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Abstract 

This paper describes the use of n black-and-white visible 
infrared (0.4-2.4 pm) sensitive video camera, filtered to record 
radiation in the 1.45-2.0 pm mid-infrared (MIR) spectral region, 
for distinguishing the succulent plant species pricklypear (Opuntia 
Iindheimeri Engelm.) on rangelands in southern Texas. Ground- 
based spectroradiometric plant canopy measurements at 5 sam- 
pling dates revealed that pricklypear had significantly lower (p = 
0.05) reflectance than that of associated plant species and soil over 
the 1.50-1.75pm MIR water absorption spectral region. Airborne 
MIR video imagery of rangeimd areas indicated that pricklypear 
populations could be differentiated from other landscape features. 
The optimum time for distinguishing the evergreen pricklypear 
was in January-February because most of the associated woody 
plant species were deciduous and lost their foliage during this 
period. Computer-based image analyses of MIR video imagery 
showed that pricklypear populations could be quantified, indicat- 
ing that MIR video imagery may be useful for distinguishing and 
mapping prickiypear populations over huge and inaccessible range- 
land areas. 

Key Words: video remote sensing, spectral characteristics, range 
management, Opuntio 

Pricklypear (Opuntia lindheimeri Engelm.) is a succulent shrub 
1-3 m high found on rangelands of south and west Texas and 
northeastern Mexico (Correll and Johnston 1970). It is often a 
troublesome species that forms dense stands up to 10 m across. 
Pricklypear is especially troublesome on poor condition or spar- 
sely covered grasslands where it spreads rapidly because the clado- 
phylls (pads) or branches and seed that have passed through birds 
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and animals can readily become established on bare ground (Smith 
and Rechenthin 1964). It is difficult to control by mechanical 
means, especially root plowing, because this method breaks up and 
spreads the cladophylls, which often drastically increase the 
stand density. Broadcast sprays or granular herbicides offer the 
most promising control methods for pricklypear (Scifres 1980). 

Although pricklypear can create a serious brush problem on 
rangeland, it is a beneficial plant to wildlife and livestock. Prickly- 
pear provides protection for quail and other birds (Scifres 1980, 
Lehmann 1984), and the fruit and cladophylls are eaten by several 
species of birds and animals (Vines 1960, Arnold and Drawe 1979, 
Everitt et al. 1981a, Lehmann 1984). It is also browsed by cattle 
(Everitt et al. 1981b) and is often used as an emergency feed in 
drought times or winter after burning off the spines (Smith and 
Rechenthin 1964, Scifres 1980). Pricklypear is not inherently nutri- 
tious, but Gonzalez (1989) recently reported that N and P fertiliza- 
tion can be used to increase the nutritive value and productivity of 
pricklypear. 

Water in plant leaves is a strong absorber of infrared light 
particularly over the 1.35 to 2.5 pm middle-infrared (MIR) water 
absorption region of the electromagnetic spectrum (Gates et al. 
1965, Knipling 1970). Visible, near-infrared (NIR), and MIR 
reflectance measurements revealed that the MIR water absorption 
region was best for distinguishing between succulent and nonsuc- 
culent plant species (Gausman et al. 1977, 1978; Everitt et al. 
1986~). This is a spectral region that photographic film (black-and- 
white and color-infrared) is not sensitive to because its sensitivity 
terminates at the 0.90pm wavelength. Everitt et al. (1987) reported 
that a black-and-white video camera with MIR (1.45 to 2.0 pm) 
sensitivity could be used as a remote sensing tool to distinguish the 
succulent crop plant species onions (Allium cepum L.) and aloe 
vera (Aloe barbadensis Mill.) from nonsucculent crop plant spe- 
cies. The objective of this study was to determine the feasibility of 
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using airborne MIR video imagery to distinguish pricklypear on 
south Texas rangelands. The ability to remotely distinguish prick- 
lypear over large and inaccessible rangeland areas would be benefi- 
cial to range managers and wildlife ecologists. This information 
would be beneficial to range managers to monitor the spread or 
contraction of pricklypear over time, delineate areas needing con- 
trol, and for mapping areas of reserve livestock forage during 
drought. Wildlife managers would benefit by having the capability 
to map areas of wildlife habitat. 

