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SPECTRAL SIGNATURES AND IDENTIFICATION OF SOME
SUMMER CROPS USING REMOTE SENSING TCHNIQUES

Al-Khaled!, E.A.; A.A. Abed El-Gawad’; A.M. Abo-Shetaia’;
M.A. Ashoub’ and H.K. Zaki’

ABSTRACT

The improvement of yield forecasting method, is one of most significant poten-
tial applications of remote sensing. The spectral quality and intensity of crop reflec-
tance and emittance depend on ieaf morphology and pigments, canopy geometry,
crop maturity, LA, soil background, management and cultural practices and weather,
These parameters might be used on large-scale applications of growth and yield
model of corn, rice, cotton and other crops, which their multispectral reflectance
properties are not well defined. The objective of this investigation was to assess the
potential for estimating canopy variables from remotely sensed reflectance meas-
urements. Reflectances ranges 0.45 up to 0.90 um wavelength range were acquired
during the growth stages of com, rice and cotton canopies during 2002/03 and
2003/04, with a radiometer (Spectron SE 590) in four wavelength bands (0.45 o
0.52,0.52 to 0.60, 0.63 to 0.69, and 0.76 to 0.90 pm). Agronomic characterization of
the canopy included measurements of growth criteria, i.e plant height, leaf area in-
dex (LAI), fresh and dry biomass, and chlorophyll content for all the studied crops.
Correlation analyses were used to relate the agronomic variables to reflectance fac-
tor. High correlations were found between normalized difference vegetation index
(NDVT) and LAI, fresh biomass, and chlorophyll content. The TMs measurements
and NDVT values were influenced clearty by the kind of crop at the maximum vege-
tation stage for corn, cotton and rice. The vegetation index (NDVI) proved to be par-
ticuldrly useful in identifying crops at the maximum vegetation stage.
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INTRODUCTION

Yield forecasting is often the major
ultimate goal of work on the use of satel-
lites to monitor crop development. Appli-
cation of remote sensing techniques on
crop identification and monitoring are
essentially based, for the moment, on
combinations of spectral measurements in
the visible and near infrared bands which
are availabie on the Landsat (MSS —
TM), NOAA and SPOT satellites. The-
matic Mapper (Landsat TM7) has eight
spectral bands: 0.45-0.52, 0.52-0.60,
0.63-0.69, 0.76-0.90, 1.55-1.75, 2.08-
2.35, 10.4-12.5, and 0.50-0.90 pm. The
Thematic Mapper bands were selected for
improved spectral characterization of
vegetation and geological features. Re-
flectance of individual leaves are useful
in interpreting canopy reflectance pat-
terns. Green leaves generally have low
reflectance values between 0.4 and 0.7
pm. Absorption bands are centered at
approximately 0.45 and 0.65 um, result-
ing in a reflectance peak centered around
0.54 pm. The 0.45 pm absorption band is
primarily due to f~carotene (Ray, 1972),
while the 0.65- pm absorption band is
caused by chlorophyll (Hoffer, 1978).
Consequently, on a leaf basis, changes in
p-carotene and chlorophyll concentrations
T™i (0.45-0.52 um), TM2 {0.52-0.60
um), and TM3 (0.63-0.69 um);, TMI,
TM2, and TM3 should respond to the
chlorophyll and pigment concentrations
in canopy. However, reflectance from
healthy canopies in these wavebands be-
comes approximately constant once a
canopy achieves hill ground cover. Con-
sequently, TM1, TM2, and TM3 can be
considered to contain information con-
ceming the distribution and condition of

the first layer of leaves near the top of
canopy.

