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Summar,

To investigate the changes in the spectral reflectance factor related to
row direction, sun direction, soil background, and crop development
stage, Purdue/LARS collected two years of data of row crop canopies of
soybeans grown in planter boxes and placed on a turntable. The results
demonstrate that the direction of xows in a soybean canopy can affect the
reflectance factor of the canopy by as much as 230%. The results for the
red spectral region tend to support the validity of canopy reflectance
models; results for the infrared spectral region do not.
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1. JINTRODUCTION

Row direction is an important factor influencing the radisnce, and
therefore the reflectance factor, of a row crop canopy. The range of row
directions of fields of a particular crop 4s an important source of
variation in satellite radiance measurements, adding uncertainty to crop
identification and yisld prediction. To investigate the changes in the
spectral reflectance factor related to row direction, sun direction, soil
background, and crop development stage, Purdue/LARS collected data of row
crop canopies of soybeans (Glyeine max), during two years.

2. LITERATURE

Numerous mobdals have been proposed to explain and predict the
measured reflectance factor of plant canopies ag a funckion of plant
geometry, sun angle, and view angle (1,2,3). The models by Suits and
Smith deal with a canopy with no horizontal spatial variations (rows, for
exampie).

Richardson et al. modeled the reflectance of a row crop with
distinet horizontal spatial variations, as a function of plant, soil, and
shadow components(3). A model suggested by Jackson et al. assumes an
incomplete canopy of rectangular-shaped rows(4). The fractions of sunlit
and shaded soil and vegetation viewed are calculated as a function of
view angle for a particular canopy condition, described by plant cover,
height/width ratio, row spacing and direction, time of day, day of year,
latitude, and size of the radicmeter resolution element.

Studies of the effect of sun zenith angle on refleccance generally
have supported the predictions of the Suit's canopy reflectance model
that the reflectance factor should increase as the solar elevation
increases(5,6). Colwell attributes this to changes in the amount of
shadow within the canopy(5). Field data have shown minor to significant
increases 4in the infrared response with decreasing sun elevations

(4,6,7)»
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3. MATERTALS AND METHODS

During the first year of data collections, spectral measurcments
were taken every 15 minutes throughout the day over 9 plots of soybeans
of differing row dircction when they were at 64, 78, and 94 perecent soil
cover.  Row directions in degrees from north were 90 (east), 103, 120,
135, 150, 165, 180, 210, and 240,

The second year, 1980, soybeans were grown in planter boxes and
placed on a turntable, 3.6 meters in diameter, in the following manner:
the larger soybeans (57 cm tall) were placed 70 and 60 em apart to
provide a 060 and 80 percent soil cover, vrespectively. The younger
soybeans (17 cm tall) were placed 45 um apart to provide 39 percent soil
cover., The row direction was varied (180 degrees in 5 degree increments)
as was the background between the rows (soil, black and white painted
boards).

Radiance measurements, used to determine reflectance factor, were
taken with a Landsat band radiometer (Exotech model 500) from 5.2 meters
above the soil in 1979 and 8.8 meters in 1980. The radiometer has a 15
degree field of view and aecquires dabta in the following wavelength
regions: 0.5-0.6, 0.6-0,.7; 0.7-0.8, 0.8-1.7 um,

4. RESULTS

The results, Figure 1, represent the reflectance factor of the
soybean row crop for 60 percent background cover, two wavelength bands,
red 0.6-0.7 um and infrared 0.8~1.1 um, the three backgrounds, soil and

- black and white painted boards, and azimuth angle from the solar azimuth
direction. The results show that the reflectance factor of the canopy
increased in both wavelength bands and for 2ll row azimuth angles as the
reflectance factor of the background material increased, For example, at
zerp degrees row direction in the red band, the R increased from about 3%
for the black background, to 8% for the soil background, to more than 25%
for the white background. For both the soil an! the white backgrounds
the R in both wavelength regions decreased for row directions away from
zero. For cxample, at 90 degrees R is 5% and 8% in the red region and



-4-

20 \¥ A 6D N B
\ "‘“ n .‘.“""”-u-.—
. 4
1 ,‘-b""’.;\ “"\.,h”: h""*»?—.-—»‘""". ) o)
0 . 3 N A - I 1 20 1 - - i e i
=60 0 60 120 =60 0 60 120
Red (0.6~0.7 m) Infrared (0.8-1.1 m)

Row direction (degrees)

Fig, 1, Soybean canopy reflectance factor with row direction for white (W),
soll (S), and black (B) backgrounds, Zere degrees row direction is the
sur azimuth dircetion.