40-mm focal lengths. Differences in lens optics, sensor types and 
format between the MIR tube camera and the red and NIR CCD 
cameras caused the imagery to have slightly different fields-of-view. 

Video recordings were obtained near Alice, Campbellton, Edin- 
burg, and Mercedes, Texas. Imagery was acquired near Alice and 
Campbellton in August and November 1989 and January and 
February 1990, and near Edinburg and Mercedes in May, June, 
August, and October 1989. Additional imagery was taken near 
Edinburg in January 1990. Although the imagery dates did not all 

Materials and Methods coincide with the ground reflectance measurement dates, imagery 
was eenerallv obtained of the nlant snecies durine the same nheno- 

This study was conducted in rangeland areas of south Texas. 
Study sites were located near Alice, Campbellton, Edinburg, Mer- 

log&l stages and vegetative-condiions that the plants were in 
when reflectance measurements were made. Simultaneous record- 

cedes, and Weslaco in the Rio Grande Plain resource area (Gould ings of each area were taken using all 3 video cameras. Imagery was 
1975). Ground reflectance measurements, aerial video imagery, obtained at altitudes ranging from 600-1,200 m. All imagery was 
and ground truth data were conducted for this study. Ground truth obtained with a Cessna 206 airplane with the video cameras 
observations were made to verify video imagery, whereas reflec- mounted vertically in the floor. A characteristic of the MIR sensi- 
tance measurements were made to interpret the imagery. Video tive camera was persistence of image (image lag) which caused 
imagery and reflectance measurements were obtained of prickly- 

DC). Measurements were not made on huisache and honey mes- 

pear infested rangelands at different dates during the growing 

quite in January and February because they are deciduous species 

season to determine the optimum time of year to distinguish prick- 

Reflectance measurements were made near Weslaco, Texas, 
using a large truck-based Exotechi spectroradiometer (Learner et 
al. 1973) in August and November 1989 and January, February, 

lypear from associated plant canopies. 

and May 1990. Reflectance measurements were made on prickly- 
pear, huisache [Acacia furnesiunu (L.) Willd.], honey mesquite 
(Prosopis glundufosu Torr.), mixed herbaceous species, and bare 
soil. Huisache and honey mesquite are woody plant species that 
often occur in association with pricklypear, whereas the dominant 
herbaceous species are usually comprised of mixtures. Major her- 
baceous species were buffelgrass (Cenchrus ciliuris L.), sand drop- 
seed [Sporobolus cryptundrus (Torr.) Gray], hooded windmill- 
grass (Chloris cucullutu Bisch.), common bermudagrass [ Cynodon 
ductylon (L.) Pers.], and western ragweed (Ambrosiupsilostuchyu 

blurring when the camera was moving. This was attributed to its 
PbO-PbS tube and was more apparent at lower altitudes (600-900 

Ground-level video recordings were also obtained of pricklypear 
with the red, NIR, and MIR filtered video cameras to illustrate its 

m). To compensate for this the pilot slowed the plane to approxi- 

spectral light characteristics in each band. 

mately 70 knots. 

Ground truth data were collected at the study sites at or near the 
time imagery was obtained. Data were recorded relative to plant 
species, plant height, density, cover, soil type, and soil surface 
conditions. Conventional color ground photographs were also 
obtained at each site. 

ware. Images were subjected to the “index replacement” function 
which permitted the training of pixels that represented pricklypear 

Middle-infrared video scenes of pricklypear acquired at an alti- 
tude of 1,050 m were converted to digital format (512 X 512 pixel 
format; digitized ground pixel size of 0.66 m) with an image pro- 
cessing system that consisted of a PC-AT clone computer having a 
Matrox MVP/AT board and IMAGE-PRO II processing soft- 

that lose their leaves in winter. Reflected radiation was measured 
on each of 7 randomly selected plant canopies (each species or 
mixture) or soil surfaces on each date at 0.05 pm increments over 
the 0.45 to 2.45pm spectral region with a sensor that had a 15- 
degree field-of-view placed approximately 3.0 m above each target. 
The sensor was mounted on a Truce aerial lift (“cherry picker”). 
Measurements were made under sunny conditions between 1100 
and 1500 hr. Overhead conventional color photographs were taken 
2-3 m above canopies of the various species and mixtures of species 
to help interpret canopy reflectance data. 

