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Effect of Salt Stress on Physiological Behaviors in Four Wheat Cultivars
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Abstract: A field experiment was conducted during winter season of 2005/06 to define the physiological behaviors
resulting from inducing salinity tolerant in wheat plant by potassium foliar application at rates of 0, 3, 6 and 9 g fertilzer
I'' assoluble k,SO,, under irrigation with different saline waters (0.4, 2.5, 5 and 10 dSm™"), Wheat (Triticum aestivum
L.) varieties viz. Sakha 93, Gimiza 9, Sids | and Gizal68. were grown to maturity on a sandy soil (EC, 1.45 dSm-1 .
Dry matter of shoot and root, O P (osmotic pressure), RWC (relative water content), chlorophyll a,b and carotenoides
were measured. In general the application of potassium proved to be promotive for the chlorophyll (a, b}, carotenoidies,
shoot dry weight, root dry weight, R.W.C%. and O.P. significant variation among the investigated varieties were

observed.
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INTRODUCTION

Wheat crop is one of the major cereals can grow in
arid and semi-arid regions of the world. In saline
environment, when salts are present in higher
concentrations plant growth is affected negatively in
various ways i.e. shoot and root dry weight O P and
RWC, the development of salt tolerant plants depends
on physiological basis, may be provided more
understanding the term of tolerance. Hence many
metabelic changes are known to occur in plants
subjected to salt stress, physiological parameters such as
O P and RWC, have been suggested for use tolerance
indicators since they can be related to sait tolerance
mechanisms (Ashraf and Waheed, 1993).

. The decrease in chlorophyll was interpreted to be
attributed to the inhibition of chlorophyll synthesis as
well as to accelerated turnover of chlorophyll already
present. However, mild drought stress increased the
chlorophyll content. Indeed the reduction caused by salt
stress may be due to the effect of Na' which causes
osmotic and metabolic problems for plants (Moreshat ef
al, 1996). Although some of the physiological
mechanisms which contribute to salt tolerance in plants
are known, there are still some major gaps in
understanding and it remains impossible to provide a
satisfactory integrated picture for the plant as a whole
(Micheal et al., 1997).

In wheat, the photosynthetic depression under
salinity and drought was found to be due to both
stomatal and nonstomatal factors (Reddy et af,, 1998;
Shabala er al, 1998, Belkhodja et al, 1999). Irrigation
with saline water increased chlorophyll (a), chlorophyll
(b), total chlorophyll and carotenoid concentrations in
leaves of cotton plants of Giza 83 cultivar (Saeed,
2000). Shoot growth, leaf arca and total dry weight of
Sultana vines (Vitis vinifera L) were reported
significantly reduced at all salinity levels (5, 25, 50 and
100 mM of NaCl). Photosynthetic rate and stomatal
conductance were greatly reduced by salinity and highly
correlated with leaf CI ™' content (Fisarakis ef af., 2001).
The fresh and dry matter yield of wheat seedlings were
observed to be decreased at high salinization levels.
With 90 mM NaCl which representing the threshold of
salinity, soluble carbohydrates and total protein content

of salt stressed seedlings were decreased (Radi ef o,
2001). RWC is considered as alternative measure of
plant water status, reflecting the metabolic activity in
tissues and used as a most meaningful index for
identifying legumes with contrasting differences in
dehydration  tolerance (Sinclair Ludlow, 1986;
Madhusudhan et al, 2002). The underlying
physiological mechanisms for salt resistance have not
been fully identified or characterized (Munns, 2002 ;
Apse and Blumwald, 2002). Under salinity conditions,
photosynthetic depression into wheat plant was rapid
and accompanied with a decline of the energy
conversion efficiency in photosystern 1| (Muranaka er
al., 2002).Photosystem I activity and chlorophyll
content were used as key parameters to assess
photosynthetic performance .There was a marked
variation in the photosynthetic rates and ribulose- 1,5
bisphosphate carpoxylase activity among five mulberry
caltivars subjected to water stress. A better
understanding of the mechanisms that enable plants to
adapt to water deficit and maintain growth and
productivity during the drought period will ultimately
help in the selection of drought tolerant varieties. The
effect of water stress on the activities of the
photosynthetic enzymes is a secondary effect mediates
by the produce CO, partial pressure inside the leaf
caused by stomatal closure (Chaitanya et al, 2003).
Leaf injury of wheat growth under NaCl and Na,SO,
salinity, can be quantified by a number of methods such
as chlorophyll content which can be measured with a
SPAD meter. Turgor and osmotic adjustment are also
indicators of leaf injury and Photosynthetic capacity
(Igbal, 2003). At vegetative growth stage increasing
salinity decreased chlorophyll content and fresh weight
of leaves, when used different salinity levels (0, 100,
200, 300 and 400 mM NaCl). Generally, the value of
chlorophyll (total, a and b) decreased with increasing
salinity level. The low salinity level (100 mM NaCl)
reduced the three forms of chlorophyll to a lesser degree
than the other treatment Sherif, 2005).

