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FORECASTING GROWTH CHARACTERISTICS AND YIELD
OF COTTON FROM SPECTRAL REFLECTANCE DATA

[41]

Torahem!, N.T.; HLK. Zaki®; A.S. Edris’ and A.A. Abd-El Gawad®
ABSTRACT

The present investigation was undertaken during 2001 and 2002 growing seasons
to study the effect of two sowing dates on spectral reflectance during growth stages
of cotton plants. The speciral reflectance was measured by radiometer instruinent
(Spectron SE 590) in four wavelength bands (TM1 = 0.45 to 0.52 pm, TM2 = .52
to 0.60 pm, T™M3 = 0.63 to 0.69 um and TM4 = 0.76 to 0.90 pm} and derived the
Normalized Difference Vegetation Index (NDVI) from these band values as follows:
NDVI = (TM4 - TM3) / (TM4 + TM3). The growth chamacteristics, i.e. chlorophyvll
concentration of leaves, fresh weight of biomass and leaf area index (LAI) were
measured. TMI, TM2 and TM3 values showed a slight decrease, on the other hand
TM4 and NDVI values increased considerably, with magnitude of the growth stages
till S4 and S5 stages (90 - 106 davs from planting), TM1, TM2 and TM3 of first
sowing date were slightly higher than those of second sowing date. NDVI value at
second sowing date was significantly higher than that in first date. NDVI may be
considered as one of the most important spectral reflectance parameters. Chlorophyil
concentration, biomass fresh weight and LAI were the most important characteris-
tics that related with spectral refiectance of the plant canopy. The equation that esti-
mated the LAI (LAI > 3.5) of cotton plants depending on NDVI wvalues are:
LAI = 2.0204¢' 2PVl The equations that forecast the biological yield (B,) and
seed cotton yield (C,) per Kg/faddan at harvest depending on NDVT values at S5
(106 days from planting) and S§ (156 days from planting), respectively are:
B, = 38%0.9 NDVIss + 8220.77 and C, = -453.08 NDVIs + 1095.

Key words: Remole Sensing, Thematic Mapper (TM), Normalized Difference
Vegetation Index (NDVI). Cotton, Growth, Yield Forecasting

INTRODUCTION the major crop species using remotely

observed multispeciral measurements,

Rescarch and applied work under- Hamdi ef al (1991). Nevertheless, the use
taken in Egypt have shown that it is pos-  of such technology was used to forcast
sible to identify and measure the areaof the yield of winter crop as wheat,
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Abd El-Gawad et a/ (2000) and faba
bean. Zaki ef af (2001). )

Chlorophyll of green leaves absorbed
&0 w0 90 percent of light in the blue
{aboul 0.45 pm)} or red part {about 0.68
pm?} of spectrum, Kleshnin and Shulgin,
(1959). There was an inversely propor-
tional to the between 0.63 —-0.69 pm radi-
ance and amount of chlorophyll present
in the plant canopy, and thus it is sensi-
tive 1o green of photosynthetically active
vegetation present, Tucker (1979). The
red radiance exhibits a non-linear inverse
relationship between integrated spectral
radiance and green biomass, Tucker
(1979), while the near-infrared compo-
nent exhibits a non-lincar direct rela-
tionship, Tucker, (1979) and Li & al
{2001 a). The wavelength regions gener-
ally used for spectral biomass estimations
are the red (0.63-0.70 pm) and near infra-
red (0.75-1.00 um) wavelength, Tucker
(1979). On the other hand, Sellers (1985)
found that the ratio of near-infrared and
visivie reflectance is a poor predictor of
leaf area index and biomass. Colwell
{1983) and Bausch and Duke, (1996)
declared that the near- infrared wave-
fength region 1s the best spectral band in
which to distinguish plants and plant
conditions. Reflectance in the 0,70 to
1,35 um wavelength interval is caused by
pigment and water absorption. Reflec-
tance  changes are associated primarily
witl changes in the size and shape of
cedis and intercellular spaces and with
leaf structure. Neale and Bausch (1983)
found that agronomic variable such as
leaf area index and biomass were corre-
iated  with spectral information in the-
maric mapper bands TM3 and TM4,

Maas (1997) mentioned that the can-
opv reflectance of cotton in the near-
infrared was independent of canopy den-

sity, while canopy reflectance at red
wavelengths was only slightly affected by
canopy density. Reflectance of cotion
fields is aflccted more by percent ground
cover than by plant canopy density. Re-
flectance appeared to involve primarily
the top layer of leaves in the cotton can-
opy.

