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HE CURRENT study aims at invesligating the effect of

irrigation with saline waters having different ratios of Na: Ca:
Mg with different SAR values and Cl : SO, with rather similar total
salinity EC = 12 or 13 dS m' on the germination, growth and
chemical composition of barley plants,

A pot experiment was carried out under greenhouse conditions
using a non-saline sandy loam soil collected from Abu-Zabal, Kalubia
Gavernorate to study the effect of irrigation water quality on barley
growth and its mineral contents.

Earthenware pots of (3 kg capacity) were used. [rrigated with
saline solutions was done to field capacity. Soil moisture was
maintained dailly over 60 % of its capacity by adding distilled water
50 as to keep soil available water. After complete germination, plants
were thinned to 5 seedlings per pot and the germination percentage
and germination rate were calculated. The experiment continued for
70 days. after that, the plants were harvested and separated to shoots
and roots. Both tength and dry weight of each part were recorded and
the mincral content of plant shoots was determined. The obtained
results coutd be sammarized as follows:

1. Increasing the SAR value decreased the germination percentage
but increased the germination rate.
. Increasing the SO, instead of the CI' increased germination
percentage but had no effect on germination rate,
3. Increasing Mgz+ concentration gradually instead of Cal or N2°
showed a stimulation effect on seed germination of barlev.
4, There were no significant diffcrence among the different pairs of
specific tons cither on plant growth or chemical composition of
plant shoots.

I~

One of the inhibitory causes of salinity on plant growth is due to excessive
absorbtion of a particular ion from the saline solution which leads to toxic
accumulation of that ton aleng with a decrease in absorpticn of some essential
nutrients. Regarding the ion and intensity of the electrical charge of jons,
Hayward (1956) mentioned that monovalent cations depressed the cellular
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colloids and disorganized the function of the protoplasm, while the bivalent ones
may coagulate and reduce the permeaility of the cell membranes. Strogonove
(1962) reported that cations, in general, have coagulating properties that decrease
permeability of the protoplasm; while anions have a peptidising effect on plasma
colloids and thus increase its permeability.

Plant species vary greatly in the amount of sodium that they may accumulate.
Many species tend to accumulate sodium while others tend to exclude it from
leaves to the stem or roots. Helal et al. (1975) studied the effect of NaCl
salinization on the growth of 4 - week - old bariey plants grown in nutrient
solution, and found that high concentration of NaCl reduced roots and shoots
growth. They suggested that the negative influence of Na stress ont plant growth
is not primarily due to an impired protein synthesis, but to a determental effect
on metabolic processes. Alberico and Cramer ( 1993) ina water culture found
that presence of 80 mmol of NaCl / L in the nutrient solution caused a
considerable increase in the concentrations of Na in the shoots and roots of
maize plants. El-Kobbia and Omar (1972) found that increasing Na : Ca ratio of
the culture media up to 30 : 10, in the form of CI, was associated by an increase
in Na-uptake. Further increase beyand that ratio over that limit (30:10) was
followed by a decrease in Na - uptake.

Calcium ion may be toxic when it accumulates in high concentration in
saline solutions, but its toxicity varies with plant species. Hayward (1956)
attributed calcium deleterious effects tc its coagulating effect on the plasma-
colloids which results in a reduction in permeability of the cell membrane. Hall
(1977) studied the effects of Ca concentration (up to 30 mmol,/ L) on the growth
of tomato plants grown in nutrient solutions, and found that the least amount of
dry matter resulted from plants grown at the lowest level of Ca which suffered
from Ca deficiency; dry matter was optimal from plants grown in the solution
contaninig only 0.2 me. Ca/L but decreased at higher levels of the substrate
calcium.

Kharazian ez al. (1991) studied the effect of increasing Na Cl from 0 to 44
mmol/L in the root invironment of snap been plants and found that root and
shoot growth decreased as concentration of NaCl increased; when they added
caleium (as CaCl, or CaSQ, to all levels of NaCi such growth was bhoosted.
Kumar (1983) Showed that increasing Ca concentrations in solution culture up to
500 mmol, / L increased the rate of Mg absorption by the intact rice plants; and
above such level, Ca and Mg absorption decreased. Muhammad (1983)
suggested an antagonistic relation between Ca and Mg as to favour increased
Ca/Mg ratic upon increased addition of Ca and vice versq, upon increased
addition of Mg.

