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ABSTRACT

A pot experiment was conducted to evaluate the effect of grain presoaking in kinetin (0.1 mM),
spermine (0.3 mM) and their interaction on yield components and biochemical aspects of the yield-
ed grains of wheat plants irrigated with 25% seawater. Seawater salinity caused marked reduc-
tion in shoot length, plant height, main spike length, main spike weight, number of tillers per plant,
number of spikes per plant, number of spikelets per main spike, number of spikelets per plant,
number of grains per main spike, number of grains per plant, grain yield per main spike, grain
yield per plant, individual grain biomass, 100-kernel weight, biological yield, economic yield, straw
yield, crop yield, mobilization index, crop index, harvest index, as well as relative grain yield and
evapotranspiration efficiency. Furthermore, seawater induced marked reduction in biochemical as-
pects of yielded grains especially carbohydrates content (glucose, sucrose, total soluble sugars, pol-
ysaccharides and total carbohydrates), nitrogenous constituents (ammonia, amino, amide, total sol-
uble, total and protein nitrogen), total protein and nucleic acids (DNA and RNA) contents as well as
proline and organic acids (citric and keto acids) contents. Conversely, seawater stress increased ni-
trite nitrogen, phosphorus (inorganic, organic and total) and ions (Na*, Kt and Cl’) contents of the
yielded wheat grains.

Treatment with kinetin and spermine appeared to mitigate the effect of seawater stress on
wheat yield and the biochemical aspects of yielded grains. The effect was more pronounced with
kinetin + spermine treatment. Furthermore, the change in grain yield in response to seawater
stress and the used chemicals was strongly correlated with the change in all the estimated yield
criteria and biochemical aspects of the yielded grains (r = 0.7 - 1.0).

Keywords: Triticum aestivum, seawater stress, yield, kinetin, spermine.

INTRODUCTION 2009). Egypt is present in the semi-arid re-

Wheat is a major agricultural commodity gion; seawater therefore has been a recent ef-

and dietary component across the world, fort, the possibility of obtaining reasonable

where it is the most widely grown crop species yield and quality to products from whole
in the world (Rezzoug et al., 2008). Moreover, grains (Abd El-Baky et al., 2008).

wheat is one of the most important cereals in
the view of nutritional value (Abd El-Baky, Yield is the ultimate outcome of all pro-
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cesses involved at all stages in growth and de-
velopment of a crop, any one of which may
limit the yield of a particular crop (Munns et
al., 2006). Previous reports have revealed that
stressing wheat plants with different levels of
saline solution resulted in significant and
gradual decline in all yield components, such
as the number of tillers, number of spikes per
plant, number of grains per plant, straw yield,
grain yield, biological yield and harvest index.
In addition, the yielded grains contained less
carbohydrates, nitrogen, protein, phosphorus,
potassium, calcium and magnesium contents,
but higher sodium content when compared
with control plants (Igbal et al., 2006b; Kho-
zaei et al., 2006; Ahmed et al., 2008; Aldesu-
quy et al., 2009).

Seed priming with cytokinins, especially
kinetin, is reported to increase plant salt tol-
erance. It was hypothesized that cytokinins
could increase salt tolerance of wheat plants
by interacting with other plant hormones, es-
pecially auxins and ABA (Igbal et al., 2006a).

Polyamines have been shown to be an inte-
gral part of plant stress response, as they are
implicated in senescence and environmental
stress (Alcazar et al.,2006). Many studies have
indicated that stress tolerance of plants is
correlated with their capacity to enhance the
synthesis of polyamines upon encountering
the stress (Kasinathan and Wingler, 2004).

The present work was undertaken to as-
sess up to what extent seed priming in kine-
tin, spermine or their interaction could ameli-
the
stress on yield components and biochemical

orate deleterious effects of seawater

aspects of the yielded grains of wheat plants.
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MATERIALS AND METHODS
Plant material and growth conditions :
For soaking experiment, a homogenous
lot of Triticum aestivum L. var. Sakha 93
grains was selected. The grains were surface
sterilized by soaking in 0.01 M HgCl, solution
for three minutes, then washed thoroughly
with
were divided into four sets.
15t set

serve as control, while those of the 2nd, 3rd,

distilled water. The sterilized grains
Grains of the
were soaked in distilled water to
or 4th sets were soaked in 0.1 mM kinetin,
0.3mM spermine or 0.1mM kinetin + 0.3 mM
each for about 12

spermine; respectively,

hours.

