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Investigation And The Analysis Of Water Masses At Pakistan
Coastal Regions

'M.Waheed-uz-Zaman and °M.Ayub Khan Yousuf zai

YInstitute of Space and Planetary Astrophysics and
Department of Applied Physics, University of Karachi

mwaheed 06@yahoo.com

Abstract: In this communication we have  studied the properties of water masses in the coastal
regions of Pakistan with seasonal influences. Changes in the coastal are magnified by the
proximity of land that does bring with an annual increase in atmospheric temperatures and a
concentration of fresh water supply through river run off. This fact makes the characterization of
water masses more difficult than in the deep ocean where the most of the water is not in contact
with the atmosphere. The Northern Arabian Sea is least known but present studies show the
presence of three high salinity features in the upper 500 meters. These masses are identified as
Red Sea Water masses, Persian Gulf water and Arabian Sea High salinity water respectively. The
Red Sea and Persian Gulf, contribute high salinity waters to the Arabian Sea at depth about 500
meters and 300 meter respectively, while Arabian Sea high salinity water mass is the shallowest of
the three high salinity masses and lies at the bottom of the equatorial surface water. The system of
water types/ masses in the Arabian Sea is complex, so that several suggestions of the dominating
ones can be found. The air-sea interaction and the water exchange with the Indian Ocean control
and maintain the major characteristics of the water masses and the circulation in the northern
Arabian Sea. Due to the atmospheric forcing there is up-welling all along the Somali Coast that
moves northward and divert to open Arabian Sea as Ras Ai — Hadd jet (RAH). The RAH jet
adverts significant amounts of up-welled water into the open Arabian Sea during the southwest
monsoon and acts as a conduit for Gulf of Oman waters reaching the open Arabian Sea at the end
of the southwest monsoon and into the fall inter-monsoon period suggested that of formation of
Arabian Sea High Salinity water. [New York Science Journal. 2008;1(3):1-11]. (ISSN: 1554-
0200).

l. INTRODUCTION

Description of seawater characteristics and motions are facilitated by using the concept

of water masses. This concept is analogous to that employed by meteorologists to describe
air manner in weather patterns. Air masses are identified by characteristic combinations of
air temperature and moisture content. These characteristics allow meteorologists to
identify the past history (air source regions) of the various air masses. Examples of air
masses include continental polar (cold dry air formal over high latitude land areas) and
maritime tropical (warm, moist air formal over equatorial ocean areas.

Large volumes of seawater move through the oceans as discrete water masses, identifiable
by their characteristic temperatures and salinities. These water masses form at the ocean
surface, and their temperatures and salinities reflect surface conditions where they formed.
If a newly formed water mass is denser than its surrounding waters, it sinks to a level
determined by its density relative to the density distribution in the nearby ocean. Below
the surface, water masses are moved by subsurface currents, often for thousands of
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kilometers. After hundreds of years (possibly 1000 years), the deep waters return to the
ocean surface, again to exchange gaseous with the atmosphere and to be warmed by heat
from the sun. Subsurface water mass movements can be traced by using changes in
dissolved gas concentrations, especially dissolved oxygen, and the presence of pollutants
from nuclear weapons testing and even atmospheric pollutants, such as chlorinated
hydrocarbons. The densest water masses in the ocean form in Polar Regions, where waters
of moderately high salinity are intensely cooled at the ocean surface. These processes
increase the depth of the pycnocline by the sinking of dense waters from the surface. If
dense enough these water masses may sink all the way to the bottom and flow along the
ocean floor. A water mass of intermediate density will flow at dense waters of the surface
zone. The vertical position of water mass of intermediate density is like the position of a
card in a deck of cards, and the ones above have lower densities.

I.  WATER MASS FORMATION THEORY

If the surface temperature is very low, convection from cooling can reach deeper than the
surface layer. This situation is encountered in the Polar Regions where cold water sinks to
the bottom of the ocean. This process replenishes the deeper waters and is responsible for
the currents below the upper kilometer of the ocean. Areas of deep winter convection are
the Weddell Sea and the Ross Sea in the Southern Ocean and the Greenland Sea and the
Labrador Sea in the Arctic region.

In the fig below, 75% of the ocean's water has a temperature and salinity within the dark
green region, 99% have a temperature and salinity within the light colored region. The
warm water outside the 75% region is confined to the upper 1000 m of the ocean.

M
&
g

m—
gl 99%

10=
5

) 5%

IFrT1r1rrrnriri
3%  salnity 40

Volumetric temperature-salinity diagram of the world ocean

The average ocean temperature is 3.8°C; even at the equator the average temperature is as
low as 4.9°C. The layer where the temperature changes rapidly with depth, which is found
in the temperature range 8 - 15°C, is called the permanent thermo cline. It is located at
150 - 400 m depth in the tropics and at 400 - 1000 m depth in the subtropics. Figure below
shows the temperature and salinity distribution in a meridional section through the Pacific
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Ocean as an example. Notice the uniformity of both properties below 1000 m depth.
Notice also that in many ocean regions, temperature and salinity both decrease with depth.
A decrease in temperature results in an increase of density, so the temperature
stratification produces stable density stratification. A decrease in salinity, on the other
hand, produces a density decrease. Taken on its own, the salinity stratification would
therefore produce unstable density stratification. In the ocean the effect of the temperature
decrease is stronger than the effect of the salinity decrease, so the ocean is stably
stratified.
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Temperature (top) and salinity (bottom) as functions of latitude and depth in the Pacific
Ocean. (The image includes the Arctic Ocean on the extreme right.)

In contrast to the subsurface temperature distribution, the subsurface salinity distribution
shows intermediate minima. They are linked with water mass formation at the Polar
Fronts where precipitation is high; details will be discussed later in the course. At very
great depth, salinity increases again because the water near the ocean bottom originates
from Polar Regions where it sinks during the winter; freezing during the process increases
its salinity.

In most ocean regions the wind-driven circulation, which was the focus of discussion so
far, does not reach below the upper kilometer of the ocean. Water renewal below that
depth is achieved by currents that are driven by density differences produced by
temperature (thermal) and salinity (haline) effects. The associated circulation is therefore
referred to as the thermohaline circulation. Since these movements are so slow, it is
unrealistic to measure them directly; they have to be deduced from the distribution of
water properties.
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The driving force for the thermohaline circulation is water mass formation. Water masses
with well-defined temperature and salinity characteristics are created by surface processes
in specific locations, which then sink and mix slowly with other water masses as they
move along. The two main processes of water mass formation are deep convection and
subduction. Both are linked to the dynamics of the mixed layer at the surface of the ocean;
S0 it is necessary to discuss thermohaline aspects of the upper ocean first.

Oceanographers refer to the surface layer with uniform hydrographic properties as the
surface mixed layer. This layer is an essential element of heat and freshwater transfer
between the atmosphere and the ocean. It usually occupies the uppermost 50 - 150 m or so
but can reach much deeper in winter when cooling at the sea surface produces convective
overturning of water, releasing heat stored in the ocean to the atmosphere. During spring
and summer the mixed layer absorbs heat, moderating the earth's seasonal temperature
extremes by storing heat until the following autumn and winter, and the deep mixed layer
from the previous winter is covered by a shallow layer of warm, light water. During this
time mixing does not reach very deep, being achieved only by the action of wind waves.
Below the layer of active mixing is a zone of rapid transition, where (in most situations)
temperature decreases rapidly with depth. This transition layer is called the seasonal
thermo cline. Being the bottom of the surface mixed layer, it is shallow in spring and
summer, deep in autumn, and disappears in winter. In the tropics, winter cooling is not
strong enough to destroy the seasonal thermo cline, and a shallow feature sometimes
called the tropical thermo cline is maintained throughout the year.

7 ]

Development of the seasonal thermo cline during the year

The depth range from below the seasonal thermo cline to about 1000 m is known as the
permanent or oceanic thermo cline. It is the transition zone from the warm waters of the
surface layer to the cold waters of great oceanic depth The temperature at the upper limit
of the permanent thermo cline depends on latitude, reaching from well above 20°C in the
tropics to just above 15°C in temperate regions; at the lower limit temperatures are rather
uniform around 4 - 6°C depending on the particular ocean.

Below the surface layer which is in permanent contact with the atmosphere, temperature
and salinity are conservative properties, i.e. they can only be changed by mixing and
advection. All other properties of sea water such as oxygen, nutrients etc. are affected by
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biological and chemical processes and therefore non- conservative. Water masses can
therefore be identified by their temperature-salinity (T-S) combinations.
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The above diagram shows the distribution of temperature (red) and salinity (cyan) with
depth; the diagrams on the right show the corresponding TS-diagrams. Top: layering of
warm and saline water mass found at 0 - 300 m depth above cold and fresh water mass
found at 300 - 600 m). The full lines show the situation before mixing, the broken lines
after mixing. The TS-diagram shows the two water masses as TS points. Before mixing
only the two points are seen in the TS-diagram. Mixing connects the two TS-points by a
straight line.

Water mass formation by deep convection occurs in regions with little density
stratification (i.e. mostly in polar and sub polar regions). When the water in the mixed
layer gets denser than the water below, it sinks to great depth, in some regions to the
ocean floor. The density increase can be achieved by cooling or an increase in salinity
(either through evaporation or through brine concentration during freezing) or both.

Water mass formation by subduction occurs mainly in the subtropics. Water from the
bottom of the mixed layer is pumped downward through a convergence in the Ekman
transport and sinks slowly along surfaces of constant density.
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Sketch of water mass formation by subduction. First diagram: Convergence in the Ekman
layer (surface mixed layer) forces water downward, where it moves along surfaces of
constant density. The 27.04 sigma-t surface, given by the TS-combination 8°C and 34.7
salinity, is identified.

Antarctic Bottom Water is formed by deep convection in the Weddell and Ross Seas and
fills all ocean basins below 4000 m depth; in the Pacific and Indian Oceans it is mixed
with North Atlantic Deep Water, the mixture being known as Circumpolar Water. North
Atlantic Deep Water is the product of a process that involves deep convection in the
Arctic Ocean, the Greenland Sea and the Labrador Sea. Most Antarctic Intermediate
Water is formed by deep convection east of southern Chile and west of southern
Argentina and spreads into all oceans with the Circumpolar Current. Intermediate Water
in the northern hemisphere may be formed by convection or subduction. Central Water,
the water of the permanent thermo cline, is formed by subduction in the subtropics.
Mediterranean and Red Sea waters are intrusions of high temperature; high salinity waters
from two Mediterranean seas (see the discussion of Mediterranean seas below).
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Sketch of the water mass distribution in the world ocean. AABW: Antarctic Bottom
Water, CPW: Circumpolar Water, NADW: North Atlantic Deep Water, PDW: Pacific
Deep Water, AAIW: Antarctic Intermediate Water, AIW: Arctic Intermediate Water,
MedW: Mediterranean Water, RedSW: Red Sea Water, gold: Central Water, brown:
surface water.
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A complete description of water mass movement requires horizontal property distributions
as well as vertical sections and TS-diagrams. It is then seen that the path of Antarctic
Bottom Water in particular is strongly affected by the topography. For example, the deep
basins of the eastern Atlantic Ocean are separated from the Southern Ocean by a sill and
cannot be reached by Antarctic Bottom Water directly. They are filled through a gap in
the Mid-Atlantic Ridge near the equator; in other words, flow of Antarctic Bottom Water
in the eastern South Atlantic Ocean is southward, from the equator toward the pole. In the
Pacific Ocean, input is mainly along 170°W (east of New Zealand), followed by spreading
east and westward in the northern hemisphere; recirculation into the southern hemisphere
occurs in the east. Input into the Indian Ocean is from the west, and in smaller quantities
from the east.

I1l.  CIRCULATION IN ARABIAN SEAS

Arabian Seas are small bodies of water characterized by very restricted water exchange
with the major ocean basins. This results in different hydrodynamics and sets them apart
from the remainder of the world ocean. While the circulation in most of the world ocean is
dominated by wind-driven currents, the circulation in Arabian seas is determined by
thermohaline processes. Two basic types of circulation can be distinguished, the
concentration basin and the dilution basin. Concentration basins occur where evaporation
in the region exceeds precipitation.

The circulation in Arabian seas and their water exchange with the remainder of the world
ocean differs strikingly between the two types. In concentration basins, evaporation
increases the salinity of the surface waters, raising their density and producing convection.
Deep water renewal is therefore a nearly continuous process, and the waters of the basin
are well ventilated (have relatively high oxygen content) at all depth. In dilution basins,
the freshening of the surface waters resulting from excess rain and freshwater input from
rivers reduces the density of the surface layer. This prevents the freshened water to reach
the deeper layers. The result is the establishment of a fresh upper layer and a strong
halocline. Water below the halocline is renewed only very slowly through mixing across
the halocline and inflow of oceanic water through the connecting strait. Oxygen content
below the halocline is therefore very low. If the basin is large and the exchange with the
open ocean very restricted, oxygen levels at depth can fall to zero, preventing the
existence of higher marine life.
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Spreading of Arabian Water in the Indian Ocean, indicated by the salinity where
maximum produced by it. The depth of the spreading is typically just below 1000 m.

IV.  WATER MASSES OF THE ARABIAN SEA

For study and analysis water masses at Pakistan coastal regions (stations) | selected 10
positions along the coastal zones of Arabian Sea. After study | observed that the basis of
water mass analysis in the deep ocean is the derivation of water mass properties in the
formation region are small compared to the property differences that are observed
between different water masses at some distance from their formation region.

The situation in the coastal ocean is quite different. Many coastal regions are well mixed,
so TS- graph which show variations of temperature and salinity with depth, are not often
found in the coastal ocean. Even where vertical stratification is present, a large part of the
water column is still taken up by the surface mixed layer, which in a TS- graph is
represented by single water type. Undergo large changes from season to season. If the TS-
Properties of the coastal ocean area averaged over the year, the resulting standard
derivation is much larger than any variation that may exist as a result of stratification in
the water column at any particular time. Although water properties in the coastal ocean
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undergo large variation they do not fluctuate in a random fashion but follow a seasonal
cycle. It is possible to make use of this and define the water masses of the coastal ocean
through the use of the so called TS-time graph. Other than plotting temperature against
salinity as both very with depth, we plot the values of both variables in the mixed layer
against each other as they very over the year. The sequence of the observation taken over
a year defines a TS- relationship in the time that reflects the weekly and secondly changes
of the two properties. Establishing a TS- time graph for a particular coastal ocean region
requires an observational effort over many years and is therefore much more demanding
than the effort required establishing a TS-graph for a deep ocean station.

TS-graph can be produced for all other parts of the coastal ocean. They can, in fact, be a
useful tool for the analysis of the hydrography of the surface mixed layer in the open
ocean. In the context of coastal oceanography it is worth noting that many shelf seas have
been surveyed in great detail over many decades and their data base is suitable for
deriving standard deviations on a monthly basis.
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T-S graph of Arabian Sea

V. CONCLUSION

In this study an effort is made to understand the properties of the waters in the Pakistan
coastal ocean which are constantly changing. Seasonal influences are magnified by the
proximity of land, which brings with it an increased annual range in atmospheric
temperatures and a concentration of fresh water supply through river runoff. This makes
the characterization of water masses more difficult than in the deep ocean, where most of
the water is not contact with the atmosphere.