NDVI was positively correlated with
seil available nitrogen Buscaglia et af
(1999) and Li ef al (2001 a), plant
height, Buscaglia e al (1999), boll
counts during midboll set development
stage which converted to lint vield, Wie-
gand ef al (1994) dry matter production
and leaf area index (Perumal er al 1999)
and sced cotton yield Perumal ef al
(1999) and Buscaglia et al (1999).
Spectral reflectance at 8§10 and 1665 nm
was correlated with leaf relative water
content and total water potential,
Bowman, (1989). Cotton lint vield was
significantly correlated with red and near-
infrared (NIR) reflectance and NDVI
Perumal et al (1999), Buscaglia e al
(1999) and Li et af (2001 b}, and tempo-
ral pattemns of cotton reflectance were
related 1o plant growth at different stages
Li ef al (2001 b). .

Growth-related crop factors were
determined by using Landsat satellitc
imagerv and predicted of lint vield by
using commercially available multispec-
tral satellite images, Maas, (1996).

Li er al (2001 a) declared that there
was anegative correlation of blue, green,
red, and MIR reflectance with lint yield.
Red and MIR refiectance was also nega-
tively correiated with plant water content
(PWC). Conversely, the NIR reflectance,
NDVI. and NIR/red ratio were positively
corrclated with these parameters. The
reflectance in the NIR band (797-829 nm)
was exponentially relaied to fresh bio-
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mass of plant (PFB). The reflected NIR
energy increased more quickly with an
increase of PFB at early vegetation than
late in the season. The NIR reflectance
was hear 50% of the total reflected
radiance when the PFB ranged betwcen
2500 and 2800 g m*. Differences in NIR
reflectance can be attributed to differ-
ences in canopy density and PFB.

This work was raised to clucidate the
spectral response of cotton at different
growth stages under two sowing dates
effect. Due consideration was given to
develop an equation to describe the rela-
tions of spectral reflectance with cotton
seed vield and biological yield.

MATERIAL AND METHODS

Two field trials were undertaken dur-
ing 2001 in the Experimental Farm in
Shalakan and 2002 in the campus area of
the Faculty of Agriculture, Ain Shams
University at Kalubia Governorate. Cot-
ton [Goss: pitn barbadense (L) cv. Giza
85] plants were grown at 20 cm onone
ridge 60 cm width. Physical and chemical
properties of the soils are presented in
Table (1).

The two sowing dates were arranged
in a complete randomized block design in
six replicattons. The size of the plot was
19.8 m® consisting 6 rows 60 cm apart
and 3.5m length. First sowing date was
21 March and the second was 21 April in
both growing seasons.

The canopy characteristics and spec-
tral reflectance data were estimated at 42
(S1). 58 (52). 74 {83). 90 (S4), 106 (835).
122 (86). 139 (87), 156 (S8) and 173 (59)
days from planting in both growing sea-
sons and also at 190 (S10} only in the
first growing season. Six samples of four
plants were taken at every sampling date.

The characteristics of growth were re-
corded on a per plant basis and latcr cal-
culated per unit area 1200cm’ to equal the
Target Area Unite (1200cm?) by scanner
of spectrometer instrument (Spectron
SE590). These characteristics were lcaves
arga/plant, chlorophyll concentration of
leaves by SPAD unit, and leaf area index
(LAI). All cultural practices as rccom-
mended were followed during growing
SEasons.

The spectral reflectance was measured
using spectrometer instrutnent (Spectron
SES90), the spectrometer equipped by
scanner having 386 nm-1113 nm spectral
range and 256 channels with band width
of 2.8nm as well. Two field measure-
ments were acquired for certain treat-
ment. The third was for white lambertain-
panel to normalize the former measure-
ments 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 1 5m. This vertical
distance of scanner lead to measure a
Target Area Unit (TAU) of 1200 cm”.

Data were recorded into spectron
memory using magnetic tape. Then the
individual spectron data files (spectron
measurements) were ftransferrcd from
memory of Spectron Data Logger to PC
via a RS282 cabl: The Individual spec-
tron files were cumnipticd into  single
spreadsheet in Excel using a Macro
(Maccomp.xlIs) to automate the proccss
included in the comimercial spreadsheet
packages, Windows and Excel installed
on PCIPC at Soil. Water and Environ-
ment Research Institute, A R C.