In the near infrared region (0.7 - 1.3
wn), healthy green leaves are char-
acterized by high reflectance (45 - 50%),
high transmittance (45 - 50%), and low
absorption (less than 5%). These proper-
ties lead to the phenomena known as mul-
tiple reflectance. As the number of layers
of leaves increase, reflectance continues
to nonlinearly increase and may be up to
85% greater than the reflectance from a
single leaf (Meyers, 1976). The wave-
bands of reflected radiation that have
been most valuable in these studies are
the red (R), and near-infrared (NIR). Re-
flected red radiation is negatively corre-
lated with chlorophyll concentration and
to green leaf area, whereas reflected near-
infrared radiation is positively correlated
with leaf area. Knipling (1970) and
Pearson & Miller (1972), showed that
the green biomass (amount of plant mate-
rial) can be estimated by measuring spec-
tral reflectance for crops. Crop yields can
be estimated from green biomass meas-
urements. Vegetation indices computed
using (red and near-infrared) bands have
been related to various vegetation canopy
properties, including green LAI (Price,
1992 and Wiegand er al 1991), canopy
biomass (Anderson and Hanson, 1992).
The most common of indices are the NIR
to red ratio, the normalized difference
vegetation index (NDVI) or linear com-
binations of red and NIR reflectance
Gausman et al (1976), showed that the
multiple reflectance effects continue to
be detectable through eight layers
of leaves. Canopy reflectance in TM4
(0.76-0.90 um) will respond to changes in
leaf area throughout the depth of the
canepy.
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Gardner and Blad (1986), found that
the maximum response to changes in LAI
over com crop surface was MMR4/
MMR3; where MMR4 is the waveband
0.76 — 0.90 pm and MMR3 is the wave-
band 0.63 — 0.69 um. Heist er al (1988),
found that monitoring cereal yield seems
to be possible, also high correlation coef-
ficient between vegetation indices and
biomass of cereals is detected.

Shibayama and Akiyama (1991),
indicated that field radiometric measure-
ments can be applied not only for leaf
area index or biomass estimation but also
for more complex plant information such
as grain yield. Spectral estimation for rice
should be delayed until 1.5 months after
heading (maturity of the grain). Leblon ef
al (1991), demonstrated the possibility of
estimation the biomass production of
flooded rice crops from spectral data,
using a remote sensing driven model
based on an energetic yield approach, in
which the evolution of light interception
is estimated from the NDVI temporal
profile of the crop through simplified
reflectance. This kind of model, al-
though very, simple, is an example of
coupling remote sensing measurements
with classical models of plant produc-
tivity. A further validation of this model
will be performed using SPOT data to
estimate the spectral profile of a number
of further fields in order to estimate their
biomass  production at  various
phenological stages. Price and Bausch

(1995), verified in com crop, jointly the .

canopy and soil formulation, the estima-
tion of leaf arez index from radiation
measurements in the visible and near-
infrared.

Gilabert et al (1996), found that the
NDVI and the red-edge position were
both useful to desctibe some phenological

stages for corn canopy, due to the signifi-
cant correlation with biophysical parame-
ters, such as LAI and biomass. Coeffi-
cients of determination () for the vari-
ous relationships ranged from 0.94 to
0.98. However, leaf area index could be
best estimated from NDV1 by exponential
equations, whereas the biomass estimated
from the wavelength of the red edge by
logarithmic equations.

Filella et al (1995), found a relation-
ship between reflectance at 550 and 680
nm and canopy chlorophyll A (Chl A)
concentration. A linear relationship be-
tween red edge parameters and canopy
Chl A content is also found.

Osborne er al (2002), found that with
reflectance in the green (510 nm), NIR
{705 nm), and MIDIR (1133 nm) regions,
chlorophyll meter readings can be pre-
dicted with an R2 > 0.82 for all sampling
dates, indicating the potential of using
hyper-spectral imagery as a tool to detect
and map variations in plant chlorophyll.
While there are numbers of different spe-
cific wavelengths that were used to esti-
mate biomass, and grain yield. The range
of wavelengths could be useful in deter-
mining which reflectance bands are im-
portant for detecting biomass or grain
yield at different times in the growing
season. Han et al (2002), found that the
NDVIs from satellite images (SOPT)
were significantly correlated with SPAD
data, indicating that SPOT imagery may
have potential for detecting chlorophy!l
levels in corn during the growing season.
Yang et al (2004), mentioned that they
achieved a success in using NDVI inputs
to classify multi-speciral images having
different crops and weed.

The main objective of this research is
to investigate spectral reflectance re-
sponse characteristics of some summer
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crops (com, cotton and rice) with agro-

nomic variable during growth stages. The

specific objectives are:

* To investigate the effect of changes in
agronomic variable on NDVI of com,
cotton and rice plants during differing
growth stages.