After soaking, thoroughly washed grains
were drilled on 151 November 2008 in plastic
pots (20 cm in diameter) filled with 5.5kg soil
(clay/sand, 2/1, v/v), where fifteen grains
were sown in each pot. The pots were then
kept in a greenhouse at Botany Department,
Faculty of Science, Mansoura University,
Egypt. The plants were subjected to natural
day/night conditions (minimum/maximum
air temperature and relative humidity were
15/25°C and 35/45%; respectively) at mid-
day during the experimental period. The
plants in all sets were irrigated to field capaci-

ty with tap water.

After two weeks from sowing, thinning was
started so that five uniform seedlings were
left in each pot for the subsequent studies.
The plants of each set were sub-divided into
two groups. The 15t group in each set was still
irrigated with normal tap water serving as
control, whereas the 214 one was irrigated
with 25% seawater. The resulting eight treat-
ments were marked as follows:



Treatments 1 2 3 4 5 6 7 8
0 25 0 25 0 25 0 25
o

SW (%) n n 3 3 3 3 3 )
K - - + + - - - -
Spm - - - - + + - -
K+ Spm - - - - - - + +

Abbreviations: SW: seawater, K: kinetin, Spm: spermine

The choice of the above mentioned doses of
the used chemicals (i.e. kinetin and/or sper-
mine) was based on trial experiments for
studying the effect of the provided chemicals
on the growth of the different seawater-
treated wheat plants. Irrigation with seawater
was applied after 30 days from sowing with a
periodical soil washing (each two weeks) with
tap water.

The chemical analyses of the employed
seawater, collected from Mediterranean Sea,
revealed that it contains Cl-, 21.6 Kg m™3;
Nat, 11.1 Kg m™3; SO4°2, 2.85 Kg m™3; K*,
0.49 Kg m™3 and P*3, 16.6 ug dm3. Its salini-
ty was found to be 38.5 g kg-1; pH, 8.1 and
EC, 47 mmhos cm™l.

For estimation of yield and yield attributes,
ten samples of guarded plants were taken
from each treatment. Moreover, only three
samples were taken from each treatment
for biochemical analyses. Data were ob-
tained and the mean values per plant were

computed.

Estimation of yield and yield attributes :

Among the different evaluated yield attrib-
utes, the following relations were used:

Mobilization index = Crop yield / Straw
yield (Ray and Choudhuri, 1980).

Crop index = Economic yield / Biological
yield (Beadle, 1993).
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Harvest index = Economic yield / Straw
yield (Beadle, 1993).

Relative grain yield = (Yield of treatment /
Yield of control) X 100 (Beadle, 1993).

Evapotranspiration efficiency = Water use
efficiency / Harvest index

(Ehdaie and Waines, 1993).

Water use efficiency = Grain yield / Total

water used (Stanhill, 1987).

Estimation of carbohydrates :

Sugars were extracted by overnight submer-
sion of dry tissue of the yielded grains in 80%
(v/v) ethanol at 25°C with periodic shaking.

1. Estimation of glucose :

Glucose content was estimated using O-
toluidine procedure of Feteris (1965) as modi-
fied by Riazi et al. (1985).

2. Estimation of sucrose :
Sucrose was determined using the modifi-
cation of Handel (1968).

3. Estimation of total soluble sugars :

Total soluble sugars were analyzed accord-
ing to the modification of Yemm and Willis
(1954).

4. Estimation of polysaccharides :
The method used for estimation of polysac-
charides was that of Thayermanavan and

Sadasivam (1984).
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Estimation of nitrogenous constituents :

The method used for the extraction of ni-
trogenous constituents was essentially that
adopted by Yemm and Willis (1956).

1. Estimation of ammonia nitrogen :

Ammonia nitrogen was estimated by the
method adopted by Delory (1949) using
Nessler's reagent as modified by Naguib
(1964).

2. Estimation of amide nitrogen :
The method used with amide nitrogen was
that recommended by Naguib (1964).

3. Estimation of amino nitrogen :
The method used in the present study was
designed by Muting and Kaiser (1963).

4. Estimation of nitrite nitrogen :
The method described by Snell and Snell
(1939) was used to estimate nitrite nitrogen.

5. Estimation of total soluble nitrogen :

Total soluble nitrogen was determined by
the conventional semimicro-modification of
Kjeldahl method of Pirie (1955).

