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Abstract

Wheat (Triticum vulgaris) plants were grown without NaCl and under salinization levels of NaCl. Salinity
decreased the fresh, dry matter, water content, length and leaf area. Phytohormonal treatments with
gibberellic acid (GA3) or indole-3-acetic acid (IAA) caused a marked increase in these parameters; GA3
was more effective than IAA. This activation was concomitant with the increase of osmotically active
solutes, soluble sugars, soluble protein and amino acids. The accumulation of calcium and magnesium
in root of plant treated with GA3z and in shoot of plant treated with IAA may contributed in osmotic
defense systems of wheat plants. The data also reveals that ethylene production was increased in
salinity treatments. Spraying wheat plants with GAz increased the ethylene evolution while spraying with
IAA decreased this evolution under salt stress conditions. Finally, it can be concluded that the GA3 or
IAA regulate the disturbances of metabolities and neglicated the negative effects of the accumlation of
ethylene especially in plants treated with IAA under stress conditions which in turn resulted in a

pronounced alleviated the drastic effects of salt.
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INTRODUCTION

Environmental stresses come in many forms, yet the
most prevalent stresses have in common their effect on
plant water status. Although plant species vary in their
sensitivity and response to the decrease in water potential
caused by drought, temperature, or high salinity, it may
be assumed that all plants encoded capability for stress
perception signaling, and response. First most cultivated
species have wild relatives that exhibit excellent tolerance
to abiotic stress. Second, biochemical studies include
metabolites as nitrogen containing compounds (proline or
other amino acids, quaternary amino compounds and
polymine and hydroxyl compounds (sucrose, polyols, and
oligosaccharides (McCue and Hanson 1990; and Bohnert
et al., 1995). Third, molecular studies have revealed that a

wide variety of species a common set of genes and
similar proteins (Skriver and Mundy 1990; and Vilardell
et al., 1994). These proteins play active roles in the res-
ponse to stress.

Plants encounter a variety of external and internal envi-
ronmental changes. Among the external environmental
factors critical for survival of plants are water, tempera-
ture, light and other organisms. Internal environmental
factors include plant hormones such as ABA, auxin,
cytokinins, ethylene, gibberellic acid (GA3), Jasmonic acid,
and brassino-steriods (Hong et al., 1997).

Ethylene evolution is associated with stress and is
involved in modulating a broad spectrum of physiological
processes such as, senescence, flowering, fruit ripening
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Table 1. Effect of salinization and treatment with GAs or IAA (200 mg kg'l) on fresh (f.m.), dry matter (d.m., g plant '1) water

content and length (cm plants'l) of shoot and root wheat plants.

Treatment NacCl Shoot Root c\évr?tt((:rrn Length
mM f.m. d.m. f.m. d.m. Shoot Root Shoot Root
0 0.699 0.091 0.099 0.05 0.608 0.049 28.7 13
50 0.605 0.143 0.067 0.038 0.462 0.029 33.3* 13.3
Control 100 0.707 0.155 0.066 0.035 0.552 0.031 31.3 11.0**
150 0.321* 0.14 0.064 0.032 0.181 0.032 35.0** 13.3
200 0.357* 0.109 0.028 0.018 0.248 0.01 32.3 8.7**
250 0.249* 0.068 0.029 0.017 0.181 0.012 24.7* 8.0%*
0 1.19* 0.349** 0.191 0.078 0.841 0.113 47.7*%* 17.5%
50 1.18* 0.226 0.184 0.075 0.954 0.109 39.3* 15.7**
100 0.976 0.197 0.064 0.039 0.779 0.028 40.0** 16.7*
GAs 150 0.805** 0.175 0.044 0.028 0.35 0.016 37.3 13.0**
200 0.567 0.117 0.033 0.014 0.45 0.019 35.7 11.0%*
250 0.27 0.058 0.037 0.019 0.212 0.018 25 6.0**
0 1.26** 0.194 0.11 0.044 1.07 0.066 35.0** 12.7
50 0.991* 0.182 0.089 0.046 0.809 0.049 33 14
IAA 100 0.842 0.158 0.078 0.038 0.684 0.046 33 12.7
150 0.582 0.121 0.066 0.027 0.461 0.039 31.7 9.7%*
200 0.502 0.103 0.037 0.02 0399 0.017 29 10.7**
250 0.204 0.046 0.03 0.018 0.158 0.012 20.3 9
L.S.D. (5%) 0.354 0.159 0.186 0.038 3.38 0.148 4.16 1.39
L.S.D. (1%) 0.475 0.248 0.249 0.051 4.49 0.198 5.58 1.86

