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Abstract. Canopy light interception (LI) is a determining factor for crop growth and
yield. Crop yield depends on a canopy’s capacity to intercept incident solar radiation,
which in turn depends on the available leaf area, its structure, and its efficiency in
converting the energy captured by the plant into biomass. Digital images offer a series
of advantages over other methods of LI estimation, including the possibility to directly
process images by computer for which free software is available. The objectives of this
work were to develop a simple, economical method for determining LI in low-lying crops
such as processing tomato using digital images obtained with a standard, commercial
camera and free software and to evaluate the influence of different types of soil coverage
(bare soil and plastic mulch) on LI. Photographs of the selected areas were taken using a
digital camera at a distance of 160 cm above the center of each area. The resulting digital
images were then analyzed with the free software GIMP 2.2 and IMAGE J. Three
methods [area (SA), contour (SC). and reclassification (SR)] were used to quantify the
percentage of groundcover (PGC). They were applied to the same images and compared
with LI as measured with a line quantum sensor at solar noon. There was a close
relationship between LI and estimated PGC with all three methods and for different soil
cover regimes. In all cases, there was a linear adjustment with a significant correlation
coefficient (P < 0.01) and an /* of greater than 0.88. The adjustment with RI was
narrowest when the SR method was used to estimate PGC (+* = 0.93) followed by SC (+* =
0.92) and SA (+* = 0.88). Measurements of LI based on digital images offered practical
advantages with respect to the use of photosynthetically active radiation bars because the
latter must be used at solar noon. In contrast, measurements obtained with a digital
camera can be taken at any time of day and bright sunshine is not necessary. Different
correlations were obtained for bare soil and plastic mulch conditions, so it was necessary
to use a different equation to estimate LI under each condition.

The interception of light by a canopy is a
determining factor in crop development and
provides the energy needed for fundamental
physiological processes such as photosynthe-
sis and transpiration. Crop yield depends on a
canopy’s capacity to intercept incident solar
radiation, which in turn depends on the avail-
able leaf area, its structure, and its efficiency
in converting the energy captured by the plant
into biomass (Gifford et al., 1984). Most
production strategies are directed toward
maximizing the interception of solar radia-
tion. In the case of crops, this implies adapt-
ing agricultural practices in such a way as to
obtain complete canopy cover as soon as

Received for publication 25 Feb. 2008. Accepted
for publication 18 June 2008.

This work was carried out as part of the INIA
project RTA04-060-C6-03 and was cofinanced by
FEDER funds.

'To whom reprint requests should be addressed,
e-mail carlos.campillo@juntaextremadura.net.

1780

possible (Gardner et al., 1985). Deficiencies
in water and nutrient inputs may reduce the
rate of leaf growth, reducing yield below op-
timum levels as a result of insufficient energy
capture (Loomis and Connor, 2002). Quanti-
fying the intercepted radiation is therefore an
important consideration when studying the
incidence of different agricultural or environ-
mental factors on yield, and it is the main
source of data in the most widely used
methods for estimating crop water needs
(Allen et al., 1998).

From a practical point of view, the solar
radiation spectrum is divided into regions,
each with its own characteristic properties.
Appropriate procedures and sensors must be
chosen according to the specific objectives of
the radiation measurements (Jones et al.,
2003). Visible radiation, between the wave-
lengths of 400 and 700 nm, is the most impor-
tant type from an ecophysiological viewpoint
because it relates to photosynthetically active
radiation (PAR). A direct method for deter-
mining the percentage of intercepted radiation

(LI) is to measure PAR both above and below
the canopy at noon on completely cloudless
days (Board et al., 1992; Purcell, 2000; Reta-
Sanchez and Fowler, 2002) and then apply
the following Eq. [1]:

=1 Par below canopy ]
Par above canopy

Commercially available lineal PAR sen-
sors are used to take these measurements,
which are based on PAR values registered by
the sensor. These measurements can be taken
either by locating sensors perpendicular to
the crop rows (Egli, 1994) or by taking
multiple measurements parallel to them
(Board et al., 1992). The latter method can
be costly according to the number of mea-
surements needed to characterize the study
area, especially in the case of low-lying
crops, in which it may be necessary to
remove vegetation to place sensors under it,
which also has the drawback of introducing
alterations during data collection. We there-
fore decided to use the percentage of shaded
soil at solar noon or the percentage of ground-
cover (PGC) to estimate LI; this is an easier
and more economical way to obtain the
required data (Fakorede and Mock, 1977;
Morgan and Brown, 1983; Williams et al.,
1965). It is generally assumed that the shaded
area at soil level corresponds to the fraction
of'incident radiation that has been intercepted
by the crop. This is an approximation that is
valid as long as the percentage of light trans-
mission through the leaves is small in com-
parison with its absorption. The precision
with which PGC estimates LI will therefore
depend on how well the shaded area is
defined and on the capacity of the canopy to
capture all of the radiation within the shaded
area. In this second case, estimates could be
improved by taking complementary measure-
ments of radiation at a sufficient number of
points within the shaded area to characterize
the radiation traversing the canopy (Lang
et al., 1985).

