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Fig. 1: Effects of Hydrogel Polymer incorporating with Fig. 2: Effects of Hydrogel Polymer incorporating with
Sand  (SS/HP  -"v/v")  and Pure Sandy Soil (SS) Sand  (SS/HP  -"v/v") and Pure Sandy Soil (SS)
On Shoot and Root Monosaccharide Contents On Shoot and Root Sucrose Contents (mg
(mg glucose 100gG Dry Weight) Of Selected glucose 100gG Dry Weight) Of Selected Maize1

Maize Plant Under Saline Conditions. Plant Under Saline Conditions.

1

protect the isolated chloroplast pigment against injury positively with that of protein and negatively with that of
during desiccation [48]. The statistical analysis (One, two proline. Stepwise multiple regression equations (Table 3)
and three-way analysis of variance (ANOVA) as shown pointed out the degrees of effect of each salinity, nitrogen
in Table 1. deficiency and proline initiator on the plant metabolism of

Osmotic potential significantly correlated negatively the osmotically active metabolites. However, the increase
with water content and polysaccharides and positively in leaves dry matter content and soluble sugars was a
with soluble sugars, proline and quaternary ammonium function of nitrogen deficiency and proline initiator with
compounds(QACs). Leaves water content correlated increasing salinity. Also, the metabolism of more
positively with amino acids and negatively with QACs. nitrogenous compounds was a function of nitrogen
The soluble sugars correlated negatively with QACs and content in the nutrient solution and salinity but with lower
amino acids. The variations in polysaccharides correlated extent. 
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Table 1: Effects of a Hydrogel Polymer incorporating with Sand (SS/HP "v/v") and Pure Sandy Soil (SS) On Shoot and Root Inorganic Elements (Na , K ,+  +

Mg , Ca  and ClG ) meq./100 g Dry Weight Of Selected Maize Plant Under Saline Conditions2+  2+  1

Pure Sandy Soil (SS) Hydrogel Polymer incorporating with Sand (SS/HP -"v/v")

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

Inorganic Elements ------------------------------------------------------------- Salinity Concentrations (ppm) ------------------------------------------------------------

meq./100 g Dry Weight 0.0 2.000 4.000 6.000 8.000 0.0 2.000 4.000 6.000 8.000

Shoot System Na 140 180 190 210 230 150 195 205 215 245+

k 125 115 100 90 87 130 125 130 125 105+

Mg 130 135 130 125 105 140 155 140 150 1552+

Ca 530 520 550 590 600 550 555 575 605 6252+

Cl 590 660 650 680 700 610 680 695 715 735-

Root System Na 270 285 300 310 330 310 325 335 345 365+

k 110 100 90 70 55 112 120 110 95 85+

Mg 220 250 240 240 240 235 270 275 280 2852+

Ca 500 560 520 530 550 525 530 545 570 5902+

Cl 495 525 535 570 590 515 240 555 579 595-

Fig. 3: Effects of Hydrogel Polymer incorporating with Fig. 4: Effects of Hydrogel Polymer incorporating with
Sand (SS/HP -"v/v") and Pure Sandy Soil (SS) On Sand (SS/HP -"v/v") and Pure Sandy Soil (SS) On
Shoot and Root Polysaccharide Contents (mg Shoot and Root Total Organic Acids (T.O.A.)
glucose 100gG Dry Weight) Of Selected Maize Contents (mg 100gG Dry Weight) Of Selected1

Plant Under Saline Conditions. Maize Plant Under Saline Conditions.

1
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Fig. 5: Effects of Hydrogel Polymer incorporating with Fig. 6: Effects of Hydrogel Polymer incorporating With
Sand (SS/HP -"v/v") and Pure Sandy Soil (SS) On Sand (SS/HP -"v/v") and Pure Sandy Soil (SS) On
Shoot and Root Total Amino Acids (T.A.A.) Shoot and Root Free Proline Contents (mg
Contents (mg 100gG Dry Weight) Of Selected 100gG Dry Weight) Of Selected Maize Plant Under1

Maize Plant Under Saline Conditions. Saline Conditions. 