6. Estimation of total nitrogen :

Total nitrogen was determined by the con-
ventional semimicro-modification of Kjeldahl
method of Chinbal et al. (1943).

7. Estimation of protein nitrogen :
Subtracting the
from total nitrogen gave the value of protein

total soluble nitrogen

nitrogen.

Estimation of protein :
The method of protein extraction was
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adopted by Scarponi and Perucci (1986). Pro-
tein content was determined according to the
method adopted by Bradford (1976).

Estimation of nucleic acids :

DNA and RNA contents were estimated ac-
cording to the method of Sadasivam and Ma-
nickam (1996) as described by Devi (2000).

Estimation of phosphorus :

The procedures adopted for extraction of
different phosphorus compounds were essen-
tially those described by Barker and Mapson
(1964). The method of Kuttner and Lichten-
(1932)
(1956) was adopted to estimate both inorganic

stein as described by Humphries
and total phosphorus, and the difference be-
tween them was equivalent to organic phos-

phorus.

Estimation of proline :
The method adopted for proline was essen-
tially that of Snell and Snell (1954).

Estimation of organic acids :

The method used for determining citric
acid was that described by Snell and Snell
(1949). To estimate keto acids, the method of
Friedman and Haugen (1943) was applied.

Estimation of elements :

Flame spectrophotometry was included for
determining Na* and K* contents according to
the method designed by Chapman and Pratt
(1978). According to Hansen and Munns
(1988), Cl- levels were determined.

Statistical analysis :
Using SPSS program, a test for the least

significant differences between means at P <
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0.05 was performed using LSD test (Snedecor
and Cochran, 1976). In addition, correlation
coefficient between the economic yield and all
the estimated criteria was evaluated.

RESULTS

Changes in yield attributes :

Seawater stress at 25% caused significant
reduction (P < 0.05) in all yield components of
wheat plants (Table 1). On the other hand,
grain presoaking in kinetin, spermine or their
interaction caused marked increase (P < 0.05)
in all yield components of wheat plants irri-
gated with seawater except the number of
grains per main spike, crop index and relative
grain yield for spermine treatment; and only
crop index for kinetin treatment. In conse-
quence to the previous determinations, treat-
ment of kinetin + spermine improved all yield
components more than that of kinetin or sper-
mine only. Moreover, kinetin + spermine or
kinetin alone induced additional increase (P <
0.05) in yield components of stressed wheat
plants.

Changes in biochemical aspects of the
yielded grains :

Changes in carbohydrates content :

Data in table 2 revealed that irrigation of
wheat plants with 25%
in marked decrease (P < 0.05) in all carbohy-

seawater resulted

drates fractions (glucose, sucrose, total sol-
uble sugars, polysaccharides and total car-
bohydrates) in the yielded grains of wheat
plants. However, grain presoaking in kine-
tin, spermine or their interaction induced
significant increase (P < 0.05) in carbohy-
of the

grains if compared with untreated stressed

drates content developed wheat

plants.
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Application of kinetin, whether alone or in
combination with spermine, caused additional
increase in carbohydrates content of the yield-
ed grains of wheat plants irrigated with 25%
seawater in relation to control plants. Gener-
ally, the interaction of kinetin and spermine
had a more pronounced effect than the other
treatments.

Changes in nitrogenous constituents :

As compared to control values, seawater
salinity significantly decreased (P < 0.05) am-
monia, amino, amide, total soluble and total
nitrogen of yielded wheat grains (Table 2). On
the other hand, the applied kinetin, spermine
or their interaction generally increased the ni-
constituents

trogenous in the developed

grains of seawater-stressed wheat plants.

Seawater stress induced a marked increase
(P < 0.05) in nitrite nitrogen. Application of
kinetin, spermine either alone or in combina-
tion resulted in an additional increase in ni-
trite nitrogen. However, insignificant change

was observed for protein nitrogen.

Changes in total protein and nucleic ac-
ids contents :

The results in table 3 cleared that seawater
induced massive decrease (P < 0.05) in total
protein and nucleic acids (DNA and RNA) con-
tents in the developed wheat grains. On the
other hand, application of kinetin and/or
spermine caused significant increase (P <
0.05) in total protein and nucleic acids con-
tents of the yielded grains of stressed wheat
plants.

The combination of kinetin and spermine

was the most effective treatment in mitigating
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the deleterious impact of salinity on total pro-
tein and nucleic acids contents of wheat

grains.