In the absence of air/sea interaction processes, the physical properties of water parcels can
only be changed when they mix with water parcels of different origin and therefore
different properties. Without mixing, water parcels retain their temperature and salinity
unchanged. Temperature and salinity are therefore known as conservative properties, in
contrast with non-conservative properties such as oxygen or nutrients which participate in
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biochemical processes and therefore show changing concentration levels even in the
absence of mixing. Temperature and salinity are therefore the most suitable hydrographic
properties to define water masses and study their distribution.

“In this study, an attempt is made to understand the physics of water masses formation
process. The basic tool for water mass classification and analysis is the temperature-
salinity (TS) graph in which the two conservative properties are plotted against each other.
A homogeneous water mass is a water mass of uniform temperature and salinity. The best
known examples of this kind are the water masses of the permanent thermo cline known
as Central Water.

In this we study, the air-sea interaction and the water exchange with the Indian Ocean
control and maintain the major characteristics of the water masses and the circulation in
the northern Arabian Sea. Due to the atmospheric forcing there is upwelling all along the
Somali coast that moves northward and divert to open Arabian Sea. This advects
significant amounts of up welled water into the open Arabian Sea during the southwest
monsoon and acts as a conduit for Gulf of Oman.
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Abstract: The problem of sinusoidal frequency estimation in chaotic noise is considered in this paper.
Since sinusoidal signal and a class of chaotic signals have different forth-order- cumulant character.
Construct a high-order- cumulant data series of mixed signal, the cumulant data series has a new
sinusoidal signal whose frequency is in proportion to the sinusoidal signal to be detected. Using
empirical mode decomposition (EMD) method ,the cumulant data series can be decomposition to a
series of intrinsic mode functions (IMFs),among which one IMF is the recovered sinusoidal signal .One
merit of the algorithm is that it suit for the hybrid noises which is the mixture of chaotic signal and
strong Gaussian colored noise, another merit is that it need not to know the mathematical model of the
chaotic noise. The Simulation results show that the proposed algorithm is easy to implement , robust,
and less complicated in calculation. [New York Science Journal. 2008;1(3):12-19]. (ISSN: 1554-0200).

Keywords: empirical mode decomposition; chaos; sinusoidal signal, forth-order-cumulant

1. Introduction

Signal generated by chaotic systems represent a potentially rich class of signals processing
problems because of its highly complexity and randomicity .Recent years , a number of scholars have
investigated the chaotic signal processing because a wide range of signal processes including sea
clutter[1], electrocardiograph signals [2] , indoor multipath [3] and speech [4] have been demonstrate
to be chaotic rather than purely random .A variety of problems involving frequency estimation in
chaotic noise therefore arises in potential application context .In some cases, this problem occurs when
a chaotic signal is used purposely such as narrowband interference cancellation in a chaotic direct
sequence code division multiple access communication systems and communication channel
identification .in other scenarios such as radar surveillance in a ocean environment[1] and angle of
arrival estimation in multi- path .Obviously, the sinusoidal frequency estimation from a chaotic noise is
very important in theory and application. In this research field, the phase space volume method is
introduced to estimate the coefficients of an autoregressive spectrum [5], the detection of a small target
in sea clutter is investigated by means of neural network method [6]. The use of nonlinear dynamic
(NLD) forecasting is considered to extract messages from chaotic communication systems [7].Base on
the geometry of chaotic interference, a method for signal extraction from received data contaminated
with strong chaotic interference is proposed [8]. A new nonlinear technique, referred to as empirical
mode decomposition (EMD), has recently been pioneered by Huang et al. [9], it was proved to be
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remarkably more effective than other signal processing methods for nonlinear signals [10][11].

It’s easy to estimation sinusoidal frequency when it is contaminated by most common noises.
However ,when sinusoidal signal is submerged in the mixture of chaotic signal and strong Gaussian
colored noise, most of conventional signal process methods failed, especially when sinusoidal signal
frequency is in the middle of the frequency band of chaotic noise.

In this paper we focus our attention on the high-order-cumulant of the mixed signals .Since chaotic
noise and sinusoidal signal have different character on forth-order-cumulant. By choosing proper time
lags a new forth-order- cumulant data series is available, then using empirical mode decomposition
approach, the sinusoidal frequency can be estimated. The following part give detail of the approach ,
then examples are given on the sinusoidal signals extraction from hybrid noise ( chaotic noise and
Gaussian colored noise). The simulation results show that the method is effective and satisfied.

2. Basic theories

Chaotic signal is a kind of special signal which is irregular but deterministic motion , and most of
the signal processing methods of random signals failed to chaotic noise. For a kind of chaotic signals
( Duffing , Lorenz ,Rossler,chen etc ) ,which have no significant power beyond certain frequency
on power spectrum ,as shown in figl ,if sinusoidal frequency is in the center of frequency band of the
strong chaotic signal it will be difficult to estimation sinusoidal frequency. However,
forth-order-cumulant provide a bridge to the problem . For a sinusoidal signal

X(t) = Axsin(w,t + @) @
, whose one dimension diagonal slice of forth- order-cumulant is

Cu (r):c4x (z,7,7) = —3x A’cos(w,r)/8 )

For a hybrid signal y(t) = X(t) + n(t) + w(t),

where n(t) is chaotic signal ,w(t) is Gaussian colored noise, and supposing the chaotic signal is
non-correlation with sinusoidal signal ,if time lags are chosen M x 7, X k (k=1,2,A ,N)where,m
is a positive constant, 7, is the sampling interval , a new forth-order-cumulant data sequences of
the mixed signal are:

3xA*
=[

A4
3XT cos(mw, x 27,) +C,, (Ma, x 27,),

cos(mw, x 7,) +C,, (M, X 7,),

[C4y(m><z'0),c4y(m><z'0 x2),A ,Czw(mxz'0 X N)J

3xA*

cos(mw, x Nz,) +C,,(Ma, x Nz,)]

®)
Because the forth-order-cumulant of Gaussian colored noise is zero, The upper data sequences are
equal to the sum of the harmonic signal whose frequency is mea, and the forth-order-cumulant of
the chaotic signal ,the sampling interval of new data sequence is 7. Since the chaotic sequences are
non-periodic , and its forth-order-cumulant sequences are non-periodic too. More importantly, the
power spectrum of the forth-order-cumulant data sequences of the chaotic signal has low frequency
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character ,as shown in fig2. Though the harmonic frequency to be estimated is in the center of the
bandwidth of chaotic signal , the increase of the harmonic frequencies in the new sequence make it
beyond the central bandwidth of the other components. Thus it reduces the difficulty of the detection of
the harmonic frequency. Since the harmonic frequency of the new sequence is proportional to the
original harmonic frequency, it is possible for the detection of the harmonic frequency.

Empirical mode decomposition is a powerful tool for nonlinear signal processing. It is based on the
local characteristic time scale of the data, it is able to decompose complex signals to a collection of
intrinsic mode functions (IMFs). Most important of all, it is adaptive.

At any given time, the data may involve more than one oscillatory mode, each mode, for linear or
nonlinear, has same numbers of extrema and zero crossings, and only one extremum between the
successive zero crossings. These modes should all be orthogonal to each other for a linear
decomposition. Thus, an arbitrary signal can be decomposed to a collection of IMFs.

An intrinsic mode function (IMF) is a function that satisfies two conditions:

(1) In the whole data set, the number of extrema and the number of zero crossings must either equal
or differ at most by one; and

(2) at any point, the mean value of the envelope defined by the local maxima and the envelope
defined by the local minima is zero.

Comparing with simple monotone function, an IMF is a simple vibrating mode. Given a signal x(t),
the algorithm of EMD can be summarized as follows:

(1) Identify all extrema of x(t), connect all the local maxima a cubic spline line as the upper
envelope;

(2) connect all the local minima a cubic spline line as the upper envelope, the upper and lower
envelopes should cover all the data between them;

(3) the mean of upper and lower envelopes is designated as m1, and the difference between the data
and m1 is the first component, hy, i.e.

hy ()=x(t)-m(t) (4)

If hy is an IMF, hy is the first component of x(t).

(4) if h1 is not an IMF, hl is treated as the original data, continue the step (1), (2) and (3), get the
mean of upper and lower envelopes, which is designated as ml1, if hy;=h;-my; is still not an IMF,
continue the steps (1) - (3), until the first component hy, is an IMF, and designated as ¢; = hy. cl is the
first IMF component of x(t);

(5) separate ¢, from the rest of the data by

ri(t)=x(t)-m(t) ()

Since the residue, ry, still contains information of longer period components, it is treated as the new
data and subjected to the same sifting process as described above, get the second IMF component of
X(t) designated as c,, the above procedure can be repeated to get nth IMF component until the residue,
r, becomes a monotonic function from which no more IMF can be extracted. Thus, we achieved a
decomposition of the data x(t) into n-empirical modes, and a residue r,, where ci, (i = 1, -+-,n), contain
different component of the signal from high to low frequency bands respectively. Frequency
components in each band are different to other bands. The residue r, is the mean trend of signal x(t).

3. Simulations

The chaotic signal which is created by Lorenz equation are adopted as the background signals. The
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equation can be written as follows:
X1 = pl(XZ _Xl)

X2 =PyX; =X X3 =X,

X2 =X, X, —P3X; ©)
where: p, =10,.p, =8/3, p, =28.In the paper, the classical fourth order Runge-Kutta algorithm is
used to gain the time series of the equation (6). The initiatory 10000 data points are abandoned in the
experiments to ensure the chaotic signal x(k) isn’t affected by the initial conditions. To validate the
effectivity of the method, the harmonic signal is submerged in the background signal which is the
mixed of chaotic signal and Gaussian colored noise . When Gaussian white noise pass though a low

pass filter, the Gaussian colored noise is available , here the bandwidth of low pass filter is 20hz.  In
the following , harmonic signals are estimated by using the proposed method in different conditions.

3.1.Simulation 1

Here the interference signals are chaotic signal and colored noise. The initial values of the Lorenz
system are(1, 5, 9), the harmonic signal is @,=2.5HZ , A=0.7, the Gaussian colored noise is the noise
which Gaussian white noise pass though a low pass filter , the variance of Gaussian white noise is
15 and the signal sampling frequency is 100HZ. The figure 3 shows the sinusoidal signal is submerged
by hybrid signals completely.
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x1(t)
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Fig 3. (a) the time series of the hybrid signals (b) the power spectrum of the hybrid signals

In order to make the sinusoidal frequency of the new data sequences does not exist in the central
frequency bandwidth of the other components , the value of m should choose a bigger value. Figure
4a shows the part of first mode component c1 which is created by EMD decomposition of the new data
sequence, since the modes of the EMD decomposition still contain a few adjacent mode components,
the cross power spectrum is used to detect the sinusoidal frequency of the mode components. Figure 4b
shows that the sinusoidal frequency to be detected is 25/10=2.5HZ. To validate the reliability of the
method, figure 5 shows the cross power spectrum of ¢l ,where m=12, the sinusoidal frequency to be
detected is also  30/12=2.5HZ.

1000
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Figured. (a) part of the first mode component ( c1) of new data sequence  (b) m=10, the cross
power spectrum of c1

Fig 5. m=12, the cross power spectrum of c1
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3.2. Simulation 2

The initial values of the Lorenz system are (10, 5, 9), the sinusoidal frequency is 3HZ and the
amplitude is 0.6 , the variance of the Gaussian white noise is 15 , the signal sampling frequency is
100HZ. Figure 6 shows the mixed signal time series and its power spectrum. Figure 7 shows the cross
power spectrum of c1 which is the first mode of new data sequence, where m=10. The sinusoidal
frequency to be estimation is f=36/12=3HZ.
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Fig 6. (a) the time series of the mixed signals (b) the power spectrum of the mixed signals

db

I~ L e e I I
|
|
L
|
|
- . L e e I I
|
|
|
|
|
L

o I~ Trororororor T
8‘4!’4 Trororororor T

R
-

f(hz)

Fig 7. m=12, the cross power spectrum of c1

Fig 8. m=8, the cross power spectrum of cl
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3.3. Simulation 3

Here the interference signals are chaotic signal and Gaussian colored noise. The initial values of the
Lorenz systemare (1, 5, 9), the sinusoidal frequency is 3.5HZ, the amplitude is 0.7, the variance of
the Gaussian white noise is 15. Figure 8 shows the cross power spectrum of ¢1 ,where m=8. It’s clear
that the sinusoidal frequency is f=28/8=3.5HZ.

4. Conclusions

Chaotic signal process is a hot topic in recent years. Because of the high complexity of the chaotic
signal, the general methods to detect the signals in the chaotic background are limited. In the paper, a
new method is proposed. It uses the forth-order-cumulant character of the chaotic signal and sinusoidal
signal . By adopting some specific principles ,a new forth-order- cumulant data sequences is available.
In the new data sequences, the increase of the sinusoidal frequency makes it not exist in the central
bandwidth of other components .this can reduce the difficulty of detecting sinusoidal signal. Based on
empirical mode decomposition theory, the sinusoidal signal frequency is detected from the new
reconstructed data sequence . Since the Gaussian colored noise has inherent forth-order- cumulant
character , the method can be used to detect harmonic signal frequency which exists in the complex
interference background such as the strong chaotic signal and Gaussian colored noise. In the simulating
experiments, sinusodial signals are submerged in the strong hybrid noise, which can’t be detected either
in the time domain or in the frequency domain , however ,the proposed approach can estimation the
sinusoidal frequency accurately in  different conditions. The method is simple and feasible, it needn’t
to know the general parameter and initials of chaotic system and the calculations of the algorithms are
small, it has important meaning in the practical application of chaotic signals .
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Abstract: Vertical Electrical Soundings (VES) with Schlumberger configuration were conducted in Daibega
area (Southwest Erbil City — Iraqi Kurdistan Region). The area is a plain occupying a broad syncline. Obtaining
some aquifer parameters, locating favorable groundwater zones, water depth and water types in the area were
the aims of this study. For those purposes 26 VES's with 800m current electrode separation were conducted
within the watershed area. Interpreted VES data were correlated with some existed borehole columns. A present
iso-salinity map of the area was used to obtain the resistivity values of the aquifer water and correlated with
resistivity values of aquifer rocks. An iso- depth map for the estimated water table also was constructed. Based
on VES interpretations integrated with the previously present data the study showed mostly poor zones of fresh
waters. Depth of water table is in the range of 50m in the central parts of the area increasing towards north and
south reaching about 80 m. [New York Science Journal. 2008;1(3):20-37]. (ISSN: 1554-0200).

