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ABSTRACT: A 0.9- to 2.2-fl-m sensitive black-and-white infrared video camera, filtered to record
radiation within the 1.45- to 2.0-fl-m mid-infrared water absorption region, was evaluated as
a potential tool for remote sensing research studies. Imagery obtained in the laboratory of
Peperomia obtusifolia A. Dietr. leaves successfully demonstrated the influence of its unusual
internal leaf structure on its light absorption in the mid-infrared water absorption region.
Ground-based field video recordings of the succulent prickly pear (Opuntia lindheimeri En­
gelm.) showed the influence of its high water content on its mid-infrared light absorption.
The camera provided acceptable airborne imagery that detected severly drought-stressed
grass from lightly stressed grass. Grass plots with differing levels of green phytomass (cu­
mulative water content), which were obtained with five rates of nitrogen fertilizer, could also
be differentiated using airborne video imagery. Due to the lower radiation intensity in the
mid-infrared region of the electromagnetic spectrum, video images were not as sharp as
those obtained with visible (0.4 to 0.7 fl-m) or near-infrared (0.75 to 1.1 fl-m) sensitive video
cameras. These results, however, demonstrated that a video camera with sensitivity in the
mid-infrared water absorption region of the spectrum has considerable potential as an applied
remote sensing tool.
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METHODS AND MATERIALS

The video equipment consisted of an Image Tech­
nology Methods" 2 (lTM) 203-A video camera, a Sony

provide. Both color-infrared and black-and-white
video systems have been developed and used suc­
cessfully to assess agricultural and rangeland re­
sources (Edwards, 1982; Manzer and Cooper, 1982;
Escobar et al., 1983; Nixon et aI., 1985; Meisner and
Lindstrom, 1985; Everitt and Nixon, 1985). These
studies, however, have been conducted using video
cameras with sensitivity within the visible to near­
infrared light (0.40 to 1.10 IJ.m) region of the elec­
tromagnetic spectrum. The objective of this study
was to evaluate a black-and-white video camera with
sensitivity in the mid-infrared water absorption re­
gion as a possible tool for laboratory and field stud­
ies.

'Trade names are included for the benefit of the reader
and do not imply an endorsement of or a preference for
the product listed by the U.S. Department of Agriculture.

'Image Technology Methods, 103 Moody Street, Wal­
tham, MA 02154.
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INTRODUCTION

WATER IN PLANT LEAVES is a strong absorber of
infrared light over the 1.35 to 2.5 fl-m mid­

infrared water absorption region (Gates et aI., 1965;
Hoffer and Johannsen, 1969; Knipling, 1970; Allen
et aI., 1970; Thomas et aI., 1971; Woolley, 1971). Sev­
eral studies have shown that reflectance measure­
ments in the mid-infrared water absorption region
can be useful for distinguishing between succulent
and nonsucculent plant species (Gausman et al., 1977;
1978), separation of soil from vegetation (Leamer et
aI., 1978), and detecting plant stresses (Hoffer and
Johannsen, 1969; Peynado et aI., 1979; Gausman,
1985). Interest in the mid-infrared water absorption
region has been regenerated by NASA'S Landsat-D
thematic mapper (TM) which has the 1.55 to 1.75
IJ.m (TM 5) and 2.08 to 2.35 IJ.m (TM 7) water bands.
Other than TM 5 and TM 7 data, little other imagery
is available in the mid-infrared water absorption re­
gion.

Recently, video cameras and recording systems
have been used as remote sensing tools because of
the informative and immediately useful imagery they
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AVC-3450 video camera, and a Sony SLO-340 cas­
sette recorder {V2-inch format). The ITM camera had
a PbS vidicon camera tube (1.0 inch) to give sensi­
tivity to reflected light energy from the 0.9 to 2.2
I-l-m. The Sony camera was modified with an RCA
Ultricon (TM) 4875/U camera tube (0.7 inch) to give
a sensitivity to light from the 0.3 to 1.1 I-l-m. A filter
combination of 2 long wavepass filters (LO 1368 +
SO 21473) allowing transmittance of light from the
1.45 to 2.0 I-l-m were used on the ITM camera, giving
it sensitivity in the mid-infrared water absorption
light region. Light transmittance of the filter com­
bination peaked at 80 percent at the 1.65 I-l-m. An
infrared (0.85 to 0.89 Il-m) narrowband filter (60 per­
cent transmittance) was used on the Sony camera
giving it sensitivity in the near-infrared (0.75 to 1.1
I-l-m) light region. The camera lens focal length of
the Sony camera was 50 mm while that of the ITM
camera was 75 )TIm.