In the present study, the main objective was to
define the physiological behaviors leading to induce
salinity tolerant in wheat plant by potassium foliar
fertilization under irrigation with saline water. Four
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wheat varieties viz. Sakha 93, Gimiza 9, Sidsl and
Gizal68, were investigated by measuring physiological
characters. The study was extended to use the osmotic
pressure and relative water content to distinguish
between the varieties under saline and non-saline
conditions. The other objective of the present study was
to determine chlorophyll a, b and carotenoides in leaves
as well as a/b as affected by saline water irrigation
.These objectives would help to understand some of
mechanisms of salt tolerance in wheat plant,

MATERIALS AND METHODS

A field experiment was carried out in the
Experimental Farm of the Faculty of Agriculture, Suez
Canal University, Ismailia Governorate, Egypt. The
experiment was carried out during the season 2005-06,
and its experimental design was a split split with three
replicates. The seeds were sown in plots each 2x1 m, in
rows 20 cm apart and 15 cm within the row, after farm
yard manure had been applied at a rate of 20 m® fed’. N
— fertilizer applied to all plots at a rate of 400 kg fed™
as ammonium nitrate (33.5%N) in three equal split
dressing after 15, 45 and 75 days from sowing. P-
fertilizer was applied to all plots at rate of 200 kg fed™'
as superphosphate (15.5% P,0;) in two equal split
dressing before sowing and after 15 days from sowing.
K-fertilizer was applied to all plots at a rate of 100 Kg
fed " as potassium sulfate (48% K,0) in three equal
split dressings after sowing and after 30 and 60 days
from sowing. The micronutrients were applied as a
mixed fertilizer (Fe 3%, Zn 3%, Mn 3.5%) at a rate of 1
g 17! of foliar spraying solution. The wheat plants were
sprayed two times, i.e., after 25 days from sowing and at
initial heading stage. The plants were sprayed till run-
off and the volumes of spraying solutions ca 500 ml and
one | plotlat the first and second applications,
respectively. The main plots were devoted to varieties
while irrigation water salinity levels were located in sub
plots and potassium foliar rates were presented in sub
sub plots.

Experimental Treatments

Four wheat cultivars were used viz, Sakha 93,
Gimiza 9, Sids 1 and Giza 168. The origin of those four
varieties is Egypt. The wheat plants were irrigated with
saline water having four levels of salinity namely 0.4
(control), 2.5, 5 and 10 dSm™",

Foliar application of potassium was attained at the
rates of 0, 3, 6 and 9 g fertilizer I'! as soluble potassium
sulfate (50% K,0), every irrigated by saline water.

The main plots were devoted to varieties while
irrigation water salinity levels were located in sub plots
and potassium foliar rates were presented in sub sub
plots.

Physiological Characters

Relative water content, leaf osmotic pressure and
leaf pigment content (chlorophyll a, chlorophyll b and
carotenoids) were assayed after 75 days from sowing.

Relative water content (RWC %):
Thirty discs were taken from flag leaf (Barrs,
1968), and calcuiated as follow:

RWC% = [FW-DW)/ (TW-DW)] x100

Where:
FW: fresh weigh, DW: dry weigh, TW: Turgid weigh

Leaf osmotic pressure was calculated by
multiplying total soluble solids in leaf sap. (dSm™) by
the factor 0.36 (Jackson, 1967).