The video equipment consisted of 1 MI1 2500 video camera, 2 
Cohu 4810 video cameras, and 3 Panasonic AG-7400 Super-VHS 
portable video cassette recorders (l/2-inch format, 400 horizontal 
line resolution). The MI1 camera had a specially designed lead 
oxide (PbO)-lead sulfide (PbS) camera tube (l.O-inch format) to 
give visible-infrared light (0.4-2.4 pm) sensitivity. A filter combi- 
nation of 2 long wavepass filters allowing transmittance of light 
from the 1.45-2.0 pm were used on the MI1 camera (Everitt et al. 
1986a), giving it sensitivity in the MIR water absorption region. 
The Cohu cameras had charge coupled device (CCD) image sen- 
sors (0.7-inch format) with visible/ NIR (0.4-l. 1 pm) sensitivity. 
One of the Cohu cameras was equipped with a NIR (0.815-0.827 
pm) narrowband filter plus a 0.5 neutral density filter. The second 
Cohu camera was equipped with a red (0.644-0.656 pm) narrow- 

in the scenes. This technique permitted the computer to produce a 
classified binary image that highlighted pricklypear as white pixels 
and everything else in the image as black pixels. The IMAGE-PRO 
II “analysis” functions were used to determine the percentage of 
pricklypear in each image. Video images shown here were photo- 
graphed from an image display monitor. 

A manual photointerpretive procedure was used on a print of 1 
of the digitized MIR scenes of pricklypear to compare differences 
in classification (Everitt et al. 1988, 1991). A map was made of the 
print by tracing areas where pricklypear was thought to occur onto 
a transparent paper overlay of the print. Areas where pricklypear 
was thought to occur were coded black and the remainder of the 
map was left white. The tracing was digitized and subjected to the 
“index replacement”and IMAGE-PRO II “analysis” functions as 
described above to obtain the percentage of pricklypear in the 
image. 

Plant canopy cover was determined on 3-4 canopies of each 
plant species or mixture on each date that reflectance measure- 
ments were made to help interpret the spectral data. Canopy cover 
was obtained from the overhead photographs taken of the cano- 
pies by subjecting them to a grid technique. This consisted of 
digitizing a color slide transparency of each canopy and superim- 
posing a grid over it on the image display monitor. Percent cover 
was calculated from the number of squares occupied by plant 

band filter. All cameras had Canon zoom lenses which were set at tissue. The computer grid was utilized since it was available with 
the imaee arocessine software. Water content was also determined ____ ._.~.. 

‘Mention of a company name or trademark is for the reader’s benefit and does not 
e-r-- ~-----o- 

constitute endorsement of a particular product by the U.S. Dept. of Agriculture over on the different plants at the time of reflectance measurements by 
any others that may be commercially available. collecting 10 leaf/cladophyll samples from each species or mix- 
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tures. Each sample was a composite from 3 plants. Leaves/clado- 
phylls were enclosed in plastic bags, stored on ice to minimize 
dehydration, and transferred to the laboratory for measurements. 
Pricklypear cladophylls were cut into strips before measuring 
water content to help expedite the drying process. Percent water 
content are reported on an oven dry weight basis (6tF C for 72 h). 

Reflectance data were calculated from the wavelengths that 
most closely corresponded to the filters used to acquire the video 
images. Theseincludedthe0.65fimforthevisiblered, theO.SOand 
0.85~mfortheNIR,andthel.50, 1.55,1.60, 1.65, 1.70.andl.75 
pm for the MIR water absorption region. The mean retlectances 
were computed for the 0.80 and 0.85 pm and 1.50, 1.55, 1.60, 1.65, 
1.70, and 1.75 pm wavelengths to represent the NIR and MIR 
spectral regions, respectively. Duncan’s multiple range test was 
used to test the statistical significance at the 0.05 probability level 
among means (Steel and Torrie 1980). 

Results and Discussion 

Light reflectance values of pricklypear, 2 associated plant spe- 
cies, mixed herbaceous species, and soil within 3 wavelength inter- 
vals for 5 sampling dates are given in Table 1. In August and 

Table 1. Mean light reflectance measurements ol pricklypew, honey 
mesquite, huissche, mixed herbaceous species, and soil for the visible, 
near-infrared, and mid-infrared wavelength intervals. Measurements 
were made on 5 dates for bnre soil, mixed berbaeeous species and 
pricklypear. Honey mesquite and huissehe are deciduous species and 
were not availnble for measurements in January and February 1990. 
Reflectance measurements were made near Wesbaeo, Texas. 