Changes in proline and organic acids
contents :

Perusal of the data in table 3 showed that
seawater stress led to remarkable decline (P <
0.05) in proline and organic acids (citric and
keto acids) contents of the yielded wheat
grains. Meanwhile, kinetin, spermine or their
interaction seemed to increase tolerance of
yielded grains of stressed wheat plants to-
wards seawater salinity by increasing the pro-
duction of proline and organic acids when
compared with stressed plants.

The interaction of kinetin and spermine
had the most pronounced effect on increasing
proline and keto acids contents in the yielded
grains of stressed wheat plants. However, for
citric acid, kinetin effect exceeded that of
spermine or the combination of kinetin and
spermine.

Changes in phosphorus content :

As compared to control values, irrigation of
wheat plants with 25% seawater caused no-
ticeable increase (P < 0.05) in both inorganic
and total phosphorus contents of the yielded
wheat grains (Table 3). However, the recorded
increase in the organic phosphorus content of
the yielded grains of stressed wheat plants
was insignificant.

Grain priming with kinetin and / or
spermine caused additional increase (P <
0.05) in all phosphorus fractions of the devel-
oped grains when compared with control
plants.
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Changes in ionic content :

It appeared from table 3 that seawater
stress significantly increased (P < 0.05) Na*,
K* and CIl- content of yielded wheat grains.
Compared to controls, application of kinetin,
spermine or their interaction generally in-
creased ionic content in yielded grains of
wheat plants irrigated with 25% seawater.
Moreover, grain priming with these chemicals
resulted in additional increase (P < 0.05) in
the ionic content in yielded grains of stressed
wheat plants.

In response to the applied seawater and
the used chemicals, the grain yield was
strongly correlated with all of the estimated
yield criteria especially shoot length (r = 0.96),
main spike length (r = 0.96), plant height (r =
0.96), main spike weight (r = 0.89), number of
tillers per plant (r = 0.87), number of spikes
per plant (r = 0.91), number of spikelets per
main spike (r = 0.80), number of spikelets per
plant (r = 0.85), number of grains per main
spike (r = 0.88), number of grains per plant (r
= 0.99), grain fresh mass (r = 0.93), grain dry
mass (r = 0.94), 100-kernel weight (r = 0.92),
= 0.97),
= 0.86),

0.87), as well as relative

biological yield (r = 1), straw yield (r
crop yield (r = 0.98), crop index (r
harvest index (r =
grain yield (r = 1) and evapotranspiration effi-
ciency (r = 0.70) for wheat plants. Further-
more, the grain yield was positively correlated
with glucose (r = 0.85), sucrose (r = 0.83), to-
tal soluble sugars (r = 0.87), polysaccharides
(r = 0.96), total carbohydrates (r = 0.96), am-
monia nitrogen (r = 0.97), amino nitrogen (r =
0.97), amide nitrogen (r = 0.91), total soluble
0.94),
protein nitrogen (r = 0.92), total protein (r =
0.93), DNA (r = 0.98), RNA (r = 0.94), proline

nitrogen (r = 0.93), total nitrogen (r =
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(r = 0.91), citric acid (r = 0.94) and keto acids
(r = 0.98) of yielded wheat grains. On the oth-
er hand, weak negative correlation was re-
corded for the ionic content (P**t+, Na*, Kt

and CI") of yielded wheat grains.

DISCUSSION
It is well documented that all yield compo-
nents related to final grain yield are adversely
affected by salinity (Hasamuzzaman et al.,
2009). Thus, in this investigation, irrigation of
wheat plants with 25%
marked reduction in the yield and yield attrib-

seawater caused

utes of wheat plants (Table 1).

The results in table 1 showed that irri-
gation of wheat plants with 25% seawater
caused noticeable decrease in shoot
length, main spike length and plant height.
This was in good agreement with the results
of Islam et al. (2007). The recorded reduction
in the estimated lengths in response to sea-
water stress could be explained by the fact
that salinity may exert negative effect on plant
elongation via its reverse effect on cell divi-
sion, expansion and enlargement during the
early growth stages (Hasamuzzaman et al.,

2009).