Significant difference to control: *P = 0.01; **P = 0.05

(Goeschi et al., 1966; Yang and Hoffman, 1984, Morgan
et al., 1990; Narayana et al., 1991 and Raz). Fluhr (1992
reported that water stress induced ethylene production in
wheat plant. There are also some evidence that salt
stress alters plant growth and tissues which could be due
to a decrease in natural growth hormones in plant tissues
(Shah and Loomis, 1965; Itia et al., 1978; Walker and
Dumbroff, 1991; Shaddad and EL-Tayeb, 1990). In accor-
dance with this, Browning (1973) found that Coffea
arabica plants which have previously been subjected to
water stress, the endogenous cytokinin level in the xylem
sap was again elevated after irrigation. Thus the aim of
the present work was to test the effect of exogenous
treatments with the phytohormones, gibberellic acid or
indole acetic acid in counteracting the adverse effects of
salinity and sequence of ethylene production of wheat
plants under these conditions.

MATERIALS AND METHODS

Wheat (Triticum vulgaris) plants were grown in plastic pots in the soil
without NaCl (control) and under salinization levels corresponding to
osmotic potential of NaCl solution of 50, 100, 150, 200 and 250 mM.

Saline solutions were added to the soil in such a way that the soil
solution acquired the assigned salinization levels at field capacity.
Treatments of plants with saline solutions began when seedlings were
two weeks old. The salinized and non-salinized plants were irrigated
every other day with 1/10 Pfeffer's nutrient solution for two weeks.

Then gibberellic acid (GAs) and indole-3-acetic acid (IAA) (100
ppm) solutions were sprayed three times (five intervals) by spraying
the shoot system of the growing plants (each pot with 10 cm™ of
GAs or IAA solutions). The control plants were sprayed with distilled
water a week after the plants were used for analysis.

Dry matter was determined after drying plants in an aerated oven at
70°C to constant mass. Leaf area was measured by the disk method
(Watson and Watson, 1953). Saccharides were determined by the
anthrone-sulfuric acids method (Fales, 1951). Free amino acids, proline
and a soluble protein contents were measured according to Moore and
Stein (1948), Bates et al. (1973) and Lowry et al. (1951) respectively.
The osmotic potential of tissue sap was measured by advanced wide-
range Osmometer 3W2. Ethylene production was determined by gas-
liguid chromatography (GLC) according to Morgan et al. (1990).
Calcium and potassium were determined by flame-photometer method
(Schwarzenbach and Biedermann, 1948) and phosphorus
colorimetrically (Woods and Mellon, 1985).

RESULTS

Growth parameter (fresh, dry matter, length and water con-
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Table 2. Effect of salinization and treatment with GAs or IAA (200 Kg'l) on soluble saccharides [mg g'l], soluble protein [mg
g'l], amino acids [mg g'l] and proline content [mg g'l] of shoot and root wheat plants.

Treatment NaCL Soluble sugar Soluble protein Amino acid Proline
mM Shoot Root Shoot Root Shoot Root Shoot Root
0.0 24.9 27.5 35.2 15.1 11.2 8.0 4.6 1.86
50 36.4** 43.3* 36.9 14.2 11.9 9.1 4.8 3.5
Control 100 34.9*%* 37.4* 34.1 16.9 9.3 9.9 5.2 5.1
150 34.7* 37.7% 38.4* 14.2** 8.2 7.7 4.8 4.1
200 22.2 25.6** 36.4 13.7 8.4 5.2 3.6 2.9
250 22.0 23.4 34.9 15.1 5.2 4.7 4.7 2.9
0.0 37.7*% 31.8** 46.1* 12.2 14.4 8.3 3.41 3.9
50 31.9% 49.2** 47.0* 13.8 7.4 14.4** 3.90 2.4
GAs 100 41.9* 49.2** 47.0 14.4* 10.9 9.2 3.5 3.2
150 44 9** 40.2* 48.4 12.6 13.4** 13.6** 2.1 3.9
200 35.3* 30.5** 40.9% 13.0 10.0 14.8** 3.8 3.6
250 34.5%* 25.8 40.7* 13.9 13.4** 13.9* 3.3 2.9
0.0 37.3** 42.9* 42.2** 20.0** 14.1 19.6** 3.9 3.7
50 34.1 46.3* 38.1 14.6 20.5** 20.9%* 3.1 5.6
IAA 100 39.9%* 44 5** 39.5 17.4 11.2 19.9** 4.0 3.9
150 39.4** 41.7* 38.2 19.2** 18.6* 16.9** 4.9 4.4
200 36.5** 30.3* 36.9 19.5%* 14.6** 21.4% 4.4 3.8
250 27.4% 30.4* 43.1* 22.5%* 21.1* 22.3*% 3.3 7.8**
L.S.D. (5%) 3.23 2.28 3.09 3.37 5.45 0.889 4.89 3.21
L.S.D. (1%) 4.34 3.06 4.15 4.53 7.32 1.19 6.57 4.31

