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Abstract: Pot experiment was conducted in the greenhouse of National Research Centre
with 6 barley (Hordewm vulgaris 1..) genotypes (Giza 123, Giza 124, Giza 125, Giza 126,
Giza 127 and Giza 128) to investigate the effect of different salinity levels (250, 2000, 4000
and 6000 mg L") in the irrigation water on the mutrient status (uptake, concentrations and
balance) in the shoot tissues. Variations in genotypic tolerance to salinity stress were also
under investigation. Uptakes of N, P, K, Mn and Cu were significantly declined as salinity
dose in the irngation water increased. The most affected nutrient ratios were N/P, P/Mn and
P/Zn. Concentrations of nutrients in all studded genotypes were disturbed and N-
concentration was deficient in the shoot tissues of all genotypes grown under salinity stress,
except of Giza 127. Nutrient balances in all genotypes under investigation were also
disturbed. Giza 127 was the only genotype which nutrient ratios in its shoot tissues were
near to the sufficient ranges.

Key words: Barley, salinity stress, genotypes, nutritional status

INTRODUCTION

Salinity is one of the most challengeable problems faced agricultural productivity. About 20% of
the world's cultivated area and nearly half of the irrigated lands are saline affected (ZIm, 2001). Sail
salinity affects plant growth and development by way of osmotic stress, injurious effects of toxic Na*
and C1~ ions and mutrient imbalance caused by the excess of theses elements (Sairam and Tyagi, 2004,
Backhousen ef of., 2005). Salt tolerance is assessed as the percent biomass production in saline versus
control over a period of time. Dramatic differences are found between plant species regarding their
tolerance to saline stress conditions (Greenway and Munns, 1980). Salinity stress response is
multigenic, as a number of processes involved in the tolerance mechanism are affected such as various
compatible solutes/osmolytes, polyamines, reactive oxygen species and antioxidant defence
mechanism, ion transport and compartmentalization of the injurious solutes (Sairam and Tyagi, 2004,
Brenant ef of., 2007). Thus, varieties of higher salt tolerance may expose better nutritional status than
less-tolerant varieties.

Barley (Hordeum vidgaris 1..) is widely grown in the Mediterranean region as a grain crop and
forage purposes (Al-Karaki, 2001). It has been rated as one of the most salt-tolerant crop species
among glycophytes (Maas, 1980). Barley genotypes (Hordeum vulgaris L. var. Giza) are the
genotypes developed by the Agronomy Research institute, Mimistry of Agriculture, Giza, Egypt.
They are commonly cultivated in Egypt and the surrounded countries, where many problems of water
deficit and salinity stress.

Numerous traits were used to screen barley genotypes for salt tolerance (Munns ef af., 1995).
Screening genotypes under field conditions is the best, however itis confused and more expensive than
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screening under controlled conditions (Shannon and Noble, 1990). The relation betwesn mineral status
and irrigation saline water was physiologically studied by some investigators (Grieve and Poss, 2000,
Hussein er al., 2006). The present work studied the mutrient concentrations, uptake and balance in 6
barley genotypes grown under different levels of salinity stress in irrigation water in order to assign
the most tolerant varisties.

MATERIALS AND METHODS

Pot experiment was conducted in the greenhouse of the National Research Centre, Doklka, Cairo
Egypt during the winter season 2004/2005 to study the shoot nutritional status of six barely
(Hordeum vulgaris 1..) genotypes (Giza 123, Giza 124, Giza 125, Giza 126, Giza 127 and Giza 128)
grown under different levels of salinity stress.

Barley cultivars were sown in December, 20 in metallic tin pots 35 em diameter and 50 cm depth.
The inner surface of the pots was coated with three layers of bitumen to prevent direct contact of the
metal with soil. Every pot contained 30 kg clay loam soil (Table 1). Two kilograms of gravel (particles
2-3 cm in diameter) were placed in the bottom to make the movement of water from the base upward.
Plants were thinned twice (10 days after sowing and two weeks later) to leave 3 plants per pot.
Calcium super phosphate (15.5% P,0;) potassium sulfate (48.5% K,Q) in the rate of 3.0 g and
1.5 g pot™, respectively were added before sowing. The pots received N-fertilization in the rate of
6.86 g pot™' ammonium sulfate (20.6% N) in two equal splits (2 weeks after sowing and 2 weeks
later).

