was supplied to the medium. 

Furthermore, inhibition of plant growth by salinity 

was associated with the appearance of leaf chlorosis 

or necrosis (Tavakkoli et al. 2011). However, in the 

current work, the seedling remained healthy for the 

duration of experiment and the shoots showed no sign 

of senescence or salt injury. When shoot and root dry 

weight as relative shoot and root growth rate (RGR) 

was calculated, it increased when salinity was applied 

with cation (result not shown).Results also revealed 

that root /shoot ratios are significantly increased by 

receiving high concentration of applied salts (Table 

2). A maximum increase for root shoot ratio (0.50) is 

recorded in the highest level of salt (90 mM) a 

combining with cation ratio. The results and data 

presented in this investigation confirm this view other 

earlier reports did (e.g. Bengum et al., 1992; Mühling 

and Läuchli, 2002 and Begdullayevaet al., 2007). 

Growth reduction reflects the increased metabolic 

energy cost and reduced carbon gain, which are 

associated with salt adaptation (Netondo et al., 2004). 

It is known that roots allow a plant to absorb nutrients 

from the surrounding medium, and a healthy root 

system is a key to a healthy plant. Plant grown with 

various ways by which plants can keep endogenous 

levels of ions low has been reported (Zhu, 2001). An 

increase in root: shoot ratio could be an indication of 

a healthier plant, provided that the increase comes 

from a greater root size and not from a decrease in 

shoot weight (Aishahet al., 2011). 
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Table 1. Electric conductivity of cation treatment at each saline level 

 

 

NaCl 

 

 

Ca : K : Mg 

                 10 : 12 : 3   

 

EC (dS m
-1

) 

0 mM - 

+ 

1.98 

3.89 

30 mM - 

+ 

4.82 

6.74 

60 mM - 

+ 

7.82 

9.21 

90 mM - 

+ 

12.2 

14.8 

 

Table 2. Effect of NaCl concentration (0, 30, 60 and 90 mM) and cation (Ca
2+

: K
+
: Mg

2+
) ratio (10:13:3) on  

cell sap osmolality (mOsmol Kg
-1

), plant length (cm), and root/shoot ratio of Sorghum. 

 
 

Cation 

ratio 

 

* 

 

NaCl 

(mM) 

 

 

 

Growth parameter/ plant age 

 

 

7 

 

14 

 

21 

Cell Sap 

Osmolality 

Plant 

length 

Root/  

Shoot 

Cell Sap 

osmolality 

Plant 

length 

Root/ 

Shoot 

Cell Sap 

osmolality 

Plant 

length 

Root/ 

Shoot 

 

 

 

- 

 

0 

 

1570±110 a 

 

19.9±0.9 

b 

 

0.46 a 

 

1430±70 a 

 

27.7±1.2 a 

 

0.42 a 

 

1356±66 b 

 

32.7±1.6 

a 

 

0.31 b 

 

 

30 

 

1225±120 a 

 

 

22.0±0.9 

a 

 

0.32 b 

 

2450±75 a 

 

28.3±2.7 a 

 

0.53 a 

 

1910±112 a 

 

35.4±0.6 

a 

 

0.25 c 

 

60 

 

1870±80 a 

 

 

18.9±2.2 

b 

 

0.43 a 

 

2466±170 a 

 

22.1±0.6 b 

 

0.50 a 

 

3180±220 a 

 

25.1±2.2 

a 

 

0.39 a 

 

90 

 

2711±92 a 

 

 

20.7±2.4 

a 

 

0.46 a 

 

3625±290 a 

 

17.6±1.6 c 

 

0.47 a 

 

2452±22 a 

 

11.3±1.2 

c 

 

0.41 a 

 

 

 

+ 

 

0 

 

1460±90 a 

 

 

26.4±1.7 

a 

 

0.37 b 

 

1520±120 a 

 

29.6±1.1 a 

 

0.36 b 

 

1688±130 a 

 

32.4±0.8 

a 

 

0.30 b 

 

30 

 

 

1890±190 a 

 

21.6±1.7 

a 

 

0.36 b 

 

1850±150 a 

 

26.4±0.8 a 

 

0.26 c 

 

20900±95 a 

 

32.2±4.5 

a 

 

0.45 a 

 

60 

 

 

2350±130 a 

 

21.8±1.7 

a 

 

0.45 a 

 

2100±99 a 

 

23.5±0.7 b 

 

0.35 b 

 

2260±165 a 

 

27.9±3.0 

a 

 

0.37 b 

 

90 

 

 

3120±160 a 

 

19.2±0.3 

b 

 

0.50 a 

 

3560±220 a 

 

22.6±2.4 b 

 

0.50 a 

 

3730±140 a 

 

29.3±0.7 

a 

 

0.47 a 

* Cation ratio =(Ca2+ K+ Mg2+; 10:12:3 in mM). Data are mean ±SE (4=n). Different letters indicate significantly different 

values at a probability levels of P =0.05. 
 