Significant differences to control: *P = 0.01; **P = 0.05.

tents) of shoots and roots of wheat plants tended to
decrease with the increase of NaCl concentration in the
culture media (Table 1). This reduction was more pro-
nounced at the higher salinity levels as compared with
non-treated plants. The percentage reduction in fresh and
dry matter of shoot and root was 45, 2.3, 7 and 3.3% at
250 mM salinity as compared with control plants (100%).

Spraying the vegetative parts of wheat plants with GA3
(100 ppm) and IAA (100 ppm) resulted in a pronounced
increase in the values of fresh and dry matter and water
content. This increase was more prominently in GA3 than
in IAA treatments as compared to the corresponding sali-
nized plants (reference control). The percentage reduc-
tion in fresh and dry matter of shoot and root are 92, 29,
15.4 and 5.9% of plants treated with GA3. On the other
hand, the percentage reduction in these parameters is
105.6, 14.8, 8 and 2.6% of plants treated with IAA,
respectively as compared with control plants (100%).

The data in Table 2 clearly demonstrates that salinity
stress resulted in an increase in the soluble saccharide
contents in shoot and rood of wheat plants up to 150 mM
after that a decrease in this content was observed. Salt
stress induced non significant changes in soluble protein

content in shoots and roots, the values run overall the
value of control (Table 2). Phytohormonal treatments with
any of the two hormones GA3z or IAA resulted in a
pronounced accumulation in soluble saccharides and
solu-ble protein in both shoots and roots of wheat plants
(Table 2). The compatible compounds (amino acids and
proline) showed a variable response with increasing
osmo-tic pressure in the soil. A marked reduction in the
amino acids contents was observed while the proline
content became more or less unchanged in both shoots
and roots of wheat plants as compared with the
corresponding untreated plants (Table 2).

Spraying with either GA3z or IAA induced a marked
increase in the amino acids content of both organs
shoots and roots (Table 2). On the other side, this treat-
ment has no effect on the proline content as compared
with untreated plants.

Moreover, the increase in the concentration of NaCl
salt caused an increase in the osmotic pressure value of
cell sap of both shoots and roots of wheat plants (Figures
1 and 2). It is worthy to point out that treatments with any
of the two different growth regulators (GAsz or IAA)
resulted in a significant increase in the OP values at all
levels of NaCl in shootsand roots as compared with con-
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Figure 1. Effect of salinization and treatment with GAs or IAA (200 mg g'l) on osmotic pressure (-kPa)

of root of wheat plants grown for 45 days.
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Figure 2. Effect of salinization and treatment with GAs or IAA (200 mg g'l) on osmotic
pressure (-kPa) of shoot of wheat plants grown for 45 days.

trol plants.

The data in Table 3 and Figure 3 represented that
ethylene production elevated with increasing the osmotic
pressure in the soil. On the other hand, treatments of the
wheat plants with GA3 resulted in a significant reduction
in the ethylene evolution while treatments of wheat plants
with 100 ppm IAA induced a significant evolution of
ethylene at all levels of salinity used as compared with
control plants. Moreover the ethylene production was
higher at high levels of NaCl in plants of reference control
and plants treated with GAz or IAA as compared with
each of the corresponding control.

Sodium contents progressively increased with the
increasing NaCl concentration in both shoots and roots of

wheat plants. This accumulation was more pronounced in
shoots than in roots (Table 3). On the other hand,
potassium content became more or less unchanged at all
salinization levels in both shoots and roots organs (Table
3). However, the lower and moderate salinity levels exhi-
bited an increase in k* content of shoot organ. In general,
salinity stress did not induced any significant change in
Ca2+, M92+ and P content in shoot and root of wheat
plants.