Keywords: Electrical Resistivity Survey; Daibega Plain; Southwest Erbil City; Iraqi; Kurdistan

1. Introduction

The rectangle-shape of the northwestern half of the Daibega plain which is tested electrically in this study is

situated some 50km southwest of Erbil City covering an area of about 450km” (Fig. 1).
Other than rain in winter and spring seasons no surface water supply sources or water projects are present for
most of the villages within the plain. The only source is the underground water. A lot of hand-dug and some
deep wells have been drilled. Many of them are not suitable for human drinking because of salinity of their
water. Salts are mainly because of the gypsum which exists as one of the lithological units of the Lower Fars
Formation.

The resistivity method involves measuring the electrical resistivity of earth materials, by introducing an
electrical current into the ground and monitoring its developed potential field. In most earth materials,
electricity is conducted electrolytically by the interstitial fluid. The resistivity is controlled mostly by porosity,
water content and water quality than by the resistivities of the matrix (Ayer, 1989). The main target is the
identification of horizontal and vertical variations in lithology (including water type in pores), which lead to
clarify the structural picture of the subsurface.

2-Geology

The area according to Numan, 1997 is located within the Zone of "Suspended Basins' of the Quasiplatform
forland. This area is equivalent to the so-called "Foot Hills Zone” which belongs to the “Folded Zone" in
former literature of the tectonics of Iraq (Buday and Jassim, 1987) (the upper box in Figure-1). This zone is
characterized by relatively long double plunging anticlines with broad synclines in-between. They mostly trend
in the NW-SE direction. The Daibega plain is a syncline between the two anticlines Avana in the northeast and
Qerechugh in the southwest. In the north of the plain a third anticline (Gwair) is present in an en-echelon
position (Figs. 1 and 2).

The oldest rock formations present in the area are those which belong to Oligocene age. These rock
formations collectively form the core of the Qerechugh Anticline (Fig. 1). This figure also shows a cross
section across the plain Table 1 shows a summary for all exposed formations in the area (cited in Al-Sudany,
2003).
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Table 1. Stratigraphic Summery in Daibega area

Formation Age Thickness (m) | Description
SheikhAlas, Shurau, Targil, Baba| Oligocene ~200m Different types of limestone ( Fossiliferous,
Bajwan, Azkand and Anah Dolomitiic, Chalky or Recrystallized)
Euphrates Formation L.-M. Miocene | 40-45 Dolomitic Limestone
Lower Fars M. Miocene 123-200 Limestone, Claystone and Gypsum
Upper Fars U. Miocene 46-141 Sandstone, Clatstone and Siltstone.
Lower Bakhtiari L.Pliocene 42-200 Sandstone, Clatstone and Siltstone.
Upper Bakhtiari U. Pliocene 30-50 Conglomerate
Quaternary Pleistocene- ~10 Sand, Silt, Clay and Gravel
Holocene

The studied area ranges topographically from mountainous reaching altitude of 750m.a.s.1. in the Qerechugh
series and more than 400m.a.s.l. in the Avana series (Fig. 2) while the plain is in the range of 300m.a.s.l. The
central area of the plain is slightly elevated relative to both the northern and southern parts, hence valley
courses drain water due to north (Greater Zab River) and south (Smaller Zab River) following dendritic and
parallel patterns. Physiographycally the area belongs to the undulated zone of the Iraqi territories.

3-Resistivity Survey and Hydrogeology

Geo-electrical resistivity techniques are popular and successful geophysical exploration for the study of
groundwater conditions in the world. The resistivity of materials depends on many factors such as groundwater
salinity, saturation, aquifer lithology and porosity (Lashkarippour et al., 2005).

Relationships between aquifer characteristics and electrical parameters of the geoelectrical layers have been
studied and reviewed by many authors (Kelly, 1977; Niwas and Singhal, 1981; Onuoha and Mbazi, 1988;
Mazac et al., 1985; Mbonu et al., 1991; Huntley, 1986, Lois et. al. 2004 and Asfahani, 2006. Some researchers
assume that the geology and ground water quality remains fairly constant within the area of interest and the
relationships between aquifer and geophysical parameters deduced, are based on this assumption (Niwas and
Singhal, 1981; Mbonu et. al., 1991). Mazac et. al. (1990) analysed the correlation between aquifer and
geoelectrical parameters in both the saturated and unsaturated zones of the aquifers.

Geophysical methods can now contribute substantially towards this initiative and can greatly reduce the
number of necessary pumping tests, which are both, expensive and time consuming. The area of Daibega plain
was selected as a test area to provide information on the aquifers hydrodynamic characteristics, by means of
correlation tests performed between electrical parameters measured by surface geoelectrical soundings and
aquifer characteristics obtained from a certain number of boreholes in which lithology is deduced and salinities
were measured.

4-Data Acquisition

Electrical resistivity soundings are generally used to determine electrical resistivity variations as a function of
depth. The ABEM Terrameter SAS300 was utilized in data gathering. A total of 26 Vertical Electrical
Sounding (VES) were undertaken in 18 villages (Fig. 1) in the Daibega plain, one VES in each site. In four of
the villages extra-two points were tested to obtain local shallow subsurface pictures. Six of the VES points
were conducted nearby existed boreholes for correlation purposes. The Schlumberger electrode arrangement
was used for the measurements. This type of arrangement is widely used in explorations because it is an
efficient means of collecting a large number of data points (time effective in terms of fieldwork) and these
observations are sensitive to the lateral position and depth characteristics of the resistivity distribution. All
spreads of electrodes were designed to be in the NW-SE direction (i.e. parallel to the general structures strike).
The maximum current electrode spacing (AB) was 800m. in all sounding points.

The TDS data used in this study were extracted from an iso-salinity map constructed at the beginning of 2001.
This map was constructed depending upon the analyses of water in many locations within the Mekhmoor
District which Daibega area is occupying the northeastern sector. Among the water wells that Al-Sudany, 2003
used are the six boreholes which were depended upon in this study for the purpose of correlation with sounding
results.
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S-Interpretation

The first stage of any interpretation of apparent resistivity sounding curves is to note the curve shape. This can
be classified simply for three electrical layers and then combined to describe more complex field curves that
may have several more layers (Reynolds, 1997). This step is called qualitative interpretation. Examples of field
curves are given in Figure-4.

The visual inspection of the field data showed the presence of twelve types of curves. This large number of

types reflects the horizontal variations that characterize the plain (Table 2). The first three layers in all sites are
either of the following types; H, K or A. Q-type is not present anywhere in the area. Three sites showed six-
layer case. They are located within the two anticlines of Qerachugh and Avana.
Sounding curves were interpreted quantitatively using the IPI2ZWIN Russian program. More than one iteration
were tried to reach the best fit between the field curve and the calculated one. Examples of the results are given
in Figure-3. The range of error in all of the interpretations was acceptable restricting between 0.03 and 5
depending upon the field data which were generally of good quality. Final results of the interpretation of all
data in the 26 sounding curves are shown in Table-2. Numbers in this table are referring to villages that their
names are given in Figure-1.

Table 2. True Resistivity and Horizon Depths.

VES No| p: P2 P3 P4 Ps | Ps Ps D, D, D; D, Curve typ
1 26 18 59 2 12 1 5 47 109 [H

2 130 | 233 29 12 1 4 12 )

3 84 291 31 19 2 34 89.4 A

4 215 135 62 34 1 1 10 49 282 hA

5 76 21 117 | 21 30 | 12 1 2 10 50 207 [HK

6 67 103 13 52 4 4 20 43 202 JIK

7 43 22 100 | 13 20 1 7 54 [H

8 83 196 16 33 13 1 1.8 7 37 K

8A 230 | 23 84 16 2 4 33 HK
8B 70 15 26 8 17 1 7 8 41 HKH
9 104 1 38 6 12 | 17 1 1 2 4 127 [AA
10 65 183 16 9 20 1.5 2.5 17 56  JIA

11 94 29 9 13 1 5 92 I

11A 34 5 14 6 17 1 1 18 94 HKH
11B 43 17 6 13 2 14 86 AH
12 15 19 9 18 9 3 10 39 116 | KHK
13 109 18 10 25 1.5 50 145 i

14 146 | 29 5 8 1 3 52 L

14A 48 36 6 3 10 1 8 43 74 AAH
14B 103 21 2 7 12 1 2 1 135 | AHQ
15 79 10 25 13 1 35 95 L

16 103 85 27 49 19 4 12 63 154 JIK

17 101 26 10 17 1 2.5 106 L

18 19 3 56 8 52 1.5 3 20 45 [HK
18A 19 4 68 13 65 1 2 10 19 HKH
18B 52 107 | 20 54 17 1 1 12 46 KHK

p: resistivity (Ohm.m), D: depth to horizon (m)

The following observations could be concluded from this table:
1- A maximum resistivity value of 291 Oh.m. was registered in VES 2 while a minimum of 1 Ohm.m.
was registered in the deeper parts of VES 4, 5 and 9.
2-  Majority of the VES curves showed the presence of five electric horizons (14 points out of 26).
3- Maximum depth of investigation was 282m below surface in VES 4.
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4- VES 2 and 3 have the maximum values of resistivity among all. They are located within the boundary
of Gwair Anticline.
5- The resistivity value of the uppermost horizon ranged from 15 to 230 Ohm.m.

6-Correlation with Existed Wells

Six of the VES points were correlated with six of the nearby existed wells (Figs. 4 and 7). The following
observations could be given:
1-Water table depths as interpreted from the resistivity data are consistent with those of the wells to a good
extent if we keep in mind that the drawdown is a normal phenomenon in Erbil and surrounding areas due to the
drought conditions which the whole area suffered cyclically during the last ten years. Resistivity measurements
in this study were taken about four years after the date of obtaining the well columns in 2001 (Al-Sudany,
2003). From the resistivity data the water table depth is deeper in all six localities than those of wells. This
difference is attributed to the above-mentioned drawdown.
2-Resistivity values of the aquifer rocks range between 8 and 34 Q.m. The minimal values indicate salty water
contents.
3-The aeration zone in the wells is composed of mixture of clay, silt and sand with variable ratios. Their
resistivity value ranges from 5 to 62 Q.m. depending on that ratio and salty materials content. The electric
properties of the aeration zone are subject to seasonal or sporadic changes which depend mainly on the amount
of precipitation and on the temperature and barometric conditions (Ogilvy et al., 1980).

7-Iso-Prameter Maps
7.1-Iso-Resistivity Map of the Aquifer Rocks

The map of the iso-resistivity values in the Daibega plain (Fig. 5) shows two main anomalous zones. The high
values are located in the area north of Mekhmoor town occupying the western central parts while the lower
values are occupying the central northern parts. According to this map the first zone is likely to be better for
obtaining waters of lower values of salts relative to other zones of the studied area.

7.2- Iso-Resistivity Map of the Aquifer Water

Aquifer water conductivities (inverse of resistivity) of the Daibega area were derived depending upon the
values of Total Dissolved Salts (TDS) aforementioned by multiplying them by (1.4). This conversion factor
was used to make the resistivities in units of Q.m. (Geo-Hydrology.com)

This conversion factor is often used when actual factor of a certain area is not known. Table (3) shows
conductivity and resistivity values as well as some other aquifer factors.

Table 3. Some Aquifer Parameters.

VES No. | p aquifer.rocks W.T.D. T TDS c P water
1 7 47 62 500 700 0.149
2 12 12 900 1260 0.083
3 19 89 1400 1960 0.053
4 34 49 23 500 700 0.149
5 21 50 157 | 4200 5880 0.0177
6 13 20 23 3750 5250 0.0198
7 20 45 5000 7000 0.0148
8 13 37 3400 4760 0.022
9 12 127 3400 4760 0.022
10 20 56 4000 5600 0.0186
11 13 92 2700 3780 0.028
12 18 39 75 1280 1400 0.074
13 10 50 95 450 630 0.165
14 5 52 1400 1960 0.053
15 25 95 4500 6300 0.017
16 49 63 83 3000 4200 0.025
17 17 102 1800 2520 0.041
18 8 20 500 700 0.149
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p : resistivity (Ohm.m.), o: conductivity (us/cm), T: thickness (m),
TDS: Total Dissolved Salts (ppm), W.T.D.: water table depth (m).

Figure 6 shows the map of iso-conductivity values of the area. This map indicates a sharp subdivision between
a low-conductivity values zone in the northwestern part and a high values zone in the southeastern part. The
former part is being related geologically to the northeastern plunges of both the Qerachugh and Avana
Anticlines and the Gwair Anticline. This geological subdivision is reflected as change in conductivity
distribution which is also affected by the topographic change along the same direction (see also Figure-2)

The map of the iso-resistivity of the aquifer water (Fig. 7) on the other hand shows three zones of high
resistivity water (Zones A, B and C in figure 7). The first one (A) occupies the area of high resistivity aquifer
rocks mentioned above in figure (6) north of the Mekhmoor town. The coincidence of these two types of data in
the same zone gives a clue that this zone is actually the better from the water type point of view in the studied
area. Geologically this zone is located on the northeastern limb of the Qerachugh Anticline. This limb is steeper
than the northeastern limb of the syncline (southwestern limb of Avana Anticline) (Fig. 1). Because of the high
dip it seems that the depth of investigation of the resistivity method used in this study (VES 5, 6, 8 and 9) as
well as the water from which the TDS tests were taken are within the uppermost rock formations. These are the
Upper Fars, Lower Bakhtiari, Upper Bakhtiari and Quaternary deposits. They collectively overlie the main
source of salts in the area which comes from the Lower Fars Formation.

Zones B and C on the other hand have almost the same geological conditions. The first is located on the
southeastern Gwair Anticlinal plunge near to the narrow syncline between Gwair and Qerachugh Anticlines
while the second occupies the northwestern plunge area of Avan Anticline.

The southeastern parts on the other side show decreasing of resistivity values towards southeast. This indicates
the increase in salts and coinciding with the decrease in rock resistivities (Fig. 5) and increasing conductivities

(Fig. 6).

7.3- Iso-Depth Map of the Water Table

The depth to water map in Figure-8 shows that the central parts of the north and south show higher depths
(more than 50m) for water table than the central area (less than 50m). The six VES points that were carried out
near water wells show good consistency in results. Again a subdivision between the northwest parts of the
whole area with the southeastern part can be noted. This can be related as mentioned before with the surface
topography which in turn may reflect structural features.

8-Geo-electric Sections

These sections are the vertical distribution of resistivities within a particular volume of the earth. The section
consists of a sequence of uniform horizontal (or slightly inclined) layers (horizons). The layer’s true resistivity
is noted on each one for each VES sounding. After that several sections for VES points which are located on a
certain traverse can be linked together to show a cross sectional view of the traverse. Each layer (horizon) in a
geo-electrical section my completely be characterized by its thickness and true resistivity.
1-The two geo-electric sections A and B in Figure-9 were constructed between VES's 14, 15 and 16 and VES's
6, 7 and 17. They show the subsurface configuration along lines cutting the Avana structure in the E-W
direction (Fig. 9A). and cutting the plain in-between the two anticlines (Fig.9B), in the NE-SW direction.
Though the number of VES points is not so adequate to make a full interpretation, some conclusions could be
derived however.

In the first section more than one inter-fingering within horizons can be observed. Below water table, the
aquifer seems to be containing fresh water up-slope (towards east) while being more salty down-slope. Water
salinity also increases downward deeper in the aquifer. The aquifer is likely to be confined since it is covered
by a clayey horizon which diminishes eastward.

