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Remote-Monitoring of the Physiological-ecological Status of Crops V. Texture analysis of canopy
reflectance based on optical density in photographs and remote estimation of leaf chlorophyll concentration by
spectral reflectances : Yoshio INOUE (MNational Agriculture Research Center, Tsukuba, Ibaraki 305, Japan)

Abstract : The objective of the present study was to obtain basic knowledge necessary for monitoring the
physiological and ecological status of crops in fields by remote methods. The texture of reflectance within corn
and soybean canopies was estimated from drum scanner analysis of color photographs, and compared with the
actual distribution of leaf chlorophyll concentration (Chl) in the canopy. A model that estimated leaf Chl using
multispectral remote sensing techniques was also examined. Actual Chl within the canopy had a near normal
distribution (Fig. 2). However, the distribution of optical density in canopy photographs usually had a bimodal
distribution pattern, which did not correspond with the actual distribution of Chl of leaves (Fig. 3A~B, Fig. 4A
~B). The mean value of optical density was strongly affected not only by the color of each plant element but
also by the degree of shading and angle of each leaf (Fig. 3C, Fig. 4C). The difference between the distribution
mode and mean was reduced by avoiding the shaded parts (Fig. 4D). The spectral reflectance data from both
crops revealed that wavelengths centered at 550 nm (Red) were most sensitive to the canopy Chl, while those in
a near infrared region 750~1,050 nm (NIR) were least sensitive. Statistically significant correlations were found
between the ratio of NIR to Red reflectances (850 nm/550 nm) and leaf Chl for corn (0.68**) and soybean
(0.83**). Differences between the regression lines for the two crops were attributed to leaf thickness (SLA)
(Table 1, Fig. 5).

Key words : Diagnosis of crop growth, Image analysis, Leaf chlorophyll concentration, Remote sensing, Spectral
reflectance, Texture analysis.
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Fig. 1.

Multi-sensing system of the crop-environmental systems in the field.

Note; ©: Optical or electromagnetic information from crops,
O : Micrometeorological information.
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Fig.2. Actual distribution of chlorophyll con-
centration of leaves in a barley canopy.
Note ; One thousand points were measured
within a canopy by a chlorophyll
meter.
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Fig.3A. Natural color photograph of
a barley canopy.
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Fig. 3B. Frequency distribution of optical density in
red, green and blue bands obtained by drum
scanner analysis of Fig. 3A.
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Fig. 3C. Distribution diagram of level-sliced relative

optical density in the green band.

Note ; The threshold numbers represent relative
density of each slice level.
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Fig. 4C. Distribution diagram of level-sliced relative
optical density in the green band.
Note ; The threshold numbers represent relative

Fig. 4A. Natural color photograph of
a corn canopy.
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Fig. 4B. Frequency distribution of optical density in
red, green and blue bands obtained by drum
scanner analysis of Fig. 4A.
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Fig. 4D. Frequency distribution of optical density in
the green band for a part selected so as to
reduce shaded parts in the Fig. 4C.
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Table 1. Relationship between the reflectance ratio psso/px and chlorophyll concentration of leaves in
corn and soybean.
‘(]Yu%) 400 425 450 475 500 525 550 575 600 625 650 675 700 750 850 950 1050
r(a) 0.49 0.48 0.47 0.47 0.64 0.86 0.83 0.86 0.86 0.82 0.79 0.67 0.82 0.42 - -0.16 -0.12
(b) -0.53 -0.53 -0.49 -0.42 -0.08 0.49 0.67 0.63 0.49 -0.10 0.03 -0.03 0.63 0.51 - -0.01 -0.10
(¢) -0.23 -0.25 -0.25 -0.16 -0.02 0.36 0.47 0.38 0.33 0.10 0.09 0.08 0.57 0.49 - -0.09 -0.13
Note ; W.L.: Wave length, r: single correlation coeffient.
(a) : Corn, (b): Soybean, (c): Combined.
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