Spraying with GA3 or IAA induced a marked reduction in
the accumulation of Na" in shoots and roots of wheat plants
(Table 3). This reduction was more prominent in shoots than

in roots, whatever the salinization levels used. Also,
phytohormonal treatments exhibited an increase of
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Table 3. Effect of salinization and treatment with GAs or IAA (200 mg kg 'l] on mineral contents (mg g'l] of shoot and root of wheat plants.

NaCl Shoot Root
Treatment
mM Na K Ca Mg P Na K Ca Mg P
0.0 7.0 1.0 4.0 3.0 1.2 4.0 18 4.7 0.45 5.2
50 8.5 1.8 4.0 1.8 2.1 5.5 13 4.0 0.3 4.9
| 100 9.0 2.1 4.0 1.4 1.7 5.2 1.0 4.5 0.3 5.7
Contro 150 17.0% 3.4 4.7 12 1.9 4.0 16 35 03 6.2
200 18.0 1.4 4.3 1.8 1.4 9.0% 1.68 3.0 0.3 4.6
250 18.0%* 2.4 4.0 1.4 2.1 9.2% 12 3.0 0.3 4.9
0.0 7.0 5.5% 6.0% 1.8 1.7 3.0 2.7 35 1.7 3.9
50 7.0 3.1 5.0 2.6 1.7 35 17 2.7 1.4 5.4
100 6.0 2.4 4.0 1.8 1.5 4.5 12 2.2 1.2¢ 6.2
GAs 150 7.5% 5.2 5.7 1.2 3.1 6.0 2.6 2.5 20 6.2
200 9.5% 3.1 4.7 1.2 1.4 3.0 16 2.8 0.8 7.6%
250 11.0* 2.1 6.0% 1.2 1.3 1.5¢ 1.0 3.5 0.8 5.7
0.0 8.7 2.8* 5.3¢ 1.8 15 4.0 1.4 25 1.7% 5.0
50 9.0 2.1 5.0 2.4 1.9 3.3 1.0 3.0 0.3* 5.4
A 100 8.0 2.8 4.0 2.8 1.3 4.5 13 2.7 0.3 6.1
150 9.0% 2.8 5.3 2.0 15 3.0 14 2.0 0.3 4.2
200 9.5+ 2.4 3.3 1.2 2.2 3.0 12 2.0 0.3 6.7
250 11.5% 1.7 3.3 0.6 1.3 2.5 0.86 2.0 0.3 8.0*
L.S.D. (5%) 3.34 2.08 1.13 2.4 2.63 4.35 1.23 2.63 0.86  2.62
L.S.D. (1%) 4.47 2.80 1.52 3.25 3.52 3.67 1.66  3.52 115 352
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Figure 3. Effect of salinization and treatment with GA3 or IAA (200 mg g'l) on ethylene production (n

moe * h'l) of wheat plants grown for 45 days.

Ca® content in shoots while this content become more or
less unchanged in roots at all salinization levels as
compared with control plants (Table 3).

Spraying with GA3 resulted in no change in Mg2+ con-tent
of shoots while in roots, this content tended to increase. IAA

treatments accumulated Mg2+ fractions in shoots and

induced no marked change in roots as compared with
reference control plants (Table 3).

Phosphorus content was elevated in root organ of both

treated plants. Phytohormonal treatment of GA3 or IAA was
increased in the root while this content became more or less

unchanged in shoots of both GA3 and IAA treatments



as compared with control plants (Table 3).

DISCUSSION

This report confirms that wheat plants could tolerate the
saline injury to some extent in fresh, dry matter, length,
leaf area and water content up to 100 mM of NacCl
concentrations after which a sharp reduction was
observed. This reduction was due to decreasing the rate
of water uptake due to osmo- effects through toxic effects
or through a nutritional imbalance resulting to inter-
element antagonism (Levitt 1980; Quayum et al., 1991;
Hamdia 1993, 1994 and Hamdia and Shaddad, 1996;
Tester and Devenport, 2003; Parida and Das, 2005,
Munns, 2008).