Some of the methods used to determine
PGC involve visual estimates (Olmstead
etal., 2004; Ortega-Farias et al., 2004). Meth-
ods such as the “interception line” (Gallo
and Daughtry, 1986; Molloy and Moran,
1991), the analysis of the intersection of
shadows on metric strips, and paper drawings
of the sampling areas (Adams and Arkin,
1977; Bolstad and Grower, 1990; Smith et al.,
1999) were used to determine PGC in a
nondestructive way. However, to apply these
last three methods, cloudless days are needed
as are a sufficient number of measurements at
different orientations to allow a reliable
characterization of the area (Ewing and
Horton, 1999). The precision of the visual
estimation method varies, because it depends
on the skill of the operator; results will not
be comparable when several people are in-
volved (Olmstead et al., 2004). Furthermore,
it has been shown that coverage values tend
to be overestimated (Olmstead et al., 2004).
In the cases of the interception line and
metric strip methods, similar problems are
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encountered as those associated with the use
of PAR bars in the case of low-lying crops
and it is difficult to take measurements below
the canopy. Finally, making paper drawings
is very costly when working under field
conditions and when a relatively large area
must be characterized.

The inherent difficulties in measuring
PAR throughout a canopy and advances in
radiometric techniques have led to the devel-
opment of methods for remotely sensing
radiation capture. Radiometric methods rely
on differences in the spectral reflectance of
vegetation and soil. Vegetative indices based
on reflectance in broad wavebands have pro-
vided good estimates of radiation capture and
yield in crop plants (Gallo et al.,, 1985;
Hatfield et al., 1984). Vegetation indices have
also provided good estimates of fractional
groundcover (Boissard et al., 1992; White
et al., 2000). More recently, spectroradiom-
eters capable of measuring narrow band
radiation have been used to monitor plant
stress (Elvidge and Chen, 1995). Radiometric
satellite data are now available for the eval-
uation of large areas, and small portable
radiometers are becoming less expensive as
the technology progresses. In this respect,
good results have been obtained with meas-
urements using digital photographic images
to determine crop cover and radiation inter-
ception in soybean (Purcell, 2000) and lettuce
(Klassen et al., 2003), crop cover in turfgrass
(Richardson et al., 2001), and canopy and soil
cover with straw mulch (Bennet et al., 2000;
Beverly, 1996; Olmstead et al., 2004). It is
possible to assimilate into the LI formula
[Eq. 1] the fraction of the area occupied by
the crop canopy when the sun is at its highest
point (Purcell, 2000). Other important points
are that the area of soil exposed to the sun can
be differentiated from that covered by leaves
while the angle of the camera is close to that
of the sun (Purcell, 2000). With regard to
differentiating between the green parts of the
crop and the soil surface, results could vary in
the case of soils of different colors as a result
of their different behavior with respect to the
reflection and absorption of radiation; this is
particularly the case for different kinds of
mulches. In this case, the validity of the
method will largely depend on the capacity
of the software to discriminate between parts
ofthe crop’s green canopy. In the presence of
weeds or green cover, it may be necessary to
prescreen images.

Digital images offer a series of additional
advantages over other methods for estimating
LI assuming that the soil background can be
distinguished from leaves, light transmission
of leaves is small relative to light absorption,
and that the angle of the camera to the horizon
approximates the solar angle (Purcell, 2000)
such as the direct treatment of images by
computers. Moreover, a graphic record of
the crop is generated in the case of studies of
canopy evolution. This can be used for phe-
nological monitoring (Shelton et al., 1988) to
determine differences in color and fertility in
maize (Ewing and Horton, 1999) and to study
the incidence of pests and diseases.
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Fig. 1. Digital images of processing tomato to which the three methodologies for estimation percentage of
groundcover were applied. In the three images, X and Y mark the dimensions of the reference
rectangle: (A) area method. Xy, X,, X3 are crop row widths at three points chosen at random within the
reference rectangle; (B) contour method. S is the crop area within the reference rectangle; (C)
reclassification method. S is the crop area within the reference rectangle.

