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ABSTRACT

Corn leaves with Texas male sterile cytoplasm have
greater reflectance and transmittance after inoculation
with Helminthosporium maydis than do healthy leaves.
The differences were the most pronounced in the chloro-
phyll (0.5-0.7 u) and water (1.45 and 1.95 u) absorption
regions of the spectrum. The first measurable, repro-
ducible increase in reflectance of diseased over healthy
tissue was detected when disease lesions became visible to

Additional key words: southern corn leaf blight.

the eye, about 40 hr after inoculation. The earliest
changes were confined to the chlorophyll absorption
regions of the spectrum. On normal cytoplasm corn, the
increases in reflectance and transmittance of diseased over
healthy tissue are smaller in magnitude and show up later
than on T cytoplasm corn.

Phytopathology 62:1210-1213.

The need for methods which would enable rapid
detection of disease and evaluation of disease severity
over large land areas has become increasingly impor-
tant. The outbreak of southern corn leaf blight
(SCLB) in 1970 illustrated the rapidity with which an
epidemic can develop and the need for rapid assess-
ment of disease severity.

Remote sensing has been used to detect physio-
logically stressed and diseased crops (7, 8, 10, 13,
14). In 1970, remote sensing from high-altitude
planes enabled the detection and classification of five
levels of infection of SCLB (2). The different levels of
SCLB severity were detected in some experiments as
different color tones on infrared-sensitive film (3).
The different tones arise from differences in the total
reflectivity of the crop canopy in the visible and
near-infrared which were correlated with blight
severity.

The spectral reflectance and transmittance of corn
leaves, as measured in the laboratory, are affected by
many factors. These include chlorophyll content,
water content, leaf thickness, mesophyll structure,
and the angle of illumination (4, 5,6, 8,9, 10,11,
14). According to Allen et al. (1), the effective
absorption spectra of the corn leaf between the light
wavelengths of 0.5 and 2.5 u appear to be described
by the absorption coefficients of chlorophyll and
pure liquid water.

The contribution of the diseased leaves to the
canopy reflectance and transmittance in the visible
and the near-infrared is the subject of this paper.

MATERIALS AND METHODS.—Growth of corn
plants.—Corn plants of the hybrids W64A X OH B
with Normal “N” and W64A X OH B with Texas
Male Sterile “T”’ cytoplasm were grown in the green-
house in 5-inch clay pots in a steam-sterilized 1:1:1
soil-sand-peat mixture. Each pot which contained 3 N
and 3 T cytoplasm corn plants was fertilized twice
weekly with ca. 200 ml of Rapid Grow 23-19-17
solution (Rapid Grow Corp., Dansville, N.Y.). The

solution contained four teaspoons of fertilizer/gallon
of water.

Culture of the fungus.—Helminthosporium maydis
(race T) was grown on migration-complete medium
(12) plus 1% yeast for 1 to 2 weeks at 22 C. The
fungus mycelium, including agar, was ground with
100 ml sterile distilled water in a Waring Blendor for
30 sec. Five ml of the mixture was pipetted onto
sterile filter paper in each 15-cm-diam petri dish. The
fungus sporulated on the filter paper in 1 to 3 weeks.
Spores of H. maydis were scraped from the surface of
the filter paper and suspended in 100 ml sterile dis-
tilled water which contained 1 drop of Tween 80
(polyoxyethylene sorbitan monooleate). The spore
suspension was sprayed onto 4- to 5-week-old corn
plants. Inoculated corn was then incubated in a
humid chamber for ca. 30 hr at 22 C. Lesions were
macroscopically visible at 36-42 hr after inoculation.

Measurements of leaf reflectance and transmit-
tance.—Leaf hemispherical reflectance and hemi-
spherical transmittance of inoculated and nonin-
oculated corn plants were measured with a Beckman
DK 2A ratio-recording spectrophotometer. Measure-
ments were made over the spectral range 0.4 to 2.6 u
at an incident angle of 5 degrees from normal. Re-
flectance was compared with a BaSO, standard.

Spectral measurements were taken from the fifth
or sixth leaf from the soil line on tissue halfway
between the stalk and the leaf apex. Reflectance
measurements were taken from intact leaves on the
plants. Transmittance measurements were taken from
the same leaves immediately after detachment to
reduce the possibility of significant water loss.

The spectra of leaf samples from 30 inoculated
and 30 noninoculated corn plants of both “N” and
“T” cytoplasm were taken in order to establish
whether any new absorption bands existed which
could be attributed to the presence of H. maydis. The
spectral differences between diseased and healthy
tissue were attributable to the fractional areas, esti-
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Fig. 1-2. 1) Spectral reflectance of a typical “T” cytoplasm corn leaf at 2.5 days after inoculation with Helminthosporium
maydis as compared with a healthy leaf. 2) Spectral reflectance of a typical T cytoplasm corn leaf at 4 days after inoculation
with H. maydis as compared with a healthy leaf.

mated by eye, of green, chlorotic, and necrotic tissue size and number. These spectral data represent the
exposed to the spectrophotometer port. The data most severe tissue damage at various times after
reported here were taken from leaves inoculated to inoculation with the SCLB fungus. Only diseased
such an extent that the individual lesions coalesced, portions of the tissue were exposed to the spectro-
and thus the lesions were not measured in terms of  photometer port.
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Fig. 3. Spectral transmittance of a typical “T” cytoplasm corn leaf 4 days after inoculation with Helminthosporium maydis

as compared with a healthy leaf.