In the second section (Fig. 9B) the general shape of the syncline can be noted. Two main horizons are present
other than the uppermost horizon which represents Quaternary deposits. A clayey horizon increasing in
thickness towards northeast is covering the aquifer again making it confined. The boundary between fresh and
saline waters is roughly marked.

2-Four other local geo-electric sections were constructed in four localities. These are in the villages [Malik
Agha (VES's 8, 8A and 8B), Chghlok (VES's 11, 11A and 11B), Said Obied (VES's (14, 14A and 14B) and
Chilhaweza (VES's 18, 18A and 18B) (Figs. 10A and B and 11 A and B respectively).

Three of these sections show the presence of salty water (Fig. 10A and B and Fig. 11A) while the fourth
section indicates the presence of fresh water in the aquifer (Fig. 11B). This latter section represents the locality
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18 (Chilhaweza village) which is situated on the crest of the Avana Anticline. Figures 10B, 11A and 11B show
that the aquifer is overlain by clayey horizons. The section in figure 10A is constructed depending upon some
cropping out rocks which belong to Lower Fars and Upper Fars Formations.

9-Conclusions

Daibega simple hummocky plain was surveyed using the resistivity method by taking (26) VES points. Data
was interpreted qualitatively and quantitatively. The results were integrated with some previous
hydrogeological data. The following points are concluded:
1- Twelve different sounding curve types were obtained representing four to six horizons (Table-2).
2- Estimated water table depths are in acceptable consistency with those obtained from the water wells (Figs. 4
and 8). This depth is less than 50m in the central parts increasing towards north and south to reach about 80m.
3- The high resistivity values of aquifer rocks are located in the area north of Mekhmoor town occupying the
central parts while the lower values are occupying the central northern parts (Fig. 5).
4- Aquifer water resistivities are distributed in three zones of high values. They occupy the northwestern areas
while values decrease in the southeastern areas (Fig. 6).
5- Six geo-electrical sections were constructed. Two of them cut the Daibega plain and the Avana Anticline
respectively while the other four are local in four different sites (Figs. 10 and 11). The (regional) sections show
an invasion of salty water in the down-slope direction.
Among the four local sections the locality 18 (Chilhaweza village) gives indication for the presence of fresh
water. This site is located on the crest of Avana structure.
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()2 B A A BERA B AT AE R 4, 00 7 i (RBUT AN ] BERA e — AT A7 A
INE 7R

A AN IEHL T ()R LT () AN AT BEAL R AN AN, — i AE i L
KE—HERE R BT LLE TR BEARINAE — D 1A% B AN EUs 7, B A T DN %
WAL A BERCA — NIRRT R =) B 2R AR 5 1A% N B R U AT e AT =
FERHCBR 1R (1 1) 4
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JRFAZ AN 25 i) F—AN N 2w (d)ZH (BT uud), =& A AR A R @ 5] 57.e4T]
LA AT AR — A28 S B 53 AN AN T 25 5 2 [B) 0 SCHE IR B (1) 1w TR 4. T AT Am] PR A 25
SO RG] ) (B 1,40 22 4% = Fh ) 5% 58 2 (A7 1 GEAIA AR SR 38k 21 T 1R 4
(P14 B 2 J (1 48— AR VR IE 2 A% P uud IR R = 0 37 11 AN BT 23] () 5 R A ORAIE T 51
R ) Bt v (PR PE R B K R . A6 N P AL A S T I, Db 20 22 /D B AN v 14
S B A AT 5 A AE — S 1 A DL AR 1 B 40 B S &5 Al ok

HH, 1R R AR P 0 A 5 R O R 8 — AR 2 R 23— B RS2 VR ) ) AR 2R B AN
R i 2250 1 AL i) R0 AL A2 P 5 R R R 20 it e TG € 1m) 110 R A R 7 ] DAFE T~ S = 0 81—
AN ol 2 BHAIE.

—> DNA [FZEAR G B ITTRRA AL TR AL TR B T — NS A — AN IR 13X — X 7 J& LASh,
Fp ) IR A AT —ANBIE 5 1 1E XA 7R B R 9 242 [ Mb BB B A — ik XA B Tk
PRFF TAZ R (MRS e X PP K (MAZ IR A TP 45 TE T DNA IR 52 A% As e vl St
fEVEH.

BEAE — 55— LA AT BELL R — AN S B ARAT T DA 20 BE AT WA 7= ) 25 52 e A REE AL X6 1 44 75
BN S5 A B IR,

— N EPEEAE S AN REANAT H AN AR A 3B B K I AR TR M R S RN R T R RE,
—AERE AN EARZTI LN, B/ VL Kb rem 2, 3 diks, 28
A WAL S N AL S TR A BT DL T Ui WA SRR B A 2 3L B X AN B

R BIAE A : bt Ze A A m R s BOR B, T 2 1) by F S 7, 1E 02 8] RV 22 40
O A543 B AP TR I AT AE A 7 U7 W B B A A R AS BE A B8 K1 B4 A b
JE A5 %S R ] BE AL A IR Al AE A% 4 b AT REAS 21 5 22 vh (R BEOI 1— 7 A R AR 5
. A 7 JE XU BE 45 -A XRS5 Sk 1T 40 R — NTE 3 R 2 44

7 & BT HIBEHE =+ X R 5| AR BLAE A 1 RABZEH [RIE I N T A Reis 248 4 %
—/NMAEXTARE I, 7 JEA S TR, AR S T R 2 AN B RS . S eR bR
HIXN T ALK, OF J& it A BE AR K AR AR . I &R A% B — 3% 1 B L 7 3K 1840 %1% J2:
SR T ke s B K A5 i IO RS At QB B RN A5 RO SRR AL A Y EE B R R ar IR R,
P 4 e R R A% v T AR AT 5 B A% LU AL AR LS FEL - K 1840 518 2.

DA I, F&5E B & AR (B 4) & v [8) 4 EL OF & 2 5 B8 K45 25 WO RINE 224 B O FE 4,

HWYAR— A MR — A%, LBV R, AU R T B RXT, Bib A
B BIR PSR EE 72 AR R R BESA BT B B F & 6 75 BT A R B0 v ()44 IR 4, 40k
AEEZH—TMREZHN—

JE T R R T HOTUT p + o) Ui, TR PN BEAFAE R0, I ) {58 7587 45 5 I
43 TE Ho, JFH K B 0 A A R S0 1) 4 8 3R TN, J5L 7 & 45 B0 1 & S Y 4
AT DL AR ik 4273K 1 i, IR R UL SR T S, S T Hy AR AR T, HTE SRR,
7 FL SR B AT R L, B 8 A 2R A R &L 90 7 e R A B A E A9 31 R T &L Il
JEUL I AE 24 H AR il Ha, 38 & Hy 20 i 2 A HL#0T5 B [ g e I 4h moRe il B 5 1 1
BERL TS5 540, JE T HAB L BEAE K TR A REAFAE, 10 R R 26 8 A5 OH B TA74E TK
WA ST, IX A U, A H AN AR R AR e AL HT PB4 i AE K AR 7 H
HHHBEM TSR T e AR RETA H
— ANl I 59 VE FH AR A T O — AN TR AN R T T ST AR PR A
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A Moy —NE H W EPTE, A HARP 55— AN E H G RED T Hy rfiixst
WAL RER NS5 X el 2 o =4

WNHT TR, B H R IR T — AN — MR S0 3B B — MRy I = I A
80— X AR ) 55 A TCTR A A€ I BRSL IR S e ARAT 14343 H e 18 2% ol ] Ay
77 BUR GEDE a, SO AN 2K BE 2525 2% Tof iy 2 RT3 5 #5947 i 3K

FEREAL 2, AR AR BB Z0 b AR N T ML AETEAS T Sk, MU 587
BT AN TR, AT KR R B2, B IR

2R E I SEAE 1957 S8 5% I FIIRI 13T 8™ i oA YR IR, 32 45303 IRt AN DU 3K
5%FNVRI T AN S AFEH KB 1 0 VR 2 R AL S R R AR Atk e (i 3K — K
Hh )4 i 32 21 K3 5 36 A 1 Rl A R

NI AAF RS ANt B A5 T MRS (R Sl A 3 K 1R] R 2B A R e ity FLIE i 2R 3K
(7 3R J (R34 B O, U@ B[R] ) A A7

IV 3 SLGE— 1 (F & 1) (38 23X B P i A SR B R o S7. 48— 42 P 0 90 SE R 45 4

F JE A7 A5 )2 (B G5 M TG XA AN ) RIS R SR 1 2 i A ek 5 i, 1 P O SR 224k

R N AT A P JE SRR LA J5U A (1, e 1 B,C,D BYAR R A IR ZE K.
(A). R JRZUF & s (AR S AR, SR PEARTR 51 2); 7 & A AT — 5 A R 58 2 Bt B o 77 i Ay
PN SL ). P JE B U7 X R IR R o B A R M, BT R AE SR, A7 K A
WAEABATE. —EFEBMG G () E—HREEC — AN FT Y. X5 39 (35 45 A B
ANET IR J& R T7 — 3 2N, T 2 BAL. — 38 1) 5 R A7 A B B AR B e A ) X R 7
FE AT AT — AN IR SEAS RE B ST 25 P 77 & s r i T IR R R A 0 JR AR R T B IR T 1%
YN = BB S i e R R R D X L, B PR, B U <AL
R AT OBt A7 A AR XA S AR (10 51 A AR T BEANFE AN AR I H T D
N FH AR R A P AR I S AR A R TR .

e FRWRL 53 | RHE J (R R FL A28 AL ) 6 A — AR B P TR AR R AR P, R TR A B
7 J& BT 8K, 7P T & RE ORI KIS e . LA LE S LT RO X S 48— 1A B
“TF AR B EUR TR T 8] S P S R AR KRR A R T, —IE T P EEAT
BHEEM A GNP REA.

A FOOCRAE AT P REST 5 AL E WU 2R Y A JCHR AR Bk F 25 OK AR =
AP AW AE RT fE A R AR A i B L RS DU B — AN R HAZ IR B 45 5 (1)
H A T A,

AR RN AR R R AR T AR A M RE . U,
AT RN IE R AT S F A EE B S 1840 A5 A% AR B LLSOS RRUE
HhLe. TN BRSUE HH O AR S R AN T H AN 7 H, X AR PR TE A7 L ok B
PR, (AN LSS, 1E Sl -3 rho LA i AR B ] BAEERE — > P B A AR X R A,
—NSLI D), AT A E T EORIE SR RO . IR, PSS e ARl
Jo T B 1 T A2 R 2 = A D R TR A RE AL . BEARIX AR TR T P B/ &
i) B A W U R E M HITE S, RER RN EMRATRXTFF L LR THEANR
FHTHRL BROABGMEGRIGR. B, £, — DRl LRMBE R E K S5
SRR T PR (R, T ) AT A L ST 1 X B2 BN 7 i AL PR o, Hh )i AT AN RER
Ry ) (b P A A DA i A [ T R B, SR BRI B Je 44 BEAT AT AT
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AR S X ] S PR JE AR BT A . BT, NIRRT AN T A
ANBEAL R ANRE T, 17 3 BEWE Kl HERE B — AR A AW 1) T SR i R At AN BE A AE.
AT T I B G )R J2 (R A 3 SOk 2 ANl REAFAE IV, A7 /D (1 v 1)
B2 IARGERAE &, HA Bz b 2 B AR e 1. R, R )z
2 BN AE AT REBUAI A B D Frat 2 IASE AR JE. A8 b KRS, A TUCAR IR
BLOL T, Ho R AR — AN iy A R RS M R R, — B 198 5~6 AU IRB AL il rh ™
B2 gt T B AR AR I 58 th RE DR RF At 2 JERPRE L R RS2 2 MBI I 5,
otk S (3R AT A — NI A 2, L BEE AR B 2 D RN, PR 70 A& e
AN B, —Bgaf# il — O R BUR e sl Tl g K 2 R a2 i, Hge
ERLEA N

FEIKTN T JE VRN, ANRTRE H1 2 & 10— DR 5 — D7 i R i A48 oF Ja k. Lt i e fa
TR T 2R 5 Tl S 22 00 A5 0 A S5 R VR 22 50 LE A L A A T . AT
AN AR AN — ANHE S AL A IR h T AR RO AL B A &, B
ARG TS L) 8n ], hgeia (WU #)NEEHA & (BT DT 4L 1 BURM 25 5.
PIATIZ LT JE 1K) 7 ANREIR 25 55— I T BRI AE e AT DR 2 [ I 19 o el /b, B o 2 ke
HEFYIN B2 5% i A 74U L R= 0 e S AT s G 1
T AL SN, A AU E SR O b R RSl 2 . % IR & DNA )
AN EEAE R G R R AR A MR I X P . 2 DNA K R MZ TR
B, IR AR 731 ANl

TE AL I RE D (R AREAN B B 22500 JE I X7 ANl g — T K 53— J5 T S AE 1. Lot
FEEN A 25, 3 B ZORUAR BT 4 — X A L e 111 SCAF B S B 2, A% B AN AT RETH Ktk
LRGN AR A IIIAE (AR S . A — HAR RGRIRE T 5 (1 L 3R 7,
AbATTAS B A ) — 8 AR A TR AR T Geia . IR AR RO SOL TR AN BE SR da
S TP AR AR Dt IR = A 2 RS R 0 7 B N N 0 77 S 444 el T4 1 1Y
R TIH: IR b 3= AR REIONT 2 Ji A At 2 ) IR 328 B9 40 /0N 1T e 245 R 0 77 B R N B 20
SN R RO 7 Ji PR BT B T2, S Ak S B AR D B 2 SOk & Rl RE AE B AR 2 3C
A2z, BB GON N i — R L 5 i SO IS S (R 4. B AN vl e i K Bt
7B R i E YA AR, DU A <TE I R B A 2. BEREUR 1 < Jor B
PTG I 905, He A DB B BT I 587 B . A AR AT B LA 25 iy AN ] i
2B T R A AR T AR R A AR AR TEA T S L, SR W S BORN G v
9, BEANREIE BN TC B 40t B B 9L UK I IYIRSUE AL 23 e ? X it 1 51| B 4%
S E PR RORGHE. I CLAT 0 20 A rl AR, 32— A7 ANE A DB S, X230 5
e SRR ARA SR AL A A 2 e B GR35 1 B8 B e i 7 Ja, Ferp ik —
TP N AT IR K B85 2B W i B B (K0 5 7 B 40, B R 3 B8 B 4. 45 RS AR 2
AN T BE B BURIAS T T IR S IR R R BB g B R R A R BEA T X
T RE BT AR, Xl thE S B3 5 R SR AR D 8 ph A 2 SCHBE (0 s AL DR e, R AE B A
FE XA Fm R R R R A TRERE S Z RN Z 5 KB RIBR T, A%
A&7 e RN A RA T A B Frt o £ Xt sttt it B, 37 Fr gom
TN X3 F AR B D 46/ Tk AL 45 & R KGR B EL R R A8 HH R Bk,
Hhe T SCRAEMBEAS T XAk AR R R AR VB R R KT I8 20 AR A 2 3 T A2 A
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AR T AR B K BB M B A T )R TSk b k& TR AR =
AR AT RE BRI K e 2 S TR et oK B s 3 SO EE—#.

