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Barley Plant Irrigated with Saline Water
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Abstract: A pot experiment, with three replicates was carried out in the greenhouse of NRC, Cairo,

Egypt, on a  surface  soil  sample.  Five salt concentrations were used for irrigation namely; 0, 3000,

6000, 9000 and 12000 ppm NaCl. Zinc sulphate was sprayed with three concentrations (0, 15 and 30 mg

Zn/ kg soil). Salinity decreased the fresh and dry weights of the barley plant (Hordeum vulgar L), while

this effect diminished with increasing Zn levels. The maximum dry weights were obtained from the

treatment of 3000 ppm salinity level, for different Zn treatments (1.69, 1.84 and 2.o5 g/pot) as compared

with the control (1.40, 1.52 and 1.62 g/pot) respectively. Nitrogen, P and K concentrations and their

uptake of barley plants increased by increasing Zn application. Sodium concentration of tissues decreased

with increasing Zn rate and its uptake. Zn content of the fresh and dry weight increased with increasing

Zn rate at different salinity level as compared with control.
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INTRODUCTION

In view of the great awareness generated in the

world for the utilization of saline bare soils for crop

production to meet the needs of the fast expanding

population, the development of proper methods

reclamation has become extremely essential .[1 ]

Szabolcs  reported that soil salinity is a major factor[2 ]

limiting plant productivity, affecting about 95 million

hectares worldwide. Flowers and Yeo  Show that the[3]

UNEP  (United Nations Environment Program)

estimates that 20 % of the agricultural land and 50%

of  the  cropland  in  the  world   is  salt- stressed.

El-Kharbotly et al.,  mentioned that salinity imposes[4]

serious environmental problems that affect grassland

cover and the availability of animal feed in arid and

semi-arid regions.

Barley plant is considered one of the most

important cereal crops in Egypt. It is actually quite an

important and considered as a moderate salt tolerant

plant crop in arid regions, poor and saline soils . [5 ,6]

Soil salinity and improper agricultural management

practices have left extensive arable lands at the

potential risk of total degradation. The accumulation of

high soluble  salts  in  a soil can significantly decrease

the value and productivity of agricultural lands. Various

investigations related to the effects of salts on plant

growth have been under taken . El-Arquan et al.,[7 , 8] [9]

found that highly significant decrease in means of both

fresh and dry yield (g/pot of sugar beet) due to the

increase of the concentration of salts. Othman et al.,[10]

found that Na concentration in barley seeds

significantly increased with increasing salinity level,

while K concentration decreased.

Salinity problem exists if salts accumulate in the

crop root zone to a concentration that causes low yield.

Adaptation to salinity can be achieved by Na and Cl

exclusion which requires either high tissue tolerance to

Na and Cl, or avoidance of high tissue concentrations

of these ions. El-Arquan et al.,  show that the amount[9]

of nutrient elements significantly decreased by

increasing salinity. The higher the concentration of

salts, the greater the decrease in total uptake of N, P,

K  and Na (mg/pot). Ramoliya and Pandey  and[11]

Radic et al.,  found that variation in salt levels may[12]

restricted seed germination and in some cases resulting

in the death of seeds.

Micronutrients play many complex roles in plant

nutrition and plant production. For example, Zinc and

manganese function in many plant enzyme systems as

bridges  to  connect  the  enzyme  with  the  substrate

upon which it is meant to act. Zinc is one of the eight

essential trace elements or micronutrients for the

normal healthy growth and reproduction of crop plants.

It required in relatively small concentrations in the

plant tissues (5-100 mg kg-1) . In addition, organic[13]

matter, water situation, texture and sorption capacity of

the soils, also affect zinc nutrition of plants . [14]

Welch et al.,  stated that Zn is necessary for root[15]

cell membrane integrity. As suggested by Marschner

and Cakmak  and Parker et al.,  root cell membrane[16] [13]

permeability is increased under Zn deficiency which
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might be related to the functions of Zn in cell

membranes. From this point of view, external Zn

concentrations could mitigate the adverse effect of

NaCl by inhibiting Na and/or Cl uptake or

translocation. Alpaslan et al.,  concluded that in the[17]

salt affected areas, Zinc application could alleviate

possible Na and Cl injury in plants. Soil salinity may

reduce Zn uptake due to stronger competition by salt

cations at the root surface .[18]

The objective of this study was to investigate the

effect of salinity and foliar application of Zn on some

nutrients content and barley yield.

