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Abstract: The main objective of the current work is to recognize salinity effects and vegetation stress

belonging to Salicornia Fructicosa salt tolerant plant in South Port Said plain, using the high advanced

remote sensing techniques of hyperspectral data. The investigated area is represented by South Port Said

plain which occupies a considerable portion of the eastern fringe of Nile Delta. The investigated area is

located between 30° 53' 22" and 310 01' 29" N latitudes and between 32° 15' 19" and 32° 18' 22" E

longitudes. Analyzing vegetation using remotely sensed data requires knowledge of the structure and

function of vegetation and its reflectance properties. Vegetation reflectance properties are used to derive

vegetation indices (VIs). The VIs are used to analyze various ecologies. A VI is a simple measure of

some vegetation property calculated from reflected solar radiation measurements made across the optical

spectrum. The solar-reflected optical spectrum spans a wavelength range of 400 nm to 3000 nm.

Vegetation Indices are combinations of surface reflectance at two or more wavelengths designed to

highlight a particular property of vegetation. They are derived using the reflectance properties of vegetation

described in Plant Foliage. Each of the VIs is designed to accentuate a particular vegetation property. The

current work provides 16 vegetation indices to be used to detect the presence and relative abundance of

pigments, water, and carbon as expressed in the solar-reflected optical spectrum (400 nm to 2500 nm).

The most important vegetation category (Salicornia Fructicosa) was selected in the current work and the

best representative indices for this category was performed .The selections were based upon robustness,

scientific basis, and general applicability. Salinity effects were studied with the associated geomorphologic

units. The vegetation Stress aimed to create a spatial map showing the distribution of crop/vegetation

stress. This analysis is applied in agricultural/pasture lands to support precision agriculture analysis.
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INTRODUCTION

South Port Said plain occupies a considerable

portion of the eastern fringe of Nile Delta. The

investigated area is located between 30° 53' 22" and

310 01' 29" N latitudes and between 32° 15' 19" and

32° 18' 22" E longitudes as shown in Figure 1. This

plain represents the most important part of Port Said

Governorate, the second harbor of Egypt. The current

work deals with subset of this plain to identify

vegetation stress the investigated area for realizing the

philosophy of remote sensing which based on

identifying the objects or natural resources on the earth

throughout different sensors without physical contact.

Among the most significant and recent breakthroughs

in remote sensing is the development of hyperspectral

sensors and the software to analyze the resulting image

data. A short time ago, only spectral remote sensing

experts had access to hyperspectral images and the

software tools necessary to take advantage of them.

During the past decade, though, hyperspectral image

analysis has matured into one of the most powerful and

fastest-growing technologies in the field of remote

sensing, . A hyperspectral image is one in which the[1]

reflectance from each pixel is measured at many

narrow, contiguous wavelength intervals. Such an

image provides detailed spectral signatures for every

pixel. These signatures often provide enough

information to identify and quantify the material (s)

existing within the pixels. A user could, for instance,

employ a hyperspectral image to locate and quantify

different types of building materials or minerals that

might be present within an area of interest or even

within a single pixel .[2]

The main objective of the current work is to

recognize vegetation stress for Salicornia Fructicosa salt

tolerant plant in South Port Said plain, using the high

advanced remote sensing techniques of hyperspectral

data.
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Fig. 1: Location of the investigated area

MATERIALS AND METHODS

Digital image processing: Digital image processing
using ENVI 4.3 software included the following
processes:

-Calibration hyperspectral image to reflectance. -
Atmospheric & radiometric correction according to .[3]

Filtering using the adaptive filters to reduce noise by
smoothing while preserving sharp edges.- Stretching
with mean DN of 127 with the data values of 3
standard deviations set to 0 and 255.-Geometric
correction using corresponding ground control points.-
Image projection using Universal Transverse Mercator
(UTM) - Processing of the pixel data where Minimum
Noise Fraction (MNF) and Pixel Purity Index (PPI)
were extracted with the aid of ENVI tools. The
Hyperion space-borne satellite image dated to May
2001 was used. The obtained hyperspectral image has
the following specifications, Table (1)