Perusal of data in table 1 revealed that the
number of spikes and tillers per plant signifi-
cantly decreased by the irrigation of wheat
plants with 25% seawater. This may be due to
the fact that the number of spikes per plant
depends on tillering ability of the plant which
is negatively affected by salinity (Hasamuzza-
man et al., 2009). These results were in ac-
cord with the findings of several researchers
(Zeng and Shannon, 2000; WeonYoung et al.
2003).
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Fertile

an important

spikelet is well documented to
be contributory factor to
grain yield (Hasamuzzaman et al., 2009).
Thus, the in table 1 showed that
seawater stress induced marked decline in
the of
spike and also per plant. This may be at-

results

number spikelets and grains per
tributed to the reduced spikele t fertility
(the failure of grain set in its spikelet) in re-
sponse to salt stress which may be caused
by the lack or reduced pollen viability (Abdul-
lah et al., 2001).

Seawater irrigation induced drastic reduc-
tion in grain biomass and 100-kernel weight
(Table 1).
by Islam et al. (2007) and Hasamuzzaman et
(2009).
Grieve (1990) mentioned that grain yield de-

Similar observations were recorded

al. In this connection, Mass and
creased as salinity increased by reducing
grain number more than grain weight. In ad-
dition, salt stress may decrease the yield po-
tential of different plants by reducing the
number of tillers.

Grain yield of wheat plants is the ultimate
product of almost all yield components which
are inversely influenced by salinity levels. Un-
der seawater stress, the loss of grain yield
may result from a combination of reductions
in plant stand, spikelet number per spike,
spike length and fertility (Hasamuzzaman et
al., 2009). The reduced grain yield of stressed
wheat plants may result from increased Na*
uptake through root before flowering and its
subsequent distribution in different vegetative
and floral parts; especially in leaves where it
causes leaf mortility and reducing transporta-
tion of total assimilates to the growing region
(Munns, 2002).



Aldesuquy, H. S.; et al...

Seawater stress also caused massive
reduction in straw yield of wheat plants
(Table 1). This result was in accordance with
that obtained by Naeem and Muhammad
(2006) who ascribed the decrease in straw
yield due to salinity to poor water absorption
caused by increased solutes in the soil solu-
tion. In addition to the direct toxic effects of
Nat and CI-, the increase in ion concentration
in the leaf cell sap may retard enzymatic pro-
cesses. In this regard, Fitter and Hay (1981)
postulated that increased straw yield may be
due to increasing cell size and activating the

enzymatic process.

The harvest index (the proportion of total
shoot mass that is found in grain) can vary
from 0.2 to 0.5, depending on the timing and
severity of the salt treatment (Husain et al.,
2003). In this investigation, seawater salinity
reduced harvest, mobilization and crop indi-
ces of wheat plants (Table 1). Also, Dixit et al.
(2004) observed that stressing wheat plants
with different levels of salinity resulted in
great reduction in the harvest index, and this
reduction was found to increase with increas-
ing the salt concentration. The decrease in
harvest index with salinity may be due to the
severe inhibitory effects of salts on fertility.

FAO publication number 56 (Allen et al.,
1998) provided a very important guideline for
calculating crop evapotranspiration under wa-
ter and salinity stresses. It was assumed that
reduction in available water, either physical
(drought) or physiological (salinity), may limit
evapotranspiration and consequently reduce
yield (El-Mesiry et al., 2007). Irrigation of
wheat plants with 25%
cantly reduced evapotranspiration efficiency

seawater signifi-
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(Table 1). Salts in the soil solution can reduce
evapotranspiration by making water less
available for plant root (Ouda, 2006). Howev-
er, under saline conditions, many plants are
able to compensate for low osmotic potential
of the soil solution by building up higher in-
ternal solute contents (Ouda, 2006), and this
may explain the improvement of evapotranspi-
ration efficiency with the application of kine-
tin, spermine or their interaction, where it
was found that these chemicals caused
marked increase in osmotic pressure and dif-
ferent osmotically active metabolites in water
extract of flag leaves of stressed wheat plants
(unpublished data).

The reduction in wheat yield and yield
components in response to seawater stress
might be attributed to the inhibiting effects of
salinity on plant growth due to the suppres-
sion of many metabolic processes including
protein, nucleic acids and polyamine synthe-
sis (Reggiani et al., 1994), activity of mito-
chondria and chloroplasts (Singh and Dubey,
1995), decreasing transpiration, stomatal con-
ductance and photosynthesis (Sharma, 1995),
the toxic effects of certain ions present in soil
solution and/or imbalance in phytohormone
levels through its effects on either the biosyn-
thesis or the destruction of the plant hor-
mones (Nesiem and Ghallab, 1999). Shani
and Dudley (2001) related the yield loss to re-
duced photosynthesis, high energy and carbo-
hydrates expenses in osmoregulation and in-
terference with cell functions under saline
conditions.