MATERIALS AND METHODS

A pot experiment was carried out in the

greenhouse of  NRC,  Dokki,  Cairo,  Egypt.  Surface

soil  samples (0-30 cm) were collected from El-Giza

Governorate, Egypt. Five kilograms of air-dried soil,

Passed through a 2  mm,  packed  in  plastic  pots

with  a  height  35 cm and diameter 15 cm. The

Physical and chemical characteristics of the soil were

determined as described by Black  and the values[19]

are illustrated in Table (1). The recommended inorganic

fertilizers were added in the forms  of  ammonium

sulfate for N, super-phosphate for P and potassium

2 5sulfate  for  K at the rates 30 kg N, 25 kg P O  and

250 kg K O per fed. respectively.

Ten Barley (Hordeum vulgare L.) cv. Giza 124,

seeds were sown in each pot and after 10 days the

seedlings were thinned to 5 seedlings per pot. A

greenhouse  experiment   with  three  foliar  of  Zn

4(0, 15 and 30 mg Zn kg  as ZnSO ), five salinity-1

levels of irrigation water (0, 3000, 6000, 9000 and

12000 ppm NaCl) and three replicates were conducted

and grown for 45 days. After harvest, the wet aching

methods  were  employed for digesting plant materials

Table 1: Some physico-chemical properties of the studied soil.

Parameter Value

Particle distribution size %

Sand 53.4

Silt 34.2

Clay 12.4

Texture Sandy Loam

pH 1:2.5 7.89

EC dS / m  1:5 0.41-1

3CaCO  % 1.91

O.M  % 1.11

Cations (meq/100g)soil Na 2.25+

Anions (meq/100g) soil Cl 3.14-

Total macronutrients (%) N 0.18

P 0.05

K 0.86

Available macronutrients ( ppm) N 281

P 6.5

K 169

Total micronutrients (ppm) Zn 135

Available micronutrients (ppm) Zn 0.86

2 2using a mixture of concentrated sulfuric acid and H O

solutions .The obtained digests were then used for [20]

determination of the selected element Zn using the

atomic absorption spectrophotometer (Perken Elmer

2380).

All data were statistically analyzed according to

the technique of analysis of variance (ANOVA) and

the new L.S.D. method, mentioned by Gomez and

Gomez .[21]

RESULTS AND DISCUSSIONS

The results of the interactions between salinity and

Zn are shown in Table 2 and fig. 1.

The fresh and dry weight barley of the shoot

increased as the Zn application increased. At

concentrations of 0 and 30 mg Zn kg-1 soil, the fresh

and dry weight of shoot increased gradually as Zn

application increased. The maximum dry weights were

(1.69, 1.84 and2.o5 g/pot) obtained from the treatment

of 3000 ppm NaCl treatment for different Zn rates

respectively. The fresh and dry weight of shoot

decreased with (6000 ppm NaCl) level, but it was

better than control. Also, the fresh and  dry weight of

the plants decreased sharply with (9000 ppm NaCl)

level as compared with control. Meanwhile, at the

highest  salinity  level  (12000  ppm  NaCl) the lowest

Fig. 1: Fresh and Dry weight of barley plant (g/pot) in

relation to salinity and Zn treatments.
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Table 2: Fresh and dry weight (g/pot ) of Barley plant as affected by different rates of salinity and Zn fertilizer.-1

4 4Without ZnSO4 With 15 mg Zn kg ZnSO With 30 mg Zn kg ZnSO-1  -1  

----------------------------------------------- ------------------------------------------------- ----------------------------------------------------

Salinity Fresh Dry Increase Fresh Dry Increase Fresh Dry Increase

NaCl ppm weight weight over control % weight weight over control % weight weight over control %

