Mausam, (1985), 36, 4, 475-478

o31.521.3

Radiative scattering in summer crop canopies
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ABSTRACT. Scattering of radiation through crop canopies has been found to be linearly related
to the folinge characteristics such as the foliage density and inclination index of foliage in the PAR
range and by second degree regression in the NIR range. The scattering function presented higher
cumulative values in the near infrared (NIR) as compared to the visible (PAR) range. The scattering
was highly dependent on the crop geometry with higher amount of scattering in vertical inclined leaves
and progressively decreased in crops with relatively horizontal ‘nature of leaves.

1. Introduction

Scattering of radiation through transmission and
multiple reflection in crop canopies vary due to the
specific differences in leaf arrangement and canopy
architecture (Moldau 1965, Brandit and Tageyeva
1967, Gates et al. 1965, Birkebak and Birkebak 1964).
The behaviour of scattering function can be used in
identifying the relative differences in canopy arrange-
ment, The radiative transfer in plant stands in very
complex as it depends on the amount of leaves and
other plant parts obscuring the beam, on the spatial
distribution and mutual shading of the leaves, on their
size and orientation etc. An attempt has been made
here to understand the relationship between the scat-
tering function of radiative transfer in crops and the
canopy architecture of summer crops.

2. Radiation measurements

Radiation interception profiles were recorded with
delta-T devices tube solarimeters and ISCO spectro-
radiometer during noon hours at maximum leaf area
index (LAI) stage in maize, cowpea, mungbean,
sorghum, soyabean, sunflower and maize-cowpea inter-
cropping at the Summer Crops Irrigation Research
Station, Waroona (Lat. 33 deg. S, Long. 115 deg.
48 min, E).

One tube solarimeter was sensitive to total short-
wave radiation from 0.35 pm, and the other, con-
taining a Kodak Wratten 88A gelatin folter tube,
was sensitive NIR from 0.75 gm to 2.5u4m, PAR from

0.35pm to 0.75um was estimated as the difference in
output of two solarimeters (Szeicz et al. 1984).
Detector length was 85.8 cm and breadth 2.2 cm with
a response time of 3 minutes for 99 per cent of radia-
tion falling on the sensors. The tubes were mounted
horizontally side by side on a sloping stand so that ex-
posure was same, and each tube was flushed with dry
air to avoid moisture condensation on their inner
surface. When not in use the tube containing the
gelatin filter was shielded with aluminium foil to avoid
shrinkage of the filter.

Leaf arca for each observation set was determined
using the leaf area meter LI-3000. Stem area was
computed assuming the stem to be cylinder (diameter
x height). The orientation of the leaves was charac-
terized by the mean leaf inclination which was deter-
mined as the mean of the angles between the vertical
and normal to the upper side of the leaf. In case of
lengthy leaves it was divided into 8 to 12 sagments.

Portable ISCO spectroradiometer fitted with a fibre
optic extension cord having a 2 cm diameter flat
sensor was used in recording the transmitted radiation
at different foliage levels in different crops at maxi-
mum LAI stage. Sensing head acted as a cosine filter
and confirmed to the Lambert’s cosine law. The
spectral transmission covered the range from 380 to
1550 nm with a 25 nm band pass in the PAR and
50 nm band pass in NIR range. Radiation observa-
tions were recorded during local mean time of 11.30
to 13.30 hrs.
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3. Method

Ross and Nilson’s (1963,1965) scattering function
f(w), was determined using the radiation profile measure-
ments in different crops as

Iy = [ (w) - ¢ KF (1

Where, 7 and /; are the radiant flux densities at a given
foliage index F below the crop canopy and above the
canopy, and K is the foliage extinction coefficient. With
random distribution of foliage angles, 8, the scattering
function f(w) related to the scattering coefficient (w) of the
foliage as (Ross and Nilson 1965).

ey W 1 2
S w) = 3 ( 1 4 2sinpB ) 2)
Where # is the angle which incident radiation makes with

the horizontal. An average value of B=70° was used
for noon hour observations.