RESULTS.—At 1.5 days after inoculation,
diseased T cytoplasm corn leaf tissue had a slightly
higher reflectance in the chlorophyll absorption
regions of the spectrum than did healthy tissue. No
such differences occurred in the water absorption
regions at that time after inoculation.

T cytoplasm corn 2.5 days after inoculation with
H. maydis (race T) had higher leaf reflectance in most
of the spectral region of 0.4- to 2.6-u wavelength than
did healthy corn (Fig. 1). These differences were
more pronounced in the chlorophyll (0.5 to 0.7 w)
and water absorption (1.45 u and 1.95 u) regions of
the spectrum. Greater reflectance in these regions
indicates a decreased concentration of chlorophyll
and water, respectively, in the leaf tissues (9, 10, 14).
At the wavelength 0.675 ., the maximum reflectance
of healthy and diseased tissues was 4.5% and 6.5%,
respectively. The maximum reflectance of healthy
and diseased tissues was 12.5% and 16%, respectively,
at 1.45 u,and 2.5% and 5.5%, respectively, at 1.95 .

At 2.5 days after inoculation of resistant N
cytoplasm corn, there were no detectable spectral
differences between healthy and inoculated leaf
tissue. The reflectance spectrum of healthy N
cytoplasm corn was similar to that of healthy T
cytoplasm corn.

At 4 days after inoculation of T cytoplasm corn
(Fig. 2), the increase in reflectance of diseased tissue
over healthy tissue was greater than at 2.5 days after
inoculation. The maximum reflectance of diseased
tissues at 0.675 u, 1.45 m, and 1.95 u was 8.5%,
28.5%, and 19.5%, respectively.

At 4 days after inoculation of N cytoplasm corn,
the diseased leaves had a higher reflectance than
healthy leaves in the chlorophyll absorption region.
These differences were smaller than those occurring
on T cytoplasm corn at 4 days after inoculation. No
differences occurred in the water absorption regions
at this time after inoculation.

The transmittance of T cytoplasm corn at 4 days
after inoculation was higher than that of healthy
tissue, and the increases were more pronounced in the
chlorophyll and water absorption bands (Fig. 3). The
maximum transmittance of healthy tissue at 0.675 u,
145 u, and 1.95 u was 2%, 33.5%, and 10%,
respectively. For diseased tissue at 0.675 u, 1.45 u,
and 1.95 u, the maximum transmittance was 4.5%,
39%, and 27%, respectively.

The transmittance of N cytoplasm corn at 4 days
after inoculation was slightly higher than that of
healthy tissue in the chlorophyll absorption region.
These differences were considerably less than those
reported here for T cytoplasm corn, and were not
present in the water absorption bands. The trans-
mittance of healthy N and healthy T cytoplasm corn
was similar.

DISCUSSION.—We have shown that T cytoplasm
corn leaf tissue, when infected with H. maydis (race
T), has a higher reflectance and transmittance than
does healthy tissue. These differences are more
pronounced in the chlorophyll (0.5-0.7 u) and water
absorption (1.45 u and 1.95 ) regions of the
spectrum, and are probably caused in part by a loss of
chlorophyll and water in diseased tissue. Increases in
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reflectance of diseased over healthy tissue were first
detectable when disease lesions became macro-
scopically visible to the eye. These differences,
however, were confined to the chlorophyll absorption
region of the spectrum. With normal cytoplasm corn,
the differences in reflectance and transmittance
between healthy and diseased tissue were smaller and
showed up later than on T cytoplasm corn. The
fact that an increase in visible reflectance of diseased
corn tissue preceeded any detectable changes in
infrared reflectance is in contrast to many generalized
statements, which lead readers to believe that disease
causes a previsual change in infrared reflectivity.

Data from infrared photography and other air-
borne sensors have lead to some important hy-
potheses. One of these is that the predominant factor
in the distinction between diseased and healthy plants
may be differences in foliage density and leaf area
(13). These differences may arise from supressed
growth or loss of leaves (10). Also, changes in leaf
orientation, such as those which may arise from water
deficiency and leaf wilting, can be extremely impor-
tant (10). In both cases, the total infrared reflectance
of the foliage area viewed would be reduced as would
the visible reflectance, but to a lesser degree than
would the infrared (10). The spectral characteristics
of a blighted canopy as interpreted from aerial color
infrared photography (3) suggested a decreased
reflectance in the near infrared region of the spec-
trum. However, our data support the hypothesis that
blighted leaf tissue per se has an increased infrared
reflectance over that of healthy tissue. Soils generally
have a lower infrared reflectance than a plant canopy
(10), and it is possible that the soil itself may have
contributed to the reduced reflectance of a blighted
field as mentioned above (3). Further indications of
this possibility arise from the fact that blighted corn
leaves can exhibit changes in geometry due to wilting,
death of tissue, and decreased growth in extreme
cases. We are currently investigating these aspects of
the remote detection of SCLB.
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