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ABSTRACT

A filed experimenm was conducted o optimize  the wavelength and the view zenith anzle
for detection of growth stages of wheal crop through ils polarization signatures in visible and infrared
spectra. The results indicated higher degree of polarization [DOP) in blue region than in intrared.
Crop growth stage, wavelength and view zenith as well as their mutual interactions had significant
influence on the DOP measurement, The analysis also suggested superiority of the blue region a 75°
wview zenith and that of the infrared region at 45" 10 delect heading and flagleal transition phases
respectively. The peak value of DOP in either spectral region can be used to identify the jointing

stape,
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Conventional remote sensing meth-
ods for resource managment use spectral re-
flectance behaviour of different surface fea-
tures for their identification and discrimina-
tion. Viarious spectral indices derived there-
from are made use of for enhancement of their
contrasting spectral nature, When such stud-
ies made on temporal basis, the temporal dy-
namics in the objects’ spectral signature can
be undersiood. Speciral reflectance profiles
have been generated for various crop cano-
pies (Tucker ef al, 1980; Patel et af | 1986;
Mehta ef af.. 1989 ; Mehta and Venkatesh,
1990, Most such studies suggest the stage at
which spectral data have 1o be acquired for
crop yield predictions and also analyze the
discriminability between differenctially
stressed crop and between cultivars of the

same crop. Sharma and Navalgund ( 1989 at-
tempted to predict crop growth stages inwheat
using the greenness vegetation index, In this
context, however, the polarization character-
istics of crop canopy have been found to be
more useful. Radeaux and Herman(1991)
showed that different crop fields exhibited
unigue polarization signatures and pointed to
its utility in detecting tasseling incom. In case
of wheat_ it is noticed that it is possible to de-
tect the onset of heading stage through the in-
tensity of polarized radiance (Ghosh ef al.,
1993}, They also revealed pronounced polar-
ization effects at view zenith angle of 80" in
the blue wavelength region, whereas Talmage
and Curran (1986) found specific polarization
characteristics of  different surface features
from off-nadir angles. With these factors in
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view, an experiment was conducted 1o opti-
mize the wavelength and the view zenith angle
to help identify the different growth stages in
wheat crop,

MATERIALS AND METHODS

Wheat Crop (Triticum aestiviem 1)
Cyv. Lok-1 was sown on Nov. 26,1990 in two
replications on the Agricultural College Farm
of the Gujarat Agncultural University, Anand
{22°35° Nand 72° 55" E). The seed rate, row
spacing, fertilizer and irrigation levels were
maintained as per the package of practices
recommended for the region (Middle Gujarat
Agroclimatic Zone), Phenological observa-
tions were made regularly during the crop
growth period.

Measuremenits

On field polarimetric measurements
in visible (bluc) and infrared regions of the
electromagnetic spectrum were carried out
using an ISRO fabricated multiband ground
truth radiometer positioned one meter above
the canopy. The radiometer was mounted on
a tripod rotatable in three dimensions to en-
able measurements of the view and the azi-
muth angles. The blue and the infrared polar-
ization filters were fitted alternately on the
radiometer, and measurements of the highest
(R, )and the lowest (B__ ) intensities of radi-
ance corresponding to the plane polarized light
perpendicular and parallel to the plane of in-
cidence were made. The measurements were
made between 1000-1200 hrs 1ST on nine dif-
ferent days during the crop growth, covering
the phenological phases from tillering to milk-
ing. The data from the crop were acquired at
four different view zenith angles, viz., 30°, 45°
60" and 75" The relative azimuth between sun
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and view angles was fixed at 180" to ensure
maximum specularity (Ghosh et af . 1993
Vanderbilt et al., 1985).