Magnesium salts could be of severe toxic effects on plants (Gauch & Eaton,
1942; El-Gabaly & Ghandi, 1958 and Gauch & Eaton, 1942) grew beans in
1s00smotic concentrations of some salts and found that growth with Na,S0,,
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NaCl and CaCl; salts was rather similar and much greater than growth with
MgCl or MgSO, ; indicating a specific toxicity of Mg, El - Gabaly (1955) found
that high Mg”* concentration has more depressing effect on the growth of barley
than high Ca’* concentration.; and that Mg”" inhibited the germination of barley
seeds completely. Ehret et al. (1990) reported that wheat plants showed a higher
incidence of foliar Ca defficiency symptoms than barley ones when grown under
salinity stress created by MgS0O, or (Na,SO; plus MgSO, ) saits.

The toxic effect of chloride has been noticed by many investigators, but there
is a tendency to regard its toxicity as a synonymous with the adverse effect of
high salinity of the substrate. Eaton {1942) showed that the toxicity of chloride
per unit of salt added was greater in the range from 4 to 20 than from 20 to 100
mmol/L, with a tendency of growth curve to be flat with increasing
concentration of salts. El-Laboudi et al. (1973) studied phosphate nutrition of
barley as affected by presence of 0.25 - 8.0 mmol, / L of Cl in the form of Na, K,
Ca or Mg in growth medium of roots. They found that p-uptake was highest with
CaCl; and lowest with with NaCl following a trend CaCl2 > MgCl, » KCL >
NaCl. They attributed the favorable effect of divalent cations to: (1} an increase
in the turn - over rates for the phosphate carier complexes. (2) a synergistic role
of Ca on P uptake. (3) on permeability of the outer cytoplasmic membrane of the
plant roots. (4) varitions in the more screening of electronegative charges near
the sites of absorption for diavalent sites accessible to the anions. Dialb (1982)
found that increasing NaCl concentration, up to 5.0 mmol, L' | in the nutrient
solution increased Cl-uptake in roots and shoots of barley plants, but further
increase up to S0 mmol L' gave an opposite response due to the advers cffect of
salt treatment on plant.

Investigation on number of plants have indicated that high concentrations of
sulfate may be toxic and linuat the activity of calcium ion and thereby affect the
cationic uptake of plants (Kumar er al., 1987).

Material and Methods

The aim of the present study was to investigate the effect of irrigation with
saline waters having different ratios of Na : Ca : Mg and CI : SO, with rather
similar 2 levels of total salinity, ie. EC = 12 or 13 dS m” on the germination,
growth and chernical composition of barley plants.

A pot experiment was carried out under greenhouse conditions using a non-
saline sandy loam soil collected from Abu-Zabal, Kalubia Gavernorate. Table 1
shows some physical and chemical properties of the used soil which were
determined according to the standerad methods outlined by Jackson (1973} and
Piper (1950).
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TABLE 1. Chemical and physical properties of the soil,

Soil properties

EC, of saturation extract (dSm™) 0.8

pH, of saturation extracts 7.7

CaC0Q; % 0.6
Organic matter 0.1

Scluble cations (in saturation extract, mmol, / L)

Na* 23

K* 0.2

Ca™* 3.4

Mg™ 2.1

Soluble anions (in saturation extract, mmol_ /L)

Cr 32

HCO" 22

cos* 0.0

SO, * 2.7

Some Physical Properties

FC % 30.0

WP % 8.0

Av.W % 22.0
Coarse sand % 40.4

Fine sand % 372

Silt % 7.8

Clay % 14.8

Soil texture Sandy loam

* by subtraction

Earthenware pots were packed with the tested soil at the rate of 3 kg. Each
pot was planted with twenty grains of barley (Hordeium vulgare cv G 123) were
sown in each pot, thenafter irrigated to reach water holding capacity using 540
ml saline solutions per pot. The salinity and composition of the 5 different saline
solutions are listed in Table 2 and 3. Soil moisture content was maintained dailly
with distilled water to keep 60 % of its capacity. Each treatment was replicated
three times. After complete germination plants were thinned to 5 seedlings per
pot and the germination percentage and germination rate were calculated.