Fig. 2. Evolution of the percentage of ground cover throughout the crop cycle, calculated using the
reclassification method (SR) for the same trial plot with bare soil. The numbers in the left bottom part
of each figure correspond to percentage of groundcover.
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The objective of this work was to develop
a simple, economical method for determining
LI in low-lying crops such as processing
tomato using digital images obtained with a
commercial camera and freely available soft-
ware and to evaluate the influence of different
degrees of soil coverage.

Materials and Methods

Location and cropping details

The experiment was conducted during
two consecutive summers (2005 to 2006) at
an experimental station (Junta de Extrema-
dura) in Guadajira, Spain (38°53" N and
6°50" W) on a slightly acid, sandy loam soil.
The soil was shaped in 1.5-m-wide beds. A
processing tomato crop (var. Odin) was trans-
planted in single rows with a distance
between plants of 20 cm (33,333 plants/ha).
The field was drip-irrigated from transplant to
harvest with a single irrigation line per row.

The experimental design was a split plot
with three complete blocks. Two soil man-
agement regimes were used in the main plot:
bare soil (T) and plastic-cover mulch (P)
covered with 120-cm-wide, 25-um-thick, black,
plastic biodegradable matter (Mater-Bi®, Nova-
ment, Italy). In the subplot, three irrigation
regimes were established to measure the crop
evapotranspiration (ETc): T125 and P125 =
1.25 ETc, T100 and P100 =ETc, and T75 and
P75 = 0.75 ETc. The different treatments
allowed different degrees of plant soil cov-
erage at different points in the crop cycle.

Measurements

Percent of ground cover. A 120 x 150-cm,
rectangular, polyethylene tubing frame was
set up in one crop row in each elementary plot
identifying a representative area containing
six plants. Photographs of the selected areas
were taken using a commercial camera (Sony
Digital Still Camera DSC828 with a resolu-
tion of eight megapixels) (Sony, Tokyo) from
a distance of 160 cm above the center of each
group of plants. The data were collected at
solar noon coinciding with the taking of lineal
PAR sensor measurements. Photographs were
taken at 10-d intervals with a total of 12
measurements for each crop cycle. This began
2 d after transplantation and ended at harvest.

GIMP 2.2 free software (www.gimp.org/
downloads) was used to analyze the digital
images and differentiate between vegetation
and soil or plastic by means of a color
reclassification process. As mentioned sub-
sequently, IMAGE J 1.33 free software
(rsb.info.nih.gov/ij/) was used to delimit the
areas shown in the images and to measure
lengths and areas within them.

Three methods of analysis were used to
quantify the PGC and they were all applied to
the same image. With each of these methods,
we obtained an estimate of the percentage of
shaded soil in each digital image. The shade
created by the tripod was easily discriminated in
the photographic analysis.

Area method (SA). In this method, crop
row width was estimated by simulation based
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on measurements taken at three points within
the marked area using a metric strip. These
data were then used to estimate average row
width and the PGC (Adams and Arkin, 1977;
Giménez, 1985). Both row and frame width
were determined in pixels using the measur-
ing tool (IMAGE J 1.33). The sampling area
was delimited by the width (X) and length (Y)
of the reference frame (Fig. 1A) and the
three measurements of row width were: x;,
X5, x3. PGC was calculated through the
expression:

<X1+XQ+)C3> XY
3

P =
ac X X7)

X100 [2]

Contour method (SC). In this method,
the technique of drawing the crop’s shade
contour on paper and the subsequent measure-
ment of the area in question is simulated (Kvet
and Marshall, 1971). Figure 1B shows the
processing of the digital image. To measure
the area, the crop’s contour was previously
delimited using the IMAGE J 1.33 program.
Areas with no vegetation cover that were
within the canopy were measured and omitted
from the surface area count. The crop surface
area (S) was measured in pixels using the same
program. This area was then related to the
sampling area to estimate the PGC according
to the following expression:

S
PGC = [ —— ) X
GC (XXY) 100 3]

Reclassification method (SR). With this
method (Fig. 1C), the crop area (S) is deter-
mined by classifying the image according to
the range of radiation levels shown on an
RGB image of the crop (0 to 255 colors); this
was done using a RGB max reclassification
tool (GIMP 2.2). Figure 2 shows the evolu-
tion of the crop, using digital imagery, both
before and after applying color reclassifica-
tion. After the classification process, it is
possible to measure the surface area occupied
by green parts (crop) and to differentiate them
from the soil or plastic. In contrast to the other