Table. 1: Specifications of the Hyperion space-borne satellite image

Specifications Performance measurements

Wavelength Range (nm) 400 - 2500
GSD = 30+/-lm 29.88 m
Spectral Resolution (nm) 10
No. of used Spectral Bands 220
Radiometric Calibration <6%

Fieldwork: A reconnaissance survey was made
throughout the investigated area in order to gain an
appreciation of the broad vegetation patterns, according
to the obtained spectra end-members.-GPS Garminl2XL
was used in the field to recognize the accurate
locations of the end-members for vegetation sampling.-
Twenty vegetation samples were collected for spectral
library analyses, which managed to cover the major
vegetation types, developed on the different end-
members that extracted from the hyperspectral image.
Eight surface soil samples were collected for the
chemical analyses (EC and soluble cations and anions)
for identifying salinity stress, according to .[4]

Using USGS Spectral Library (vegetation): Used
spectra (spectral library) were measured on a custom-
modified, computer-controlled Beckman spectrometer at
the USGS Denver Spectroscopy Lab. U.S.A.
Wavelength accuracy is on the order of 0.0005 micron
(0.5 nm) in the near-IR and b0.0002 micron (0.2 nm)
in the visible light .[5]

RESULTS AND DISCUSSIONS

Analyzing natural vegetation: Analyzing natural
vegetation (Salicornia Fructicosa) using remotely sensed
data requires knowledge of the structure and function
of vegetation and its reflectance properties. This
knowledge enables us to link vegetative structures and
their condition to their reflectance behavior in an
ecological system of interest.  studied the importance[6]

of Salicornia Fructicosa as salt removal potential of
some plants grown naturally in salt affected soils in
two different areas, North East and North West of
Egypt. Table (2) and Figure (2) show Salicornia
Fructicosa salt tolerant plant taxonomy and its
morphological characteristics.

Vegetation reflectance properties of Salicornia
Fructicosa are used to derive vegetation indices (VIs).
The VIs are used to analyze various ecologies. VIs are
constructed from reflectance measurements in two or
more wavelengths to analyze specific characteristics of
vegetation, such as total leaf area and water content.

Table. 2: Salicornia Fructicosa Taxonomy/characteristics

Item description
Kingdom Plantae 
Sub Kingdom Tracheobionta (vascular plant)
Superdivision Spermatophyta (seed plant) 
Division M agnoliophyta (flowering plant) 
Class M agnoliopsida (dicotyledon) 
Order Caryophillidae 
Family Chenopodiaceae 
Genus Salicornia
Species fruticosa 
Classification (L.) M oq.
Common name glasswort 
Geographic Range M editerranean coasts, South Africa.
Physical Characteristics perennial herb with prostrate or erect blue-green stem  (red colored in Autumn), branched in a lot of branches, 

ligneous down and fleshy up, composed by a succession of cylindrical acromeres a few m illim eters long. The
very little leaves, fleshy and cylindrical as the stem, are opposite and m elted togheter wrapping the stem. The
flowers are not much visible and arranged three by three with the central one bigger. It flowers in July-August.
The flowers are hermaphrodite, pollinated by the wind. 

Habitat typical species of saltmarshes and salt places, it tolerates salt soils, it needs moist soils and can tolerate drought.
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A VI is a simple measure of some vegetation

property calculated from reflected solar radiation

measurements made across the optical spectrum. The

solar-reflected optical spectrum spans a wavelength

range of 400 nm to 3000 nm. Of this range, the 400

nm to 2500 nm region is routinely measured using a

variety of optical sensors ranging from multispectral

(for example, Landsat TM, SPOT MSS, QuickBird) to

hyperspectral (for example, AVIRIS, HyMap,

Hyperion) . Vegetation interacts with solar radiation[7]

differently from other natural materials, such as soils

and water bodies. The absorption and reflection of

solar radiation is the result of many interactions with

different plant materials, which varies considerably by

wavelength. Water, pigments, nutrients, and carbon are

each expressed in the reflected optical spectrum from

400 nm to 2500 nm, with often overlapping, but

spectrally distinct, reflectance behaviors. These known

signatures allow scientists to combine reflectance

measurements at different wavelengths to enhance

specific vegetation characteristics by defining Vis.