FEIX PSR 7 JE AR FR 2P JE PR 22 27 TN )y T M7 i A v e300 1) s Ui e A
R IES— AN IE R e BT p ANl REFE AR B — Nl TR & — A 29 DB Zerh i o A
17 7RI LLJE AT T80 AN B85 T R U T H S 247 LI 2N Al AT T SR 2 A P T
P BRI e ey B AR 1A 7 B 08 72 By s B8 7= B B ARARERN. <TG/ B 0 B 7 4 1)
S 2 NI A U AL At 2 A FRE PR R g S =S (. R A A D o AR RO 1 3t
B 2 03 2 N, BCSRAR AT A R 4
(B). FIBRELF & A (ZR A, R PEAR R BY);oF a1 XU5 B U5 e A ORI SR ] s AL
7 JE ARG, X5 B 75 W] AR SE A 7E, 36 A [F) A2 30K AR 2 8] (955 3 2 ELAR ML
M A e AT LS SEATHE 5 SR AT Il A e A0 AN AR 2 mons AT AR P A 38
7 FA) g S 0 AR ELHE R e AT PR AR ELIR 5 DR A DRA AT T IR AT 2R 28 B AP s X 75 4%
A it B8 I () ) P A A

FEAn AE40 Na Jl 250,350 11 A e N E 2 AN B 2] T ANIRES, SR )= 8 L 1
BIER TWARE S =2 TR T ANZE 2B T HAZ S )2 8 - Al
(8], HL755 L W2 TR PR AT AT FE 1R 7 2 AN S AR AL A i 7 IR

FHIIN 5 N Z 18] 70 Ji ko S BT 0 P 2 18] R 28 D, N RS P i, 26 1 2 TR 5K T
(K07 JE 555 2 (R85 BRAS 5 [R) A= s ) 2K, Bl AR CELHE R SOl € I 45 AF R AR 5 ]
ASEAE XU AL HE 5 AR B 508 7] M40 (10 R SR S <3 Bt 35 T 284 5 —
7 THI PR 58 o A T AR ELAR A7 B0 5 | U B 5 A 3 ) PR S N B0 06 B ) I~ 44 F J
1B BT DA ASRSIAF A KBRS, T 577 T ORKF HLAR BOAME:, Bide e 460 1, W07
BR] I, B — e oy, BRI AT, BE 0 K AT 8. — AR VR 2 X [R
JEAR B &2 B I A SRR R D5 n] R 7P JE R T 25 1, B AN VF 22 /NP AR A% . T
AN SE AR 7P TE BT, 5 A BUTR EANR], B B & i) 3 5 AR E 5 A —
5E F AT AT AT e for BEAN ELAREE AL . Q1 R T AN Z Pt 23 B 7 i 7 T P PR JRE
“EFRBRFE.” WS R FEREF EH .

[l IR R F e AR P i ) DU R (0, B ) DO AR BUPE ), AT DA Sl &, Ik
WCARA, WIREIRAL, AT A N AT AAL. [R5 i AR 18] P AR T E o7 J )
WAL Ty e R B g — 5. B, oif [ SR 5 [, KAz /e, iz 22 B, KA
fNRAR, ZIR BN, NEIZZE, A MAEE N, AR, A A2 b i 2 18l i L

BRI T A& A AE N RO R JE R JE IR AN RIS K 7 )i . i oF J
(RIPE JRT 23 R BUPE (AT AR X ST PR ). FEXT PR B 45 R AR TE BTG B A Lo, X9
PEIF B G5 RIE ARG B, BUE VRFE TR BRE WRFE BT, X Gt T A e i 75—
SE AT T AT AT LA, S (1 2 B0/ 5 N n] BEAL A SR A [ sy )2 2 ) ZE IR 0
PUET JE AL DA, 2%, AN[R] 23 BrsliRf i 2 18] (1 77 JE AR MEA g AEAT S o it )i .

AR RN B, AR 5w v A IR 53], 57 9 D oty e ) o PE R SR 1 L ARl
MBI A B U, 1237 151 0 BkeER g m TAMR AR IA LK % 2R emih Ui, b
R BB A GG, RS, SRl SRR A 2 VA 2 2R T2 2 45 A LN S 4
ORAE. DA, LA SCHTRE D R N SR AR REAE 7= 4 P S (1 AR A RUA e, it I e B2 5 41 45,
HBEARAEAGAE, ARG 25 B S A FEA L OUIR S-S AR I (RSB HE I 3 22 A% L
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MGG 22, H5RER, SHE ), 5AEO). FEMRT G RS S G751 4
(K32 DA 7 JE T sl AR CAFAE. -4 HUREIE 73 28 70 S 03 T80 T AAE AL 2 1 AR
PUkEr JE o, S R RE2 TBGRIE S EA 2 B . RO R St 5], FURTESS,
DI NSRS B A 5 P /N, JE T =R 4 R 45 R e 3 NSRBI, < ANBr e ie”
s AN IE AR R BER MARIE R LUk I, AN S ARSI R 20 R0 e

AN KRN S 1 geah 2 v, — Bt W] F 2 JE 1 B BUI RSP . — 3 nl AN R ZEAS
[l 2K, EANBIRE T 0 H CAFAE 2P, AT AR 1 EL AR AF I

Z WA, 2ok, 2R Z P2 5F o 2 58 61 230 B A SRRt e [ TR JE A AE I
BRA RIS AL I NSRS E R AR b0 it B 5 AR 37 3o — Dyt il
NI L S A e AN 2 9%, 53— 5 T QR A B A AR ) 5
(C). BB IRIBITF & S A5 0 R 73 J2 2 B0, IR b ) B2 B R 2%, B R R B ¢, i
TREE EENZER K RIS ENERBRERZ FMEEAARKRE S A& B RRES
ANRF IR 75 ZE 1T ELAR 21 DA e — AN 384K, &% R AN T] DA B AR T S AP A, W% Mk Bk
W, 2w, AEHBIBUG AL ) B R, B RSUT S, BRRSRE . LR
A LB, Sk T P T R S P, NS ARAE DNA it MR 2R 1
2 100 et J 2 TR TR 2 IR W [ 5 A B AR 250 J2 IR 2 T B AR L ARA A ELFC 15 SN LS8 AR L
T2 [RTAE R AR AE BRI MRS I 45 15 21 H 2B 0 Rl R B2 AR 1) e J2 A 1R S22 4K 23 W 1)
R A, 25 R R ES B B AR AN v e AR rh o i 80 R H K, A8 SR IR TR) 5%
A IEAT AR k.

AT T MRHRNERE A Z04T 137 AL AL KIRIE IR (1 3 204 B8 B T 1% A5 AT 55,7
BT RS AR A I - T R AN T2 B e 2ol — R A ARk, 1 0 e
TEAL R AE AR B AR, S 1 T BT A RT3 AR ERIE B LU (8 R AL 8] M R
AL B dr i 0 A2 A ALY (S A & A LU A A a0 50), B el oy
AR AN SRR, B T A B S E RS R 1 B K oy T Ao 1
PR 2R HE B AR 0 JsUa . i A i (RS A2 AN T Hh R el 4T s s A2 i 25 R IX— 224k
TP AP B IR AR A AR GUUE L 2 1Y) A s BB Be, o 2B i I ME AR HE S A LR R
e EATUE AL 2 e, HR R 2 vy 2, ] R 2 SR 28 (R A AR Wt A i R AR SR G A A IR 2 — 25
TR AR TR Y D ] B (1 A 240 6 285 e 20 M 285 AR5 1) 50 A R ZE T Ik oA A i 5
(KIAx 2 (K AR, 1 28 LA B B DRI R DR e, R BAT ) — A i, U AEAN R 1
UL N R BIANR] /2 ki 2B L 2500 SERE 7 B < NE I, Mok, ORVETE JE VS AR HL
ST 5 AN TR A FRE i B V0 240 BT I 24 ST 1) e A P 4T U,

FERF A AHRB I A S JZ 0, B S22 IR IR E AT FRIZ9 % B2 K A R R 55 10 AR
i, B MR MIAEIER N R A R, A AR AR L. T R L R sl 52, =
bR R R 2R e g5 1 22 A2 B LUR 231 B 2R R e, 2 e PR I e 2.

P IR AR S AL S AN AR AR A R ) 2B 7 AR o S da 3 A4
TIRVAE 7 R A AN L2 A AR 0. A7 R A O R A TR DLk s 2B 7 G AR K
JRRUA Je . — 3 2 1)U 284743 7 T, SR AEAN (R 9,50 D R v JBORURE s ANTRD T 2.7 Ji
B R HIEAIE & PIBEAANIE & 1 BIEATE &, b s NS pE o MARZL 17 AR
“HPEORAR RN At 2 (DR Ak (B s At s B TR di i e il ke AR IR I B S
filh. 5% SR ELRL R T A 23 IRTBUA SR N ST SR K8 RSB G5 AL AT ST A 45 A8 FR L SR fil o
IERAERA R, B T BT N 277 SR NS AN 5 S AN B2 3R, 20357 kA
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ANE 2B 18] ) A AE AR R BC 3R, R B T S 0 0 B e DR At A R AR DL )
ARSI B, BRSSP FOMAR 5 J, b2 i SRR 1 i 2 s DL e (18 3Ry
] R E R T A DAL RIS, PR, MAE T =277 Sk R S N AR B Ei i = 4L S5 I BUA 45
= SCAC S b ) DX 2 3 SR ARZ 17 5 2= IR A i 2 25 J 2 IR TR) o B 5))
INERE

AR, A A, HEA T RIBUG A P A L 225 20 2 A = 2 T A5 2 2
(A1)t S A A AN LR 2010 AN RESR ST A7 AE ) i A

e IR R G2 R JE AR R (). M Roe T R ERURAE. (2). —FH AL
WA R B2 R T JE I8 S AR AR FEMUAEAR. (3). P2k, BRJE EIREEH. Rt b
JET S 5, BIR N R RS 2 AR R HIZ) B R RS AT ] B B Z MR AT R
FRARAT A T AW I e J e (e R BRI (4). B 2 AN B2 P mef T I M r
FRFPAN T i 3 25 R AN R M B BEAR TS S AETE (5). AT 2B b2 & R i [a] FN b SR 55
RIARA T A FE AL IO R, A e PRSI I R 24 4R, B 22 R IR TRl A, PRI OA 34
[ 95 A 1 T ).

(D). M5 H B g (RISR) KB AR (SR AA) Z TR I P J& - A AN BT B M AL IR AA (R
A8). AL, AN A BT I I REAR (SR AA) Z TR (K G AR AR X 7 48— (R JE AR LR B M
FEARCERM), 05— B, MRS I, A NSRRI R B 2, B 20, B 25 55), R 55 /A,
TR Z T8 )7 Ji

S PN C ol e X% NS S I ST R el LI PR )5 R i UK NI PR S
KA B Rk AL, LK) D Y B TR AMA S AR (R AA) Z 18] 7P I

FEFATIA 748 b B Ay B U 5 Hh U — AN RS I 1 e A — AN IERL T e 4
J3, T LA E ANERUE T AT B 5 (R 45 45 0, 85 5 I 0 1 Hy B AL & . 200 7 Ho st il 24
FUHL T e Fl 2 ANl — AN EHL T e BT AL IR SR T Fe SR 26 AN T ¢ AR
B ko, B8 B SO TN B 28 b e T 0 A N4k

KA SR TR LA B R A 2 2 R ) AR Oy MR SRR (SR AR) 2
[P JE I A S 2.

7 JE AR BIANA: FETCHLIR M4k BRSNS SEAL SRR 18] RS AT 2 22 1R X 31,
bedn— 7K1 BRI D3, —REER 5 48t 3 0 DO, — Rk 5 BB P X 25 (24
R, LIRS 25N bl A 5 B 2% 00 AR AR AR 5 B AN A A SRy 1Y)
AN, i S AEAT AN IR R 2R AT B A [, A7 Bl DAL it (R 2 ) SCA S R v s RIS, 4
B BN DR TEHESAIAAHE D TIROCR—FF, FERGE N AT 7 MR,
HIREAS 737 IR B RERAT 5, IX 2 IEE. (H AN 70 T IBh e XA S 44, It 2L
EAl Nz < N AN AL S,

£ AR B 2 BRI T Fe o AT 26 N0 1 o A 4 TR N2 2
AN EEZ BT TR A 2,8,14,2. AR SOE T e ANAEASOE FL T e TTRE AR ST 44,10
2 X Sk y S S i BV R B, i Ol T RERAR mL BE S AR AL R TN TR R OR
i TR K. BTN R TR R A AL N Se R LA R T Ah e R
REZR 1) L7 1] BEERIT 21X 2 |, [ i g I e . 1 gt 2 U, 7R A D IR R 2 T AT %A
HL7 2 T R R PR AL TR R R AN W] B A %A i 7 J2 1R S R AT AN Bt 1) s 11

SR, AEAR S B WL AR B8 i At o0 B D BEARZM LA AHA HIHETEAZ M LA
ANF RS, AT 5 AR P AT BT G PR B, — AN BEAR SR LA NAAT v fig
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e H QAL — A TAAT AT RER AR BB A K, — N BEAR S AT RERE ALl TN ABX
AL SARAN T HPAE I G A RSN A 25 (L BT DL R 587 B O TN G ARAE Ao
HH R ST B M R R

AR BARAT AR AR RO I, 8 AR DL R AR 5 MR B R AR E G R, UL SR
A AERAE YA ORI RIEAE 2 O SR AR ) T 3 BTG I8 U 5 UK R A Fr A
PR 5 FRI T ) - — ot b B e AR 27 2 A S 9 L B AT T L 5 ey 0 A R
PSP Rl LSEEY NS N PR W TR NS ER N ORI RAWEE K S T4
UM SR LA 2 BT UL 7 0 2 B TR AN AH S TR R LU (K25 3L 58 0
T AR 4 (R 7 2, SO0 A N DI ZLZA AL A A gl oA AR (18 1 X 0
AN IR AT LN AR 5K

AP IR R L

A BT B (W2 T M) CHRTHZE) D #4
CERURHIE SRR AR AR SR AT G B R A AR M RE T4ieh 2 — 5
AP [N KT REAESE AT A P S R G SRR A S T

BITRE RITKE A AGMAL B IMTHAR) M SRR RS AT, MR R, AR
Hpr el X7 EIRANRER AR %77 BT e AL )2 LA AN RE LA SRR T A AT 14
FEG )R AR e e Ty FRBIRRTE T BRI MRS T A AR AR T A

BT SRS i T AT (LS ASVERNES I REES
HIEF A ERFPERR A ERTERAM AR B Y AR B A
JER A FRTE T

M—AMKIET Fe IS EWIR LT 4 B0 JERALAE AR, W B 2R T Fe
HAMET ) 26 DALY e AL 4 DML R, R BIANZ S Z I BT BT - 2,8,14,2.
PRI T 26 ANAME LT ¢ 58T Fe HL AT 26 MEHL T e IR R A B 5 14
1% 2 L A i 1 2 18] AN R B P AR 4 J2 b % IR 2 TR 1l C P i 1, e N )=
1 2 AR R BE SR AR T e feUE A T 2 BN L 5 R P e L T ALK
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Tolerance of Five Genotypes of Lentil to NaCl-Salinity Stress.