 

Relationship between chlorophyll content across 

treatments 

Salinity caused decreases in chlorophyll content and 

affect the synthesis of chlorophyll (Netondo et al., 

2004), or accelerate its degradation (Reddy and 

Vora, 1986). Total chlorophyll content declined 

significantly during the whole experimental period 

with increased salinity (Table 3). It is more relevant 

at high salinity inhibiting photosynthesis and 

biomass production (Netondo, et al., 2004).  The 
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strongest effect of salt occurred about (74%) as loss 

in chlorophyll content, with plants grown under 

90mM NaCl(21d). Treated with cation ratio, it 

recovered the total chlorophyll contents and loss 

could be accounted by about 13% only through the 

experimental period.  A small drop occurred in the 

chlorophyll total (20%) at 60mM NaCl (14d) with 

cation correction, but then it was restored. However, 

the drop in the chlorophyll total was nearly linear. 

The reduction in the chlorophyll total content is 

expected to be under stress conditions. Its stability 

depends on membrane stability, which - under 

saline condition – hardly remains intact (Carpici et 

al., 2009). The chlorophyll total of plants may be 

taken as an indicator of improving new genotypes 

for salt stress depending on the present or other 

findings. 

 

Relationship between soluble protein and proline 

content across treatments 

Salinity caused decreases in soluble protein. Salt 

stress reduces protein synthesis, increases protein 

hydrolytic enzyme activity, decreases amino acid 

synthesis and interferes with enzyme structures 

leading to decreases in soluble protein content 

(Bavei et al., 2011). However, as one result of this 

study, salinity stress with cation did not detect that 

decreases in protein content of leaves. Perhaps this 

is related to gene expression (Bavei et al., 2011). 

The measurement of proline accumulation is also an 

important criterion for determining plant tolerance 

to salt stress (Çiçek and Çakirlar 2002). However, 

there were great differences in the increased proline 

contents in salt stress medium (Table 3). It is 

generally assumed that proline is acting as a 

compatible solute in osmotic adjustment and  the 

increase of proline in salt stress is more apparent in 

sensitive genotypes than in tolerant ones (Khan et 

al.,  2009). Furthermore, it was shown that the 

capability of a number of crop plants to accumulate 

proline in response to salt or other stresses was 

highly variable within species (Ashraf et al., 2004).

 

 

Table 3. Effect of NaCl concentration (0, 30, 60 and 90 mM) and cation (Ca
2+

: K
+
: Mg

2+
) ratio (10:13:3) on 

plant chlorophyll content (mg g
-1

 leaf fresh weight), soluble protein (mg g
-1

) and proline content (µmol g
-1

) of 

Sorghum. 

 
Cation 

ratio 

added to 

medium 

* 

 

NaCl 

(mM) 

 

 

Growth parameter/ plant age 

7 14 21 

Chlo. 

content 

Soluble 

protein 

Proline 

content 

Chlo. 

content 

Soluble 

protein 

Proline 

content 

Chlo. 

content 

Soluble 

protein 

Proline 

content 

 

 

 

 

- 

0 1.72±0.17 a 

 

10±1.4 b 

 

0.069±0.01 c 

 

1.94±0.72 a 

 

8±1.5 b 

 

1.2±0.02 a 

 

2.28±0.81 a 

 

9±0.8 b 

 

2.1±0.1 a 

 

30 1.84±0.48 a 

 

8.5±0.8 b 

 

1.3±0.3 a 

 

1.49±0.9 a 

 

6.5±0.6 b 

 

0.86±0.2 a 2.11±0.42 a 11±1.2 a 0.75±0. 1 b 

60 1.6±0.41 a 9±1.1 b 0.56±0.02 a 

 

1.7±0.30 a 12±1.4 a 0.77±0.1 a 2.1.9±0.7 a 9.5±1.6 b 0.82±0.03 b 

90 1. 92±0.42 a 

 

8±0.7 b 

 