Extinction coefficients, K, were determined for PAR
and NIR radiation from the slopes of regression between
In I/1o and cumulative leaf area index F from the top of
the canopy. Scattering coefficient of the foliage, w, was
determined for each crop canopy layer. The cumulative
scattering function values were related with the crop
geometry parameters like, vertical distribution of foli-
age area commonly represented by the normalized foli-
age are density a(z) (Ross and Ross 1969 a) and the
inclination index of the foliage area X; (Rossand Ross
1969 b) given by the following expressions.

a(z) = hy a(Z)/Ly &)
w/2

= |1—g @ sin @ do; 4)
g

where, Z =Z/hy, is the relative height,
L =height above the ground surface,
h;=height of crop with leaf area index L,

Lo=Leaf area index of leaves within a vertical
cylinder of unit cross-section and height Ay,

a(Z)=foliage are density function which deter-
mines the foliage area in a unit space volume
at height Z,

f;, = mean leaf inclination which is the angle
between the vertical and normal to the
upper side of the leaf,

g(0)= distribution function of foliage area orien-
tation defined as the part of the foliage area
oriented with an inclination 8 assuming
that there is no preferred azimuth orien-
tation determined from the boundary satis-

fying condition that

w2

fg (81) sinfy, db; = 1.
L]

The foliage area orientation depends on species and
has vertical and seasonal changes (Warren Wilson
1959, 1965, de Wit 1965, Ross and Nilson 1967,
Ross and Ross 1969a). The radiation and crop geo-
metry parameters have been presented here to under-
stand their dependence.

TABLE 1

Foliage attenuation and scattering coefficients in
PAR and NIR radiation

Attenuation  Cumulative scatt-
coefficient ering coefficient
Crop e —— A

PAR NIR PAR NIR

Maize 0.75 0.31 1.91 5.56
Sorghum 0.47 0.35 0.74 3.73
Soybean 0.51 0.28 0,82 4.05
Maize | Cowpea 0.53 0.35 1.39 3.92
Sunflower 0.84 0.35 0.74 3.73
Cowpea 0.65 0.39 0.86 4.21
Mungbean 0.56 0.22 0.87 4.18

4. Resulis and discussions

Table 1 presents the radiation transmission charac-
teristics in different crops due to even distribution of
foliage density through the crop height. The decrease
of K values in the wavelength bands from PAR and
NIR presents that there is preferential transmission of
NIR through the foliage. The difference between K
values in PAR and NIR was smaller in sorghum,
soybean, maize + cowpea intercropping and cowpea
canopies, but increased for open canopies like maize
and sunflower. This appears to be related to foliage
density. In dense or bush canopies of soybean and
cowpea crops the leaves tend to be crowded together
and take up multipositions, whereas in open canopies
like maize, sunflower, the leaves assumed easy or
changing posture with depth during the growing season.
Scattering coefficient being higher in NIR range as
compared to PAR leads to deeper penctration of NIR
radiation through the foliage.

Fig. 1 presents the linear dependance of PAR
cumulative scattering function with the foliage density
distribution in different crops, The linear increase
was observed to be rapid in open and relatively
vertical leaved canopies (maize, sorghum etc) than
the densely packed and relatively horizontal canopies,
It was also observed that scattering was slow in top
foliage layer, but increased rapidly as the radiation
penetrated in the lower foliage layers probably due to
differences in the foliage density through the crop
height. The spread of scattering was recorded over
a band bounded between scattering behaviour in maize
and sunflower/beans. The slow increase in maize in
the beginning was due to the horizontal nature of the
two top leaves, but increased rapidly because of the
inclined leaves in the lower foliage layers. Similarly
PAR scattering function presented a better depen-
dence on the inclination index of foliage density. (Fig.
2) than the distribution of foliage density through
the height ( Fig. 1). The continuous increase in scat-
tering function from the top towards the lower crop
foliage layers was due to the multireflections taking
place due to inclined leaves. The comulative scattering
behaviour attains a saturation level as the transmitted
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radiation reached the lower foliage layers. The spread
of scattering function was again recorded between
maize and sunflower leaves. The saturation indicates
that at the bottom there is practically negligible increase
in the transmitted radiation and therefore the lower
leaves suffer due to non-availability of sufficient PAR
radiation.

The NIR cumulative scattering function too depends
strongly on the crop geometry parameters the distribu-
tion of foliage density (Fig. 3) and inclination index
of the foliage density (Fig 4). The spread of NIR
scattering was recorded over a band bounded between
scattering due to maize/sorghum and sunflower geo-
metries, It appears that multiple scattering increases
as the NIR penetrates through the foliage layers and
has the potentiality of reaching the lower layers more
effectively than PAR. There may be a number of other
photomorphogenic parameters affecting the scattering
function, but the crop geometry parameters-foliage
density distributich and inclination index of the foliage
density layers appear to be the most effective para-
meters. The regression equations shown in the diagrams
presents a second degree dependance in NIR as com-
pared to linear dependence in the PAR scattering.
The scattering function presented in these diagrams,
amounts to different cumulative values in different
crops depending on their canopy architecture there-
fore can function as an index of multiple scattering in
relative to crop geometry.
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