1

Organic  and Nitrogenous Components: Total organic amino acids, proline and proteins) increased with
acids, total free amino acids, free proline and protein increasing salinity concentration up to 8000 ppm,
levels were increased with increasing salinity particularly in the shoot. Total free amino acid, proline,
concentration,  particularly  in  the  shoot  (Figs. 4, 5, 6 protein and organic acid contents were increased with
and 7). The effects of incorporating a hydrogel polymer cells osmotic adjustment, both as a function of the level
into sand (SS/HP) on development of maize grown under of adaption and the stage of the culture growth. High
saline conditions has been observed the increasing total concentrations of organic solutes in the cytoplasm may
organic acids, total free amino acids, free proline and contribute to the osmotic balance when the concentration
protein levels tended to increased of yield productions by of electrolytes is lower in the cytoplasm than in the
Sand/Hydrogel polymer (SS/HP) than pure sandy soil vacuole; they may protect the enzymes in the presence of
(SS). Total free amino acids and proline contents high electrolytes in the cytoplasm [6]. The present results
increased with salinity concentration; on average, free show that the total amino acids and proline content were
proline represented about 24-30 % of the total free amino increased with increasing salinity concentration up to
acids pool in the absence of salts (control plants with 8000 ppm. proline which is present only in traces in the
polymer) and about 81-83% in the presence of salts and absence of salt, is increased to high levels under high
polymer (8000 ppm). Protein content was decreased with saline concentrations. On average, proline represented
increasing salinity concentrations at early growth stages about  24-30%  of  the  total   free   amino   acid   pool  in
but later protein content increased with salinity treatments the absence of salt and about 81-83% in the presence of
especially with added hydrogel polymer to sandy soil. In salts  (8000  ppm).  The  rise  in  the  content  of  proline
addition the contents of organic solutes, (organic acids, was  a  linear function of the increase in salt concentration
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Fig. 7: Effects of Hydrogel Polymer incorporating With plants as proline participates in the osmotic potential of
Sand (SS/HP -"v/v") and Pure Sandy Soil (SS) On leaf and thus in the osmotic adjustment. Besides the role
Shoot and Root Proteins Contents (mg 100gG Dry of osmolyte, proline can also confer enzyme protection1

Weight) Of Selected Maize Plant Under Saline and increase membrane stability under various condition.
Conditions Proline accumulation may also help in non enzymic free

in the culture solutions, particularly at high salinity to more linear increase in leaves OP. In opposite the
concentration. Accumulation of proline at high salt levels increase in nitrogen by presence of nitrogen in the
a marked in Armeria maritime (Mill) Wild reported [6]. nutrient solution or and by application of proline initiator
The rapid increase in the level of proline in plants was decrease OP. This may indicated that excess nitrogen (as
associated with a threshold salt concentration in the in nutrient solution compared to that in the soil of the
medium [49]. Increases in the total amino acid, proline and plant habitat) reduced leaves osmotic regulation promoted
protein levels in cytopalsmic solute under high salinity by salinity while nitrogen deficiency enhanced it. This
concentrations have been reported for many species [6, also could be an adaptive response by the plant to poor
50, 51]. Proteins protect chlorophyll against destruction nitrogen in the soil of sand dunes. The plant processes
by being strongly bound to it [9]. A large number of plant responded differently to salinity stress for survival [65].
species accumulate prolinå in response to salinity stress The leaves osmotic regulation was achieved mainly by
and that accumulation may play a role in combating soluble sugars on the expense of polysaccharides as seen
salinity stress. However, data do not always indicate a by their ratios under all salinity treatments. Nitrogen
positive correlation between the osmolyte accumulation deficiency enhanced the metabolism of leaves soluble
and the adaptation to stress [52-54]. Salt stress induces sugars  in  polysaccharides  or  nitrogenous  compounds,

cellular accumulation of damaging active oxygen species,
which can damage membrane lipids, proteins and nucleic
acids [55, 56]. Lipid peroxidation, induced by free radicals,
is also important in membrane deterioration [57-60].
Proline (Pro) accumulation is an important physiological
index for plant response to salt stress [61], as well as to
other types of stress. Salinity increased markedly the
Proline content in different salt sensitive and tolerant
species/cultivars: with greater pro accumulation in salt
tolerant ones, which is supposed to correlate with the
adaptation to salinity [52, 54]. The sulfate stress can
cause higher accumulation of prîline than the chloride
type [8]. The effects of incorporating a hydrogel polymer
into sand (SS/HP) on development of maize (Zea mays, L.)
grown under saline conditions has been observed the
increasing total organic acids, total free amino acids, free
proline and protein levels tended to increased of yield
productions by Sand/Hydrogel polymer (SS/HP) than
pure sandy soil (SS), this fact suggests that the induction
of proline synthesis is related not only to changes in the
water potential and to the salinity type-chloride and
sulfate, but also resulted from metabolism interruption by
high-stress intensity or from an adaptive response with
special physiological function. The increase of praline
content under salt stress, have been reported in two
wheat cultivars [62]. It was suggested that proline
accumulation may be caused by increasing proteolysis or
by decreasing protein synthesis. The highest
concentration of proline under salt stress is favorable to