0% and 50% in the infrared region for the soil and white background,
respectively. These wvalues are significantly less than those
corresponding to zero row direction. While the R of the black background
changed little with row direction for the red regicn, in the infrared
region it increased with row directions away from zero, unlike the row
direction characteristics of the R of the soil and white backgrounds,

The results, Figure 2, show that the R varies with percent ground
cover and row direction as well as with type of background and wavelength
region. For the white background in both wavelength regions, Figures 2A
and 2D, the curves of R are nested with the curve representing U0%
background cover above, at all row directions, the 60% curve which in
turn is above the 80% curve. For example, in the red region at zero row
direction, the reflectance factors of the 10, 60 and 80 percent curves
are 45, 23, and 15 percent. For the black background in both wavelength
regicns, Figures 2C and 2F, the curves of R are again nested but the
progression is reverscd comparcd to that of the white background; the
highest reflgoting canopy has 80% background cover; the lowest, 40%. For
the soll background the progression of curves representing the various
proportions of covered background depends upon wavelength band and row
dircetion. In the red region the progression from highest reflecting to
lowest reflecting is HO, 60, 80 percent cover at gzero degrees row
direction and 40, 80, 60 percent at 90 degrees. In the infrared the
progression is 60, 80, and 40 percent at zere row direction and 80, 60

and 40 percent at 00 degrees.
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Fig. 2. Soybean canopy reflectance factor with row direction and back-
ground covers of 40, 60 and 807, Zero row dirsction is the sun azimuth
direction. Sun zenith anple is betwren 24 and 36 degrees.

The results, Figure 2A and 2B, show that for the red region and for
s0il and white backgrounds 60 and 80 percent covered by foliage there is:
a row direction beyond which the R changes little. For example, in
Figure 2B the reflectance factor of the canopy with 80% cover does not
change significantly for row directions more distant from zero than about
25 degrees., The angle is about 50 degrees for the 60 peszent cover

curve.

The results, Figure 3, show that for the canopy with 60% background
cover, the R varies with sun zenith angle and row direction as well as
with type of background and wavelength region. For the black background
in both wavelength regions, Figures 3C and 3F, the reflectance factor
increases at all row direcctions as the zenith angle of the sun increases.
For example, in Figure 3C, the R of rows 00 degrees to the sun azimuth
increases from 3,6% for period T1 (sun zenith angle) to 5.0% for period
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Fig. 3. Soybean canopy reflectance factor with row direction, Zero row
direction is the sun azimuth direction. Time periods {rom solor noon and
average sun zenith angles are: Tl, =30m to lh 05, 229; T2, 1h 05 to
2h 03, 289; T3, 2h 03 to 2h 23, 34°; T4, 2h 23 to 2h 35. 29°, Canopy had
a background cover of 60 pevcent.

T4 (sun zenith angle of 38). In the red region, Figure 3C, each curve
has two local maxima, one at zero row dircection and another between 60
and 90 degrees. In the infrared, Figure 3F, the curves have global
minima at zero degrees and global maxima between 60 and 90 degrees.
Unlike Figures 3C, 3F, and 3F, all curves of Figures 3A, 3B, and 3D have
global maxima at zero degrees row direction., As shown in Figures 3A and
3B, the R of the canopy oriented with zero degrees row direction did not
change in the red region for the white and soll backgrounds. The R of
the canopies with white and soil baeckgrounds did increase, Figures 3D and
3E, in the infrared at zero degrees row direction with inereasing sun

zenith angle.

The magnitude of the slope of the curves, Figures 3A, 3B, and 3D, is
greatest near zero row directions and for period T4, late in the day at
large sun zenith angles. For example, while the R at zero row direction
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Fig. 4. Soybean canopy reflectance factor with projected solar angle. Time

periods are as in Figure 3. Canopy had n 60 percent background cover,

for the white background, Figure 3A, is the same for all curves, about
24, the R at 20 degrees row direction is significantly greater for
period T1 (R = 20 percent) than T§ (R = 10 percent). The curves, Figures
3A, 38, and 3D, tend to appear, for row diprecetions near zero, more like a
church spire late in the day (large zenith angles) rather than near solar

noon.