The degree of polarization (DOP)
was computed for-each set of maximum and
minimum signals as:

DOP ={RQ/EI) 100 ... (1)

where, RO=1/2 R__-R_)
RI =1/2(R,_+R )

The values of DOP gbtained at each
view zenith angle and spectral region on all
the days of observation were averaged for each
phenophase basing on the on - ficld pheno-
logical observations during the crop growth.
The phenological stage - wise DOP values
were then subjected to statistical analysis
through the analysis of variance, and infer-
ences are made accordingly,

RESULTS AND DISCUSSION
Temporal variation af degree of polarization

The variation of degree of polariza-
tion during the crop growth period in respect
of the two spectral regions, irrespective of the
view zenith, is presented in Fig. 1. It is ob-
served that the DOP is higher in the blue re-
gion throughout. The DOP reaches a peak
around 35 days after sowing (DAS) in both
the spectral regions. This period corresponds
to the jointing stage of the crop. Similarly,
vartation of DOP with respect to the changes
in view zenith angle irrespective of the wave-
length (Fig.2). suggests a dominant peak at 45°
view zenith at 55 DAS and a secondary peak
at 75 DAS, The variations at other view ze-
nith angles show milder luctuations, with rela-
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Table 1 : Test on influence of treatments on DOP

Treatment Degrees Calculated Table ‘F" Value  Test
of g &
freedom valie at at

93% 994

level  level
Stage (5t) 3 63.09 2.91 448 #4
Wavelength (WL) 1 329.67 4.16 7.53 **
Stx WL 3 18,16 291 448 i
Zenith (Ze) 3 T.24 2.91 4,48 e
StxZe 9 262 2.20 304 #
WL x Ze 3 7.85 2.9 448 ##*
Stx WL xZe 4 1.46 220 3.04 NS

Significant at 95% level *¥ Significant al 99% level M5 Non -significant
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Table 2 : DOP as influenced by different treatments

Stage Wavelenpth View Zenith Mean
Blue Infrared 30 45" @00 730
Tillering (TL) 7.60 237 300 417 380 6.95 493
Jointing (Jt) 1537 6,18 9.89 1264 9.12 [L46 1077
Flagleaf (FL) 12.54 390 fi.41 43 394 10 822
Heading (He) 631 357 420 650 3.90 500 494
Mean 1045 400 638 800 643 812
View Zenith Angle
Wavelength
30° 450 a0’ 75°
Blue 972 994 9.63 12.51
Infrared s 603 3.21 3.74
Crop slage
WL x Ze
TL It FL He
Blue 307 7.58 15.31 10.05 5.80
Blue 450 .25 15.61 1252 5.40
Blue &0° 5.85 1338 13.63 5.73
Blue 75 10.69 17.18 13.95 8.20
IR 300 1.42 4.47 2,97 250
IR 45° 2.10 9.66 4.33 8.03
IR 60" 1.74 485 4.26 1.57
IR 75 3.21 575 4.24 1.73
CD for stage = 1,21 ChforSix WL =171
WL = 0.86 Stxfe =242
Ze =121 WLxZe =121
Cv = 19.5%

tvely higher values during 50 - 60 DAS,

From Fig.3, wherein the variations
af DOP in the two spectral regions vis - a - vis
view zenith are shown, it is evident that the
DOP is higher at 75° view zenith in blue re-
gion, whereas in the infrared region it is higher

at45’, thus suggesting the influences between
each other:

Identification of crop growth stages

The polarization measurements mads
an nine different days during crop season were
averaged phenological stage-wise to arrive at
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four sets of data corresponding to the four
stages - tillering, jointing, flagleaf and head-
ing. The results of the analvsis of variance
performed on these data sets are presented in
Table 1. All individual treatments imposed,
L.e., crop stage (St), wavelength(W1.) and ze-
nith angle (Ze) as well as the imteraction St x
WL and WL x Ze showed significant influ-
ence at 949 per cent level on the degree of po-
larization. The interaction St x Ze resulted in
significant variations in DOP measurements
at 95 per cent level. Thus for purpose of
anlaysis of variations in DOP through differ-
ent stages, it is noticed that, the spectral re-
gion and the view zenith angle individually
had significant impact and hence their role may
be optimized for discrimination of growth
stages. :

From the table of means (Table 2) it
is observed that the peak DOP occured at the
jointing stage for all view zeniths, but the sub-
sequent drop occured variously, While signifi-
cant drop Irom jointing to flagleal is noticed
at 307 and 457 view zenith, similar variation is
noticed from flagleafl o heading at 60° and
75% view zenith angle. Similarly, the temporal
fall in DOP was significant in blue region from
fagleafto heading, whereas the same occured
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