Plants Wavelengths, $un 

Date and soil 0.65 0.80-0.85 1.X-1.75 

August 1989 Bare soil (crusted) 15.0 a 24.2 bc 39.3 a 
Honey mesquite 2.3 d 31.z.a 11.5 d 

May ,990 

Huisache 
Mined herbaceous 

species 
Pricklypear 

Bare soil 
Honey mesquite 
H&ache 
Mixed herbaceous 
species 

Pricklypear 

Bare soil 
Dormant herbaceous 

specxes 
Mixed herbaceous 

species (green) 
Pricklypear 

Bare soil (crusted) 
Honey mesquite 
Huisache 
Mixed herbaceous 

3.3 c 31sa 
6.4 b 21.7 C 

5.9 b 25.5 b 

13.1 a 18.8 d 
3.0 c 25.3 ab 
4.3 c 23.2 bc 
6.9 b 20.1 cd 

5.5 bc 27.2 a 

10.9 a 19.8 b 
7.0 b 20.9 b 

6.1 c 23.3 a 

10.7 a 18.5 c 
10.7 a 17.7 e 

5.8 b 27.2 a 

5.9 b 23.0 b 

18.4 a 28.8 ab 
2.5 d 30.9 a 
3. I cd 26.4 bc 
6.7 b 25.2 cd 

15.5 e 
23.7 b 

8.4 e 

33.6 a 
11.8d 
16.1 c 
27.3 b 

8.9 e 

35.9 a 
30.lb 

7.3 c 

32.1 a 
27.7 b 

25.9 b 

7.5 c 

43.7 a 
12.1 c 
13.7 c 
24.1 b 

5.9 d 

November 1989, the visible (0.65 pm) and NIR (0.80-0.85 @m) 
reflectance values of pricklypear did not differ from that of several 
associated plant species. The inability to separate pricklypear from 
associated species at the visible wavelength was attributed to sim- 
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Fig. 1. Red (a), near-infrared (B), and mid-infrared (C) ground video 
images of pricklypear in a rangelend ares near Westaco, Texas. 

ilar foliage colors among the species (Myers et al. 1983). Prickly- 
pear had a gray-green to green color that was comparable to that of 
mixed herbaceous species on both dates and to that of the asso- 
ciated species in November. At the NIR (0.X0-0.85 pm) wavelength 
pricklypear had a reflectance value similar to bare soil in August, 
and similar to honey mesquite in November. 

In vegetation, NIR reflectance is highly correlated with plant 
density (Myers and Allen 1968, Wiegand et al. 1974, Everitt et al. 
1986b). Phytomass measurements were not made, but plant cover 
data (Table 2) indicated that pricklypear cover was similar to that 
of both honey mesquite and huisache in November. This parame- 
ter probably contributed to the similarity of reflectance values on 
that date. Mean reflectance measurements over the 1.50-1.75 /,m 
(Table I) MIR water absorption spectral region in August and 
November showed that pricklypear had significantly lower reflec- 
tance than all other canopy conditions on both dates. The lower 
MIR reflectance values of pricklypear were attributed to its higher 
water content (Table 2) than that of the other plant species which 
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Table 2. Mean leaf or clrdopbyll water content and canopy cover of 
pricklypear and associated plant soecies on 5 dates. 

Water Canopy 
Plant species or content cover 

Date mixture (%) (%) 

August 1989 Honey mesquite 58.1 f 1.2’ 91 f 2.5 
Huisache 58.5 f 1.0 95 f 2.6 
Mixed herbaceous 67.1 f 1.3 63 f 8.0 
species 

Pricklypear 87.7 f 1.7 80 f 3.0 

November 1989 Honey mesquite 63.4 f 1.2 75 f 5.0 
Huisache 62.9 f 1.6 78 f 8.5 
Mixed herbaceous 60.5 f I.5 60 f 7.0 

species 
Pricklypear 91.9 f 1.0 73 f 4.5 

January 1990 Mixed herbaceous 40.4 f 3.5 51 f 7.5 
species 

Pricklypear 91.2 f 0.5 74 f 8.2 

February 1990 Dormant herbaceous 14.6 f 5.6 53 f 10.2 
species 

Mixed herbaceous 78.4 f 1.5 83 f 7.0 
species (green) 

Pricklypear 88.3 f 0.8 69 f 8.0 

May 1990 Honey mesquite 60.9 f 1.2 85 f 6.9 
Huisache 59.1 f 0.6 79 f 6.7 
Mixed herbaceous 69.6 f 2.9 75 f 5.2 
species 

Pricklypear 93.2 f 0.5 67 f 10.4 

‘Standard deviation. 

caused it to absorb a larger percentage of the MIR radiation (Gates 
et al. 1965; Gausman et al. 1977, 1978). 