PGC = (L) X 100 4]
XXY

Intercepted radiation. L1 measurements
were made using a 100-cm linear PAR sensor
(LICOR Li-190; LI-COR, Lincoln, NE).
They were made at solar noon, perpendicular
to the crop row, in the same area in which the
photographs had been taken. Samples taken
from below the crop were compared with
reference measurements taken above the crop
row (ref). Percentages of LI were calculated
by applying Eq. [S], in which it was necessary
to know the percentage of radiation that was
not intercepted by the crop (RP) as a quotient
of the PAR measurements taken both above
and below the canopy. According to the
degree of plant development two situations
for measurement of RP were proposed:

1. When the crop row width was less than
100 cm (Fig. 3A), RP was calculated by
applying Eq. [6] as the average of five
measurements taken under the crop (1,
72,73, F'4, I's). Measurements were taken
every 20 cm using the total length of
the PAR bar (100 cm) and adding 50 cm
to the reference measurement to
include the total width of crop (150
cm). In this situation, ref was measured
using the total length of the PAR bar.

2. When the crop row width was greater
than 100 cm the maximum length of the
PAR sensor (Fig. 3B), RP was calculated
applying Eq. [7] as the average of three
measurements taken beneath the crop on
each side of the crop row (ry, r», 73 left
side and ry, 7s, 76 right side). Measure-
ments were taken at 20-cm intervals
using a half-length PAR bar (50 cm).
The sensor was covered with a material
that blocks light and average measure-
ments were taken in the center of the row
(77, 1), also using a half-length PAR bar
(50 cm). This was done in a way that
included the total width of culture (150
cm). In this situation, ref was measured
using a half-length PAR bar (50 cm).

two methods, here the crop must be subject to LI = (1 —RP) X100 [5]
RP = [mean(ry;72;73;r4;75) + 0.5 X mean(ryr)] 6

[mean(ref) X 3]
RP = {mean(ry;r;r3) + [mean(ry; rs;re) + mean(rs;rg)]} 7]

[mean(r,) X 3]

homogeneous lighting conditions, because
the presence of shadows may reduce a crop’s
color and impede subsequent color reclassi-
fication. PGC was calculated according to the
formula:

This procedure was carried out in the same
area in which the photographs had been taken
and with the same frequency.

Data analysis involved an analysis of
covariance between regressions (Pefia,
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Fig. 3. Measuring procedure used to determine the value of intercepted radiation in a tomato crop using
photosynthetically active radiation measuring bars (A) for measurements with low crop development
(>1 m wide) and (B) measurements with high crop development (<1 m wide). The measuring zone of

the bar is indicated in yellow.

1987) with the statistical package SPSS
version 13 for Windows (SPSS, Chicago, IL).

Results and Discussion

Estimating light interception from digital
images. Figure 4 shows that there was a close
relationship between the fraction of light
intercepted by the canopy at solar noon and
estimated PGC for all three methodologies in
both years and under all irrigation regimes
with both bare soil and plastic mulch. In all
cases, there was a linear adjustment with a
significant correlation coefficient (P < 0.01)
and an /? greater than 0.87. This indicates that
any of the described methods would have
been valid for estimating the amount of radia-
tion intercepted by the crop.

However, the adjustment was different
according to the method used. The adjust-
ment with LI was narrower when using the
SR method to estimate PGC (+* = 0.92 and
0.96) followed by SC (+*=0.91 and 0.95) and
SA (r* = 0.87 and 0.94) for 2005 and 2006,
respectively. The relationship between LI
and PGC was somewhat stronger when the
SR and SC methods were used, whereas the
SA method produced greater errors in esti-
mation. Because the measurement of crop
row width was simulated in SA, a consider-
able area of bare soil was counted as vegeta-
tion (Fig. 1A); this explains the slightly
higher values for PGC than with the other
methods. In the case of SC, an attempt was
made to produce a method for drawing the
shaded area of the crop to estimate the PGC;
quite good results were obtained. With this
second method, a greater proportion of bare
soil was excluded than with SA (Fig. 1B).
Finally, the most accurate estimate of PGC
for both crops was obtained with SR, because
color discrimination made it easier to differ-
entiate between vegetation and soil (Fig. 1C).
Although the results obtained with SR and
SC were similar, it should be borne in mind
that the SR method was cheaper to apply
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because all image processing was performed
by software without the need for human
definition of the area to be measured. The
use of processed digital images with the SR
method supposed a considerable improve-
ment with respect to the other two methods
and also in the gathering of data directly from
the crop. This method was economical and
easy to apply. It also eliminated the sub-
jectivity associated with operators having to
define areas or points of measurement. Slight
but significant differences were found be-
tween years applying the same methodology
with the adjustment being better in 2006.
This was probably because a wider range of
data was considered for that year (from trans-
plant to harvest). The correlations were
highly significant, even for water stress treat-
ments (75% ETc) and taking into account
that in tomato plants, water stress promotes
changes in PGC and leaf angle.