0.63±0.05 a 

 

1.8±0.33 a 

 

12±1.9 a 

 

0.68±0.04 a 

 

0.49±0.04 b 

 

6.2±0.5 b 

 

0.91±0.07 b 

 

 

 

 

 

+ 

0 1.51±0.2 b 

 

14.2±2.6 a 

 

0.88±0.01 a 1.49±0.8 a 

 

15.6±1.9 

a 

1.6±0.3 a 1.81±0.1 a 

 

10.5±1.3 b 1.5±0.2 a 

 

30 1.54±0.03 b 

 

13.3±1.2 a 0.9±0.2 a 

 

1.53±0.23 b 

 

16.5±8.6 a 0.34±0.1 b 

 

1.84±0.13 

 

12.6±2.3 a 0.45±0. 02 a 

 

60 1.53±0.3 b 15.5±1.9 a 0.41±0.1 a 

 

1.23±0.1 b 

 

13.5±1.7 a 0.58±0.02 a 1.70±0.07 a 

 

12.4±1.7 a 0.52±0.04 a 

90 1.66±0.09 a 

 

12.3±2.2 a 0.42±0.04 a 1.72±0.02 b 

 

12.5±2.2 a 0.45±0.07 a 1.45±0.3 a 

 

10.5±1.1 b 0.65±0.04 a 

* Cation ratio =(Ca
2+

 K
+
 Mg

2+
; 10:12:3 in mM).Data are mean ±SE (4=n). Different letters indicate significantly different values at a 

probability levels of P =0.05. 
 

 

Relationship between PEPC andSPS activities 
across treatments: The effects of salt concentration 

and cation ratio on the contribution of PEPC and 

SPS activities were analyzed in both shoot and root 
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seedling. PEPC enzyme activity in roots were 

considerably higher than shoot under salt medium as 

well as with cation treatments. Both shoot and root 

SPS was least affected under salinity treatments, 

however, the activities were slightly higher in root 

than in shoot subjected to salt and cation treatments 

(Table 4). The finding for both enzymes can be 

interesting because the observations on salinity with 

cation has not been recognized by other works. 

Obviously, the results confirm that both enzymes 

root was highly affected by salinity levels than shoot, 

and this might be considered to play an important 

role in such treatments. The induction of PEPCase 

under saline treatment only was reported in leaves 

plant (Yen et al., 1995). Guerrier (1988) also 

reported that the levels of PEPCase activity could be 

used as biochemical indicator of salt tolerance. On 

the other hand, Notton and Blanke (1992) recorded 

an increase in apparent Km of PEPCase activity in 

Avocado fruit under salinity.  In general Vernon et 

al., (1988) recorded a de novo synthesis of PEPCase 

in stressed Mesembryanthemumcrystallinum.  

PEPCase has unusual properties when compared to 

PEPC from C4 plants (Jiao et al., 1991). Tietz and 

Wild (1991) reported that PEPCase activity could be 

taken as a biochemical indicator of damage tissues, 

and this could be reflect  the effect of salt by 

disrupting lipid-protein associations.  

 PEPCase is expected to contribute the control 

of carbon flux in the photosynthetic pathway under 

slain condition (Soussiet al., 1999). Based on the 

data reported by Garcia-Mauriňo et al. (2003), it can 

be hypothesized that both enzymes PEPCase and 

SPS may have positive impact on osmotic 

adjustment.  Different lines of evidence suggest that 

PEPCase enzyme contribute to the regulation of 

atmospheric CO2 uptake, whereas SPS enzyme 

contribute to the control of sucrose production in 

leaves. There were some evidence that these 

enzymes changes may be related to the degree of 

many factors such as cell composition, the pattern of 

cation distribution, growth condition and certainly 

the age of the tissue is likely to be an important 

factor, although the photoperiod, temperature, 

salinity and nutritional status were widely 

appreciated (Huber and Huber, 1992). In this 

investigation, the activities of both enzymes in salt 

stressed seedlings were approximately agreed with 

the data from other varieties of sorghum (Huber and 

Huber , 1992).  

 

Table 4. Effect of NaCl concentration (0, 30, 60 and 90 mM) and cation (Ca
2+

: K
+
: Mg

2+
) ratio (10:13:3) on 

the contribution of  PEPC andSPS activities in Sorghum. 