Germination rate was expressed as the mean oumber of days (M days)
required for germination according to the formula of Edmond and Drapala

(1958).

M days =

(N]XG;+(N2XGz)+ .......... (NnXGn)
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where:
N, = Number of days passed from sowing till the first count.
Nz = Number of days passed from sowing till the second count,
N, = Number of days passed from sowing to N, count.

Thenafter, 100 ml aliquot of Hogland solution and micronutrient solution was
added once a week to each pot. The e xperiment ¢ ontinued for 70 days, a fter
which, the plants were harvested and separated to shoots and roots, the length of
each part was recorded. The plant material was dried at 70° and dry weights were
recorded.

TABLE 2. Composition of the first series of salt solutions used in the expert.

Solution  EC DS SAR Na* Ca®™ Mg" cr S0O5
dSm!  mmol L mmol, L o
1 90 100 21 750 250 0 90.0 160

2 10.5 100 34 B67 133 0 90.0 10.0

3 10.5 100 34 8.7 133 0 667 3313

4 9.0 100 21 750 50 20 90.0 10.0

5 9.0 100 12 550 50 40 90.0 10.0

TABLE 3. Composition of the second series of salt solutions used in the expert.

Solution  EC TDS SAR  Na' Ca™  Mg" crt o oso”
@8 mmol, L mmol 1.
i 12 150 26 113 375 0 135 15
2 13 150 41 130 20 ] 135 15
k! 13 150 41 130 20 0 10 50
4 12 150 26 113 7.5 30 135 15
5 12 150 14 83 75 60 135 15

Plant analysis

Samples of dry matter of shoots were digested using a mixture of
concentrated sulphuric and perchloric acids (3:1) and the digest was analysed
for: Total nitrogen, phosphorus, sodium and potassium, calcium and magnesium
according to the methods outlined by Jackson (1973).

The collected data were subjected to the statistical analysis according to
Gomez and Gomez {1983) .

Results and Discussion

Specific ion effect on seed germination
Table 4 and Fig. 1 and 2 show the effect of specific ion on seed germination
of barley plants at total salinity concentration of 100 and 150 me L,

Effect of sodicity on seed germination

The overall trend of results relating the 100 mmol, L! treatments to the 150
mmol, L treatments shows that increased salinity was associated with decreased
germination percentage and increased germination rate (Table 4 and Fig. 1 and 2).
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Comparing Soln. 1 to Soln. 2, results show that under conditions of 100
mmol, L' salinity level, increasing the SAR freom 21 to 34 (by increasing Na
concentration from 75.0 to 86.7 on the expence of Ca) was associated with a
slight decrease in germination percentage and a marked increase in germination
rate. A similary comparison under conditions of 150 mmol. L™ salinity levei
shows significant increase in germination rate upon increasing the SAR from 26
to 41 (by increasing Na on the expense of Ca).

TABLE 4. Specific ion effect on germination of barley plant seeds at various total
salinity concentrations.

Solution Tons concentration me L SAR Total salinity concentration
No.
100 me L™ 150 me L.
Na* ca™ | Mg¥| ort | s02 Gremination Germination
Yo Rate k0 Rate
1 750 | 250 00 90.0 | 160 ] 210 83 6.51 77 75
2 26.7 113 0.0 1 900 10.0 340 82 711 72 19
3 867 | 133 00 667 | 333 | 340 85 7.01 73 7.5
4 75.0 5.0 20.0 90.0 10.0 21.0 33 6.82 77 7.5
5 35 5.0 40.0 ] 90.8 10.0 12.0 85 672 33 7.0
LSD. for
Germination at total salinity concentration 100 me L
0.05 =38 Rate:  0.05=0.24
0.01 =5.1 0.01 =032
Germination at total salinity concentration 150 me L
0.05 =438 Rate:  0.05=0.23
0.0} =64 0.01 =0.31

Therefore increasing both salinity and / or SAR resulted in a decrease in the
germination percentage and an increase in the germination rate. These results
agree with those obtained by Abd El - Rahman ef al. (1979) and Kumor ¢f al.
(1980) who found adverse effects of salinity on seed germination of barley.