Video recordings were obtained in both the lab­
oratory and field. Laboratory video recordings were
made of upper (adaxial) and lower (abaxial) surfaces
of peperomia (Peperomia obtusifolia A. Dietr.) leaves.
Ground-based video recordings were made of the
succulent prickly pear (Opuntia lindheimeri Engelm.)
at a rangeland area near Weslaco, Texas, in May
1985. Aerial video recordings were taken of grass
plots with different levels of phytomass near
Mercedes, Texas, in April 1985, and of a buffelgrass
(Cenchrus ciliaris L.) range under drought stress near
Sullivan City, Texas, in August 1985. The grass plots
were arranged in a randomized complete block de­
sign with four replications of five fertility treat­
ments: 0, 56, 112, 168, and 224 kg elemental N/ha
from ammonium nitrate that was applied in early
March 1985. Recordings of prickly pear were taken
with both the ITM and Sony cameras, but all other
recordings were obtained with only the ITM cam­
era. Aerial recordings of the grass plots were taken
at an altitude of 900 m, whereas those of the stressed
rangeland area were obtained at 1500 m. All aerial
recordings were obtained between 1200 and 1400
hours using a Cessna 182 aircraft. Images shown
here were photographed from a TV monitor.

The mid-infrared video image of the grass plots
was digitally entered into an FS image processor
using a SLO-383 Betamax I video cassette recorder/
player. The recorder/player was interfaced to the
image processor's video digitizer through an Edu­
tron time base corrector. The image processor's Train
and Prepare functions were used with the image to
acquire digitized data and compute the mean for
each plot.

Plant canopy reflectance measurements were made
at the Mercedes and Weslaco sites at or near the
time video imagery was obtained using an Exotech
Model 20 spectroradiometer (Leamer et al., 1973).
Reflectance measurements were taken on three plant

30ptical Filter Corporation, 2 Mercer Road, Natick, MA
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canopies within each grass plot at the Mercedes site,
and their mean reflectance was used to represent
each plot. Reflectance measurements were made on
six plant canopies for each of four plant species at
the Weslaco site: prickly pear, huisache [Acacia far­
nesiana (L.) Willd.], honey mesquite (Prosopis glan­
dulosa Torr.), and bermudagrass [Cyndon dactylon (L.)
Pers.]. Honey mesquite, huisache, and bermuda­
grass were dominant species growing in association
with prickly pear. Reflected radiation was measured
at 0.05-l-l-m increments over the 1.50 to 1.75 I-l-m mid­
infrared water absorption region with a sensor that
had a IS-degree field-of-view. Reflectance measure­
ments were made at 2.0 to 3.0 m above each plant
canopy under clear conditions between 1100 and
1400 hours. To obtain reflectance from field spectral
data, radiant energy is converted into an analog sig­
nal in the range of 1 to 5 volts for both incoming
and reflected light. Percent reflectance is then cal­
culated by ratioing the incoming and reflected light
multiplied by percent transmission of a diffusing
plate.

Herbaceous phytomass measurements were taken
in each grass plot at the Mercedes site. Phytomass
measurements were taken by clipping all vegetation
at ground level within four 50- by 50-cm quadrats
in each plot. Green weight measurements of the
samples were determined immediately after clip­
ping so that water content could be calculated. The
mean phytomass and water content of the four sam­
ples was used to represent each plot. Water content
was also determined on prickly pear and the other
three plant species at the Weslaco site. One mature
leaf or stem was sampled from each of ten randomly
selected plants of each species. Stems were sampled
from prickly pear because it produces rudimentary
leaves that are not always present. All samples were
oven-dried for 72 hours at 65°C.