* To investigate the potential use of
NDVI data for identifying these crops.

MATERIAL AND METHODS

Three field experiments were carried
out in Agricultural Experiments Station.,
Faculty of Agric, Ain Shams univ.,
Kalubia govemorate (at Shalakan) during
2003 and 2004 seasons. Two cotton va-
rieties (Giza88(G88) and Giza85(G85))
were planted in 24™ March 2003 and 6®
April 2004; two comn verities (Single hy-
brid 10 (H!0); Three way-hybrid 320
(H320)) and also two rice verities (Sakha
101 (S101) and Giza 178 (G178)) were
planted in 18 May at the first and second
seasons. These plantations were repli-
cated 8 times. The total experimental
plots were 48. The texture of the soil was
clay. Table (1) shows the chemical
and mechanical analysis of the ex-
perimental soil.

Morphophysiological measurements
(Jeaf area index and fresh and dry bio-
mass g/m®) were acquired approximately
every 15 days throughout the growing
season on the same days that spectral
measurements were taken. Leaf area in-
dex‘was measured in the lab by an area
meter (Model LI-3100). The dry biomass
in each date was estimated by multiplying
the plant sample of the plot to determine
the dry weight per plant. Sample plants
were cut off at ground level and taken to
the lab, where they were desiccated in

oven at 70°C for at lest 24 hours, until a
constant weight was obtained, with their
shoots, leaves and fruits.

Chlorophyll content was were meas-
ured in all com, cotton and rice plants
selected for spectral measurements, using
hand-held chlorophyll meter SPAD -
502, which has been developed by Mi-
nolta Co., Ltd. (Osaka, Japan). Date of
sampling and spectral measurement are
shown in Table (2).

Spectral radiance = measurements
(386nm-1113nm), that are used to deter-
mine reflectance, were acquired in ap-
proximately 2-weeks intervals with a
Spectron SE 590 spectroradiometer, be-
gins from first May until first October.
Two spectral measurements were ac-
quired for each plot. The spectroradiome-
ter equipped by scanner having spectral
range and 256 channels with band width
of 2.8 nm. The third spectral measure-
ment was acquired using white lamber-
tain -panel to normalize the former meas-
urements and increase their accuracy
(Philipson et al 1989). The scanner of the
instrument was fixed using a wooden
stand to keep a vertical distance between
it and the plant at 1m. The spectral reflec-
tance measurements were collected on
clear sunny days during midday hours
(between 10.30 a.m. and 2.00 p.m.). Ten
spectral and morphophysiological meas-
urements were taken during 2003, and
2004 seasons for cotton, comn and rice.

The individual spectron data files
were transferred from the spectron to PC.
Data were normalized and the equivalent
TM1, TM2, Tm3 and TM4 values were
calculated by the aid of EXCEL. Macro
was used to automate the former
calculations., TM1, TM2 ,TM3 and TM4
correspond to the wavelengths (nm)
0.45 - 0.52 (blue), 0.52 - 0.60 (green),
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Table 1. Mechanical and chemical analysis of the experimental site at Ain Shams,
Faculty of Agriculture Experimentai Station, Shalakan, Kalubia Gover-
norate (Average of 2003 & 2004 seasons)

a-Chemical analysis

b- Mechanical analysis

Textural classes (%)

rS'emuraticm percentage(SP) 60 % Coarse sand 07.8
Available N 24 ppm z Fine sand 254
EC at 25 °C 074dsm | | ik 260
pH value 8.12 Clay 40.8

Mechanical analysis were conducted as recommended by Richards (1954), while methods of
Jackson (1967) were used for chemical analysis, whereas pH value was determined by the

method described by Mclean (1982).

0.63-0.69 (red, R) and 0.76 - 0.90 (near
infrared, NIR), respectively.