The reduction in germination percentage with increasing the SAR values of
salt solutions can be atiributed to a specific toxic effect of NaCl as well as to an
increase in the osmotic pressure of the sait solution (Bernstien & Pearson, 1956
and Strogonov, 1962), The specific toxic effect of Na Cl on germination of plant
seeds is related to an adverse effect of Na Cl on the enzymatic processes caused
by its interaction with some organic substances of the cell {Qertil, 1966). The
adverse effect of monovalent cations such as Na® on the cell protoplasm is
related to dispersion of colloids of the protoplasm (Grillot, 1956).

Effect of sulphate ion on seed germination

Comparing Soln. 2 to Soln. 3 results in Table 4 and Fig. | and 2 elucidates
the effect of the increase in the concentration of SO, . Data show that the
increase from a concentration of 10 to a concentration of 33 mmol./ L. on the
expence of Cl caused an increase in germination percentage and a decrease in
germination rate for plants treated with the 100 as well as 150 mmol, / L
solutions. Therefore increasing 8O, on the expense of Cl” alleviated the adverse
effect on germination caused by the CI ions .
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Fig.1. Specific ion effect on germination Fig.2. Specific ion effeet on germination
Percent of barley seeds. rate of barley seeds.

Effect of magnesium ion on seed germination

Comparing Soln. 4 and Soln. 5 results in Table 4 and Fig. 1 and 2 elucidates
the e ffect of the increase in the c oncentration of M g ions. D ata show that the
increase in Mg on the expense of Ca increased germination perccntage and
decreased germination rate. Such a promoetive effect on germination caused by
increased magnesium was particularly evident with the 150 mmol, / 1. solution.
The increase of Mg™ was at the expense of Na’™ with the improvement which
occurred in germination reflects the necessity of a suitable ratio of Mg and Na,
along with Ca ions for enhanced germination. Work reported by El-Gabaly
(1955} and Grillot {1956) showed that solutions of magnesium ions in absence of
Na and Ca were of toxic effect to germination of seeds of barley plants.

In conclusion, it may be stated that Mg ion had a stimulation effect on seed
germination of barley plants. This effect may be atiributed to that the mixrsres
of salts (Na®, Ca®* and Mg®) in (Soln. 1 and Soln. 2) were less toxic than the
pure solution of Mg™. Supplying the growing plant with an essential element
and entire absence of the other ones aggravate the deficiency hazard of the laver.

Specific ion effect on plant growth
Table 5 and Fig. 3 and 4 show the effect of specific ion on dry weight and
height of barley piants as follows:

Shoots length

Results reveal that increasing Na® concentration (from 75 to 6.7 me L) in
irrigation water, on the expense of Ca® tended to reduce (insigniticantly) shoots
length of barley plants, while increasing both Mg > jon conceniration (from 20
to 40mmol (L) on the expense of Na* ion and SO, {oa concentration (from !0
to 33.3 mmol [L'%) on the expense of Cl- (alse msignificantly induced the plant
shoots length.
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TABLE 5. Specific ions effect on some growth parameters of barley plants.