Bi-Directional  Reflectance  Fuctor
(BDRF) was calculated, normalized and
compiled for each replicate, in Excel us-
ing Macro where:

Annals Agric. Sci . 48(2). 2003
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Table 1. Mechanical and Chemical analysis of experiment soil at two experimental sites, Khalubia Governorate

Mechanical analysis Chemical analysis
Components  gand  Silt Clay  Soil EC (mmohs Organic  Calcium  Available (ppm)
(%) (%) (%) texture P /cm/250) matter  carbonaie N p K
(%) %
Shalakan 259 224 517 Clay 7.97 1.13 1.02 1.67 80.9 8.10 202
Shobra Ei-Khema 241 273 486 Clay 7.81 2.81 0.62 1.88 71.9 7.80 187

N B mechanical analysis was conducted as recommended by Richards {1954). The chemical analysis was carried out according to
methods of Jackson (1967). Organic matter content was determined according to Nelson and Sommers (1982). The electrical con-

ductivily was cared out according to Rhoades (1982) and pH value was determined by Melean (1982).

R8¢
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BDRF = [cotton Radiance / integration
time)/ [Panel Radiance / integration
time).

Spectron BDRFs are processed to yield
TM equivalent values for TM bands -4,
(TM1 = 0.45 to 0.52 um, TM2 =0.52t0
0.60 pm, TM3 = 0.63 to 0.69 pm and
T™M4 = 0.76 to (.90 um). As mentioned
by Rouse ef af (1973) normalized differ-
ence vegetation index (NDVI) is defined
by (IR-R/IR+R). Where: R = red spec-
tral reflectance, IR = Infrared spectral
reflectance. So, NDVI = (TM4 - TM3)/
(TM4 + TM3) by Thematic Mapper in
LANDSAT.

The analysis of variance. simple cor-
relation and regression analyses were
computed between different growth
stages, canopy characteristics and spectral
reflectance  measurements. Correlation
and regression were computed from data
in first plus second growing scasons in
nine stages, where the reading of the
second stage in the first growing season
was confined with reading of third stage,
then the first growing season become in
mne stages as it in the second growing
season. Regression models to LAI[ esti-
mating and yield forecasting were sug-
gested depending on NDVI values.

RESULTS AND DISCUSSION

1- Spectral Reflectance as Affected by
Cotton Properties

1-1- Effect of Different Growth Stages
on Spectral Reflectance

The values of TMs and NDVI at dif-
ferent growth stages are clucidated in
Table (2). The general trend of TM1 val-
ues showed a slight decrease with mag-
nitude of the growth stages up to maxi-

mum of vegetative growth and then in-
creased up to harvest stage. TM1 valugs
at the early and late growing season were
the highest and nonsignificant betwecn
them. .

Results obtained in TM1I were similar
to TM2 and TM3 over the growing
stages. Data in Table (2) show an ar-
rangement of spectral measurements as
follows: TM2>TM3>TM1 at each growth
stage.

The inverse relationship bctween
plant age promotion and the reflectance
in TMI1, TM2 and TM3 could be undet-
stood on the light of increasing of land
cover by cofton plant canopy till to
maximum vegetative growth e S4 and
S5 (expressed as LAI and/or biomass)
and also increase the absorptance 80 to
90% of light by chlorophyll of green
leaves as reported by Kleshnin &
Shulgin (1959} and Tucker (1979).

From previous discussions., one can
detect that cotton stages can be signifi-
cantly distinguished by TMI1, TM2 or
TM3 values.

TM4 values increased considerably
with age up to top of vegetative growth
and then decreased due to the reflectance
of wavelength 680 nm correlated with
water content, size and shape of cells and
interceltular spaces (Colwell, (1983) and
Bausch and Duke, (1996)). Also, data
reveal that TM4 values differ signifi-
cantly overall growth stages of plant. On
the other hand, values of TMI. TM?2 and
TM3 at early and late stages did not differ
significantly.

However the reflectance values of
T™I1, TM2Z, TM3 and TM4 in the carly
stages are influence by soil propcrtics
{Table, 1} more than plant canopy due to
small of land cover in the reflectance
scene.