Treatments

Irrigation with Strogonov  chloride solution (Table 2) in three concentrations (3.0, 6.0 and
9.0 dS m™) started at 30 days after sowing, while tap water (0.4 dS ") is considered as control.
Every treatment contained 6 replicates.

Table 1: Soil chemical and physical characteristics

Physical characteristics Nufrient concentrations

pH 83 Exchangeable macronutrients

EC(@dSm™) 0.8 (mg 100 g™ soil)

CaCO; (%) 1.6 P 5.2

OM (%0) 0.1%% K 37.9%

Sand (%0) 14.0 Mg 30.7%

Silt (%) 28.0 Available micronutrients

Clay (%) 58.0 (mg kg™ soil)

Texture Clay loam Fe 11.0%
Mn 9.0
Zn 3.3%
Cu 10.2%

*Adequate; **Low

Table 2: Chemical composition of Strogonov chloride solution

Salt mixture components (%)

MeS0, 10

CaS0y 1

NaCl 78

MeCl, 02

CaCO; 9

Milliequivalents of specific anions and cations (%)

Na+ 38

Mg++ 6

Ca++ 6

SO0,-- 5

Cl- 40

COs-- 5
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Sampling and Analysis
Seil

A representative soil sample was taken just before sowing, air dried, ground and sieved through
2.0 mm sieve and analyzed. Mechanical analysis was carried out using the hydrometer method
(Bauyoucos, 1951), pH and Electric Conductivity (EC): Water extract (1 soil: 2.5 water) method
(Jackson, 1973), CaCO,: Calcimeter method (Black, 1965), Orgamec Matter (OM): potassium
dichromate method (Walkley and Black, 1947). Phosphorus (P) was extracted using sodium
bicarbonate (Olsen et af., 1954). Potassium (K) and Magnesium (Mg) were extracted using ammonium
acetate method (Chapman and Pratt, 1978). Tron (Fe), manganese (Mn), zinc (Zn) and copper (Cu)
were extracted using DTPA method (Lindsay and Norvell, 1978).

Shoots

Shoot samples were taken 45 days after sowing. The complete shoots were washed with tap
water, 0.01 N HCl and bi-distilled water, respectively, dried at 70 °C for 24 h, weighed and ground. A
part of the plant material was dry-ashed in a Muffel furnace at 550°C for 6 h. The ash was digested
in 3 N HNO; and the residue was then suspended in 0.3 N HC1 (Chapman and Pratt, 1978). A part
of the sample was weighed and oven dried at 105°C for 24 h, then weighed again and the dry weight
was calculated.

Nutrient Measurements

Nitrogen was determined using Kjeldahl-method; phosphorus was photometrical determined using
the molybdate-vanadate method according to Jackson (1973). Potassium, Ca™ and Na™ were measured
using Dr. Lang -M8D Flame-photometer. Magnesium, Fe', Mn"", Zn" and Cu' were determined using
the Perkins-Elmer Atomic Absorption Spectrophotometer.

Evaluation of the Nutrient Status
Soil nutrient status was evaluated according to the sufficient concentrations of Ankerman and
Large (1974) and plant tissues nutrient status according to Reuter {1988).

Statistical Analysis
Data were statistically analyzed using the method described by Snedecor and Cochran (1980)

RESULTS AND DISCUSSION

Effect of Salinity Degree

Nutrient uptake by different barley genotypes were dramatically affected with salinity dose
increment in the irrigation water (Table 3). Concentrations of such nutrients were consequently
affected (Fig. 1). N-concentration was declined with all salinity doses to fall in the deficient level.
Concentrations of other nutrients were also declined even so they still in the sufficient range, except

Table 3: Mean values of nutrient uptakes by barley shoots as affected by different salinity levels in the irrigation water

n=6)

Salinity Macronutrients (mg plant™) Micronutrients (ug plant™)
level

dSmh) N P K Mg Ca Na Mn Zn Cu
0.4 64.80 6.64 17.1 2.24 54.0 115 350 522 64.3
3.0 49.50 5.92 15.6 3.33 52.3 118 336 491 58.7
6.0 43.60 5.53 15.8 2.51 54.4 133 329 429 56.7
9.0 45.50 4.67 14.6 1.93 49.5 153 289 424 61.6
LSD 05 08.59 1.26 4.0 NS NS 19.2 NS 34.2 3.77