Control 5.73 1.40 - 6.58 1.52 - 7.44 1.62 -

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3000 9.30 1.69 20.7 9.38 1.84 21.1 11.35 2.05 26.5

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6000 8.05 1.57 12.1 9.07 1.64 7.89 10.02 1.83 12.9

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

9000 7.48 1.15 -17.9 8.09 1.25 -17.8 9.42 1.52 -6.17

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

12000 4.71 0.98 -30.0  5.01 1.11 -27.0 6.33 1.42 -12.3

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M ean 7.05 1.36 7.63 1.47 8.91 1.69 

L.S.D 5% FW S = 0.5699 Zn = 0.4415 Zn × S = ns 

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

L.S.D 5% DW S = 0.1416 Zn = 0.1097 Zn × S = ns 

Table 3: Effect of salinity and Zn application on the concentration of nutrients in Barley plant.

4With out  ZnSO 4 4With 15 mg Zn kg ZnSO With 30 mg Zn kg ZnSO-1   -1  

Salinity ------------------------------------------------- -------------------------------------------------- ------------------------------------------------------

NaCl ppm N % P % K % Zn ppm Na ppm N % P % K % Zn ppm Na ppm N % P % K % Zn ppm Na ppm

Control 1.84 0.17 0.80 9.24 100 2.01 0.19 0.88 11.3 86 2.25 0.21 0.98 12.0 70

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3000 1.95 0.42 1.35 22.9 245 2.35 0.42 1.53 27.0 124 2.44 0.71 1.83 28.1 100

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6000 1.77 0.30 1.23 16.8 250 1.86 0.32 1.25 17.7 135 2.04 0.35 1.28 19.6 110

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

9000 1.75 0.22 1.18 8.78 279 1.78 0.22 1.18 16.0 173 2.00 0.29 1.20 16.2 125

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

12000 0.97 0.15 0.67 7.98 286 1.35 0.16 0.68 8.50 194 1.37 0.17 0.69 8.75 129

L.S.D 5% N S=0.2410 Zn=0.1867 Zn × S= ns 

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

L.S.D 5% P S=0.0696 Zn=0.0539 Zn × S= 0.1206 

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

L.S.D 5% K S=0.2543 Zn=ns Zn × S= ns

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

L.S.D 5% Zn S=0.5147 Zn=0.3987 Zn ×S = 0.8916

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

L.S.D 5% Na S=22.987 Zn=17.806 Zn × S= 39.816

values of dry weight were (0.98, 1.11 and 1.42 g/pot)

with increasing Zn rate, respectively, compared to the

control. In this respect, Abou El-Nour  concluded[22]

that plants irrigated with saline water showed great

depression in dry weight. Haq et al.,  found that Na[2 3 ]

concentration increased significantly with an increase in

salinity from 1.2 to 15 dSm  and this increase was-1

13.3 fold as compared to Na in plants grown under

nonsaline conditions. Xue et al.,  reported that salt[24]

stress may affected seed germination through its

toxicity effect with increasing Na and Cl concentration

or by its effect on the concentration and uptake rates

of mineral nutrients. Othman et al.,  seed germination[10]

of barley decreased  significantly by increasing salinity

level. Also, germination was significantly diminished at

the highest level of salt (300 mM).

It is interesting to note that spraying micronutrient

can improve plant tolerance to salinity by increasing

root growth which leads to promote nutrient uptake.

The positive effect of Zn on plant growth may be due

to its effect as a material component of some enzymes

or regulatory for the others, Zn has an essential role in

metabolism .Salama et al.,  and El-Fouly et al., [25 ] [26] [27]

found that spraying micronutrient compounds has been

used to prevent nutritional disorders of crops under

saline conditions.Also, showed a positive effect on dry

matter production of both root and shoot. The

application of Zn enhanced dry matter yield of barley

plants .[28]

The influence of salinity on nutrient accumulation

in crop plants is variable and depends on plant and

experimental conditions. The effect of salinity and Zn

application on the concentration (table 3). The uptake

of nutrients in Barley plant was presented in Fig. 2.