The observed losses in soluble saccharides in roots as
well as proteins in shoots and roots of salt stressed maize
plants were accompanied with a marked decrease in total
amino acids content and increase in the osmotic pressure
value. These results are in accordance with previously
reported findings of Barnett and Naylor (1966), Handa et al.
(1983), Devitt et al. (1987), Hamdia and El-Komy (1997) and
Hamdia et al., 2010). Osmotic adjust-ment helps cells of
higher plants to with stand salt stress and water deficit by
maintaining sufficient turgor for growth to proceed
(Zimmermann, 1978) and involves trans-portation,
accumulations and compartmentation of inorga-nic ions and
organic solutes (Wyn Jones, 1981, Weimberg et al., 1984;
Voetberg and Sharp, 1991; Spickelt et al., 199; Rodriguez et
al., 1997; Bu et al., 2012).

The increase of osmotic pressure of cytoplasm with

treatments with any of the two different hormones, GA3 or
IAA was concomitant with the increase of osmotically
active solutes soluble sugars, soluble protein and amino
acids. This promotion in these contents reflected the
great production in fresh, dry matter, length leaf area and
water content of both shoots and roots of wheat plants
(Shaddad and El-Tayeb, 1990; Hamdia, 1991). It is
worthy to point out that hormonal treatments increase the
accumulation of Ca and Mg in root with GA3 treatment
and in shoot of IAA treatments. This would suggest the
osmorgulatory role of these minerals (Shaddad and El-
Tayeb, 1990; Hamdia, 1991).

Ethylene production by plants is increased by a number of
biotic and abiotic stress (Abeles, 1973). The phenomenon is
so common, it is referred to as stress ethylene production.
Plant water deficit is one stress which has been extensively
associated with elevated release of ethylene (El-Beltagy and
Hall, 1974; Guinn, 1976; McKeon et al., 1982, Hoffman et
al., 1983). The impact of water stress on ethylene synthesis
is of interest because the ethylene could be responsible for
sene-scence and abscission induced by water stress
(McMichael et al, 1973 and El-Beltagy, 1974). This
observation was in agreement with the results obtained in
this report, that ethylene production increase with increasing
salinity of wheat plants. Water stress reduces the transpiring
sur-face and prevents dehydration of the plant to drastic
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levels (Adicott, 1982). Confirminly the above statement,

when wheat plants treated with GAg, the level of ethylene
production progressively retarded at the all salinization
levels, when concomitant with the progressively increase
in dry matter production resulting in the complete
alleviation of the inhibitory effect of the salt at the higher
salinization levels and the obvious stimulation at the
lower salinity as compared with the control plants. Under
drought conditions, depleted flow of materials from roots

would reduce the availability of GA3 (Jones and Philips,
1966). Thus it would suggest that, exogenous application

of GA3 retarded the synthesis of ethylene which in turn
increased the tolerance of wheat plants under stress
conditions.

The opposite effect was observed in plants treated with
IAA, athough, there was an obvious stimulatory effect in
mass production. However ethylene production was
vigorously stimulated especially at the higher salinization
levels. Auxin stimulates ethylene production in a wide
variety of plant tissue under normal conditions (Yang and
Hoffmann, 1984; Yoshii and Imaseki, 1982; Kim et al.,
1997). Therefore, it can be said that exogenous
application of IAA decreased the sensitivity of plant
towards the accumulation of ethylene.

Finally, it can be observed that any of the two
phytohormones used regulate the disturbances of
metabolites and neglect the negative effects of the
accumulation of ethylene especially in plants treated with
IAA under stress conditions which in turn resulted in a
pronounced alleviated drastic effect of salt.

REFERENCES

Addicott FT (1982). Abscission University of California Press, Berkeley.

Barnett NM, NaylorAW (1966). Anino acids and protein metabolism in
Bermuda grass during water stress - Plant Physiol. 41:1222-1230.

Bates LS, Waldren R P, Teare ID (1973). Rapid determination of free
proline for water stress studies. Plant Soil. 39:205-207.

Bohnert HJ, Nelson DE, Jensen, RG (1995). Adaptation to
environmental stresses. The Plant Cell 7:1099-1111.

Devitt DA, Stolzy L, Labonauskas CK (1987). Impact of potassium,
sodium and salinity on the protein and free amino acids content of
wheat grain. Plant Soil 103:101-109.

El-Beltagy AS, Hall MA (1974). Effect of water stress upon endegen
ous ethylene levels in Vicia Faba. New Phytol. 73:47-60.