In January 1990, pricklypear had significantly lower visible (0.65 
pm) reflectance than mixed herbaceous species and soil, whereas 
its NIR (0.80485 pm) reflectance was higher than that of mixed 
herbaceous species and soil (Table 1). Pricklypear had significantly 
lower MIR (1.50-1.75 /zm) reflectance than mixed herbaceous 
species and soil in January. In February 1990, the visible reflec- 
tance of pricklypear did not differ from that of mixed herbaceous 
species. At the NIR wavelengths, however, pricklypear had a sig- 
nificantly different reflectance value than that of the associated 
species and soil. The MIR reflectance of pricklypear was lower 
than that of the associated species and soil in February. For the 
May 1990 sampling date, pricklypear had a visible reflectance 
value similar to that of huisache, while its NIR reflectance did not 
differ from that of mixed herbaceous species. In the MIR range, 
however, the reflectance value for pricklypear was significantly 
lower than for all other canopy conditions. Although pricklypear 
had distinct visible and NIR reflectance on some of the sampling 
dates (January and February), the spread between its mean reflec- 
tance values and that of the associated plant species and soil was 
not as great as in the MIR spectral region for the January, Febru- 
ary, or May study periods. The distinct separation of pricklypear in 
the MIR spectral region on all dates is attributable to its greater 
water content on all dates (Table 2). These data indicate that the 
MIR spectral region is best for distinguishing pricklypear from 
associated vegetation and soil. 

Figure l-A, B, and C show red, NIR, and MIR ground video 
images, respectively, of pricklypear in a rangeland area near Wes- 
lace, Texas. In the visible red image (Fig. 1A) pricklypear has a 
gray tone which is attributed to absorption by chlorophyll in this 
part of the spectrum (Myers et al. 1983), whereas in the NIR band 
(Fig. 1B) pricklypear has a whitish-gray response because green 
vegetation is reflective in this spectral region (Myers and Allen 
1968). The dark gray to almost black tone of pricklypear in the 
MIA video image (Fig. 1C) is attributed to its succulent tissue and 

subsequent high water content (Table 2) which absorbed a large 
percentage of the MIR radiation (Gausman et al. 1978, Everitt et 
al. 1986a). 

Red, NIR, and MIR aerial video images of a rangeland site 
populated with pricklypear are shown in Figures 2-A, B, and C, 
respectively. The imagery was obtained in January 1990 near Alice, 
Texas. The arrows on the images point to a stand of pricklypear 
plants. Other pricklypear plants are scattered throughout the 
images. No other shrubs are detectable in the images because they 
are deciduous in winter. In the red image (Fig. 2-A) pricklypear has 
a variable gray signature that can generally be detected, but some 
plants are difficult to distinguish from the lighter gray background 
signature of mixed herbaceous vegetation. Soil has a whitish gray 
signature. Pricklypear has a gray to light gray signature in the NIR 
image (Fig. 2-B) that is difficult to separate from the associated 
mixed herbaceous species and soil. In the MIR image (Fig. 2-C) 
pricklypear has a dark gray to black image tone that can generally 
be separated from the gray and whitish tones of mixed herbaceous 
species and soil, respectively. The high water content of prickly- 
pear apparently contributed greatly to its pronounced dark signa- 
ture in the MIR image (Gausman et al. 1977,1978), but in-canopy 
shadowing probably also attributed to its dark image response 
(Richardson et al. 1975). 