Comparing the linear regression obtained
between LI and PGC for the same crop but
with different soil covers (bare soil and
plastic mulch) (Table 1), the same gradients
were obtained with the SA and SC methods
regardless of the cover regime. In these cases,
discrimination between the soil and crop was
performed manually by an operator who
applied similar criteria in both cases. There
were, however, differences when applying
the SR method; the computer software en-
countered greater difficulty discriminating
between plastic and vegetative cover. This
meant that the fitting of the linear regression
was not as good (2 = 0.95 for soil and 0.92 for
plastic), although it still remained high and
significant. Linear regressions obtained for
the same crop but with different soil covers
were significantly different. This implied that
it would be necessary to use a different
relationship according to the particular soil
management regime applied (Table 1).

The correlation line between LI and PGC
did not pass through the 1:1 line in any of the
methods used (Fig. 4). In the case of crops

such as processing tomato, whose leaves
were at various levels and/or of irregular
shapes and sizes, moreover, the area defined
as shade was not opaque to the passage of
radiation. As a result, the proportion of
radiation intercepted was lower than for the
shaded soil, even when we applied the SR
method, which eliminated the spaces without
vegetation inside the canopy. However, when
applications of the same methodologies were
compared for another horticultural crop with
a different kind of leaf such as cauliflower
(data not provided), the fitting relationship
approached 1:1 with both the SR and SC
methods. The cauliflower has regularly
shaped, large leaves that are thick enough to
absorb most of the incident radiation and
defining the canopy based on digital images
therefore provides estimated values that are
more closely adjusted to the amount of
radiation intercepted. For lettuce and beet,
Tei et al. (1996) also obtained data with a
gradient of close to the 1:1 line, which
resembled the behavior of cauliflower with
regard to LI. On the other hand, Richardson
et al. (2001), studying grass, and Wilhelm
et al. (2000), working with maize, obtained
regressions that deviated from the 1:1 line
and were similar to that obtained for tomato.
Working with soybean, Purcell (2000) also
obtained a regression gradient that coincided
with the 1:1 line. Factors such as the influ-
ence of diffuse radiation and radiation reflec-
tion from soil to crop canopy, crop height,
and leaf angle affect groundcover and radia-
tion interception in different ways and can
therefore influence the relationship between
PGC and LI, even for the same crop under
different situations. Leaf angle can cause
digital imaging to underestimate PAR ab-
sorption. This is most evident with vertical
leaves that will appear to have virtually 0%
groundcover but still absorb radiation (Klassen
et al., 2003). Another reason for the observed
divergence between LI and PGC could be
differences between the angle of the sun and
the position of the camera (perpendicular to
the soil) with regard to the soil surface when
taking photographs. According to Purcell
(2000), for crops with a leaf area index
(LAI) greater than 1, the error in the pre-
diction of LI based on measurements of soil
cover is generally small: less than 0.08
cm?cm?, provided that the difference
between the maximum height of the sun
and the angle of the camera is less than 25°.
In our case, the difference was 40° at the start
of the crop cycle and 15° in the middle of
the cycle. Although the angle was some-
times greater than the maximum value indi-
cated by Purcell (2000), there were no
important differences with regard to LI mea-
surement, so this aspect does not seem to be
very important for this kind of low-lying
crop.

Nevertheless, the three proposed methods
enable a good estimation of LI applying tra-
ditional methods such as the line quantum
sensor. We therefore have a valid tool that
can be used to rapidly characterize plant
canopies and easily study the incidence of
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Fig. 4. Relationship between canopy percent light interception (LI) and percentage of groundcover (PGC) determined by the different methods of analysis: area
(A), contour (B), and reclassification (C) for the tomato crop in 2005 and 2006. Values with different letters differ (P < 0.05) between years.