El-Beltagy AS, Hall MA (1975). Studies on endogenous levels of
ethylene auxin in Vicia Faba during growth and development. New
Phytol. 75:215-224.

Fales F W (1951). The assimilation and Degradation of carbohydrates
of yeast cells J. Biol. Chem. 193:113-118.

Goeschi JD, Rappaport L, Pratt HK (1966). Ethylene a factor regulating
the growth of pea epicotyls subgected to physical stress. Plant
physiol. 41:877-884.

Guinn G (1976). Water deficit and ethylene evolution by yong cotton
bolls. Plant Physiol. 57:403-405.

Hamdia MA (1994). The effect of NaCl salinity and sodium pyruvat on
growth of cucumber plant. Acta Societatis Botanicorum Poloniae
63:299-302.

Hamdia HA (1991). Physiological studies of some plants to salinity
injury. Ph.D. Thesis, Minia University, Minia. pp. 1-10.

Hamdia M Abd El-Samad, Shaddad MA K, Barakat N (2010). The
role of amino acids in improvement in salt tolerance of crop plants. J.
Stress Physiol. Biochem. 6:73:834-843.



Glob. J. Biol. Biomed. Res. 056

Hamdia MA (1993). Counteraction of NaCl with NaH, PO4 and NaNO3
on pigment, saccharide and protein contents in broad bean. Biologia
Plantarum 35:531-566.

Hamdia MA, EI-Komy HM (1998): Effect of salinity, gibberellic acid and
A zospirillum inoculation on growth and nitrogen uptake of zea mays.
Biological Plantarum 40:109-120.

Hamdia MA, Shaddad MAK (1996). Comparative effect of sodium
carbonate, sodium sulphate and sodium chloride on the growth and
related metabolic activities of pea plants. J. Plant Nutri. 19:717-728.

Handa S, Bressan RA, Handa A K, Carpita NC, Hasegawa PM. (1983).
Solutes contributing to osmotic adjustment in cultured plant cells to
water stress. Plant Physiol. 73:834

Hoffman N., Yu L, Yang SF (1983). Changes in 1-(malonylamino
cyclopropane- 1- carboxylic acid content in wilted wheat leaves in
relation to their ethylene production rates and 1- amino cyclopropane
- 1-carboxylic acid content. Planta 157:518-523.

Hong SW, Jon JH, Kwak JM, Nam HG (1997). Indentification of a
receptor-like protein kinase gene rapidly induced by abscisic acid,
dehydration, high salt, and cold treatments in Arabidopsis thaliana.
Plant Physiol. 113:1203-1212.

Itai C, Weyers JD, Hillman JR, Meidner H, Willner CM (1978). Abscissic
acid and guard cells of Commelina communis L. Nature (London).
271:652-654.

Jones RL, Philips ID (1966). Organs gibberellin synthesis in light-grown
sunflower plants. Plant Physiol. 41:1381.

Kim TW, Campbell A, Moriguchi T, Chul Yi H, Yang SF (1997). Auxin
induces three genes encoding 1- aminocylopropane -1- carboxylate
synthase in mung bean hypocotyle. Plant Physiol. 150:77-84.

Levitt J (1980): Salt stresses. In. Responses of plants to environmental
stresses. Vol. Il. Academic press., p. 365-454.

Lowry OH, Roserbrough NJ, Farr A L, Randall RJ (1951). Protein
Measurement with the folin phenol reagent. J. biol. Chem. 193:265-275.
Mc Cue KF, Hanson AD (1990). Drought and salt tolerance: Towards

understanding and application. Trends Biotechnol. 8:328-362.

Mckeon TA, Hoffman, NE, Yang SF (1982). Effect of plant hormone
pretreatments on ethylene production and synthesis of -1-
aminocyclopropane -1- carboxylic acid in water stressed wheat
leaves plant. Planta. 155:437-443.

McMichael BL, Jordan WR, Powell RD (1972). An effect of water stress
on ehtylene production by intact cotton petioles. Plant Physiol.
49:658-660.

Moore S, Stein W (1948). Photometric ninhydrine method for use in the
chromatagoraphy of amino acid. J. Biol. Chem. 17:367-388.

MorganDW, He CJ, De Greef JA, De proft MP (1990). Does water deficit
stress promote ethylene synthesis by intact plants? Plant Physiol.
94:1616-1624.