radical detoxifications [63 and 64]. Nitrogen deficiency led
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mainly amino acids and proteins. Different salinity (NaCl The nitrogen deficiency inhibition was more pronounced
and Na SO ) caused accumulation of free amino acids on the metabolism of leaves carbohydrates as indicated2 4

including free proline but reduced the protein content in by decreases in soluble sugars metabolism or enhancing
the leaves at the fruiting stage [66]. On the contrary, their conversion into non osmotic polysaccharides. On
proline initiator counteracted the metabolism into the other hand, presence of nitrogen enhanced the
polysaccharides but not into nitrogenous compounds accumulation of osmoregulatory metabolites by salinity
which increased. The tendency of amino acids and increased the role of soluble sugars over that of
accumulation in Euphorbia paralias leaves was inhibited nitrogenous metabolites by ratios from 2-3 under low
or decreased by more than 100 mM salinity but nitrogen salinity to about 8 under 200 mM. This may indicate the
deficiency recovered or enhanced the process under the importance of carbohydrate fraction under high salinity
different salinity levels. The decrease in amino acids stress. It is notable that salinity increased these
especially by higher salinity was coincided with the osmoregulatory metabolites on the expense of leaves dry
accumulation of proteins especially under nitrogen weight under nitrogen deficiency but both dry weight and
deficiency. Also, proline initiator doubled the leaves osmoregulatory metabolites increased in the same time
proteins under nitrogen deficiency. This may indicate a when nitrogen is available. Nitrogen is a major limiting
promoting role for nitrogen deficiency in the metabolism factor controlling productivity in the coastal area [67].
of amino acids and proteins in the same time in a self These foundations may also indicate higher adaptation of
regulated nitrogen conserving behavior [29]. Proline was the plant to salinity than to nitrogen deficiency which
also accumulated by salinity but the ability of could be the reason of the plant disappearance from the
accumulation was hindered by more than 150 mM. top of loose sand dunes and its restriction at the foot of
Nitrogen deficiency doubled leaves proline under salinity these dune having a little high nitrogen. Correlation
indicating high priority of proline accumulation but coefficients and regression equations pointed out salinity
proline initiator inhibited the process greatly especially as the main factor for the variations in the leaves
when combined with nitrogen deficiency. Total of metabolism and nitrogen deficiency comes after while the
osmoregulatory metabolites increased linearly by salinity role of proline initiator was significant in the metabolism
stress. Nitrogen deficiency lowered this response but its of some compounds but not all. The role of proline
effect   could    be   removed   partly   by   proline  initiator. initiator  was   enhancing   in   most   cases  while  that  of

Appendix Table 1: Effects of Hydrogel Polymer incorporating with Sand (SS/HP -"v/v") and Pure Sandy Soil (SS) On Shoot and Root Monosaccharide,
Sucrose and Polysaccharide Contents (mg glucose 100g Dry Weight) Of Selected Maize (Zea mays, L.) Plant Under Saline Conditions-1

I tems CO TR ST CO/TR CO/ST TR/ST
Monosaccharide N.S. * * N.S. N.S. N.S.
Sucrose N.S. N.S. *** N.S. N.S. **
Polysaccharide N.S. ** *** N.S. N.S. ***
T.A.C. N.S. *** *** N.S. N.S. ***
Statistical treatments, where relevant, the experimental data subjected of One, two and three -Way analysis of variance (ANOVA).
Note: F values * = P> 0.05, ** = P >0.01, ***= P >0.001 and N.S.= Not Significant. CO: Concentrations, TR: Treatments (SS) and (SS/HP -V"/V"), ST:
Stages of growth.

Appendix Table 2: Effects of Hydrogel Polymer incorporating With Sand (SS/HP -"v/v") and Pure Sandy Soil (SS) On (a) Shoot and (b) Root Total Organic
Acids (T.O.A.), Total Amino Acids (T,A.A.), Free Proline and Proteins Contents (mg 100g Dry Weight) Of Selected Maize Plant-1