The visible (TM3) and near infrared
(TM4) bands are effective in separating
the soil and vegetation surfaces because
of their differences. The NDVI was low
for bare soils and water surfaces and high
for green vegetation. The NDVI index
ranges from -1.0 to 1.0 was computed
according to the following equation sug-
gested by Rouse et ol (1974):

NDVI = (NIR - R}/ (NIR + R)

The reflectance in R and NIR bands
can be obtained from remote sensing
measurements acquired by Thematic
Mapper — LANDSAT satellite, as fol-
lows:

NDVI = (TM4 - TM3) / (TM4 + TM3)

Correlation analyses were used to re-
late the agronomic variables to speciral

response, with the primary analyses being
for data collected between the sowing and
harvesting date of plant development.
Simple correlation coefficient was com-
puted between yield and each of LAI,
biomass and chlorophyll countent, also
with the specttum reflectance at each
sampling date. Split plot design was used
for accuracy in detecting crop impact on
NDVI's values. This design help us in
identifying crop species within experi-
ment conditions.

RESULTS AND DISCUSSION

The relationship between agronomic
characteristics and reflectance during
development stages

Linear correlation of reflectance {r} of
the equivalent LANDSAT TMs wave-
length bands and NDVI values vs agro-
nomic characteristics of comn, ¢ottent and
rice canopies in the first and second
growing seasons i.e., from early stages
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Table 2. Date of sampling and spectral measurements for cotion, comn and rice

Season 2003 Season 2004

No ;[zec.:ml . Cotton § 5 Cotton § 5
M mesnremens | Dae e B Te el pwe oo 8 Tos
(day) 8 5 5 day) § 5 8

1 7 May 45 v - - - | 20May 45 & - - -

i 5 June 74 ) 19 v N 12June 68 N 19 v N

1t 25 June 94 ¥ 39 N N 25June 81 v 39 v

v 9 July 108 53 NN 10y 9% 53 v oy

% 200uly 120 N 65 vooN ) 270uy 113 A 65 NN

1% 4 Aug. 13 Y 79 N N[ 14Aig 131 A 79 v Y

Vil 18Aug. 148 ¥ 93 N V| 3lAug 148 93 v
VIII 1 Sept. 162 Y 107 N N | 14Sept. 162 107 v

X 17Sept. 178 N 123 ¥ v | 20Sept. 178 v 123 - N

X 1 Oct, 192 137 - N - - - - - -

v spectral and morphophysiological measurements were taken.

- spectral and morphophysiological measurements were not taken.
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(minimum vegetation) to maturing stage
of the crops are presented in Tables (3, 4
and 5).

A-Corn

Highly significant correlation coeffi-
cients were detected between pear- infra-
red reflectance vs leaf area index in the
first and second growing seasons during
growth stages. This is due to the sensitiv-
ity of the near- infrared reflectance to the
status of leaf area index during develop-
ment stages. These resuits stand in good
agreement with those obtained by Wie-
gand ef al (1991) and Gilabert et al
(1996). While, the reflectance of the visi-
ble wavelengths blue, green, and red were
negatively correlated with leaf area index
in the first and second growing season.

Highly significant correlation coeffi-
cients with high values have been estab-
lished between NDVI vs leaf area index
in the first and second growing seasons. It
can be observed that there is an avoid
tendency for NDVI to reach plateau at
high LAI levels (i.e., LAI > 3, which is
reached around the end of July and the
first of August).These results showed
good agreement with those obtained by
Gilabert et al (1996). They found a posi-
tive correlation between leaf area index
(LAD of comn and normalized difference
vegetation index (NDVTI).

Negatively and highly correlation
coefficients are detected between fresh
biomass and visible wavelength (TMI,
TM2, and TM3), in the first and second
growing seasons. While the correlation
coefficient of spectral reflectance in near-
infrared wavelength and fresh biomass
was significant in the first and second
growing seasons,

Table (3) shows that NDVI values
were highly significant correlated with
fresh biomass in the first and second
growing seasons. When studying rela-
tionship between fresh biomass and
NDVI it was observed that the behaviors
of fresh biomass and NDVI are similar in
this case, where the highest NDVI values
were accompanied with the maximum
amount of vegetation. Also, the lowest
NDVI values were accompanied with the
minimum amount of vegetation. Wie-
gand et al (1991) and Gilabert ef al
{1996), reached similar results. Same
relationships were detected with fresh
leaves, because, the fresh leaves are
clearty influenced by LAl and fresh bio-
mass.