Cytokinins are known to be involved in var-
ious processes of plant growth and develop-

ment such as cell division, apical dominance,
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leaf senescence, stomatal behavior and chlo-
roplast development (Brault and Maldney,
1999). Therefore, an adequate cytokinins sup-
ply is essential for normal plant development
(Takei et al., 2002). The results in table 1 indi-
cated that application of kinetin, either alone
or in combination with spermine, enhanced
all yield components of stressed or unstressed
wheat plants. In accordance with these find-
ings, it was earlierly noticed that presoaking
of wheat grains in phytohormones before sub-
jection to salinity stress increased the plant
yield (Salama and Awadalla, 1987; Farida et
al., 2003).

It is possible that under salt stress, the
amount of naturally occurring cytokinins are
suppressed; probably through the inhibition
of their de novo synthesis, conversion from
active to inactive or bound form, or the accel-
eration of their degradation (Igbal and Ashraf,
2006). In addition, it was previously postulat-
ed that salinity stress could reduce cytokinins
export from the plant root, where they are
synthesized, into the shoot of most plants
(Kuiper et al., 1990). These two reasons may
explain why the exogenous application of kin-
etin could alleviate the inhibitory effect of sea-
water stress on wheat yield.

An improvement in wheat productivity due
to increased rates of photosynthates translo-
cation from leaves to grains caused by hor-
mone pretreatment had also been suggested
by Aldesuquy and Ibrahim (2001). It was pro-
posed that under salt stress conditions, the
thickness of assimilate-conducting pathway is
reduced, and leaves start behaving as sinks
rather than sources (Arbona et al., 2005). This
causes inhibition of assimilate movement to-
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wards the developing reproductive organs,
which might be the reason for the observed
decrease in yield. On the other hand, these
adverse effects of high salinity were alleviated
by the hormone treatment, primarily by reju-
venation of sink potential and enhancement
of the duration or rate of dry mass accumula-
tion in developing reproductive organs (Shah,
2007).

Aldesuquy and Ibrahim (2001) proposed
that hormones used during salt stress may
reduce water loss rates and cause a concomi-
tant increase in leaf water potential and car-
bon gain rates which are all reflected in the
enhanced yield. Angrish et al. (2001) further
assumed that the plant growth regulator in-
duced salinity stress alleviation by a concomi-
tant increase in the tissue nitrogen content
and nitrate reductase activity.

Seed priming with cytokinins has been re-
ported to have beneficial effects on wheat un-
der salt stress (Igbal and Ashraf, 2005; Igbal
et al., 2006a). These findings indicated that
relief of damage and restoration of normal
conditions was maintained either partially or
completely by application of kinetin. This re-
covery may be a consequence of several roles
played by such hormones, which can cause
triggering of the internal cellular metabolism
and also induce alterations in the ratios of
growth regulators (Younis et al., 2003).

Polyamines play very important role in
many physiological processes (related to yield
quality) such as reproductive organ develop-
ment, floral initiation and development, as
well as fruit development and ripening (Bais
and Ravishankar, 2002; Tiburcio et al., 2002).
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Therefore, the results clearly indicated that
application of spermine was significant in
ameliorating the adverse effects of seawater
on yield and yield components of wheat plants
irrigated with seawater at 25% (Table 1). Simi-
lar results were obtained by Igbal and Ashraf
(2005) and also by El-Bassiouny et al. (2008).

In this respect, Davies (1995) reported that
polyamines play a critical role in different bio-
logical processes, including cell division,
growth, somatic embryogenesis, floral initia-
tion as well as the development of flow-
ers and fruits. This could be explained by
the fact that polyamines, and spermine
with special concern, have the ability to in-
crease the efficiency of solar energy conver-
sion into different photosynthetic outputs
which maximized the growth rate of wheat
plant and consequently increased its produc-
tivity and yield components. In addition, sper-
mine may exert a stimulatory effect on
stressed or unstressed wheat plants through
their role in increasing the endogenous phyto-
hormones (in particular cytokinins) which in
turn increase the yield components by break-
ing the apical dominance of wheat plants
leading to the increase in flowering tillers and
consequently the number of spikes and their
weight and/or through increasing the assimi-
lates and their translocation from leaves to
spikes as the spike weight increased (EI-

Bassiouny et al., 2008).