The optical spectrum is partitioned into four

distinct wavelength ranges:

1-Visible: 400 nm to 700 nm.2-Near-infrared: 700

nm to 1300 nm.3-Shortwave infrared 1 (SWIR-1): 1300

nm to 1900 nm.4-Shortwave infrared 2 (SWIR-2): 1900

nm to 2500 nm.The transition from near-infrared to

SWIR-1 is marked by the 1400 nm atmospheric water

absorption region in which satellites and aircraft cannot

acquire measurements. Similarly, the SWIR-1 and

SWIR-2 transition is marked by the 1900 nm

atmospheric water absorption region. Generally

vegetation is divided into the following general

categories:

1-P lant Fo liage .2 -C anop ies  and  3 -Non-

Photosynthetic Vegetation. The current study deals with

Plant foliage including leaves, needles, and other green

materials, often look similar to the casual observer, but

they vary widely in both shape and chemical

composition. The chemical composition of leaves can

often be estimated using VIs, but doing so requires

some knowledge of the basic composition of leaves

and how they change under different environmental

conditions. The most important leaf components that

affect their spectral properties is leaf pigments.

There are three main categories of leaf pigments in

plants: chlorophyll, carotenoids, and anthocyanins.

These pigments serve a variety of purposes, and are

critical to the function and health of vegetation, though

the relative concentrations of these pigments in

vegetation can vary significantly. Vegetation with a

high concentration of chlorophyll is generally very

healthy, as chlorophyll is linked to greater light use

efficiency or photosynthetic rates. Conversely,

carotenoid and anthocyanin pigments often appear in

higher concentrations in vegetation that is less healthy,

typically due to stress or the onset of senescence

(dormant or dying vegetation that appears red, yellow,

or brown).

Chlorophyll, the most well-known and most

important pigment, causes the green color of healthy

plant leaves. It is primarily responsible for

photosynthesis, the process by which plants take up

2carbon dioxide (CO ) from the atmosphere and convert

it into organic forms such as sugar and starch.

Chlorophyll concentrations in leaves are broadly

correlated with photosynthetic rates. Chlorophyll-a and

-b  p igments  mo st  c lo se ly asso c ia ted  w i th

photosynthesis.

Carotenoids are a group of pigments containing

alpha-carotene, beta-carotene, and xanthophyll pigments

(for example, zeaxanthin). Carotene is the yellow-

orange pigment found in tree leaves as they change

from green to brown (as seen during autumn).

Carotenoid pigments have multiple functions, but they

are generally found in higher concentrations in plant

leaves that are either stressed (seen in drought or

nutrient depletion), senescent, or dead. Carotenoids

assist the process of light absorption in plants, and help

protect plants from the harmful effects of very high

light conditions.

Anthocyanins also have multiple functions, but are

typically related to changes in foliage. Anthocyanins

are reddish pigments abundant in both newly forming

leaves and leaves undergoing senescence. Anthocyanins

also serve to protect leaves from damage due to

ultraviolet radiation.

As a group, leaf pigments only affect the visible

portion of the shortwave spectrum (400 nm to 700

nm), though the affects vary depending upon the type

of pigment. Figure (2) shows the absorption of each

pigment type as a function of wavelength throughout

the visible range.

Fig. 2: Relative Light Absorption Intensity of

Salicornia Fructicosa  Leaf Pigments.
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Salinity Stress in the Different Geomorphologic

Units: High salinity causes hyper-osmotic stress and

ion disequilibrium that produce secondary effects or

pathologies  Fundamentally, Salicornia fructicosa as[8 ,9]

other plants cope by either avoiding or tolerating salt

stress in the different geomorphologic units. That plant

is either dormant during the salt episode or there must

be cellular adjust to tolerate the saline environment.