The spectral reflectance of com
was poorly correlated with dry biomass at
near- infrared wavelength in the first and
second growing seasons. This is due to
that, the reflectance in near- infrared band
(TM4) was sensitive to changes in fresh
and dry biomass only through the first
period of the growing season and in the
second period of the growing season re-
flectance was negatively correlated to
further increases in biomass. This asymp-
totic behavior has been reported by sev-
eral authors (Ahlrichs and Bauer (1983),
Wiegand er a! (1991), Gilabert er al
(1996) and Abd El-Gawad er af (2000)).
These authors interpreted the relation-
ships of near- infrared reflectance to LAI
They concluded that the spectral meas-
urements appear not to be related to the
amount of total biomass present, but
rather to the amount of green vegetation,
particularly leaves. In the first period of
the growing season, fresh and dry bio-
masses were significantly correlated with
reflectance because at the early stages
green leaves constitute the majority of
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Table 3. Correlation of reflectance (r) at TMs band and NDV1 values with agronomic

characteristics of com canopies

Chlorophyll  Fresh Dry Fresh Dry
Spectral content leaves leaves Biomass  Biomass LAI
bands  (sPADunit) (gm}) (m)  (gm)  (gm)
2003
TMI1 -938%* -.840* -.804* -759* -.505 -.836*
™2 -.939%+ -.833* -.849% -.807* -.590 -.818*
T™3 -93]** - 973> -.872* -816* -484 -972%*
™4 15w 917** J798* 758* 364 949>
NDVI 9783+ J959%% .896%* B58* 526 956**
2004
™1 - 829* -950%¥ -866* -788 -417 -962%*
™2 =725 -.366** -.857* ..836* -.545 -917**
TM™M3 =767 -.822% -.948+%* - G55%* =712 - 912**
T™4 .B88* 902%* 829 708 306 B352%
NDVI .895* 903** 975%* 922%* 605 936**

s #* Correlation is significant at the 0.05 and 0.01 level, respectively.

plant biomass. However, after the plants
reached their maximum leaf green, the
participation percentage of green leaves
in the total dry biomass was gradually
deceased in the second period of the
growing season. Similar results were ob-
tained between NDVI and dry biomass,
because high correlations were recorded
between NDVI values and near infrared
reflectance.

Data in Table (3), exhibit highly sig-
nificant and negatively cormrelations be-
tween the visible wavelengths reflectance
{biue, green, and red) vs chlorophyll con-
tent in the first and second growing sea-
sons. This finding may be due to the ad-
verse relationship between visible wave-
lengths reflectance vs and chiorophyli
concentration. Thomas and Gausman

(1977), reached similar conclusion. On
the other hand, the reflectance in the
near- infrared wavelength and NDVI val-
ues were positively cormrelated with chlo-
rophyl content. These results stand in
good harmony with those of Tumbo ef a/
(2002), whom found a strong correlation
between chlorophyll reading (in SPAD

unit) and near the infra red/green
(NIR/G)ratio (= 0.94).
B- Cotton

Correlation coefficient of cofton ex-
hibited similar resuits to those obtained in
corn. The near infrared reflectance and
NDVT values were highly significantly
correlated with leaf area index and fresh
biomass in the first and second seasons.
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Table 4. Correlation of reflectance (r) at TMs band, and NDVI values with agronomic
characteristics of cotton canopies

Spectral Chlorophyll Fresh Dry Fresh Dry
ge ds content leaves leaves biomass  biomass LAI
an (SPADunit) (gm’)  (@gm) (gm)  (gm)
2003
T™I -519 - 670* -.609 -413 -316 -.786*
T™2 -.403 .094 1580 333 432 - 184
T™3 -418 -279 -.154 -.102 .082 -.522
T™M4 542 933 *+ 914%» 801** 827+ 798**
NDVI .718* 879%** .B54** T53* .676* BLT**
2004
™! - 113 010 208 133 144 134
T™2 A7 125 212 229 197 238
™3 212 279 S0 373 435 286
™4 670 801> 761* 829+ .805* 745%
NDVI 867** .830* .706 754* 730* .804* !