Abd EI-Monem, M. Sharaf
Botany & Microbiology Dept. Fac. of Sci. Al-Azhar Univ. Cairo Egypt.

Sharaf5858@yahoo.com

Abstract: Five Egyptian lentil cultivars ,Giza(4), Giza (9) , Giza (51) ,Giza (370) and Sinai (1), were tested
for their tolerance to different levels of NaCl (0,50,100,150,200 and 250 mM ). Seed germination,
vegetative growth, and activities of certain metabolites were investigated .The inhibitory effects of NaCl
differed, depending on the genotypes tested. In Giza(4), Giza(51) and Giza(370), cultivars with reduced
germination percentage and lower relative water content, the increase in NaCl concentration resulted in the
decrease in growth, levels of photosynthetic pigments, total soluble sugars, total soluble proteins,
proline,and activities of the main enzymes involved in the germination process. In contrast, Giza (9) and
Sinai(1) cultivars, in response to salt stress accumulated higher proline, total soluble sugar and total soluble
proteins concentrations which improved their water status and the enzyme activities . K/Na ratio was varied
in the different genotypes in response to different levels of NaCl. Giza(9) and Sinai (1) exhibited highest
values of K/Na ratio in their shoots than the other cultivars. [New York Science Journal. 2008;1(3):70-80].
(ISSN: 1554-0200).

Introduction: most critical periods for acrop subjected to
The amount and quality of irrigation salinity. In this respect, Fowler (1991) and
water available in many of the arid and semi-arid Puppala et.al. (1991) reported that germination
regions of the world are the main limiting factors failures on saline soils are often the results of
to the extension of the agriculture (Munns 2002). high salt concentrations in the seed planting zone
The progressive salinization of land is one of the because of upward movement of soil solution
most severe world wide problems in agriculture and subsequent evaporation at the soil surface
production (Pandey and Thakares, 1997). Soil .These interfere with seed germination and crop
salinity affected plants at seedling stage much establishment. Lentil is considered a strategic
higher than other plant growth stage; because crop under agronomic and food point of view,
seed germination usually occurs in the because of its role as possible component of the
uppermost soil layers which accumulate soluble cropping systems in the Mediterranean areas and
salts as a result of evaporation and capillary rise as a protein source for human and animal
of water Almansouri et al. (2001). Soil salinity consumption (Kurdali, et.al.,1997and Katerji,
designates a condition in which the soluble salt et.al., 2001).
content of the soil reaches a level harmful to Selection for salinity resistance appears
crops through the reduced osmotic potential of as a laborious and hazardous task and plant
the soil solution and the toxicity of specific ions. breeders are, therefore, seeking for quick, cheap
These soluble salts may be from those present in and reliable ways to assess the salt-resistance of
the original soil profile or transported to the selected material. Determination of germination
profile by irrigation water containing an unusual potential of seeds in saline conditions could
high concentration (Ates and Tekeli, 2007). All appear as a simple and useful parameter for
these  factors manifest themselves by several reasons. First, salinity resistance at this
morphological, physiological and metabolic stage was shown to be a heritable trait which
modifications in plant such as decrease in seed could be used as an efficient criterion for the
germination, decrease in shoot and root length selection of salt-resistant populations Ashraf
(Arshi et al.2002), alterations in the integrity of (1994), although it is a polygenic character
cell membranes, changes in different enzymatic linked to a complex genetic basis Mano and
activities and photosynthesis (Arshi et. al.,2002 Takeda (1997). Second, seeds and young
and Sairam and Tyagi, 2004). seedlings are frequently confronted by much
The response of plants to excess sodium higher salinities than vigorously growing plants
chloride (NaCl) is complex and involves changes because germination usually occurs in surface
in their morphology, physiology and metabolism soils which accumulate soluble salts as a result
( Parida and Das,2005).germination is one of the of evaporation and capillary rise of water.
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Several studies demonstrated that the
evolution of salinity resistance is not the same
for all cultivars of a given species (Lutts et al.,
1995 and Almansouri et al., 2001). The aim of
this work was to study the effect of salinity on
five lentil cultivars for evaluation of their salt
tolerance. This was carried out on the basis of
magnitude of seed germination, early vegetative
growth and activities of some metabolites as well
as contents of sodium and potassium during the
early stage of growth .

Materials and Methods:

Seeds of lentil Giza(4), Giza (9) , Giza
(51) ,Giza (370) and Sinai (1) were obtained
from Agricultural Research Centre, Ministry of
Agriculture, Giza, Egypt.

A pot experiment was carried out in
Botanical farm, Fac. Of Sci., Al-Azhar Univ.
seeds were sown in pots 45 cm diameter. Each
pot was filled with 10kg of clay loamy soil (40%
clay,35% silt, 25% sand) with 10 seeds/pot.
Thinning was performed after 1 weak later of
germination leaving fiveplants per pot. The pots
were divided into five sets representing the five
lentil cultivars. Each set composed of five groups
representing the following irrigation salinity
levels : 0.0,50,100,150,200&250 mM. NaCl.

The relative water content was

estimated according to Turner (1981) and was
evaluated from the equation:
RWC% = (FW — DW)/(TW)X100, where FW is
the fresh weight of the shoots, TW is the weight
at full turgor, measured after floating the shoots
for 24 hours in water in the light at room
temperature and DW is the weight estimated
after drying the shoots at 70°C until a constant
weight is achieved.

Photosynthetic pigments were estimated

using the method of Vernon and Selly (1966).
Contents of soluble carbohydrates were
measured according to the method of Umbriet et
al. (1969). Contents of soluble proteins were
estimated according to the methods of Lowery
etal. (1951).
For determination of proline contents seeds were
hand-homogenized in 3% of sulfosalicylic acid
and centrifuged at 3000g at 4°C for 10 min. The
supernatants were used for proline estimation.
Bates et al.(1973).

Activities of amylases were determined
using the method of Afifi et al. (1986). Proteases
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activities were estimated using the method of
Ong and Guacher (1972). Catalases activity were
measured according to the method of Chen et al.
(2000).

A portion of shoot samples (each 0.5 g)
were digested with di-acid mixture of HNO; and
HCIO, (3:1) for K", Na* analysis (Yoshida et al.,
1976). The concentration of K™ and Na” in the
digest was estimated by flamephotometery.
Statistical Analysis:

All  the obtained results were
statistically analyzed using least significant
difference test (L.S.D) and (T. Test) at 5% level
of probability Snedecor and Cochran (1982).

Results and Discussion:
Germination :

Results of the present study ( table
Lrevealed that germination of all cultivars began
from Two days after sowing, reaching 100%
germination percentage in control seeds.
Increasing salinity caused delay and a gradual
decrease in germination. This was valid among
the different cultivars. At the seventh day after
sowing (before thinning the plants in pots) the
final germination percentage for each of the
studied cultivars was calculated. The seeds were
not germinated by the 250 mM salinity level.
However, at 200 mM NaCl, germination
percentage was significantly reduced in Giza-4
(50%) ,and Giza-51which retched 39% and 10%
in Giza-370. At the same salinity level (200 mM
NaCl) cultivars Giza-9 and Sinai-1 germinated
more than the other ones (77and 64%),
exhibiting a fair degree of salt tolerance. In
general the obtained results show a decrease in
germination percentage in all studied genotypes,
with increasing salinity. In the cultivars Giza-4
,Giza-370 and, in minor extent, in Giza-51 the
magnitudes of such decrease were more as
compared to that of cultivars Giza-9 and Sinai-
l,in particular way when high salinity
concentrations were used. Inhibition of
germination due to salinity has been reported (
Alyari, et al.,2004 and Redondo,et al.2004).
Sidari et al. (2008) reported that genetic
variability within a species offers a valuable tool
for studying mechanism of salt tolerance.
Germination process can be considered in terms
of three sequential steps: imbibition, metabolism
leading to initiation of radical growth and radicle
growth leading to radical emergence.
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Table 1 : Germination percentage (%) of five lentil cultivars under different levels of NaCl.Each value is a
mean of three replicats + standard error of mean .

NaCl Concentrations (mM)
Cultivar 0.0 50 100 | 150 200 250
Giza-4 100.0+0.0 100.0+0.0 71.25 + 56.39+ 0.06** 50.21 + _
0.04** 0.06**
Giza-9 100.0+0.0 100.0+0.0 92.34+0.06* 82.13 + 77.05+0.03** _
0.04**
Giza-51 100.0+0.0 97.12 + 73.24 + 5152+ 0.06** 39.11+ 0.08** _
0.10 0.07**
Giza-370 100.0+0.0 94.08 + 68.27+ 48.64 + 10.00 + _
0.06 0.06** 0.04** 0.07**
Sinai-1 100.0+0.0 100.0+0.0 87.21 + 76.27 + 64.13+0.07** _
0.04** 0.05**

* Significant at 5% confidence level;
** Significant at 1% confidence level.

Growth and metabolic responses:

Depending on the obtained results as regards the percent of germination, four levels of salinity
(0.0,50,100&150 mM NaCl ) were tested for growth and metabolic responses of the five cultivars of lentil.
Data presented in table 2 showed that salinity decreased plant height, as well as plant- fresh and dry
weights of the tested cultivars . The magnitude of decrease was increased with increasing salinity level.
Statistically,Giza(9) and Sinai(1) cultivars showed insignificant responses as regard the aforemintioned
growth parameters. This was the case up t0100 mM NaCl then they were significantly decreased. Other
cultivars showed either significant or highly significant decreases in growth characters in response to all
applied levels of salinity except for 50 mM NaCl , they were insignificantly affected.

Reults presented in table 2 showed that increasing salinity level led to a gradual decrease in the RWC in all
cultivars. The highest water content was detected in cultivar Giza-9 followed by Sinai-1 , while the lowest
contents were detected in Giza-4 , Giza-51 and Giza-370 respectevely. This was the case troughout the
different levels of NaCl. Relative water content (RWC) was used as a measure of drought (McCaig and
Romagosa, 1991). Inhibition of germination due to salinity as suggested in previous reports ( Ates and
Tekeli ,2007 and Sidari et al. 2008) is attributed to a decrease water content, that affect the synthesis of
hydrolitic enzymes limiting the hydrolysis of food reserves from storage tissues as well as to impaired
translocation of food reserves from storage tissue to developing embryo axis ( Dubey ,2003).

Reults presented in table 2 showed also that increasing salinity level led to a decrease in the K/Na ratio in
all cultivars.Progressive decrease in the K/Na ratio were observed in Giza-4 , Giza-51 and Giza-370
respectevely. This was more obvious at the high levels of NaCl . On the other hand,highest levels of
K/Na ratio was detected in cultivar Giza-9 followed by Sinai-1. This was the case troughout the different
levels of NaCl. K*/Na" ratio is a good indicator to assess plant tolerance to salt stress (Ashraf,et.al.,
2007).They reported that reduction in K*/Na" ratio of sugarcane genotypes under salt stress was attributed
to increased absorption of Na" and decreased absorption of K* by sugarcane genotypes. However, salt-
tolerant genotypes exhibited strong affinity for K* over Na* and maintained an 8-fold higher K*/Na" ratio
as compared to salt-sensitive genotypes.
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Table 2: Effect of different levels of NaCl on plant height(cm.),F.wt. (gm./plant),D.wt. (gm./plant),
RWC(%/plant) and K’/ Na'Per plant of five lentil cultivars . Each value is a mean of three replicats +
standard error of mean .

Cultivars NaCl plant height F.wt. D.wt. RWC% K/Na ratio
(mM) (cm.) gm./plant gm./plant Per plant Per plant
0.0 24.11+0.12 3.25+0.10 1.17 +0.02 47.06 +1.02 3.29+0.01
Giza-4 50 2398 +0.14 3.09 + 0.01* 1.14+0.03 46.10 +1.12 3.01 +0.04
100 18.24+0.12** 2,17 +0.12** 1.09 + 0.02* 33.13 +0.19** 2.36 +0.02**
150 13.27 +0.24** 2.01 + 0.04** 1.03 + 0.02** 31.21 +0.54** 0.57 + 0.02**
0.0 26.25 +0.16 3.69+0.16 1.18 +0.01 48.49 + 0.35 3.31+0.04
Giza-9 50 26.02 +0.13 3.38 +0.08 1.11 +0.05 50.56 + 0.84 3.24 +0.06
100 23.17+0.10 3.01+0.07 1.09+ 0.01 47.91+0.73 3.19+0.03
150 21.91+0.15* 2.98 +0.23 1.08 +0.02 48.63 +0.29 2.93 +0.07
0.0 25.36 +0.13 3.18 +0.15 1.14+0.03 47.23 +0.53 3.16 + 0.04
Giza-51 50 22.40+0.08 2.57 +0.06* 1.10+0.01 40.57 +0.81 2.58 + 0.06
100 17.14 + 0.13** 2,45+ 0.07** 1.07 + 0.01* 39.27 +0.09** 1.27 +0.03**
150 15.39 +0.13** 2.26 + 0.05** 1.08 +0.01* 35.61 +0.38** 0.97 + 0.08**
0.0 25.37+0.20 3.41+0.07 1.11+0.04 50.98 + 0.94 3.12 +0.02
Giza-370 50 22.34 +0.14* 3.16 +0.04 1.13+0.01 47.54 +0.82 2.09 + 0.04*
100 19.30+0.10** 2.70+.03** 1.09 +0.03 43.66 + 0.37* 1.20 + 0.06**
150 14.21 + 0.08** 1.89 + 0.04** 1.00 + 0.02** 30.79 +0.77** 0.57 + 0.09**
0.0 25.69+0.14 3.51+0.08 1.09 +0.02 52.60+0.18 3.24 +0.04
Sinai-1 50 25.02 +0.12 3.47 +0.05 1.04 +0.00 53.46 +1.06 3.05+0.01
100 21.95+0.16 3.42 +0.07 1.04 + 0.01 53.33+0.38 2.81+0.04
150 20.34+0.17* 3.00+0.10 1.03 +0.03 47.25+0.11 2.79 +0.08

* Significant at 5% confidence level;
** Significant at 1% confidence level.