Annals Agric Sci., 48(2), 2003
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Tablc 2. Spectral reflectance of cotton plants during different growth stages

STAGE TMI TM2 T™3 T™4 NDVI TM™I T™2 TM3 T™4 NDVI
(days) 2001 season B 2002 scason

51 (42d) 0.0448 00828 000636 _().3898 (;7 lhl5 U,(.)S'](; rLOV78 i 00814 .()‘4408 0.08506
82(58 d) 0.0388 00720 0.0545 04176 07636 00406 00740 00557 05172  0.8094
S3 (74 d) 0.0335 00641 0.0472 0.4784 08152 00313 00617 00456 05334 08444
54 (90 d) 00326 00598 0.0460 04752 038213 00473 00830 00653 05406 0.7886
S5 (106 d) 00241 00437 00338 04265 08519 00436 00771 00592 04619 07714
S6 (122 d) 0.0345 00625 (00505 04893 08158 004i6c 007066 00003 03909 07364
57 (139 d) (.0371 0.0659 0.0335 04617 0793¢ 0.0585 00860 00931 02880 0.5406
S8 (156 d) 0.0397 0.0676  0.0600 03917 07366 0.0611 00830 00973 03220 0.5386
SY(173 d) 0.0312 0.0790 (L0822 03219 05901 0.0627 00834 00961 02761 0.4758
S10(190d)  0.0445 00662 0.0739 02632 0.5490

LSD 5% 0.0065 00118 00105 00719 00369 00112 00157 00160 0.0551 00471

06¢<
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Values of ND'VI increased considera-
bly with aged planis up to a peak of
vegetation growth, at 85 in the first and at
S3 and 54 in the second growing season,
and then declined to reach lowest value at
the late stages of plant life. These could
be explained as a composite reflectance
was high in the red band (TM3) and low
in NIR (TM4) which due to less plant
ground cover at early and at late growth
stages (Li et af (2001 a)}, also to negative
correfation of red reflectance with chlo-
rophyll and positive correlation with plant
water content and cell structure at maxi-
mum vegetative growth (Tucker, (1979),
Colwell, (1983) and Li et af (2001 a)).

Nevertheless NDVI values can be
distinguished significantly between cot-
lon stages ie. S5, S8 and S10 in the first
growing season, and between S3, S7 and
S9 in the second growing season. Similar
resutts were found by Quarmby e al
(1993); Wiegand ef al (1994); Buscaglia
et al (1999) and Li ef al (2001b).

The aforementioned results, gencrally,
reveal that spectral reflectance character-
istics vary considerably during different
cotton growth stages and reach to critical
values after 106 days from planting coin-
ciding with $3 of cotton plant.

Accordingly, it may be suggested that
reliable spectral reading to obscnve the
vegetative growth must take place be-
tween (90-106) days from cotton plant-
ng.

1-2- Effect of Sowing Date on Spec-
tral Reflectance

Data of spectral reflectance charac-
teristics as affected by planting date are
shown in Table (3). The results revealed
that the spectral reflectance of first sow-
ing date (D1) were slightly higher than

those of second sowing date (D2) for
T™MI1, TM2 and TM3. Such differcnces
were significant in the second growing
seasort. This may be due to that vegeta-
tive growth characteristics in the second
sowing date surpassed those in the first
one, also due to negative rclationship
between visible light and magnitude of
the wvegetative characteristics e.g. chloro-
phyll concentration,

TM4 in the first planting date was
significantly lower to those in the sccond
one in the first growing season, but the
opposite trend was shown in the sccond
growing scason. This may be duc to
magnitude of growth characteristics in the
first growing scason.

NDVI values at second sowing date
were significantly higher than those in
first growing season This may be due to
the greater vegelative growth in the sec-
ond than in the first sowing date, also to
positive correlation between NDVI and
vegelative characteristics (e.g. biomass,
LAI andt water content).

1-3- Effect of Sowing Date on Spec-
tral Reflectance at Different
Growth Stages

Data obtained on spectral reflectance
at each growth stage in both sowing dates
are shown in Table (4). The trend of
spectral reflectance of TMs and NDV! in
the second sowing date seems as they
shifted from those in the first sowing date
bv temporal interval equal the period that
between the two sowing dates with a little
change.