Ground truth surveys from 7 scattered sites selected from MIR 
video images of rangeland areas near Alice, Campbellton, Edin- 
burg, and Mercedes, Texas, in January and February 1990 resulted 
in correct visual identification of pricklypear at all locations. Prick- 
lypear had a similar image response at all locations and could be 
distinguished best on imagery acquired at 900-l ,200 m (recorded 
horizontal ground pixel size 0.75-0.95 m). Pricklypear could be 
distinguished in some of the visible red imagery obtained at these 
locations, but its signature was not as distinct as that in the MIR 
imagery. An analysis of the NIR imagery from these areas showed 
that pricklypear usually could not be distinguished in this spectral 
band. 

Figure 2-D shows the computer classification of the MIR (Fig. 
2-C) video image. Pricklypear has a white code in the computer 
classification. A visual comparison of the computer-classified 
MIR image to the conventional MIR image showed that the com- 
puter generally identified most of the pricklypear plants. The com- 
puter estimated that 3.9% of the image was pricklypear, whereas 
the computer estimated that 5.0% of the photointerpreter’s overlay 
map of the area was made up of pricklypear. Ground truth data 
indicated that the photointerpreter’s estimate of pricklypear cover 
was probably more accurate than the computer estimate in this 
instance. The computer did not identify some of the small prickly- 
pear plants that were visible to the photointerpreter. However, the 
disagreement could also be contributed to the training of the 
photointerpreter since subjective boundary lines are drawn due to 
the grading of pricklypear and soil or herbaceous plant species 
from one to another. Nonetheless, these results indicate that prick- 
lypear populations can be quantified on MIR video imagery. 

Although pricklypear had significantly lower MIR (1.50-1.75 
pm) canopy reflectance (Table 1) than all other canopy conditions 
on all dates, it could not always be distinguished on aerial MIR 
imagery. We found that in-canopy shadowing of honey mesquite, 
huisache, and other associated shrubs ofteil’produced a dark gray 
to black signature that made it difficult to distinguish pricklypear 
from these species during the growing season. Pricklypear could 
usually be separated from the larger woody plant species by its 
typical round shape and smaller stature, but small shrubs and 
pricklypear often had a similar MIR signature. A qualitative anal- 
ysis of the red and NIR imagery obtained during the growing 
season showed that pricklypear usually could not be differentiated 
in these spectral bands. Thus, our findings indicate that the opti- 
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mum time to do MIR video aerial surveys to disting&h prickly- 
pear would be in the January-February period when the niajority 
of associated woody plant species lose their foliage. 

Conclusions 

Our results indicate that MIR video imagery may be a poten- 
tially useful tool to remotely distinguish pricklypear populations 
from other cover types on south Texas rangelands. Aerial surveys 
should be made in January-February when most associated 
woody plant species lose their foliage. Image analyses showed that 
pricklypear populations could be differentiated quantitatively. 
The capability to remotely distinguish and quantify pricklypear on 
rangelands should be useful to range and wildlife resource manag- 
ers who are interested in monitoring its distribution and population. 

Literature Cited 

Arnold, LA., Jr., and D.L. Drawe. 1979. Seasonal food habits of white- 
tailed deer in the South Texas Plains. J. Range Manage. 32:175-178. 

Correll, D.S., and MC. Johnston. ,970. Manual afthe vascular plants of 
Texas. Tex. Res. Found, ICenner, Texas. 

Evrrttt,J.H., CL. Gonzalez, M.A. Alsniz,and G.V.Lstigo. 1981a. Food 
habits of the collared peccary on South Texas rangelands. 3. Range 
Manage. 34:141-144. 

Everitt, J.H., CL. GonzPlrr, G. Scott, an* B.E. DShl. 198th. Seasonal 
food preferences of cattle on native range in the South Texas Plains. .I. 
Range Manage. 34384-388. 

Everitt,J.H.,D.E. Eseobsr, C.H.BI=zque~,M.A.Hus*y,snd P.R.tiixan. 
1986~ Evaluation of the mid-infrared (1.45-2.0 pm) with a black-and- 
white infrared video camera. Phatogmmm. Eng. and Remote Sensing 
52:1655-1660. 

Everitt,J.H., M.A. Hussey,D.E. Eseobar, P.R. Nixon, *mill. Pinkerton. 
1986b. Assessment &grassland phytomass with airborne video imagery. 
Remote Sensing of Environment 20:299-306. 

Everitt, J.H., A.J. Richardson, and P.R. Nixon. 1986~. Canopy reflectance 
characteristics of succulent and nonsucculent rangeland plant species 
Photogramm. Eng. and Remote Sensing 52:1891-1897. 