 
Cation 

ratio added 

to medium 

* 

NaCl 

(mM) 

 

 

Phosphpenolpyruvate carboxylase 

activity 

(µmol NADH g
-1

 h
-1

)  

Sucrose phosphate synthase 

activity  

(mg sucrose g
-1

 h
-1

)  

  shoot root shoot root 

- 0  0.36 ± 0.08 b 0.44 ±0.06 a 0.049 ±0.007 b 0.29 ±0.06 a 

- 30 0.61 ±0.11 a 0.75 ±0.07 a 0.056 ±0.01 b 0.42 ±0.03 a 

- 60 0.88 ±0.06 a 1.3 ±0.51 a 0.083 ±0.002 b 0.62 ±0.10 a 

- 90 1.0 ±0.09 a 2.6 ±0.6 a 0.088 ±0.002 b 0.86 ±0.07 a 

+ 0 0.42 ±0.03 a 0.55 ±0.07 a 0.026 ±0.003 c 0.04 ±0.008 b 

+ 30 0.42 ±0.02 a 0.62 ±0.05 a 0.034 ±0.002 b 0.044 ±0.002 b 

+ 60 0.71 ±0.01 a 0.76 ±0.08 a 0.042 ±0.006 b 0.072 ±0.03 b 

+ 90 0.84 ±0.01 a 0.92 ±0.11 a 0.056 ±0.005 b 0.086 ±0.003 b 

* Cation ratio =(Ca
2+

 K
+
 Mg

2+
; 10:12:3 in mM).Data are mean ±SE (4=n). Different letters indicate 

significantly different values at a probability levels of P =0.05.  

 

Na
+ 

  among cation of K
+
,Ca

+
, and Mg

2+ 
 

Chemical composition was analyzed in the seedling. 

Apart from the changes in the concentration of Na
+
 

and Cl
-
 , the only differences produced by the 

treatments were in the concentrations of K
+
,Ca

+
, 

and Mg
2+

 . As the concentration of Na increased, a 

higher concentration of NaCl was added to the 

nutrient solution (Figure 1 A) as the toxic effect of 

Na
+
 or Cl

-
was still present (Carvajal et al., 2000).  

However, at both levels of NaCl (60 and 90 mM), 
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and when the cation balance was increased, the 

concentration of Na decreased significantly. 

Potassium (Figure 1 B) was decreased after the 

application of the concentrations of NaCl, but an 

increase was observed at 0 mMNaCl when the 

cation balance was increased. Concentrations of 

both Mg and Ca (Figure 1 C and D) did not change 

with cation treatments at 0 mMNaCl, but a 

significant decrease occurred at  30, 60 and 90 

mMNaCl, which was partly restored by cation 

application. Moreover, in the study by Kamal Uddin  

et al. (2011) shoot K: Na ratio reduced in different 

salt stress among species  Paspalumvaginatum.  The 

concentration of Cl
-
 was always increased 

proportionally after increasing the NaCl 

concentration in the nutrient solution (data not 

shown).  

 

 
Figure 1. Cation concentration  of sodium =(A); potassium =(B); magnesium = (C) and calcium = (D) in 

mmol per g of dry weight of seedling treated with cation ratio (Ca
2+

 K
+
 Mg

2+
: 10:12:3 mM) and three saline 

levels (30,60 and 90 mM). Treated (■), saline only (□).Data are mean ±SE (4=n). 

 

The ratio among cation was calculated in seedling 

plant. It can be noticed (see Figure 1 A-D) that at 

high NaCl concentration, the ratios Na/Ca and 

Na/Mg decreased as a consequence of cation 

treatments. Large amounts of NaCl decreased the 

concentrations of K
+
, Ca

+
, and Mg

2+
 , giving high 

values of the ratios of Na
+
/ Ca

+
 and Na

+
/ Mg

2+
 

(Zimmermann 1978). However, in our work, the 

ratio Na/K did not change much with the treatment. 

 

CONCLUSION 
 

To summarize, we can conclude that the 

concentration of cation in plants grown under saline 

conditions could be an important factor in sorghum 

production using hydroponic systems. When saline is 

available, with concentrations of the ratio Ca
2+

 : K
+
 : 

Mg
2+

  (10:12:3 mM) increased in a number of 

growth parameters, although the toxic effect of Na
+ 

or Cl
-
 was still present.  Further improvement of 
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sorghum yield will require further research into the 

effect of plant mineral nutrition on the regulation of 

seeds number and size as well as the regulation of 

water relations of the plants and enzymes involved in 

nitrogen metabolism and transport within sorghum 

plants. 
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