™I, TM2 and TM3 values near the
end of growing scason in the first sowing
date were higher than those in the sccond
sowing date, due mainly to longer repro-
ductive phase with higher vicld than

Annals Agric. Sct. 48(2). 2003
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Table 3. Effect of sowing date on spectral reflectance of cotton plants

Sowing date ™I ™2 ™3 ™4 NDVI
| (Date) 2001 season
{ D1 (21-3) 0.0389 0.0677 0.0587 0.3827 0.7226
D2 (21-4) 0.0372 0.0650 0.0344 0.4403 0.7671
| tiest 5% NS NS NS 00321 00165
j 2002 season
} D1 (21-3) 0.0530 0.0896 0.0850 0.4325 0.6486
| D2 (21-4) 0.0437 0.0708 0.0604 0.4055 0.7271
\l L test 5% 0.0033 0.0074 0.0076 0 0260 00222

those in the second sowing date. Higher
yicld of cotton lead o a view more re-
flectance in the visible light due to white
color lint. The second sowing date pro-
duced lower yield than the first sowing
date and more vegetative growth asre-
ported in the agronemic studies (data
were not included). This resulted to ab-
sorbing the visible light by photosynthe-
sis. also decreased the reflectance at the
same bands by decrease the lint cotton.

The reflectance of absorption spectral
(TM1. TM2 and TM3) by green leaves
decreased to  minimum limits simultane-
ous with increase the vegetative growth,
hence the red speciral interval corre-
spends to region of maximum chiorophyll
absorption, Tucker (1979).

TMIL, TM2, and TM3 values atthe
carly stages were higher due to the most
reflectance in the scene done by soil and
little vegetative growth of plant canopy.
Also, TM1, TM2, and TM3 values near
maturity stage reached maximum limits.
However, maximum values of TM4 were
reatized at S6 in the sccond sowing date
(D2) and at 83 in the first sowing daic
{D1), which coincided with peak of

vegetative growth in the first and the sec-
ond growing season, respectively. On the
other hand, minimum values of TM4
were exhibit at 810 -in the first sowing
date and at S7 in the second sowing date,
coinciding with maturity stage, in the first
and the second growing seasons, respec-
tively. TM4 values decrease significantly
compared with those in the early stages.
These results indicate that one could
distinguish significantly between groups
of stages and others i.e. between values in
the vegetative growth and other in the
maturity stage NDVI values at initial
stage in the first and the second sowing
date were similar, whereas those at ma-
turity stage exhubited lower values. How-
ever, in the second sowing date they were
higher than thosz in the first sowing date.
(Table, ).

The aforementioned results reveal the
superiority of NDVI and TM4 values at
cach siage in the sccond sowing date
This mayv be duc to dominance the vege-
tative growth 1 the second sowing date
than those in the first sowing date. and
also the Lice of NDVU and TM4 wre
correlated with all parts of plant, not only

Annals Agric. Sci., 48(2), 2003
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Tuble 4. Effect of sowing datc on spectral reflectance of cotton planis during growth stages

r.‘{m\'ing date Stage T™I ™2 T™M3 T™4 NDVI T™MI TM2 ™3 TM4 NDVI
(Dute) 7 {days) 2001 -Scilsollﬁ. o T ZI“J-(")-.Z :Isml_ﬁ_ T
13 (21-3} S1(42d) 0.0448  (.G828 0.0636 .3898 07115 0.063% 0.1046 G.0924 (4385  0.6480
82 (38 d) 00400  0.0762 0.03581 +.4074 0.7434  0.0438 00794 0.0612 (53218 0.7929
S3(74d) 0.0363 (L0646 00527 04230 0.7793  0.0338 00721 00317 053905 08299
SEH{NEd) 0.0370  (.0672 0.0533 0.4406 (.7849 00376 00937 QU808 (L3487 07441
S5{1006 d) 00,0222 00414 0.0319 (}.305] 1.8394 008 00808 00589 04398 0.7703
SO (122 d) 0.0271  0.0:97 0.0403 (0.4074 0.8213 00465 00813 00699 04412 (L7318
S7T139d) 0.0325  10.0579 0.0480 0.4406 (0.8031 G.O799 01138 01324 §325] 0.4232
SR(136d) 00445 00756 00685 0.3944 07023 00642 00944 01119 03129 04750
SU(173d) 0.0301 04869 00913 (1.3282 (1.5605 00615 00839 01023 02540 04223
S10 1900y and79 00690 OT787  0209% 04780 - S
D220 Si{4azdy D448 UL0K2E 0.0030 (1.389% 07115 00312 0091 00703 044932 07232
82 (38 d) 0.0370  0.0677 0.0509 04278  0.7819 00373 0.0685 0.0302 05126 0.8259
S3 {74 d) 0.0306 0.0585 0.0418 0.5318 0.8511 0.0269 003513 0.0364 04764 0.8588
S4 (90 d) 0.0283  0.0523  0.0387 05098  0.8577 0.0370 ©€.0703 00497  0.5325  0.8330
83¢0106dy 00260 004601 6.0357 04878  0.8642  0.0434 0.0733 00594 04641 07725
S6(122d) 00416 0.0753 0.0608 0.5713 08103 00367 00597 (.0508 03405 0.7411
S7(139d) 0.0417  0.0738  0.0585 04739 07841 00372 003582 00539 02508 0.6579
S8(1364d) 00348 0.0595 00514 03890 07709 00579 00815 00826 03310 0.6022
S901734) 00463 00711 0.0730 03157 06197 00638 00830 00000 02982 0.5293
L _sle¢vody 00411 00633 00692 03065 06200 )
L [ Sy 3% 0.0093 00167 00149 0.1019 0.0523 00158 00222 00227 00779 (0.0666