Tolerance mechanisms can be categorized as those that

function to minimize osmotic stress or ion

disequilibrium or alleviate the consequent secondary

effects caused by these stresses.The chemical potential

of the soil saline solution as shown in Table (3)

initially establishes a water potential imbalance between

the apoplast and symplast that leads to turgor decrease,

which if severe enough can cause growth reduction.

Growth cessation occurs when turgor is reduced below

the yield threshold of the cell wall. Cellular

dehydration begins when the water potential difference

is greater than can be compensated for by turgor loss.

The cellular response to turgor reduction is osmotic

adjustment. The cytosolic and organellar machinery of

glycophytes and halophytes is equivalently Na+ and Cl-

sensitive; so osmotic adjustment is achieved in these

compartments by accumulation of compatible osmolytes

and osmoprotectants However, Na+ and Cl- are

energetically efficient osmolytes for osmotic adjustment

and are compartmentalized into the vacuole to

minimize cytotoxicity . Since Salicornia fructicosa plant

cell growth occurs primarily because of directional

expansion mediated by an increase in vacuolar volume,

compartmentalization of Na+ and Cl- facilitates osmotic

adjustment that is essential for cellular development.

Movement of ions into the vacuole might occur directly

from the apoplast into the vacuole through membrane

vesiculation or a cytological process that juxtaposes the

plasma membrane to the tonoplast , then[8 ]

compartmentalization could be achieved with minimal

or no exposure of the cytosol to toxic ions. However,

it is not clear presently the extent to which processes

l i k e  t h e s e  c o n t r i b u t e  t o  v a c u o l a r  i o n

compartmentalization. The bulk of Na+ and Cl-

movement from the apoplast to the vacuole likely is 

mediated through ion transport systems located in the

plasma membrane and tonoplast. Presumably, tight

coordinate regulation of these ion transport systems is

required in order to control net influx across the

plasma membrane and vacuolar compartmentalization.

The SOS signal pathway is a pivotal regulator of, at

least some, key transport systems required for ion

homeostasis [10,11,12].

As shown in Table 3 there is a high correlation

between salinity and geomorphologic units resulting in

salinity stress, where very high salinity stress occurs in

decantation basin with extremely saline soils (269.0 -

300.9 dS/m), high and moderately high salinity stress

occurs in overflow basins of 98.3 and 167.2 dS/m,

meanwhile moderate and moderately low salinity stress

occurs in low hummocks geomorphologic unit with

salinity values in the range of 32.2 to 54.3 dS/m. 

V egetation Indices:  Vegetation Ind ices are

combinations of surface reflectance at two or more

wavelengths designed to highlight a particular property

of vegetation. They are derived using the reflectance

properties of vegetation described in Plant Foliage.

Each of the VIs is designed to accentuate a particular

vegetation property. The current work provides 16

vegetation indices to be used to detect the presence and

relative  abundance  of  pigments, water, and carbon

as expressed in the solar-reflected optical spectrum

(400 nm to 2500 nm). Selection of the most important

vegetation category (Salicornia Fructicosa) and the best

representative indices this category was performed.

The selections were based upon robustness,

scientific basis, and general applicability. 

The indices are grouped into categories that

calculate similar properties. The categories and indices

are:

A-Broadband Greenness (3 indices): 1-Normalized

Difference Vegetation Index (NDVI) 2-Simple Ratio

Index(SRI).3-Atmospherically Resistant Vegetation

Index (ARVI). Figure (2) shows the abovementioned

indices.

 

B-Narrowband Greenness (3 indices): 1-Red Edge Normalized Difference Vegetation Index(RENDVI) .2-Modified

Red Edge Simple Ratio Index(MRESRI) and 3-Modified Red Edge Normalized Difference Vegetation Index.
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C-Light Use Efficiency (3 indices): 1-Photochemical Reflectance Index. 2-Structure Insensitive Pigment Index.