Leaf pigment content were measured after Fadl and
Sari EL- Deen, (1978).

Dry matter weight of shoot and root were measured
after being oven dried at 70 °C.

RESULTS AND DISCUSSION

Figures(l - 4) show that irrigation with different
levels of saline water significantly reduced the
chlorophyll contents (a, b, atb} in the flag leaves and
dry weights of shoot and root. The higher the level of
irrigation water salinity the lower were the chlorophyll
contents and dry weight of shoots and roots. This was
true with all investigated wheat cultivars. However, an
opposite trend was observed to be true regarding the
chlorophyll a / b ratio. However, some exceptions are
noticed to be existed within the trends of the presented
data.

Relative water content % in the flag leaves was
found to be decreased under the different levels of
irrigation water salinity regardless the K applications,
and the higher the salinity levels the lower was the
relative water content %. This was found true with all
investigated cultivars. However the salinity level of 5.0
dSm™ showed an opposite trend for RWC% for the
variety Giza 168 as a sensitive variety.

Osmotic pressure was observed to be decreased in
leaf sap under high salt stress and the reverse proved to
be correct under moderate salt stress.

Regardless the salinity effect, potassium foliar
application caused the osmotic pressure to be increased,
and the higher the potassium level, the higher was the
osmotic pressure in leaf sap.

In general, the foregoing result trends were found to
be consistent in field experiments and pot experiments
{Ebtesam — El-Hosini,2009). In this respect,

Zerbi et al (1990) reported that raising solute
concentrations of the solution surrounding a plant's root
reduces the water potential gradient between solution
and root uptake. If the external water potential is lower
(more negative) than internally, water uptake will cease.
In the short term this will reduce growth, in the long
term it will cause wilting and vltimately death. Garcia et
al. (1997) indicated that NaCl reduced the growth of
plants and caused chlorophyl] loss in leaves in rice due
to disrupted chloroplast integrity. Zeng and Shannon
{2000) indicated that the reduction in seedling survival
rates and growth are major causes of crop loss in salt —
affected rice fields.

In addition,Yeo and Flower (1982) and Criddle es
al. (1989) reported that NaCl reduces a variety of
activities essential for respiration and photosynthesis
due to dehydration, which denatured many proteins or
membranes and ion displacement, in which the
accumulating chemical compound replaces inorganic
cofactors needed for some enzymes to work efficiently.
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In the present study, the application of potassium
proved to be generally promotive for the chlorophyll a,
b and carotenoidies, shoot dry weight, root dry weight,
R W C. and O P significant variations amoeng the
investigated cultivars were observed. Sakha 93 and
Gimiza 9 were ranked as the most tolerant cultivars,
While, sids ! cultivar as moderate and Giza 168 as
sensitive one.

Teaster and Davenport (2003) interpreted the
reduction in physiological characters to be due to the
effect of Na™ which causes osmotic and metabolic

problems for plants. Salt resistance is known to mean
the ability of plants to grow satisfactorily in saline soil.

Munns et af (2006) reviewed important mechanisms
of tolerance involve Na' exclusion from the
transpiration stream, sequestration of Na " and CI"in the
vacuoles of root and leaf cells, and other processes that
promote fast growth despite the osmotic stress of the
salt outside the roots. They reject the notion that a salt
stress induced reduction in cellular turgid pressure is
necessarily a primary cause of growth inhibition.
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Fig (1): Effect of Sahmty and Potassium Levels on (a) Chlorophy]l a(b) ;Chlorophyll b and (c) Caroteno:des
S0, 51, 83 and 53 refer to irrigation water salinity at 0.4, 2.5, 5 and 10 dSm’', respectively.
KO, Kl, K2 and K3 refer to K-foliar application rates Dfﬂ, 3, 6 and 9 g KoS0417, respectively
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- 80, 51, 83 and $3 refer to irrigation water salinity at 0.4, 2.5, 5 and 10 dSm™, respeetively; K0, K1, K2 and K3 refer to K-foliar application rates of 0,3, 6 and 9 g

Fig (3): Effect of Saliriity and Potassium Levels 6'n(a) RWCandOP (B); o
KaSQul ', respectively.
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