Hussein et al. (2006) reported that pea
plants treated with putrescine gave the high-
est values of total pod yield and its compo-
nents as compared with the control. Also, the
lowest values were recorded with high level of
salinity, and the plants treated with putres-
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cine under salinity stress condition gave the
best yield as compared with plants under sa-
linity stress without putrescine spraying.
They postulated that these results may be
due to the role of putrescine as a growth regu-
lator which promotes the plant growth and in-
creasing photosynthetic pigments content of
pea plants as well as increasing the endoge-
nous phytohormones (IAA, GA3 and cytoki-
nins) and decreasing ABA which turn on in-
the total

components.

creasing pod yield and its

As an explanation to the ability of exoge-
nously-applied polyamines to ameliorate the
ill effects of salt stress, Liu et al. (2006) sug-
gested that polyamines are highly protonated
at a physiological pH, which favors electro-
static binding of polyamines to negatively
charged components of membranes, leading
to membrane stabilization through ionic inter-
actions. In addition, polyamines may be effec-
tive in scavenging free radicals. Recently, sev-
suggested that
polyamines could activate the antioxidant sys-

eral reports exogenous
tems, thereby controlling free radical genera-
tion and preventing membrane lipid peroxida-
tion, which resulted in improved cell growth
under stress (Tang and Newton, 2005; Verma
and Mishra, 2005).

Generally, seawater stress resulted in
marked reduction in carbohydrates, nitroge-
nous constituents, total protein, nucleic ac-
ids, proline and organic acids contents of the
yielded wheat grains (Table 2). The reduction
in different organic constituents of developed
wheat grains in response to seawater stress
may be attributed to the fact that salt stress

could increase ABA levels in flag leaves which
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in turn induced stomatal closure and conse-
quently decreased photosynthetic activity in
flag leaves, this effect may result in a decrease
in biochemical aspects of the yielded grains.
Also, salinity stress may stimulate the early
senescence in wheat flag leaf which may affect
the translocation of photoassimilates to the
developing grains. These results were in good
accordance with those obtained by Elhakem
(2008) and El-Sawy (2009).

Seed priming with kinetin and/or spermine
appeared to alleviate either partially or com-
pletely the noticeable decrease in all biochem-
ical aspects of yielded wheat grains in both
stressed and unstressed plants (Table 2).
Matching this, grain priming with kinetin in-
creased carbohydrates and protein contents
in yielded grains of stressed sorghum plants
(Aldesuquy et al., 2005). Moreover, Suleiman
et al. (2002) and Zeid (2004) mentioned that
putrescine application resulted in increased
in the biosynthesis of nucleic acids, synthesis
of macromolecules particularly protein and
photosynthetic pigments.

The decrease in protein contents in yielded
grains of stressed wheat plants may be due to
less transport of protein from source (flag leaf)
to the sink (grain). In support to this finding,
water stress induced remarkable decrease in
total protein of the flag leaf at heading stage
(unpublished data). Application of kinetin un-
der seawater salinity was found to synergisti-
cally increase seed protein content, being in
accordance with the results of Aldesuquy and
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Ibrahim (2001) and Shah (2007). Hormone
pretreatment is known to have a secondary
enhancing effect on protein content through
the intensification of nitrate reductase activity
(Shah, 2004). Stimulation of the enzymes in-
volved in protein synthesis by GA3 stimulates
the overall protein synthesis (Premabatidevi,
1998).

Phosphorus, sodium, potassium and chlo-
ride levels in yielded wheat grains were in-
creased in response to seawater stress
(Table 3). These results match those obtained
by Elhakem (2008) and El-Sawy (2009) work-
ing on wheat plants subjected to different
types of stress. The increase in ionic con-
tent of developed grains is a logic conse-
quence to the irrigation using seawater which
is rich in different ionic components. This in-
crease in ions level may result from transpor-
tation of these elements from root to shoot
through the transpiration stream to the devel-
oping grains.

Application of kinetin and spermine caused
additional increase in phosphorus, sodium,
potassium and chlorides contents of yielded
wheat grains (Table 3). As a similar trend,
grain priming with kinetin increased ion con-
tents in yielded grains of stressed sorghum
plants (Aldesuquy et al., 2005). Moreover, pol-
yamines increased water uptake by root and
consequently increased the uptake and trans-
location of Nat, K* and Cl- contents which
were driven by transpiration (Alcazar et al.,
2006).
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