Nitrogen content in Barley plant decreased with

increasing salinity level for all treatments, 3000 ppm

was  an  exception,  in  other word, N concentration

was  higher  than  control for all Zn treatment.

Bernstein et al.,  found that despite the decrease in[29]

total  N uptake, the leaf N concentration of some grain
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Fig. 2: Effect of salinity levels and Zn application on nutrients uptake (mg/pot) in barley plants.

and vegetable crops increased with increasing salinity

at different fertilizer levels. It has also, been observed

that the N concentration of corn and cotton plants

increased under salinity stress .Pessarakli and Tucker[30]

 found a significant higher N concentration in cotton[3 1 ]

under NaCl stress. These increases are probably due to

the dilution effect, i.e., as the plant size decreases

tissue elemental concentration may increase .[32]

3000 ppm treatment gave higher P- content

especially with 30 mg Zn /kg -1 (0.71 %) as compared

with control (0.21%). A sharp decrease for P content

was observed with higher salinity treatments. Phosphate

uptake (fig 2) decreased with salinity treatments and

has the same dry weight trend and this finding agreed

with Sarpley et al., . Irshad et al.,  found that[33] [34]

Phosphorus content was interfered with the level of

salinity.

Potassium (K) content was also, significantly

influenced by high salinity and Zn application.

However, salinity had no inhibitory effect on K content

and values still higher than control except 12000 ppm

treatment. Subbarao et al.,  showed that K [3 5 ]

concentration in plant tissue was reduced as the Na

salinity in the root media was increased. Othman et al.,

 found that K concentration decreased by increasing[10]

salinity. 

Results in table 3 and fig.2 show that N, P and K

concentrations and their uptake (mg/pot) by barley

plants increased by increasing Zn application from 0 to

30 ppm. Zn uptake and its relative increase for barley

plants were relatively higher than those untreated

plants,

Concerning nutrients uptake, fig. 2 shows that the

amount of nutrient significantly decreased by increasing

salinity. El-Arquan et al.,  reported that nutrients[9]

uptake (N, P and K) were significantly decreased by

increasing soil salinity levels. This indicates that

excessive concentration of Na and Cl ions in the

growth media has an inhibitory affect on the uptake

and possibly also the translocation process of essential

nutrients . These findings are in coincidence with[36]

those obtained by Eisa , David and Goswami  and[36] [37]

Mostafa . They reported that increasing salinity[38]

affected plant growth, which reflects the metabolic

status of plants and consequently the accumulation of

nutrients.

Zinc content increased sharply with 3000 ppm

(22.9, 27.0 and 28.1 ppm), as compared with control

(9.24, 11.3 and 12.0 ppm) respectively, for different Zn

treatments. Less values were obtained with 6000 and

9000  ppm NaCl but still higher than control, while

low  values were obtained with the highest salinity



J. Appl. Sci. Res., 3(6): 431-436, 2007

435

level 12000 ppm NaCl. (7.98, 8.50 and 8.75 ppm)

respectively. Alpaslan et al., reported that Na and Cl[17] 

concentrations of both young and old leaf of Tomato

decreased with increasing levels of Zn treatment and

these decrease were more pronounced in the presence

of salinity. Zn treatment also decreased Na and Cl

translocation from old leaves to young leaves. In this

respect, Thalooth et al.,  indicate that foliar[39]

application of Zn had a positive effect on growth

parameters, yield and yield components under water

stress conditions.

The results suggest that Zn has a control

mechanism and/or a regulatory function on the Na and

Cl uptake and translocation rate. The role of Zn in this

mechanism is not explained clearly hence, Zn might

possibly be involved in the integrity and function of

the bio-membranes of plants.

In  conclusion  it  seems  that   application  of

Zn-fertilizer has a positive effect on plant growth. Zinc

also, has an important role to improve the yield of

Barley plant in saline conditions. Sodium and Cl

toxicity, especially in Zn deficient areas, could be

alleviated by Zn treatment.
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