Results of the present study(table 3) showed a great variations as regards the contents of

photosynthetic pigments depending on the type of lentil cultivar and the applied level of NaCl. Cultivars of
Giza-4 , Giza-51 and Giza-370 showed ,in most cases, highly significant decreases in the contents of
chlorophyll a , chlorophyll b and carotenoids especially at the high salinity levels. In cultivar Giza-9
followed by Sinai-1, contents of chlorophyll a, chlorophyll b as well as carotenoid contents were generaly
insignificantly affected in response to different applied levels of salinity.
Several investigators reported that chlorophyll and total carotenoid contents of leaves decrease, in general,
under salt stress. The ability of plants to tolerate salt is determined by multiple biochemical pathways that
facilitate retention and/or acquision of water, protect chloroplast function and maintain ion homeostasis
(Parida and Das, 2005). In Grevilea, protochlorophyll, chlorophylls, and carotenoids are significantly
reduced under NaCl stress, but the rate of decline of protochlorophyll and chlorophyll is greater than that of
Chl-a and carotenoids (Kennedy and De Fillippis, 1999). In leaves of tomato, the contents of total
chlorophyll (Chl.a+b), Chl-a, and b carotene decrease by NaCl stress (Khavarinejad and Mostofi, 1998).
Under salinity stress, leaf pigments studied in nine genotypes of rice reduce in general, but relatively high
pigment levels are found in six genotypes (Alamgir and Ali, 1999). Salinity causes significant decreases in
Chl-a, Chl-b, and carotenoid in leaves of B. parviflora (Parida et al., 2002). Decrease in carotenoids lead to
degradation of B-carotene and formation of Zeaxanthins, which are apparently involved in protection
against photoenhibition Sharma and Hall (1991). .However, Wang and Nil (2000) have reported that
chlorophyll content increases under conditions of salinity in Amaranthus plants.
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Table 3: Effect of different levels of NaCl on contents of Chlo.a,mg/g. F.wt., Chlo.b,mg/g. F.wt.and
contents of Carotenoids mg/g.F.wt. of five lentil cultivars . Each value is a mean of three

replicats + standard error of mean.

Carotenoids Chlo.b,mg/g. Chlo.a,mg/g. Treatments
mg/g.F.wt. F.wt. F.wt. Cultivars  NaCl
mM.
2.21+0.01 3.09 +0.01 3.21+0.03 0.0
2.14+0.05 2.89 +0.04 3.11+0.02 Giza-4 50
1.64 + 0.03** 1.39 + 0.03** 2.61 +0.05* 100
1.07+ 0.02** 1.09 + 0.01** 2.01 +0.02** 150
2.33+0.05 3.19+0.01 3.35+0.04 0.0
3.33 +0.01** 3.09 +0.06 3.33+0.01 Giza-9 50
2.17+0.05 2.89 +0.02 3.19 +0.05 100
2.24 +0.07 2.81 +0.05 2.94 +0.03 150
2.84 +0.02 3.12+0.03 3.14 +0.02 0.0
3.02 +0.06 3.09 +0.01 3.01+0.04 Giza-51 50
2.74 +0.03 2.19 + 0.04** 2.13 + 0.04** 100
1.74 + 0.02** 2.09 + 0.06** 1.47 +0.02** 150
2.09+0.01 3.06 +0.01 3.09 +0.04 0.0
3.01 + 0.02* 3.00+0.08 3.01 +0.02 Giza-370 50
1.28 + 0.04** 2.10 + 0.02** 2.31 +0.05* 100
1.17 + 0.02** 2.04 + 0.05** 1.11 + 0.02** 150
2.40 +0.04 3.10+0.03 3.40 + 0.05 0.0
3.00 + 0.02* 3.06 +0.01 3.01+0.02 Sinai-1 50
3.01+0.02* 2.79+0.02 3.01 +0.03 100
2.94 + 0.03* 2.09 + 0.04* 2.84 +0.02 150

* Significant at 5% confidence level;
** Significant at 1% confidence level.

The obtained results (table 4) revealed
that contents of soluble carbohydrates in shoots
of different cultivars were greatly affected in
response to different levels of salinity. In Giza-4,
Giza-5land Giza- 370 , contents of soluble
carbohydrates in both shoots and roots were
increased at the lower level of NaCl(50mM) |,
then they were significantly decreased at the
higher levels ( 150mM NaCl). However, in Giza-
9 followed by Sinai-1 , an opposite trend was
observed,where contents of soluble
carbohydrates in shoots and roots were increased
with increasing salinity level. Statistically , the
observed increases were found to be significant
up to 100 mM of NaCl then they were
insignificantly affected at 150 mM NaCl.
Carbohydrates such as sugars (glucose, fructose,
sucrose, fructans) and starch accumulate under
salt stress (Parida et al., 2002). Their major
functions are  osmoprotection,  osmotic
adjustment, carbon storage, and radical
scavenging. Salt stress increases reducing sugars
(glucose, fructose), sucrose, and fructans in a
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number of plants (Kerepesi and Galiba, 2000;
Khatkar and Kuhad, 2000; Singh et al., 2000). In
Vicia faba salinity decreases soluble and
hydrolyzable sugars (Gadallah, 1999). Sugar
content increases in some genotypes of rice but
also decreases in some genotypes (Alamgir and
Ali, 1999). Under salinity, the starch content in
roots of rice plants declines and remains
unchanged in shoots. A decrease in starch
content and an increase in both reducing and
nonreducing sugar have been reported in leaves
of Bruguiera parviflora (Parida et al., 2002).
Sidari et al. (2008) in lentil, indicate a lower
content of total soluble sugar and proline in
presence of the highest salt concentration in
Castelluccio and Eston cultivars compared to
Ustica and Pantelleria cultivars, suggesting that
salt tolerance ability of these two last landraces
appears to be associated to the accumulation of
osmolytes which improved their water status.
Data presented in table 4 revealed that
contents of soluble protein were significantly
increaced in shoots of Giza-9 and sinai-1
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cultivars in response to all applied concentrations
of NaCl. In Giza 51, contents of soluble proteins
were increased only at the lower level of
NaCl(50mM), then they were significantly
decreased at 100 &150 mM NaCl. Highly
significant decreases in protein contents were
detected in shoots of Giza-4 and Giza 370
cultivars. This was the case throughout all the
applied levels of NaCl. Several salt-induced
proteins have been identified in plants species
and have been classified into two distinct groups
(Mansour, 2000) , salt stress proteins which
accumulate only due to salt stress, and stress
associated proteins, which also accumulate in
response to heat, cold, drought, waterlogging,
and high and low mineral nutrients. Proteins that
accumulate in plants grown under saline
conditions may provide a storage form of
nitrogen that is re-utilized when stress is over
(Singh et al.,1987) and may play a role in
osmotic adjustment. Proteins may be synthesized
de novo in response to salt stress or may be
present constitutively at low concentration and
increase when plants are exposed to salt stress

(Pareek et al., 1997). A higher content of soluble
proteins has been observed in salt tolerant than in
salt sensitive cultivars of barley Hurkman et
al.,1989, finger millet (Uma et al., 1995), and
rice (Lutts et al.,1996). In wheat, Ashraf and
O’Leary (1999) reported that total soluble
proteins increased due to salt stress in all
cultivars tested but that this increase was more
marked in a salt sensitive cultivar and low in a
salt tolerant. In contrast, in lentil, Ashraf and
Waheed (1993) reported that leaf soluble
proteins decreased due to salt stress in all lines,
irrespective of their salt tolerance. Ashraf and
Fatima (1995) found that salt tolerant and salt
sensitive accessions of safflower did not differ
significantly in leaf soluble proteins. Similarly,
comparison of salt tolerant wild populations with
cultivated populations of Melilotus indica and
Eruca sativa, Ashraf (1994) showed that the salt
tolerant populations did not differ from salt
sensitive populations in soluble protein content
of their leaves at varying salt levels of the growth
medium.

Table 4: Effect of different levels of NaCl on contents of Soluble carbohydrates (mg/g. D.wt.), Soluble
prteins (mg/g. D.wt.)and contents of Proline(mg/g.D.wt.) in shoots of five lentil cultivars .
Each value is a mean of three replicats + standard error of mean.

Proline mg./g. Soluble Soluble Treatments
D.wt. prteins mg/g. carbohydrates Cultivars  NacCl
D.wt. mg/g. D.wt. (mmMm)
0.53+0.01 61.95+0.24 56.27 +0.12 0.0
0.79 + 0.02* 66.32 + 0.28* 54.19+0.14 Giza-4 50
0.52+0.01 55.09 + 0.30** 43.28 +0.21%** 100
0.34 + 0.05** 53.27 +0.16** 41.91 +0.15** 150
0.61 +0.02 63.05+0.24 57.28 +0.13 0.0
0.87 +0.04* 67.91 +0.22%* 62.27 + 0.14* Giza-9 50
0.93 + 0.03** 73.68 +0.17** 74.09 + 0.14** 00
0.94 + 0.02** 77.15+0.24** 74.60 + 0.20** 50
0.56 +0.04 60.58 +0.14 55.92 +0.15 0.0
0.67 +0.01* 61.24 +0.12 51.36 +0.18* Giza-51 50
0.41 +0.03* 54.10 + 0.16** 43.50+ 0.15** 100
0.37 +0.04** 49.88 +0.15** 39.20 + 0.14** 150
0.58 +0.04 61.05+0.17 56.38 +0.18 0.0
0.55+0.05 58.20+0.14 57.25+0.15 Giza-370 50
0.41 + 0.01** 49.26 + 0.25** 42.60 + 0.30** 100
0.35 + 0.04** 45.57 + 0.34** 36.81 +0.15** 150
0.56 +0.02 62.28 +0.17 54.96 +0.17 0.0
0.61 + 0.06* 67.24 + 0.23* 66.10 + 0.14** Sinai-1 50
0.67 +0.03**  70.34+0.19** 73.31+0.18** 100
0.78 + 0.02** 70.94 +0.16** 75.90+0.12%** 150

* Significant at 5% confidence level;
** Significant at 1% confidence level .
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Reults in table 4 showed that contents of proline in shoots of the tested cultivars were varied
greatly according to the type of cultivar and the applied concetration of NaCl . In Giza-9 and,to more
extent, in sinai-1, proline contants were increased with increasing salinity level. However in other cultivars,
contants of proline were, generally, decreased with increasing salinity level. Accumulation of some
compatible solutes (proline and free amino acids) in stressed plants produced lower solute potential , which
allows plant cell to maintain a higher water content than the corresponding control. These solutes play an
important role in plants under stress conditions, where major functions of sugars are osmoprotection and/or
osmotic adjustment as reported by Parida et al.(2002).

Results presented in table 5 revealed that activities of amylases,proteases and catalases in shoots
of the tested cultivars were varied greatly according to the type of cultivar and the applied concetration of
NaCl . In Giza-9 and, to more extent, in sinai-1, activities of amylases and proteases were mostly
insignificantly affected in response to the different levels of salinity,while activities of catalases were
significantly increased. In other cultivars, Giza-4, Giza-51and Giza- 370 , activities of amylases,proteases
and catalases were decreased. The magnitude of the decreases was increased with increasing salinity level.
The activities of the antioxidative enzymes such as catalase (CAT), increase under salt stress in plants and
a correlation of these enzyme levels and salt tolerance exists (Lee et al., 2001; Mittova et al., 2003 and
Parida and Das, 2005 ).Vardhini and Rao (2003) observed that CAT activity decreased in susceptible
sorghum and maize varieties but increased in resistant varieties as compared to unstressed control plants.

Conclusion:

Although lentil is considered a very sensitive species to salinity, much more than other legumes
such as broad bean, chick pea and soybean, from the outcom of the obtained results ,it could be identified ,
at least , two cultivars, Giza(9) and Sinai(1) that could be utilized not only in breeding programs to improve
the saline resistance of the species but also to be cultivated in environments where salinity of the soils is a
frequent constraint.

Table 5: Effect of different levels of NaCl on contents of amylase (mg/g. F.wt.), prtease (mg/g. F.wt.) and
contents of catalase (mg/g.F.wt.) in shoots of five lentil cultivars . Each value is a mean of
three replicats + standard error of mean.

Catalase mg/g.F.wt.  Protease mg/g.F.wt.  Amylase mg/g.F.wt.  Treatments Cultivars NaCl, mM

2.21+0.01 3.09 +0.01 3.21+0.03 0.0
2.14+0.05 2.89 +0.04 3.11+0.02 Giza-4 50

1.64 + 0.03** 1.39 + 0.03** 2.61+0.05% 100
1.07+ 0.02** 1.09 + 0.01** 2.01 +0.02%* 150
2.33+0.05 3.19+0.01 3.35+0.04 0.0
3.33+0.01%* 3.09 +0.06 3.33+0.01 Giza-9 50
2.87+ 0.05* 2.89 +0.02 3.19 + 0.05 100
2.84 +0.07* 2.81+0.05* 2.94 +0.03 150
2.84+0.02 3.12+0.03 3.14 +0.02 0.0
3.02+0.06 3.09 +0.01 3.01+0.04 Giza-51 50
2.74+0.03 2.19 +0.04** 2.13 +0.04%* 100
1.74 +0.02** 2.09 + 0.06** 1.47 +0.02** 150
2.09 +0.01 3.06 +0.01 3.09+0.04 0.0
3.01+0.02 3.00+ 0.08 3.01+0.02 Giza-370 50

1.28 + 0.04** 2.10 + 0.02** 2.31+0.05* 100
1.17 + 0.02** 2.04 + 0.05** 1.11 + 0.02** 150
2.40 +0.04 3.10 + 0.03 3.40 + 0.05 0.0
3.00 + 0.02* 3.06 +0.01 3.01+0.02 Sinai-1 50

3.01+0.02* 2.79+0.02 3.01+0.03 100
2.94 +0.03* 2.09 +0.04* 2.84 +0.02 150

* Significant at 5% confidence level;
** Significant at 1% confidence level.

76



ISSN 1554-0200 http://www.sciencepub.org New York Science Journal,

Corresponding author: Abd EI-Monem M. Sharaf
Sharaf5858@yahoo.com

References:
Afifi, W.M.; Zeinab ,A.and Abd El-Hameid, M.F. (1986): Effect of gamma-irradiation on pea seedlings.
Ann. Agric., Moshtohor, 24(4): 2047-205.

Agastian, P.; Kingsley, S.J.and Vivekanandan, M. (2000): Effect of salinity on photosynthesis and
biochemical characteristics in mulberry genotypes. Photosynthetica 38, 287-290.

Alamgir, A.N.and Ali, M.Y.(1999): Effect of salinity on leaf pigments, sugar and protein concentrations
and chloroplast ATPAase activity of rice (Oryza sativa L.). Bangladesh J. Bot. 28, 145-149.

Almansouri, M., Kinet,J.M. and Lutts, S.(2001): Effect of salt and osmotic stresses on germination in
durum wheat (Triticum durum Desf.). Plant Soil, 7.231: 243-254.

Alyari, H.;Shekari, F.;Motallebi, A.; Shekari F.and Golipoor, M.(2004): Effects of different salt
concentrations on seed germination and seedling growth of Iranian alfalfa (M.sativa L.) populations
Turk.J.Field Crops , 9:22-34.

Arshi, A, M.Z. Abdin and M. Igbal, (2002): Growth and metabolism of senna as affected by salt stress.
Biol. Plant., 45: 295-298.

Ashraf, M.(1994): Organic substances responsible for salt tolerance in Eruca sativa, Biol. Plant. 36 255—
259.