Canopy reflectance data were subjected to anal­
yses of variance, and the least significant difference
was used to evaluate differences among means (Steel
and Torrie, 1960). Regression analyses was used to
relate reflectance and digital video data to. green
phytomass measurements and plant water content
of the grass plots.

RESULTS AND DISCUSSION

Figure 1 shows a mid-infrared (1.45 to 2.0 I-l-m)
video image of upper (left) and lower (right) leaf
surfaces of peperomia leaves. Gausman et al. (1977)
described the leaf reflectance characteristics and in­
temalleaf anatomy of peperomia and reported that
peperomia's upper leaf surface was a strong ab­
sorber of mid-infrared light over the 1.45- to 2.5-l-l-m
water absorption region, but that its lower leaf sur­
face did not show this characteristic. The strong ab­
sorption of mid-infrared light by peperomia's upper
leaf surface was caused by a thick layer of hypo­
dermal (water storage) cells below the leaf epider­
mis. The hypodermal cells were not present adjacent
to the lower leaf epidermis. Thus, peperomia's lower
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age is similar to that of surrounding vegetation in
the near-infrared image, but it is easily distin­
guished in the mid-infrared image. The very dark
tone of prickly pear in the mid-infrared image is
attributed to its high water content (92 percent),
which absorbed a large percentage of the radiation
in the mid-infrared water absorption region (Gaus­
man et aI., 1978). Spectroradiometric plant canopy
reflectance measurements over the 1.50- to 1.75-f.Lm
mid-infrared water absorption region showed that
prickly pear had significantly lower (p = 0.05) re­
flectance than that of three other associated plant
species (Figure 3). Prickly pear also had significantly
higher (p = 0.01) water content than that of the
other three species (data not shown). These data
support prickly pear's dark image in the mid-in­
frared video image. Our results are in close agree­
ment with those of Gausman et al. (1978), who
reported that succulent plant species could be dis­
tinguished from nonsucculent plant species in the
mid-infrared water absorption region of the electro­
magnetic spectrum.

The mid-infrared video image of the drought­
stressed buffelgrass range is shown in Figure 4 (up­
per photo). Heavily stressed (brown) grass has a
light gray tone while lightly stressed (green) grass
has a dark gray tone. The light gray image of the
heavily stressed grass was also contributed to by
more bare soil exposure in this area. Huisache and
honey mesquite trees have an almost black tone,
indicating that they probably had higher water con­
tent than the lightly stressed buffelgrass. Their darker
images, however, may also be partially contributed
to inner canopy shadowing (Richardson et aI., 1975).
The lower photo in Figure 4 shows a ground photo

1.50 1.55 1.60 1.65 1.70 1.75
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FIG. 3. Field spectroradiometric measured canopy light re­
flectance over the 1.50 to 1.75 fLm for prickly pear and three
other associated plant species.

FIG. 1. Upper (left) and lower (right) leaf surfaces
of Peperomia obtusifolia.

leaf surface had significantly higher reflectance than
its upper leaf surface. Figure 1 clearly demonstrates
the influence of peperomia's unusual internal leaf
structure on its leaf reflectance characteristics in the
mid-infrared water absorption region.

Figure 2 shows near-infrared (0.85 to 0.89 f.Lm)
(upper) and mid-infrared (lower) ground video im­
ages of the succulent prickly pear in a rangeland
area near Weslaco, Texas. Prickly pear's whitish im-

FIG. 2. Near-infrared (upper) and mid-infrared (lower) ground
video images of the succullent prickly pear.
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CONCLUSIONS
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Our findings demonstrated that a video camera
with sensitivity in the mid-infrared water absorp­
tion region can be an effective tool for both labo-

FIG. 5. Mid-infrared aerial video image (upper) and plot dia­
gram (lower) of grass plots with different levels of nitrogen
fertilizer. Treatments are (1) nonfertilized, (2) 56 kg Nlha,
(3) 112 kg N/ha, (4) 168 kg N/ha, and (5) 224 kg N/ha.

than those fertilized with 112, 168, and 224 kg NI
ha.