Under Saline Conditions
Items CO TR ST CO/TR CO/ST TR/ST
Citric acid * * * ** N.S. N.S.
"-Ketoglutaric acid *** * * ** * N.S.
Succinc acid *** *** * ** * N.S.
Fumaric acid *** N.S. N.S. N.S. N.S. N.S.
Malic acid *** ** *** N.S. N.S. N.S.
Oxalic acid *** * ** N.S. * N.S.
Total Organic Acids (T.O.A) N.S. N.S. N.S. N.S. N.S. N.S.
Free Proline *** * *** N.S. N.S. N.S.
Total Amino Acids (T.A.A.) *** N.S. *** N.S. N.S. N.S.
Proteins N.S. N.S. *** N.S. N.S. N.S.
Statistical treatments, where relevant, the experimental data subjected of One, two and three -Way analysis of variance (ANOVA).
Note: F values * = P> 0.05, ** = P >0.01, ***= P >0.001 and N.S.= Not Significant. CO: Concentrations, TR: Treatments (SS) and (SS/HP -V"/V"), ST:
Stages of growth.
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Appendix Table 3: Effect  of  Salinity  Treatments  on  germination,  growth,  yield  production  and  endogenouse  levels  of  some  metabolites  and  ions
in  maize  Plant

I tems CO TR ST CO/TR CO/ST TR/ST

Osmolality *** *** *** *** N.S. N.S.
EC *** ** * N.S. N.S. N.S.e

pH *** N.S. *** N.S. N.S. N.S.

Statistical treatments, where relevant, the experimental data subjected of One, two and three -Way analysis of variance (ANOVA).
Note: F values * = P> 0.05, ** = P >0.01, ***= P >0.001 and N.S.= Not Significant. CO: Concentrations, TR: Treatments (SS) and (SS/HP -V"/V"), ST:
Stages of growth.

Fig. 8: Effects of a Hydrogel Polymer incorporating with Fig. 9: Effects of a Hydrogel Polymer incorporating with
Sand (SS/HP -"v/v") and Pure Sandy Soil (SS) On Sand (SS/HP -"v/v") and Pure Sandy Soil (SS) On
Shoot and Root Osmolality Of Selected Maize Shoot and Root ECe Of Selected Maize Plant
Plant Under Saline Conditions. Under Saline Conditions.

nitrogen  deficiency  was   inhibitory.   There   was  a increasing of pigment contents by Sand/Hydrogel
degree  of  inhibition  by  proline  initiator  depending polymer (SS/HP) than pure sandy soil (SS). Overall,
mainly  on  nitrogen  deficiency   and   with   less  extent osmolality and EC  of the cell-sap of shoots and roots
on  salinity  level.  The  statistical  analysis  (One,  two increased with increasing salinity concentration; pH
and three-way analysis of variance (ANOVA) as shown values, however, decreased in both sandy soil (SS) and
in Table 2. incorporated sandy soil with hydrogel polymer (SS/HP)

Osmolality, Electric Conductivity (ECe) and pH; (v/v). Shoot and root cell-sap osmolality and electric
Generally, Osmolality, EC  but not pH of the cell-sap conductivity (ECe) increased with increase salinitye

increased with growth stages particularly in the shoots concentrations, reflecting enhanced ion concentration in
(Figs. 8, 9 and 10). The effects of incorporating a hydrogel the plant tissues.The statistical analysis (One, two and
polymer into sand (SS/HP) on pigment contents of maize three-Way analysis of variance (ANOVA) as shown in
grown under saline conditions has been observed the Table 3.

e
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Fig. 10: Effects of a Hydrogel Polymer incorporating with due to salinity, similar observations have been [73, 74].
Sand (SS/HP -"v/v") and Pure Sandy Soil (SS) The calcium content increased with increasing salinity
On Shoot and Root pH values Of Selected Maize concentration, particularly in the root. This may reflect a
Plant Under Saline Conditions. salt induced increase in magnesium uptake [75, 76] and

Inorganic Minerals Elements Content: The macronutrient present study, maize tended to retain magnesium in
and micronutrient elements in Shoot and root increased preference to sodium and calcium or potassium,
with growth stages and generally were higher in root than substantiating the view that species can be classified as
shoot (Table 1). The effects of incorporating a hydrogel calcium, sodium or magnesium glycophytes. Maize
polymer into sand (SS/HP) on pigment contents of maize affected to retain divalent more than monovalent cations
grown under saline conditions has been observed the perhaps reflecting the preference of secretion mechanisms
increasing of inorganic elements content by pure sandy (Mg  > Ca > N  > K ). At all levels of salinity, the
soil  (SS)   than  Sand/Hydrogel   polymer  (SS/HP)  (v/v). chloride  content  increased  progressively  with  salinity