Munns R, Tester M (2008). Mechanisms of salinity tolerance. Annual
Review of Plant Biology. Vol. 59:651-68.

Narayana L, Lalonde S, Saini HS (1991). Water stress-induced ethylene
production in wheat. Plant Physiol. 96: 406-410.

Ning Bu, Xuemei Li, Yueying Li, Chunyan Ma, Lianju Ma, Chi Zhang Bu
N, Li X, Li Y, Ma C, Ma L, Zhang C (2012). Effects of Na,CO3 stress

on photosynthesis and antioxidative enzymes in endophyte infected
and non-infected rice. Ecotoxicol. Environ. Saf. 78:35-40.

Parida AK, Das AB (2005). Sat tolerance and salinity effects on plants:
A review. Ecotoxicol. Environ. Saf. 60:324-349.

Quayum HA, Panaullach GM, Haque MS (1991). A comparative study of two
rice varieties, Okkali and Mi 48. Bangladesh J. Bot. 20:173-142.

Raz V, Fluhr R (1992). Calcium requirement for ethylene - dependent
responses. The Plant Cell 4:1123-1130.

Rodriguez HG, Roberts JK, Jordan WR, Drew MC (1997). Growth, water
relations, and accumulation of organic and inorganic solutes in roots of
maize seedlings during salt stress. Plant Physiol. 113:881-893.

Schwarzenbach G, Biedermann W (1948). Complexons X. Alkaline earth
complexese of O, O. dihydroxyazodyes. Helv. Chim. Acta. 31:678-687.

Shaddad MA, El-Tayeb MA (1990). Interactive effect of soil moisture
content and hormonal treatments on dry matter and pigment contents
of some crop plants. Acta Agronomica Hungarica. 39:49-57.

Shah CB, Loomis RS (1965). Ribonucleic acid and protein metabolism
in sugar beet during drought. Physiol. Plant 18:240-254

Skriver K, Mundy J (1990). Gene expression in response to abscisic
acid and osmotic stress. Plant Cell 2:503-512.

Spickelt CM, Smirnoff N, Rateliffe RG (1992). Metabolic responses of
maize roots to hyperosmotic shock. Plant Physiol. 99:856-863.

+ + . .

Tester M, Davenport R (2003). Na olerance and Na transport in higher
plants. Ann. Bot 91:503-527.

Vilardell J, Marthnez- Zapater JM, Goday A, Arenas, Pages M (1994).
Regulation of the rab 17 gene protein transgenic Arabido psis wild-type,
ABA-deficient and ABA-sensitive mutants. Plant Mol. Biol. 24:561-569.

Voetberg G, Sharp RE (1991). Growth of the maize primary root at low
water potentials, Ill. Role of increased proline deposition in osmotic
adjutment. Plant Physiol. 96:1125-1130.

Walker AM , Dumbroff BE (1991). Effect of salt stress on abscisic acid
and cytokinin levels in tomato. 2. Pflanzen Physiol. 101:461-470.

Watson DJ, Watson MA (1953). Studies in potatoes agronomy. 1- Effect
of variety seed size and spacing on growth, development and vyield.
J. Agar. Sci. 66:241-249.

Weimberg R, Lerner HR, Poljakoff-Mayber A (1984). Changes in growth
and water. soluble solute concentrations in sorghum bicolor stressed
with sodium and potassium salts. Physiol. Plant 62:472-480.

Woods JT, Mellon MG (1985). Chlorostannous reduced
molybdophosphoric blue colour method in sulphuric acid systern. In :
Jockson, M. (ed): Soil Chemical Analysis. Prentice-Hall International,
London. pp. 141-144.

Wyn Jones RG (1981). Solt tolerance. In CB Johnson, ed, physiological
processes limiting plant productivity. Butterworths, London. pp. 271-
292.

Yang SF, Hoffman NE (1984). Ethylene biosynthesis and its regulation
in higher plants. Annu. Rev. Plant Physiol. 35:155-189.

Yoshii H, Imaseki H(1982). Regulation of auxin-induced ethylene
biosynthesis. Repression of inductive formation of 1- minocyclopropane-1-
carboxylate synthase by ethylene. Plant Cell Physiol. 23:639-649.

Zimmermann U. (1978). Physics of turgor and osmoregulation. Annu.
Rev. Plant physiol. 29:121-148.