Ns: Non significant
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Fig. 1. Nutrient concentrations in barley shoot as affected by salinity dose increment in the
irrigation water (n = 6)
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Fig. 2: Nutrient ratio in barley shoots as affected by salimity dose increment in the irrigation
water

of phosphorus which was always in the deficient level. Plants irrigated with saline water characterized
by low growth (Meiri and Shalhevet, 1973; [zzo ef af., 1991, Munns, 1993). Uptake of nutrients is
restricted due to reduction of root volume, high pH values and antagonism between nutrients (Yahya,
1998 Salama and Shaaban, 2000). Salinity dose increment in the irrigation water led to increased levels
of toxic elements such as Na" and Cl~ which are absorbed by plant roots. Osmotic potential created
by saline ions at the root medium restricted water and mutrient elements flow {Munns, 2002). Due to
growth inhibition caused by the harmful effects of Na* and Cl1-, concentrations of K, Mg, Ca, Mn, Zn
and Cu, in barley shoot tissues may give a false impression that they are in the sufficient range, but
in reality the amount of nutrient is concentrated in a retarded tissue weight (Shaaban et al., 2004).

As nutrient concentrations are altered by uptake disturbance, nutrient ratio balances within shoot
tissues ought to be affected by salinity level increment. The ratios N/P, P/Mn and P/Zn were the most
affected (Fig. 2). These ratios found to be decline with the salinity dose increment while N/K showed
a flat curve. This means that both N- and K-uptake processes were highly inhibited followed by
P-uptake and N-, K- and P-uptake processes were severely inhibited than uptake processes of other
nutrients. Graboov (2007) came to similar conclusion with potassium.

Genotypic Variations

Barley genotypes grown under salinity stress were differed significantly regarding to nutrient
uptakes. The best for N, P and Zn-uptakes was the genotype Giza 127 followed by Giza 123 for N
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Table 4: Mean values of nutrient uptakes by shoots of barley genotypes grown under salinity stress conditions (n = 6)

Macronutrients (mg plant™) Micronutrients (ug plant™)
Genotypes N P K Mg Ca Na Mn Zn Cu
Giza 123 125.9 7.5 17.3 2.2 69.0 152 331 328 88.9
Giza 124 104.2 5.0 17.5 1.5 9.3 113 372 622 34.9
Giza 125 67.7 5.5 14.9 2.2 42.3 99 239 306 78.5
Giza 126 83.1 7.1 18.9 3.4 75.8 166 379 391 67.6
Giza 127 166.3 9.7 17.2 1.9 38.5 134 238 803 447
Giza 128 65.7 8.2 9.0 4.0 43.1 89 341 349 80.0
LSD o5 2515 0.82 3.18 2.38 13.0 48.3 64.3 114.7 24.17
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Fig. 3: Nutrient concentrations in barley shoot tissues as affected by genotypic tolerance to salinity

stress (n=6)
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Fig. 4. Nutrient ratic in barley shoot tissues as affected by genotypic tolerance to salinity stress

and P (Table 4). This was directly translated to concentration of nutrients in the shoot tissues where
the only N-concentration in the shoot tissues fall in the sufficient range was for the genotype Giza 127
(Fig. 3). Congcentrations of all other determined nutrients for all genotypes were more or less in the
sufficient range or even in the excess ranges, except of phosphorus which was nearly in the deficient
level. The best mutnent ratios which are near to sufficient rages came for the genotype
Giza 127 (Fig. 4).

Barley genotypes which could keep a good NPK uptake and sufficient concentrations may have
more ability to exclude Na*and Cl~ ions to be transported to shoot tissues. Munns {1985) concluded
that about 95% of Na” and Cl~ in xylem of some barley genotypes are excluded and not reached to

93



Am. J. Plant Physiol., 3 (2): 89-95, 2008

leaves. On the other hand, sufficient concentrations of nutrients, especially nitrogen enabled the plant
mechanism regulations to synthesize reasonable concentrations of metabolites required to reduce the
harmfill effects of the saline ions (Kao, 1997).

CONCLUSIONS

Salimty in the root medium stresses nutrient uptake, concentrations and balance in barley shoots.
The stress degree increased with salinity level increment. Qut of the 6 genotypes under investigation,
only the genotype Giza 127 proved to be the best regarding nutrient uptake, concentrations in shoot
tissues and nutrient ratios which suggests that such cultivar has a better genotypic base to tolerate
salimty stress conditions. More genetic studies should be done to recognize its genetic characteristics.
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