BlEp Q0UBIIA[AI [Bn2ads uIod) paLs w0100

A
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with the top layer of leaves as those in
the visible light, and due to properties of
TM4 in penctration the top layer of leaves
and correlated with water content. Similar
trend were reported by Maas (1997).
Generally, it can be differentiated be-
tween major specific growth stages and
its statucs depending on spectral reflec-
tance values obtained on cotton plants.

2- Relationships between  Spectral
Reflectance and Growth Charac-
teristics and Yield of Cotton

2-1- Relationships of Spectral Reflec-
tance with Growth Stages

The correlation between spectral re-
flectance and growth characteristics at
diffcrent growth stages are made to rec-
ognizg the stage(s) that show high corre-
lations between spectral reflectance and
growih characteristics. The data were
presented in Table (5) and Fig (1),

Generally, the results reveal that
NDVI may be considered as one of the
most important spectral rcflectance pa-
rameters because it is correlated with
most growth characteristics more than
thosc with other TMs. Similar results had
been reported by Buscaglia et al (1999)
Perumal ef al (1999) and Li & al
(2001a4,b). In the same concept, it was
found that the characteristics that
achicved the most significantly correla-
tions with spectral reflectance per TAU
arc lcaves area, leaves fresh weight, chlo-
rophvll content, biomass fresh weight,
lecaves water content, LA and SLA
These results agree with findings of
Tucker, (1979), Colwell, (1983); Bow-
man (1989) and Li ef al (2001a).

Thz oforementioned dota in Fig (1)
and Table (5) reveal that the most signifi-
cant correlations with most important

growth  characteristics were achieved
from 5S4 to S8 In more details, the NDVI
was significantly correlated with growth
characteristics at 85 till 89 and the high
values from cormrelations recorded at §7.
The reflected spectra (TM4) showed good
correlation from $4 till S7, but at S8 cor-
relations did not reach significant level.
While the absorbed spectra (TMI1, TM2
and TM3} were highly correlated from 54
up S8.

Fig {1) and Table (4) declare that the
critical values in TM bands (i.e. the lower
reflectance in absorbed spectra TML,2,3
and the higher reflectance in reflected
spectra  (TM4#4)) which reflect the act-
vated of photosynthesis and vigor of or-
gan in plants had realized in cotton from
S4 to S7, (90 - 139 days from planting)
and the differences between values at
these stages did not reach the significant
Ievel.

2-2- Relationships of Spectral Reflec-
tance with Sowing Date

Table (6) shows the correlations be-
tween spectral reflectance and growth
characteristics at each sowing date.

Generally, data shown in Table (6)
detect that NDVI in both sowing dates in
both growing seasons was most stable
than other spectral reflectance parameters
in correlation study between spectral re-
flectance parameters and growth charac-
teristics. Also, data of the same Table
reveal that the correlation values between
spectral reflectance and growth charac-
teristics in the sccond sowing date fol-
lowed the same trend as those in the first
sowing date, but the NDVI correlation
with the leaves characteristics (LAD were
lower than those in the first sowing date
and didn’t reach significant level when

Annals Agric. Sci., 48(2), 2003
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Table 5. Correlation between spectral reflectance and certain growth characteristics of
cotton plants per TAU at different growth stages