Ashraf, M.and O’Leary, J.W. (1999): Changes in soluble proteins in spring wheat stressed with sodium
chloride, Biol. Plant. 42; 113- 117.

Ashraf, M.and Waheed, A. (1993): Responses of some local/exotic accessions of lentil (Lens culinaris
Medic.) to salt stress, J. Agron. Soil Sci. 170 : 103-112.
Ashraf, M. and Fatima, H. (1995): Responses of some salt tolerant and salt sensitive lines of safflower

(Carthamus tinctorius L.), Acta Physiol. Plant. 17: 61-71.

Ashraf, M., Rahmatullah, Kanwal, S., Tahir, M. A., Sarwar, A. and Ali, L. (2007): Differential salt
tolerance of sugarcane genotypes. Pakistan J. Agr. Sci. 4: 85-89.

Ates,E. and Tekeli,A.S.(2007):Salinity toleranceof persiam clover (Trifolium resupinatum Var.Majus
Boiss)lines at germination and seedling stage.World J.Agric.Sci.,3(1)71:79.

Bates, L.S.; Waldren,R.P. and Teare, 1.D. (1973): Rapid determination of free prolinefor water stress
studies. Plant Soil, 39: 205-207.

Burton, K., (1956): A study of the conditions and mechanism of the diphenylamine reaction of colorimetric
estimation of deoxyribonucleic acid. Biochem. J., 62: 315.

Chen, Y.; Cao, X.X.D.; Lu Y. and Wang, X.R.(2000): Effects of rare earth metal ions and their EDTA
complex on antioxidant enzymes of fish liver Bull. Environ. Contam. Toxicol., 65: 357-365.

Dubey, R.S.( 2003).Effect of salinity on nucleic acid metabolism of germinating rice seeds differing in salt
tolerance. Plant Physiol. Biochem., 12; 9-16.

77


mailto:Sharaf5858@yahoo.com

ISSN 1554-0200 http://www.sciencepub.org New York Science Journal,

Gadallah, M.A.A.(1999): Effects of proline and glycinebetaine on Vicia faba response to salt stress. Biol.
Plant. 42, 249-257.

Fowler, J.L.( 1991): Interaction of salinity and tempreture on the germination of crambe. Agron. J.,83:169-
172.

Hernandez, J.A., Campillo, A., Jimenez, A., Alacon, J.J., Sevilla, F., 1999. Response of antioxidant
systems and leaf water relations to NaCl stress in pea plants. NewPhytol. 141, 241-251.

Hurkman, W.J. Fornari, C.S. and Tanaka, C.K. (1989): A comparison of the effect of salt on polypeptide
and translatable mRNA in roots of a salt tolerant and salt sensitive cultivar of barley, Plant Physiol. 90:
1444-1456.

Katerji, N., van Hoorn, J.W. Hamdy, A. Mastrorilli, M. Oweis T. and Erskine, W.(2001): Response of two
varieties of lentil to soil salinity. Agric. Water Manage., 47: 179-190.

Khavarinejad, R.A.and Mostofi, Y.(1998): Effects of NaCl on photosynthetic pigments, saccharides, and
chloroplast ultrastructure in leaves of tomato cultivars. Photosynthetica 35, 151-154.

Kennedy, B.F., De Fillippis, L.F., (1999): Physiological and oxidative response to NaCl of the salt tolerant
Grevillea ilicifolia and the salt sensitive Grevillea arenaria. J. Plant Physiol. 155, 746—754.

Kerepesi, l.and Galiba, G.(2000):0Osmotic and salt stress-induced alteration in soluble carbohydrate content
in wheat seedlings. Crop Sci. 40, 482-487.

Khatkar, D.and Kuhad, M.S.(2000): Short-term salinity induced changes in two wheat cultivars at different
growth stages. Biol. Plant. 43, 629-632.

Kurdali, F., Kalifo,K. and Al Schamma, M. (1997): Cultivar differences in nitrogen assimilation,
partitioning and mobilization in rain-fed grown lentil. Field Crops Res., 54: 235-243.

Lee, D.H., Kim, Y.S. and Lee, C.B.(2001): The inductive responses of the antioxidant enzymes by salt
stress in the rice (Oryza sativa L.). J. Plant Physiol. 158, 737-745.

Lowery, O.H., Rosebrough, N.J. Farr, A.L.and Randall, R.J.(1951): Protein measurement with the folin
reagent. J. Biol. Chem., 193: 265-275.

Lutts, S., Kinet, J.M.and Bouharmont, J. (1995): Changes in plant response to NaCl during development of
rice (Oryza sativa L.) varieties differing in salinity resistence. J. Exp. Bot.,46: 1843-1852.

Lutts, S. Kinet, J.M.and Bouharmont, J. (1996): Effects of salt stress on growth, mineral nutrition and
proline accumulation in relation to osmotic adjustment in rice (Oryza sativa L.) cultivars differing in
salinity tolerance, Plant Growth Regul. 19: 207-218.

Mano, Y. and Takeda, K.(1997): Mapping quantitative trait loci for salt tolerance at germination and
seedling stage in barley (Hordeum vulgare L.). Euphytica, 94: 263-272.

Mansour, M.M.F. (2000): Nitrogen containing compounds and adaptation of plants to salinity stress, Biol.
Plant. 43: 491-500.

McCaig, T.N. and Romagosa, 1.(1991): Water status measurements of excised wheat leaves: position and
age effects. Crop Sci., 31: 1583-1588.

78



ISSN 1554-0200 http://www.sciencepub.org New York Science Journal,

Mittova, V., Tal, M., Volokita, M., Guy, M.(2003): Up-regulation of the leaf mitochondrial and
peroxisomal antioxidative systems in response to salt-induced oxidative stress in the wild salt-tolerant
tomato species Lycopersicon pennellii. Plant Cell Environ. 26, 845-856.

Munns, R., 2002. Comparative physiology of salt and water stress. Plant, Cell and Environment, 25: 239-
250.

Ong, P.S. and G.M. Gaucher, 1972. Protease production by thermophillic fungi. Can. J. Microbiology, 19:
129-133.

Pandey, A.N. and Thakares, N.K.(1997): Effect of chloride salinity on survival and growth of Prosopis
chilensis seedlings. Trop. Ecol., 3: 145-148.

Pareek, A.. Singla, S.L and Grover, A.(1997):Salt responsive proteins/genes in crop plants, in: P.K. Jaiwal,
R.P. Singh, A. Gulati (Eds.), Strategies for Improvin Salt Tolerance in Higher Plants, Oxford and IBH
Publication Co., New Delhi, , pp. 365-391.

Parida, A. and Das, A.B.(2002):NaCl stress causes changes in photosynthetic pigments, proteins and other
metabolic components in the leaves of a true mangrove, Bruguiera parviflora, in hydroponic cultures. J.
Plant Biol. 45, 28-36.

Parida, A. and Das, A.B. (2005): Salt tolerance and salinity effects on plants. Ecotoxicol. Environ.
Safety, 60: 324-349.

Parida, A., Das A.B. and Das, P. (2002): NaCl stress causes changes in photosynthetic pigments, proteins
and other metabolic components in the leaves of true mangrove Bruguiera parviflora in hydroponics
cultures. J. Plant Biol., 45: 28-36.

Parida, A. and Das,A.B. (2005):Salt tolerance and salinity effects on plants. Ecotoxicol. Environ. Safety,
60: 324-349.

Puppala, N., Fowler, J.L.; poindexter, L. and bhardwaj, H.L.(1999): evaluation of salinity tolerance of
canola germination . In: Perspictives on New Crops and New Uses. Ed., Janick, J., ASHS Press, pp:251-
253.

Redondo , S., Rubio -Casal , A.E. castillo, J.M. Luque, C.J. Alvarez, A.A. Luque T.and Figueroa,
M.E.(2004): Infeluences of salinity and light on germination of three Sarcocornia taxa with contrasted
habitats. Aquatic Botany , 78: 255-264.

Sairam, R.K. and A. Tyagi, (2004): Physiology and molecular biology of salinity stress tolerance in plants.
Curr. Sci., 86: 407-421.

Sharma, P.K. and D.O. Hall, (1991): Interaction of salt stress and photoinhibition on photosynthesis in
barley and sorghum. J. Plant Physiol., 138:614-619.

Singh,N.K.; Bracken,C.A.; Hasegawa,P.M.; Handa, A.K.; Buckel,S.;Hermodson, M.A.; Pfankoch, F.;
Regnier, F.E.and Bressan, R.A.(1987):Characterization of osmotin. A thaumatin-like protein associated
with osmotic adjustment in plant cells, Plant Physiol. 85 ; 529-536.

Sidari, M.; Muscolo, A.; Anastasi, U.; Preiti, G.and Santonoceto, C.(:2008): Variations in four genotypes of
lentil under NaCl-salinity stress. Amer. J. of Agr. And Biol. Sci. ,3(1):410-416.

Singh, S.K.;Sharma, H.C.; Goswami, A.M.; Datta, S.P.and Singh, S.P.(2000): In vitro growth and leaf
composition of grapevine cultivars as affected by sodium chloride. Biol. Plant. 43, 283-286.

79



ISSN 1554-0200 http://www.sciencepub.org New York Science Journal,

Snedecor, G.M. and Cochran, W.G. (1982): Statistical methods 7 edition, | th owa state Univ., Press,
Ames., lowa U.S.A., pp: 325-330.

Turner, N.C. (1981): Techniques and experimental approaches for the measurement of plant water status.
Plant and Soil, 58: 339-366.

Uma, S. Prasad, T.G. and Kumar, M.U. (1995):Genetic variability in recovery growth and synthesis of
stress proteins in response to polyethylene glycol and salt stress in finger millet, Ann. Bot. 76: 43-49.

Umbriet, W.W.; Burris, R.H.; stauffer, J.F.; Cohen, P.P.; Johsen, W.J.;Lee G.A., Patter, V.R.and
Schneicter, W.C. (1969): Manometric techniques, manual describing methods applicable to the studs of
tissue metabolism. Burgess publishing Co., U.S.A., pp: 239.

Vardhini,B.V. and Rao, S.S.R.(2003): Amelioration of water stress by brassinosteroids on seed germination
and seedling growth of three varieties of sorghum. Plant Growth Regul.,41:25-31.

Vernon, L.P. and. Selly, G.R (1966): The chlorophylls. Academic press. New York and London.
Wang, Y.and Nil, N.(2000): Changes in chlorophyll, ribulose biphosphate carboxylase—oxygenase, glycine
betaine content, photosynthesis and transpiration in Amaranthus tricolor leaves during salt stress. J. Hortic.
Sci. Biotechnol. 75, 623-627.

Yoshida, S., Forno, D. A., Cock, J. H. and Gomez, K. A. (1976): Laboratory Manual for Physiological
Studies of Rice. The International Rice Research Institute, Manila, Philippines.

80



New York Science Journal, http://www.sciencepub.org, ISSN 1554-0200

New York Science Journal

ISSN: 1554-0200

The international academic journal, “New York Science Journal” (ISSN: 1554-0200), is
registered in the New York of the United States, and invites you to publish your papers.

Any valuable papers that describe natural phenomena and existence or any reports that convey
scientific research and pursuit are welcome, including both natural and social sciences. Papers
submitted could be reviews, objective descriptions, research reports, opinions/debates, news,
letters, and other types of writings that are nature and science related. There is no charge for the
manuscript submissions.

The Journal is published in the both printed version and online version. The abstracts of all the
articles in this journal are free accessed publicly online, and the full text will be charged to the
readers for US$10/article. The authors will get 30% of the article selling and the other 70% of
the article selling will be used to cover the publication cost.

If the authors (or others) need hard copy of the journal, it will be charged for US$60/issue to
cover the printing and mailing fee.

Here is a new avenue to publish your outstanding reports and ideas. Please also help spread this
to your colleagues and friends and invite them to contribute papers to the journal. Let's work
together to disseminate our research results and our opinions.

Papers in all fields are welcome, including articles of natural science and social science.

Please send your manuscript to editor@sciencepub.net; sciencepub@gmail.com

For more information, please visit http://www.sciencepub.org/newyork

New York Science Journal

525 Rockaway PKWY, #B44, Brooklyn, NY 11212, The United States,
Telephone: 347-321-7172

Email: editor@sciencepub.net; sciencepub@gmail.com

Website: http://www.sciencepub.org/newyork

525 Rockaway PKWY, #B44, Brooklyn, NY 11212, The United States, 347-321-7172
http://www.sciencepub.org/newyork editor@sciencepub.net



mailto:editor@sciencepub.net
mailto:sciencepub@gmail.com
http://www.sciencepub.org/newyork
mailto:editor@sciencepub.net
mailto:sciencepub@gmail.com
http://www.sciencepub.org/newyork

New York Science Journal

ISSN 1554-0200

Marsland Press

Brooklyn, New York, the United States

ISSN 1554-0200

7715547020035

9

http://lwww.sciencepub.org editor@sciencepub.net



	introduction.pdf
	New York Science Journal
	Introductions to Authors


	01_0387_Zaman_INVESTIGATION.pdf
	Investigation And The Analysis Of Water Masses At Pakistan Coastal Regions
	Large volumes of seawater move through the oceans as discrete water masses, identifiable by their characteristic temperatures and salinities. These water masses form at the ocean surface, and their temperatures and salinities reflect surface conditions where they formed. If a newly formed water mass is denser than its surrounding waters, it sinks to a level determined by its density relative to the density distribution in the nearby ocean. Below the surface, water masses are moved by subsurface currents, often for thousands of kilometers. After hundreds of years (possibly 1000 years), the deep waters return to the ocean surface, again to exchange gaseous with the atmosphere and to be warmed by heat from the sun. Subsurface water mass movements can be traced by using changes in dissolved gas concentrations, especially dissolved oxygen, and the presence of pollutants from nuclear weapons testing and even atmospheric pollutants, such as chlorinated hydrocarbons. The densest water masses in the ocean form in Polar Regions, where waters of moderately high salinity are intensely cooled at the ocean surface. These processes increase the depth of the pycnocline by the sinking of dense waters from the surface. If dense enough these water masses may sink all the way to the bottom and flow along the ocean floor. A water mass of intermediate density will flow at dense waters of the surface zone. The vertical position of water mass of intermediate density is like the position of a card in a deck of cards, and the ones above have lower densities.  
	IV. WATER MASSES OF THE ARABIAN SEA
	For study and analysis water masses at Pakistan coastal regions (stations) I selected 10 positions along the coastal zones of Arabian Sea. After study I observed that the basis of water mass analysis in the deep ocean is the derivation of water mass properties in the formation region are small compared to the property differences that are observed between different water masses at some distance from their formation region. 


	04_0426_zhangdongsheng_production.pdf
	       对社会经济形态的改变和人类社会发展的新观念     新6/08
	1.简短介绍 
	4. 封建社会—农业社会,畜力和农民的人力成为社会生产中的主要动力,在农业生产中,农民驾御着比人力强大数倍的畜力以从事人力所作不到的耕耘活动.铁器的发明和使用更大大地促进了农业的发展.
	7. 结论