* ** (Correlation is significant at the 0.05 and 0.01ievels, respectively .

Table 5. Correlation of reflectance (r) at TMs band, and NDVI values with agro-
nomic characteristics of rice canopies

Spectral Chiorophyll content  Fresh biomass  Dry biomass LAI
bands (SPAD unit) (g/m%) (g/m?)
2003
™I -444 -911** -.609 =727
™2 -.612 -.890+* -518 -.840*
T™M3 -726 -.822* -.400 -.851*
T™4 276 817 588 762
NDVI 597 .868* 494 833+
2004
™! -.506 -791 -478 -.611
™2 -630 - 761 -392 -.706
™3 =712 -724 -331 -.706
T™4 381 795 517 922+
NDVI 607 821* 463 840

* ** Correlation is significant at the 0.05 and 0.01 levels, respectively.
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On the other hand, the spectral reflec-
tance (TM4) and NDVI were signifi-
cantly correlated with dry biomass, in the
contrary of corn and rice crops, and this is
may be due to the length of vegetation
period in cotton as compared with that in
comn and rice crops. Also, NDVI values
and near-infrared reflectance were posi-
tively correlated with chlorophyll content
in the first and second seasons (Table, 4).

C- Rice

Highly significant correlations were
detected between NDVI and near-infrared
reflectance on one hand and leaf area
index and fresh biomass on the other
hand throughout the first and second sea-
sons (Table 3).

Data in Table (5) reveal that chloro-
phyll content was positively correlated
with near-infrared reflectance and NDVI
during the two seasons.

NDVI performance throughout crop
development

A number of mathematical formutae
using visible and near- infrared reflec-
tance, are called radiometric vegetation
indices, have been proposed for relating
radiometric measurements in the visible
and near-infrared wavelength intervals to
the amount of vegetation present. Perry
and Lautenschlager (1984) discussed 15
such radiometric vegetation indices, and

cently attention has been focused on a
commonly used index, the normalized
difference vegetation index (NDVI) of
Reuse ef al (1974). The basis for NDVI
is related to the abrupt increase of vegeta-
tion reflectance at the wavelength X = A,

= (.7 um. This increase may be expressed
by the formula:

NDVI=4in [R (1)) =
R (lg +83) - R (3o - 54)
R(lo+61) + R (B - 64)
=(R2-RI)/(R2+RI)

Where A is of the order of 0.1-0.2
um, and the visible and near-infrared re-
flectance [R1=R (A0 - 84), R2Z=R (A0 +
&A)] may be obtained by remote sensing
measurements from a number of satel-
lites, such as Landsat, SPOT, and NOAA
series, after division by the solar constant.
The index range from -1.0 to 1.0.

Most vegetation indices (VIs) are
qualitatively related to the vegetation
amount (LAI, for example) and have been
used as an indicator of vegetation growth
(Tuker 1979, Wiegand et a/ 1991 and
Gutman, 1991).

Figs. (1) reveals NDVI values during
development stages of the corn, cotton
and rice crops in the first and second sea-
sons.

NDVI values illustrated low values at
early growth stages (0.25 & 0.37) 19 days
after planting (DAP), (0.21 & 0.20) 19
DAP, and (0.46 & 0.46) 45 DAP for cormn,
rice and cotton in the first and second
seasons, respectively. Lower values are
considered as an indication of low vege-
tation surface and low amount of green

_ vegetation in comparative to soil surface.
formal relationships among them. Re- °

This is true because the soil incomplete
covering by crops at early age in particu-
lar. The agronomic characteristics re-
corded smalil figures for LAl and fresh
and dry biomass. NDVI values are con-
sidered as indicators of high values of
green vegetation surface and amount of

Annals Agric, Sci., 50(1), 2005
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ig. 1. The relationship between NDVI values and developmental stages of corn,
cotton, & rice crops in 2003 & 2004 seasons
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green vegetation, Because NDVI values
are mainly green vegetation amount de-
pendant, this was achieved from middle
July to middle August for all crops. This
holds true because the agronomic data
recorded the highest LAI, biomass and
number of leaves. The deficit in NDVI
value at belated stages could be attributed
to the decrement in the amount of green
vegetation due to leaf senescence (Gallo
and Flesch, 1989, Wiegand et al 1991
and Gilabert et al 1996).