Growth characteristics TMI T™M2 T™M3 TM4 NDVI
S1
Chlorophyll content (SPAD) 0.269 0.155 0.172 0.327 0.3359
Biomass fresh weight (g) 0.074 1.083 -0.003 0.217 0.231
Leaf area index 0.265 0.215 0.207 0.254 ' 0.063 |
52
Chiorophyll content (SPAD)  -0.101 0. 160 -0.184 0.304 0.39] **
Biomass fresh weight (g) -(.140 -0.173 -(.223 0.201 (0.323 **
Leaf area index -0.036 -0.096 -0.136 0.358 (.387 **
S3
Chlorophyll content (SPAD) -0.452 * -0432 * -0.430 * 0,404 .791 **
Biomass fresh weight (g) -0.260 -0.324 -0.332 0.507 * 0.066
ﬁafarea index -(0.348 -0.285 -0.367 0.001 0429 *
54
Chlorophyll content (SPAD) -0.428 * -03]9 0424 * 0.523 ** (0.010
Biomass fresh weight (g) 0413 * 0331 0418 ¥ 0374 0.325
Leaf arca index -0.321 -0.395 -(1.268 0482 * 0072 |
S5
Chlorophyll content (SPAD) -0.666 ** -0.608 ** -0.583 ** 0387 0464 *
Biomass fresh weight (g) -0.262 0236 0167 0442 * 06135 **
Leaf area index -0.604 ** 0478 * .0.530 ** (0538 ** 0247 *
86
Chlorophyll content (SPAD) -0413 * -04I5 * 0417 * 0034 0418 *
Biomass fresh weight (g) -0.251 -0.239 -0.292 0.514 ** (637 **
Leaf area index -0.679 -0.104 -0.162 0.030 0613 **
S7
Chlorophyli content (SPAD) -0.706 ** -0647 ** 0,693 ** 0.300 0.807 **
Biomass fresh weight (g) -0.841 ** 0762 **.0850 ** (.188 0.912 **
Leaf area index S0.749 ** L0746 ** 0762 ** 0.128 0.710 **|
S8
Chlorophyll content (SPAD) -0.45% * -0432 * .0.54]1 ** 0.032 0 584 **
Biomass fresh weight (g) -0.358 -0.390 ~0.606 ** (0.112 0. 764 **
Leaf area index 0466 * 0473 * -0.592 *+ 0.009 0672 **
59
Chlorophyll content (SPAD) -0.343 -0.291 -0.400 0.302 0.640) **;
Biomass fresh weight (g) 0072 V044 <0123 0442 * 0320
Leaf arca index -0.122 -0.112 -0.200 0412 * 0545 **J
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Fig. 1. Spectral reflectance of cotton plants during growth stages
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Table 6. Corrclation cocfficient between spectral reflectance and growth characteristics of cotton plants for the studied

sowing dates per TAU
Growth 2001 season 2002 season
| characlcrislics TMI T™M2 T™M3 TM4 NDVI T™I ™2 TM3 T™4 NDVI
Di D1
Chiorophyll content -0.574 ** -0.66% *¥ (0480 ** (025 0.395 ** .0.384 ** -0.145 -0.495 ** (.79]1 ** 0.727 **
Biomass fresh weight 0.014 -0.251 0.108 <0.200 -0.388 ** (3183 0.020 0290 * -0.512%* 1457 **
[eal area index 04000 ** 0460 ** 0,339 ** 0277 * (422 ** 0287 * 0172 0.301 * 0.331** (0.384 *+
D2 D2
Chiorophyil content -0.290 * -0.334 ** -0239 (.203 0.293 * (0528 **-0.393 ** _(1.502 ** 0.502** 0.706 **
[3:amass fresh weight 0184 0.017 0283 * .0.134 -0.295 * 0.125 0.151] 0.166 -0.527%* .0.470 **
Leafarea index 0.053 -0.041 0.096 0.085 0.01¢6 -0.302 * -0.379 **.0.322 * 0.109 0.197

B)Ep SouRIDfIel1 [E12ads wely praid 1Ho1lo))
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the vegetative growth magnitude and
continuing aleng growing season, like
those 1n the second sowing date of first
growing season.

2-3- Relationships of Spectral Reflec-
tance in Estimating Growth
Characteristics

A gencral pattern of the relationship
of LAI to NDVI during plant ages was
illustrated in Fig. (2). The equation that
estumated the LAI of cotton plants de-
pending on NDVI values are shown in
Fig (3) and modeled by the form of:

LAI =2.0294¢' PV

The accurate of this equation in-
creased whenever, LAI exceed 3 5.

2-4- Relationships of Spectral Reflec-
tance in Forecasting Yield and
Biological Yield

Table (7) shows the values of corre-
lation coefficient between spectral re-
flectance with yield and per faddan at
different growth stages of cotton plants.