The levels sodium (Na ), calcium (Ca ) and magnesium+   +2

(Mg ) increased with salinity while potassium (K )+2       +

declined. Chloride (Cl ) levels increased more in shoots-

than roots; the accumulation being more than
sodium(Na ), calcium (Ca ), magnesium (Mg ) or+   +2   +2

potassium (K ); maize tended to accumulated chloride (Cl )+       -

(Table 2). Similarly the increased uptake inorganic
elements content by used hydrogel polymer incorporated
with sand soil [2-4], they observed that a high salinity
conditions were reduced the inorganic elements content
but appeared to be tolerant at all levels of hydrogel
polymer incorporation with sand (sand/swollen hydrogel
polymer; v/v). Also similar results by Ca  uptake was2+

inhibited by NaSO  to a greater degree than NaCl [68, 69].4

While Ca  is reported to play a major role in salt tolerance2+

[70, 71], most worker have observed a depressive effect of
Na  on Ca  uptake [72]. According to Lessani and+  2+

Marschner [72], Na  and Ca  ions probably compete+  2+

much more for common uptake sites. From the present
results it appears that Na  in combination with SO is more+    4-

effective than with Cl-in this respect with increasing
salinity, sodium tended to accumulate, particularly in the
root confirming the findings of other workers [73].

Generally, potassium content decreased, particularly
in the shoots, reflecting competitive reduction in uptake

the indirect effect of magnesium on calcium [77]. In the

2+  2+  a+  +

Appendix Table 4: Effects of a Hydrogel Polymer incorporating with Sand (SS/HP "v/v") and Pure Sandy Soil (SS) On Shoot and Root Inorganic Elements

(Na , K , Mg , Ca  and Cl ) meq/100 g Dry Weight Of Selected Maize Plant Under Saline Conditions+  +  2+  2+  -1

I tems CO TR ST CO/TR CO/ST TR/ST

Na *** N.S. *** N.S. N.S. **+

Ca *** *** *** * N.S. *+2

M g *** * * N.S. N.S. N.S. +2

K *** ** N.S. N.S. * N.S.+

Cl *** N.S. * N.S. N.S. N.S.-

Statistical treatments, where relevant, the experimental data subjected of One, two and three -Way analysis of variance (ANOVA).

Note: F values * = P> 0.05, ** = P >0.01, ***= P >0.001 and N.S.= Not Significant. CO: Concentrations, TR: Treatments (SS) and (SS/HP -V"/V"), ST:

Stages of growth.
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concentration, particularly in the shoot; the accumulation plants grown in saline soil accumulate high levels of salt
of chloride in both shoots and roots was higher than
sodium The statistical analysis (One, two and three-Way
analysis of variance (ANOVA) as shown in Appendix
Table (4). The effects of incorporating a hydrogel polymer
with sand on development of selected Zea mays, L. grown
under saline conditions has been adapted to salinity (<
8,000 ppm) was found to have undergone extensive
osmotic adjustment by accumulation of organic and
inorganic solutes [78]. The hydrogel polymer
incorporating with sand reduced the effect of salinity
treatments on maize, with the exception of 2,000 ppm,
salinity  decreased  seed  germination,   plant   growth
yield  production  and  mitotic  division  and  the
adaptation of maize plant to salinity stress had occurred;
may make significant contributions by using hydrogel
polymer to improve the soil characters and adapted the
maize plant [78].

CONCLUSIONS

The  resulted  presented  here  indicate  that,
generally, salinity treatments, pH and potassium levels;
monosaccharide and polysaccharide, but not sucrose,
increased under salinity stress. Most organic solutes
(organic acid, amino acid, proline and protein) and
inorganic elements (sodium, calcium, magnesium and
chloride) also osmolality and ECe increased with increase
in salinity concentrations. The accumulation of organic
and inorganic solutes under saline stress may provide an
alternative source and solutes in the cells in order to
adjust osmotically to the conditions of the external
environment. The effects of incorporating a hydrogel
polymer into sand on development of selected maize
grown under saline conditions has been demonstrated.
The grains of maize were germinated in sand/ hydrogel
polymer mixture (80: 20 v/v)with added Hoagland nutrient
solution, then transplanted after 7 days from germination
into a range of sand/swollen hydrogel polymer (90:10 v/v)
in plastic growbags. Saline solutions containing NaCl,
CaCl , mgCl (0.0, 2,000, 4,000, 6,000, 8,000 ppm.) were2  2 

applied to the growbags (to field capacity twice per week,
alternating with a comparable watering regime. Hydrogel
polymer incorporating with sand soil (SS/HP) (v/v)
reduced the effect of salinity treatments. From those
results, the reduction in growth and yield production
under saline stress may be due to the expenditure of
energy on the synthesis of organic or inorganic
components for osmotic adjustment rather than for
growth. The decrease in water content may occur because

and an osmotic adjustment is required to maintain root
water potential lower than that of the external medium.
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