The results, Figure 4, show that B 4is a function of one variable,
projented solar angle, as well as  background and wavelength. For the
s0ll and white backgrounds measured in the red spectral region, Figures
4p and 4B, the projected solar angle explains most of the R variation in
the two variables, row dircetion and sun zenith angle. The R values in
both figures do not change substantially for data with projected solar
angles larger than a critical angle, approximately 45 degrees. The
reflectance factor of the black background measured in the red wavelength

e
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region as well as the R of nll bnekgrounds mensured 4in the 4infrared
region varied with both sun zenith angle and projectéd ‘olar angle,
unlike the R plotted in Figures YA ond 4B. The curve TH in Figure 4C has
two values of R for any specific projected solsr angle; most curves in
the figures for the infrared region show the same characteristic,

5. DISCUSSION

The results, Figures 1-li, demonstrate that the direction of rows in
a soybean canopy can signifienntly arffect the reflectance factor of the
canopys A measure of the effect upon R of changes in row direction, the
quantity 100% (BMAX - BMIN)IRMIN' is as large a8 230% for the highly
reflective white background measured in the red speotral region, Figure
4p, and tends to be smaller for less reflcetive backgrounds and for the
infrared spectral .egion.

The results for the red apoetral region, a chlorophyl ahsorption
band where little light is multiply scattered in the canopy, support the
validity of canopy reflectance models which include the effects of rows,
The models predict and the results for the white and soll backgroynds,
Figures 1A and 1B, show that the canopy reflectance factor is largest
when the background 4is fully illuminated (0 degrees row direction) and
decreases (away from zero degrees row direction) proportion of sunlit
background deereases., The results, Figures 4A and 4B, support these
canopy reflectance models which prediet that the R, Figures 3A and 3B, is
symmetric about both the zaro and 90 degree row directions. The models
predict and the isoults support that the family of curves in row
direetion and solar zenith angle, Figures 3A and 3B, become on¢ curve
when plotted with projeeted solar angle, Figures YA and 4B.  The models
predict and the results support the cuncept of a critical angle, Figures
YA and 4B, beyond which no portion of the canopy background is
{1luminated directly by sunlight directed down f%lie rows and beyond which
the canopy reflectance factor is constant. The results for the blaek
background, Figures 3C and 4C, do not support the canopy reflectance
models because the R for zero row direcction increases with inereasing sun
zenith angle; the models predict R at zero row direction will remain
constant or deerecase as aun zenith angle increases.
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The reasults for the infrared spectral reglon, Fipgure 3D, 3E, and 3F,
a band with rinimal light nbsorption by plunt pigmentz nnd significant
light seattering by plant foliasge, as well as the results for the black
background measured An the red spectral region, Fipure 3C, tend not te
support the validity of these sanopy reflectance models. The results
show but the models do not predict that the canopy R generally increases
with incrensing wsolar zenith angle, The increase in R 4is cspecially
prononnced for large solar zenith angles and 60-90 degree row directions.
Examination of photographs taken concurrently with the spectra indicates
that when the sun zenith angle was large, leaves along the edges of rows
vere oriented to refleot a significant amount of flux to the radiowmeter,
While the pubescent leaves of the soybean canopy did not appear as
prominent specular reflectors, individual soybean leaves tend to
preferentially scabter both visible and infrared light in the general
direction of specularity(8). More importantly, analysis of data
presented by Brecce and Holmes suggests the hemiapherieal reflectance of
leaves iucrenses when they are illuminated at increasingly off-normal
angles(8)., Comparaed to the peflective characteristics of a canopy with
perfectly diffuse, lambertisn, leaves, both of these leaf phenomena would
tend to dnerease the light flux at large solar zenith angles which is
directed from the canopy to the radiometer.

A minor factor to be considered when examining the inocrease of the
canopy reflectance factor for large solar 2zenith angles and 60-90 degree
row directions is the proportion of shaded background illuminated by
sunflecks. This proportion is largest for row dipecctions ncar 90 degrees
where sunlight must traverse the least amount of foliage to illuminate
the background., Analysis of photographs indicated sunflecks on the
backgrownd ware a minoyr factor in the canopy reflectance.
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