Biological yield per faddan at harvest
was negatively correlated with TMI,
TM2 and TM3 and reached the signifi-
cant level at 83, 56 and S7 and positively
corrclated with NDVI and was significant
at $3 and 56. These results agreed with
those reported by Colewell, (1983) and
Neale and Buash, (1983) when found
that Red and NIR bands are superior for
cstimating biomass. Also, Li et al
(2001 a) declared that NIR reflectance
was positively correlated with biomass.

Cotton vield at harvest stage was
negatively corrclated with TML2,3 val-
ucs in the early stage. But the correlation
wis positively  at late stage and achieved

a significant level at 88 and §7 only with

TM3. Similar results in the early stage of

growth were achieved by Li et al

(2001 a) who found a negative correla-

tion of blue, green and red reflectance

with vield. However, these results are

similar to results of Wiegand ef af (1994)

at midboll stage between NDVI and boll

counts. On the other hand TM4 and

NVDI were positively correlated with

cotton yield at early stage, and inversed

to negative relationship at late stages,
where TM4 was significant at S9 and

NDWVI at S8 and 59
Data analyses of Table {7) detect that:

- NDVI is most variable indicator than
other spectral reflectance parameters
with yield and biological yield. This re-
sult agreed with these reported by
Quarmby ef al (1993); Wiegand ef al
(1994); Buscaglia et al (199%);
Perumal et al (1999) and Li ef al
(2001a).

- Biological and economic yield are
more homogenous when correlated
with spectral reflectance parameters
than other yield or yield attnbutes.

- At S5 and S6 high positive correlation
was achieved between biological vield
and NVDI and in negative direction
between biological vield and TMI,
T™M2 and TM3. Similar trend was no-
ticed by Perumal et al (1999).

- While at £8 and 59, the high negative
correlation was achieved between
cotton vield and TMI, TM2, and TM3
only at S8 Similar results were re-
ported by Quarmby et al (1993); who
suggested that crop vield could be es-
timated from NDVI 50 — 100 days be-
fore harvest.

So. the data of NDVI at S35 and $6 are
suggested to be used in model to forecast
the biological vield per faddan at harvest.

Annals Agric. Sci. 48(2), 2003
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Fig. 2. Seasonal relationship of LAI and NDVI of cotton plant (average two growing
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Fig, 3. NDVI and LAI relationship of cotton plants
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Table 7. Correlation coefficient of spectral reflectance at each growth stage with
yicld and biological yield

!( Stage (day)  TMI TM2 ™3 ™4 NDVI

|
} Biological yicld
\
\

[ S1 (42 d) -0.197 -0.135 -0.236 0.212 0.278
: 52 (584d) -0.135 -0.229 -0.239 0.107 0,283
l 53 (74 d) -0.482 -0.389 -0.377 0.353 0.055
: S (90 d) -0.197 -0.1539 -0.213 0.040 0.303
% S5(106dy 0525 ™ 0306 * 0.579 **  0.045 0995 *
} S56(122d) 0424 Y 0518 7 0744 % (0268 0.894 **
©§7(139d)  -0.003 -0.468 * -0.503 * 0307 0.126
! S8 {156dy -0.289 -0.037 -0.010 0.344 0.081
Lﬂ(l?‘j dy -0.143 -0.088 -0.080 0.111 0.221

Cotton yield

|

| Si2d) 0145 -0095 -0.208 0.057 0.263

| S2(38d)  -02 -0.233 -0.288 0259 0264

i S3(74d) 0352 -0.165 0271 0.025 0.376

| S0 008+ 00l -0.131 0.342 0.393

| Sso6d) 0216 0334 20,384 0342 0217

| S6(122d) 0006 0.063 0.082 0331 0125

1‘ S7(139dy 0391 0.254 0508 * 0342 -0.370

| S8(156d) 0520 . 0333 0439 * 20202 -0.525 **|
| Soa73d) 0097 0.058 0,078 0412 % 0446 *
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Fig. 4. Relationship of biological vield with NDVI values measured at
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Fig. 5. Relationship of vicid with NDVT values measured at stage
S8 of cotton plants
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while data of NDVI mav be used at S8
and 59 be used to build model to forecast
the cotton yield.

The  equations that describe such
models are presented here afterand il-
lustration in Figures (4 and 3):

B, = 3890.9 NDVIgs + 8220.77
va = -14533.08 NDVIg + 1085

Where: B,= biological yield (Kg/
fad).
C, = cotton vicld (Kg/fad).

NDV1ys = NDVI values at §5(110
days from planting).

NDVIg; = NDVI values at $8 (156
days from planting).
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