The coefficients of determination (~) obtained by
regressing reflectance and digital video data on plant
water content for the different grass plots were not
significant (r2 = 0.27 and 0.16, respectively). Can­
opy reflectance and digital video data, however, were
both inversely related to green phytomass mea­
surements. These relations were best described by
asymptotic regression models. Figure 7 shows t~e

inverse correlations of reflectance (upper) and dig­
ital video (lower) on green phytomass. The coeffi­
cients of determination (~) were highly significant
(p = 0.01) for both regressions. These results indi­
cate that differences in video image (Figure 5) char­
acteristics among the different grass plots (treatments)
are primarily due to cumulative water content, as a
function of green phytomass, rather than plant water
content per se.
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of the buffelgrass range. The light gray.area in the
background is heavily stressed grass whIle the dark
gray area in the foreground is lightly stres~ed grass.
The area has a undulating topography With slopes
of 3 to 20 percent (Thompson et aI., 1972). Soils on
the slopes are shallower and have less water hold­
ing capacity than those in the depressed areas. Con­
sequently, grass growing on the slop~s shows
moisture stress much sooner than grass In the de­
pressed areas.

Shown in Figure 5 are the mid-infrared video im­
age (upper) and plot diagram (lo~e.r) of the gra~s

plots with different levels of ~ fertilIZer .. Nonfertil­
ized control plots (1) have a light gray Image that
can be differentiated from fertilized plots (2, 3, 4,
5). Most plots receiving 56 kg N/ha (2) can be dis­
tinguished from plots receiving 112, 168, and 224
kg N/ha (3, 4, and 5, respectively). However, plots
receiving 112, 168, and 224 kg Nlha generally can
not be differentiated. Canopy reflectance measure­
ments made on the grass plots over the 1.50 to 1.75
fJ.m confirmed their video images (Figure 6). Non­
fertilized control plots had significantly higher (p =
0.05) reflectance than the fertilized plots, while plots
fertilized with 56 kg N/ha had higher reflectance

FIG. 4. Mid-infrared aerial video image (upper) and ground
photograph (lower) of the drought-stressed buff.elgrass range.
The arrow on the video image points to the light gray tone
of the heavily stressed grass.



1659

x
x

y~ 12.98+{43690.0/X)
r =0.87"

x x

x x

9-28.88+(109930.0/x)
x rl.0.62"

x

x

x

x

x

x

x

8000 13000 18000 23000

GREEN PHYTOMASS (kglha)

x

x

10 L._-L__-'----_---l.__--'-_--'
3000

30

x

26

x

12

55

60 x

~ 16

~
~ 14
b
'"

~50 x
::>
.§.. 45

8
~ 40

~
~ 35

24

1 22
I
~

~ 20 x
T
~18

FIG. 7. Asymptotic regressions of reflec­
tance (upper) and digital video data (lower)
on green phytomass yield of the grass plots
treated with five levels of nitrogen fertilizer.
The equations of both regressions are
shown on the figures.
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ferent levels of nitrogen fertilizer.
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ratory and field research studies. The major
disadvantage of mid-infrared video imagery is its
poor resolution and subsequent image quality, as
compared with that obtained with visible and near­
infrared sensitive video cameras (Meisner and Lind­
strom, 1985; Nixon et aI., 1985; Everitt and Nixon,
1985). The poor resolution of mid-infrared video im­
agery is probably due to the lower radiation inten­
sity in the mid-infrared region of the electromagnetic
spectrum. Solar radiation at the Earth's surface ranges
from about 2.3 Cal cm- 2 min- 1 /Lm- 1 in the visible
(0.55 /Lm) region to approximately 0.4 Cal cm -2 min-1

/Lm- 1 in the mid-infrared (1.65 /Lm) region (Coul­
son, 1975). Despite this limitation, a video camera
with mid-infrared sensitivity has considerable po­
tential for applied remote sensing. With improved
technology, mid-infrared video image quality may
also be enhanced.
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