Solution SAR | lons concentration {me L) Plant length {cm) dry weight {g/pot}
Nao.
Na* Ca> | Mg~ | Cr 50, | Shoots | Roots Shoots | Roots

1 210 75.0 25.0 00.G 90.0 §0.0 52.32 27.71 52.32 27.71
2 34.0 86.7 13.3 00.0 90.0 §0.0 51.7L 26.71 5171 26.71
3 34.0 86.7 13.3 0.0 66.7 | 333 52.02 27.02 52.02 27.02
4 2.0 750 5.0 20.¢ 90.0 i0.0 33.33 28.02 53.33 28.02
5 12.0 35.0 5.0 40.0 90.0 10,0 54.33 28.73 54.33 28.73
L.S.D for:
Shoots dry weight, 0.05=0236 0.01 =048
Roots dry weight, 0.05=0.10 0.01 =0.14
Shoots length, 0.05=2.63 0.01 =371
Roots length, 0.05=1.86 0.01 =225

shoots and roote Lengths {om) 5DD'“ waight {g’pot) .

|

° E LR Botn.2 acind Scked Bolnf e Soin1 !oln! Qoin3 Sein 4 Aoinb
Studied solutions Studied sclutions
B ehoow 55 Roote Bl stoots  [CliRoots
Fig. 3. Specific ion effect on shoots Fig. 4. Specific ion eff?ﬂ on shoots
and roots length {cm) of barley and roots dry weight of barley

plants . plants .
Roots length

Concerning the specific ion effects on roots length of barley plants, data
show the increasing the SAR value (from 21 to 34) by increasing Na'
concentration (from 75 to 86.7me L' ) in irrigation water, on the ecpense of Ca >’
significantly inhibited the root length of barley plants.

On the other hand, it is obvious that increasing the SAR of irrigation water
(from 21 to 34) by increasing Na' concentration on the expense of Mg yielded
different insignificant effect which may suggest that Ca is more effective than
Mg as a factor for minimizing the hazardous effect of Na on plant roots length.

The highest rate of SAR reduction (from 34 to 12) led to the highest length of
barley plant roots,
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Dry weight

Comparing Soln. 1 and Soln. 2 results, in Table 5 and Fig 4 elucidate the
effect of the increase in the concentration of Na ions. Data show that the increase
in Na ions on the expense of Ca ions at total salinity concnetration of 100 me L™,
i.e, increasing the SAR value of salt solution  from 21 to 34 reduced the dry
weight of barley plant shoots and roots from 4.74 to 4.52, (g/pot) and from 2.23
to 2.21 (g/pot) respectively. Results indicate no significant differences among
the solutions pairs due to specific ion effect neither on the shoots nor on the roots
dry weight of barley plant.

From the previous results, it can be concluded that the different jons have
significant specific effects on the growth of barley plants, The chloride injury is
attributed to its dipressing effect on the availability of nutritional elements

particularly phosphorous and sulfate {Grillot, 1956, Hayward, 1956 and Corbett
& Gausman, 1960) .

Specific ion effect in relation o the chemical composition of barley planis

Table 6 shows the specific ion effect in relation to the chemical composition
of barley plant shoots (i.e., N, P, K, Na, Ca and Mg - content g/100 g). Results
indicate that there is no significant effect among the solutions of the specific ion
on N, P, K, Na, Ca and Mg - content within tissues of barley plant shoots.

TABLE 6. Specific ions effect on N, P, K, Na, Ca and Mg contents of barley
plant shoots (g/100 g ) .

Solution] SAR | lons concentration (me L") Mineral content of barley shoots (g / 160 g)

No Na | Ca¥ | Mgl or [sof [N P K Na [ Ca | Mg

L-_ 1 21.0 75.01 25.0 00.0 90.G| 100 191 0.89 2.23 1.1 2.50( 0.37

2 34.0 86.7) 13.3 00.0 90.04 10.0 1.84 0.85 215 1.14 195 02

3 34.0 86.7] 13.3 2.0 66.7! 333 1.83 0.87 217 108l 2.00) 043

4 214 750 5.0 20.0 50.00 10.0 1.9¢ 0.88 2,29 P87 1945 047

3 12.0 55.01 5.0 40.0 0.0 10.0 2.00 0.89 2.21 099 189 Qa7
1.8.D for N P K Na Ca Mg
0.05 0.80 011 0.05 0.07 0.44 .12
0.01 1.1 .15 0.06 0,09 0.60 0.16
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