Crop species impact on spectral reflec-
tance and NDVI values

When studying changes in NDVI values
during growth stages for com, cotton and rice
crops, it was noticed the same behavior of
changes (Fig. 2). The minimum NDV] values
were recorded at early and belated stages, this
might be attributed to a reduction in vegeta-
tion cover, biomass, LAI and chlorophyll
content in the early growth stage. This de-
crease in these parameters -by the time- had
an obvious effect on the studied crops during
maturity (belated stage) which lead to a
reduction in fresh biomass, green leaf
area and chlorophyll content. On the other
hand, maximum NDV] values were recorded
at the highest fresh biomass, LAI and chloro-
phyil content (middle July to middle August).

NDVI values of the three crops were in-
terlaced clearly at the first period of the
first and second seasons, respectively (from
1-May to 15-Julay & from18-May to 15-
July) and at the end period of both seasons
(from 18-August to 31-Sptemper). The dif-
ference of NDVI values throughout the

maximum vegetation stages (from 15-Julay
to 15-August) were very clear, in another
word there were no interloping. This result
leads us to analyze NDVI values during
this date (Table, 6). The previous results
exhibited that crop species (com, cotton and
rice) had a significant effect on TMs meas-
urements and NDV]I values.

Figure (2) shows that rice crop recorded
the highest NDVI value as compared with
cotton and com crops being (0.90, 0.80 and
0.71 for rice, cotton and com, respectively
on 21-July-2003 & 0.89, 0.80 and 0.69 for
rice, cotton and com, respectively on 27-
July-2004). This might be due to the increase
in the number of intercellular air space of rice
leaf tissue as compared with cotton and com.
Similar results have been reported by
several authors, (Gausman ef a/ 1969 and
Barret & Curtis 1982). Gausman ef a/
(1969) quantitatively related near-infrared
reflectance to number of intercellular air
space. They noticed that reflectance increased
with an increase in number of air space,
because diffused light passed more often
from a high (hydrated cell walls, about
1.4) to low (intercellular air. 1.0) reflective
index.

Table (6) shows that there were no sig-
nificant differentiations between the cultivars
in each crop, so we can not identificate the
cultivars in each crop depending on reflec-
tance measurements.

In summary, it is possible to identificate
com, cotton and rice crops depending upon
deferential NDVI values at the maximum
vegetation timing (from middle July to
middle August) within experiment condi-
tions.
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Table 6. Effect of crop species and cultivars on the spectral reflectance and NDVI val-
ues

™I ™2 ™G ™4
045-0.52 052060 060-0.69 067090 NDVI
um pm pm um
2003
Crop species
Com 0497c  0778c  0650b  3967a  .7087a
Cotton 0347b 07486 057T1b  .S5134b  .8048b
Rice 0179a  0289a  0200a  3844a  8963c
Cultivar
oy MO 0SS4c 08736 0718b  4649cd  .7320m
H320 0441b  0684b  .0582b 32863  .6854a
ooy O 036 0736b  0586b  Si6sd  804lb
G88  0348b  0759b  0555b  .5104d  .8055b
e SIO1 0%l 03lla 0248 4I7abe 9028
GI78  0156a  0266a  O18a  3515ab  8897c
2004
Crop species
Com 0552¢ 0914 ¢ .080% ¢ 5060 ¢ 6920 a
Cotton 0385b  .0650b  0565b  4405b 8006 b
Rice 02242 0346a  0241a  3937a  .8853c
Cultivar
HI0  0529c  .0882c  0832¢c  4347ab  .6953a
Com 320 0575¢  0947c  0786c  4d6dab  6887a
G85  0350b  .0648b  0600b  .4840bc 8023 b
Coton 88 0420b  0653b  .0530b  .5282c  .7990b
S0l 0240a - 0385a  .0250a  .3947a  88l6c
Rice G178 02082 0307a 02322 3928 .8889c
Significance at 0.05 level
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