Evrritt, J.H., D.E. Eseobar, MA. Alaniz, and M.R. Davis. 1987. Using 
airbornemiddle-infrared (1.45.2,Oirm)videoimageryfordistinguishing 
plant species and soil conditions. Remote Sensing of Environment 
22423-428. 

Evcritt, J.H., D.E. Eseab~r, AH. Gerbermann, and MA. Alaniz. 1988. 
Detecting saline soils with video imagery. Photogramm. Eng. and 
Remote Sensing 541283-1287. 

Everitt, J.H., D.E. Escobrar, R. Vill*rreal, J.R. Noriega, snd M.R. Davis. 
1991.Airbornevideosystemsforagriculturalassessment. Remote Sens- 
ing of Environment. 35:231-242. 

Gstes,D.M.,H.J. Keeg~n,J.C. Sehleter,=ndV.P. Weidner. 1965.Spectral 
properties of plants. Appt. Opt. 4: 1 l-20. 

Gausman, H.W.. D.E. Eseotxr. I.H. Everitt. A.J. Richsrdson, and R.R. 
Rodriguez. 1978. Distinguishing succulent plants from crop and woody 
plants. Photogmmm. Eng. and Remote Sensing 44487-491. 

Gausman, H.W., D.E. Eseobsr, and E.B. Knipling. 1977. Anomalous leaf 
reflectance and leaf anatomy of Pe,wrom;o oblusi,olia. Photogramm. 
Eng. and Remote Sensing 43:1183-t 185. 



Gonzalez, C.L. 1989. Potential of fertilization to improve nutritive value of 
pricklypear (Opunfiu Zindheimeri Engeim.). J. Arid Environ. 1687-94. 

Gould, F.W. 1975. Texas plants. A checklist and ecological summary. 
Texas Agr. Exp. Sta., Texas A&M Univ., College Station, Texas. MP- 
585 (Rev.). 

Knipiing, E.B. 1970. Physical and physiological basis for reflectance of 
visible and near-infrared radiation from vegetation. Remote Sensing of 
Environ. 1:155-159. 

Learner, R.W., V.I. Myers, and L.F. Silva. 1973. A spectroradiometer for 
field use. Rev. Sci. Instrum. 44~61 l-614. 

Lehmann, V.W. 1984. Bobwhites in the Rio Grande Plain of Texas. Texas 
A&M Univ. Press, College Station. 

Myers, V.I., nnd B.A. Alien. 1968. Electrooptical remote sensing methods 
as nondestructive testing and measuring techniques in agriculture. Appl. 
Optics 7:1818-1838. 

Myers,V.I., M.E.Bauer,H.W. Gausman, W.G.Hart, J.L.Heihnan,R.B. 
McDonald, A.B. Park, R.A. Ryerson, T.J. Schmugge, and F.C. Westin. 
1983. Remote sensing applications in agriculture. p. 211 l-2228 In: 
Robert N. Colwell, ed., Manual of remote sensing. Amer. Sot. Photo- 
gramm., Falls Church, Va. 

Richardson, A J., C.L. Wiegand, H.W. Gausman, J.A. Cuellar, and A.H. 
Gerbermann. 1975. Plant, soil, and shadow reflectance components of 
row crops. Photogramm. Eng. and Remote Sensing 41:1401-1407. 

Scifres, CJ. 1980. Brush management. Texas A&M Univ. Press, College 
Station. 

Smith, H.N., and C.A. Rechenthin. 1964. Grassland restoration Part 1. 
The Texas brush problem. USDA, Soil Conserv. Serv. 4-19114. 

Steel, R.G.D., and J.H. Torrie. 1980. Principles and procedures of statis- 
tics. McGraw-Hill Book Co., Inc., N.Y. 

Vines, R.A. 1960. Trees, shrubs, and woody vines of the Southwest. Univ. 
of Texas Press, Austin. 

Wiegand, C.L., H.W. Gausman, J.A. Cuellar, A.H. Gerbermann, and A.J. 
Richardson. 1974. Vegetative density deduced from ERTS-1 MSS 
response. Proc. 3rd Earth Resources Technological Satellite-l Symp. 
Vol. 1, Section a, NASA SP-351. U.S. Gov. Printing Office, Washing- 
ton, D.C, p. 93-l 16. 