Table 1. Values of the parameters of the interception
point (a), gradient (b), and determination
coefficient (+?) of each regression line (y = a +
bx) between the percentage of groundcover
(PGC) estimated using the area (SA), contour
(SC), and reclassification (SR) and canopy light
interception (LI) methods with bare soil (soil)
and plastic covering (plastic) and considering
both years on the same line.

Methods " a b
Method SA
Soil 0.950 —4.510 0.669
Plastic 0.889 —5.124 0.610
Soil and plastic 0.926 -4.727 0.674
Significant difference NS NS
Method SC
Soil 0.955 -2.809 0.771
Plastic 0919 -3.739 0.797
Soil and plastic 0.940 -3.127 0.781
Significant difference NS NS
Method SR
Soil 0.969  1.815 0.802
Plastic 0.941 -0.701 0.813
Soil and plastic 0.955  0.865 0.801
%

Significant difference NS
“Significant difference at P < 0.05; nNs =
nonsignificant at 2 < 0.05 .
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important factors such as water needs, yield,
and so on, on canopy development.
Seasonal evolution of soil cover. Figure 5
shows the seasonal evolution of PGC in 2005
for the 100% ETc soil treatment. This shows
that there were clear differences between the
values obtained according to the methodol-
ogy used, assuming for the lineal PAR sensor
that LI = PGC. The SA method provided the
highest values, whereas there were marked
differences between the results obtained with
the other two methods and PAR measure-
ments. These could be scaled in the following
order: SA > SC > SR > PAR. Although
the reclassification method most closely ap-
proximated real intercepted radiation values,
it still considerably overestimated them
because individual leaves and plants never
absorb 100% of the incident light. This is
especially evident at canopy closure (100%
groundcover) when canopy PAR absorption
remains below 100%. Canopies will have a
higher PAR absorption per unit ground-
cover as leaf angle, LAI chlorophyll content,
increase and thus have a groundcover to PAR

absorption ratio closer to 1:1. Of these fac-
tors, only increased leaf angle can cause
digital imaging to underestimate PAR ab-
sorption. This is most evident with a vertical
leaf that will appear to have virtually 0%
groundcover but still absorbs radiation. It
would therefore be necessary to use the linear
relationship presented in the previous section
if the objective was to estimate LI based on
digital images (Klassen et al., 2003). The
increase in PGC 211 d after transplanting
(Fig. 5) was the result of the ripeness of a
large percentage of the fruits. It is normal for
new shoots to emerge when the climatic con-
ditions are favorable (low temperatures and
available water).

All three methods proposed offer the
advantage that no contact with the canopy
is required. For tomato crops, after the first
red fruits have formed, measurement with
a PAR bar is practically impossible. This has
led many authors (Daughtry and Hollinger,
1984; Garcia et al., 2001; Kvet and Marshall,
1971; Ross et al., 2000) to use more rapid
methods such as the measurement of crop
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Fig. 5. Time course of the percentage of shaded soil throughout the tomato crop cycle considering the days
after transplanting (DAT) for the different measurement methods: area (SA), contour (SC),
reclassification (SR), and linear sensor (photosynthetically active radiation), for the bare soil treatment
with 100% and so on. Each point is the average of three plots. The bars represent st of the mean.

widths with tape measures and volumetric
methods (Paton et al., 1998). These are com-
patible with the area method and produce
results that are less reliable than those pro-
duced by the reclassification method.

Measurement of soil cover using photo-
graphic methods for low-lying plants such as
processing tomato makes it possible to study
canopy evolution, which can be monitored
without the need to alter their spatial layout.
Although intercepted radiation is normally
overestimated, with the degree of error de-
pending on the method used, the crop ground-
cover measurement allows comparing plots
subjected to different treatments.

Conclusions

The three methods used for analyzing the
digital images were all shown to be useful for
estimating RI for low-lying horticultural
crops such as the processing tomato.

Traditional methods used for measuring
the shaded soil area such as crop width and
drawings of projected shade can be simulated
through a process of image analysis, although
they tend to overestimate the shaded soil area
with respect to values obtained applying the
reclassification and contour methods.

The reclassification method produces the
values that most closely resemble those of
intercepted radiation measured with a PAR
bar with a correlation ~95%.

Measurements taken from digital images
exhibit practical advantages with respect to
the PAR bar, which must be used at solar
noon. In contrast, measurements obtained with
a digital camera can be taken at any time of the
day and full sunshine is not necessary.

The kind of soil cover influenced the
correlation between LI and PGC for the re-
classification method. It influenced the ca-
pacity to discriminate between parts of the
plant and the cover. A different regression is
therefore needed for each soil coverage system.
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