3-Red Green Ratio Index.

Canopy Nitrogen (1 index) &Dry or Senescent Carbon (2 indices): Normalized Difference Nitrogen

Index(NDNI) &1-Normalized Difference Lignin Index (NDLI). 2-Plant Senescence Reflectance Index (PSRI)

 

Leaf Pigments (2 indices) & Canopy Water Content (2 indices):

1-Carotenoid Reflectance Index 1. 2-Anthocyanin Reflectance Index & 1-Water Band Index. 2-Moisture

Stress Index

Table 3: Salinity Stress in the different mapping units

Geo.Unit EC(dS/m) Soluble cations Soluble anions SAR Salinity Stress

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

M g++ Ca++ K+ Na+ Cl- CO3-& SO4-

HCO3-

De. B. 300.9 542 503 376 1588 1562 939.8 507.2 69.47 V. High

De. B. 269.0 484.54 449.67 336.14 1419.65 1396.40 840.17 453.43 65.69 V. High

Ov. B. 167.2 301.17 279.50 208.93 882.40 867.95 522.22 281.83 51.79 High

Ov. B. 98.3 177.06 164.32 122.83 518.78 510.28 307.02 165.70 39.71 M . High

L. Hu. 44.9 80.88 75.06 56.11 236.96 233.08 140.24 75.68 26.84 M od.

L. Hu. 32.7 58.90 54.66 40.86 172.57 169.75 102.13 55.12 22.90 M . Low

L. Hu. 54.3 97.81 90.77 67.85 286.57 281.88 169.60 91.53 29.51 M od.

L. Hu. 32.2 58.00 53.83 40.24 169.94 167.15 100.57 54.28 22.73 M . Low

Abbreviations

Geo.= Geomorphologic  ; Ov. B.= Overflow Basin ; De. B.= Decantation Basin  ; L. Hu..= Low Hummocks

EC= Electric Conductivity;  V. = Very ; M od.= M oderate ; M .= M oderately
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Each category of indices typically provides

multiple techniques to estimate the absence or presence

of a single vegetation property. For different properties

and field conditions, some indices within a category

provide results with high(VI) in a category—and

correlating these to field conditions measured on site it

is be so easy to assess which indices in a particular

category do the best job of modeling the variability in

the scene. By using the VI in any category that best

models the measured field conditions for a few

measurements, it can significantly increase the quality

of the results from any further processing.

The vegetation indices are intended for use in

geographically mapping relative amounts of vegetation

components, which can then be interpreted in terms of

ecosystem conditions.

All VIs require high-quality reflectance

measurements from either multispectral or hyperspectral

sensors. Measurements in radiance units that have not

been atmospherically corrected are unsuitable, and

typically provide poor results.

The VIs that can be calculated on a specific data

set are determined by the spectral bands sampled in the

input data set. If all spectral bands required for a

specific index are available, that VI is available for the

data set. For example, an input data set from a sensor

that matches only the near-infrared and red spectral

bands (such as AVHRR, TM, and others) is only able

to calculate two of the indices: the NDVI (Normalized

Difference Vegetation Index) and SR (Simple Ratio).

In contrast,  for a high spectral resolution input data

set (Hyperion image) 25 of the indices will be

available of which (16) VI were selected in the current

work.

The broadband greenness VIs are among the

simplest measures of the general quantity and vigor of

green vegetation. They are combinations of reflectance

measurements that are sensitive to the combined effects

of foliage chlorophyll concentration, canopy leaf area,

foliage clumping, and canopy architecture. These VIs

are designed to provide a measure of the overall

amount and quality of photosynthetic material in

vegetation, which is essential for understanding the

state of vegetation for any purpose. These VIs are an

integrative measurement of these factors and are well

correlated with the fractional absorption of

photosynthetically active radiation (FAPAR) in plant

canopies and vegetated pixels. They do not provide

quantitative information on any one biological or

environmental factor contributing to the FAPAR, but

broad correlations have been found between the

broadband greenness VIs and canopy LAI.

Broadband greenness VIs compare reflectance

measurements from the reflectance peak of vegetation

in the near-infrared range to another measurement taken

in the red range, where chlorophyll absorbs photons to

store into energy through photosynthesis. Use of near-

infrared measurements, with much greater penetration

depth through the canopy than red, allows sounding of

the total amount of green vegetation in the column

until the signal saturates at very high levels. Because

these features are spectrally quite broad, many of the

broadband greenness indices can work effectively, even

with image data collected from broadband multispectral

sensors, such as AVHRR, Landsat TM, and QuickBird.

Applications include vegetation phenology (growth)

studies, land-use and climatological impact assessments,

and vegetation productivity modeling.

Vegetation stress: The vegetation Stress aimed to

create a spatial map showing the distribution of

crop/vegetation stress. This analysis is applied in

agricultural/pasture lands to support precision

agriculture analysis. The conditions that cause

vegetation stress are the same as those that cause forest

stress; however, vegetation stress analysis concentrates

more on growth efficiency. Dry or dying crops/pasture

do not efficiently use nitrogen and light, indicating

vegetation stress, whereas a crop/pasture showing

healthy, productive vegetation indicates low stress .[5]

The vegetation Stress  could be expressed by 9 stress[11]

classes as shown in Figure (4).

REFERENCES

1. Clark, R.N., 1999. "Spectroscopy of Rocks and

Minerals and Principles of Spectroscopy". In Renz,

Andrew N. (Ed), Remote Sensing for the Earth

Sciences: Manual of Remote Sensing (3`  ed.),Vold

3,New York: John Wiley & Sons, 3- 58.

321



J. Appl. Sci. Res., 5(3): 316-322, 2009

2. Gomez, R.B., 2000. "The power of Hyperspectral

Technology".2  International Conference on Earthnd

Observation and Environmental Information, Cairo,

Egypt, l 1-14.

3. Goetz, A.F.H. and J.W. Boardman, 1997.

"Atmospheric Correction: On Deriving Surface

Reflectance from Hyperspectral Imagers", In

D escour, M .R.and  Shen,S .S .(Eds.) .Imaging

Spectrometry III: Proceedings of SPIE, 3118: 14-

22.

4. Rowell, D.L., 1995. Soil Science Methods and

application. Longman scientific and technology.

USA.

5. ENVI manual, 2005. "The Environment for

Visualizing Images, ENVI manual".RSI.

6. Shaaban, M.M. and M.M. El-Fouly, 2006." nutrient

contents and salt removal potential of some wild

plants grown in salt affected soils": International

Symposium on Techniques to Control Salination

for Horticultural Productivity ISHS Acta

Horticulturae. 573.

7. Asner, G.P., 1998. Biophysical and Biochemical

Sources of Variability in Canopy Reflectance,

Remote Sensing of Environment, 64: 234-253. 

7. di N. Anoè, D. Calzavara, L. Salviato - Società

Veneziana di Scienze Naturali Y .W aysel,

1972."Flora e vegetazione delle Biology of

Halophytes", Academic Press Inc.

8. Hasegawa, P.M., R.A. Bressan, J.K. Zhu and H.J.

Bohnert, 2000b. Plant cellular and molecular

responses to high salinity. Annu. Rev. Plant

Physiol. Plant Mol. Biol., 51, 463-499.

9. Zhu, J.K., 2001. Plant salt tolerance. Trends in

Plant Sci., 6: 66-71.

10. Hasegawa, P.M., R.A. Bressan and J.M. Pardo,

2000a. The dawn of plant salt to tolerance

genetics. Trends in Plant Sci., 5: 317-319.

11. Sanders, D., 2000. Plant biology: The salty tale of

Arabidopsis. Curr. Biol., 10: 486-488.

12. Zhu, J.K., 2000. Genetic analysis of plant salt

tolerance using Arabidopsis. Plant Physiol., 124:

941-948.

322


