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Abstract. Effective methods are needed for timely areawide detection of regrowth cotton plants
because boll weevils (a quarantine pest) can feed and reproduce on these plants beyond the
cotton production season. Airborne multispectral images of regrowth cotton plots were acquired
on several dates after three shredding (i.e., stalk destruction) dates. Linear spectral unmixing
(LSU) classification was applied to high-resolution airborne multispectral images of regrowth
cotton plots to estimate the minimum detectable size and subsequent growth of plants. We
found that regrowth cotton fields can be identified when the mean plant width is ∼0.2 m for
an image resolution of 0.1 m. LSU estimates of canopy cover of regrowth cotton plots correlated
well (r2 ¼ 0.81) with the ratio of mean plant width to row spacing, a surrogate measure of plant
canopy cover. The height and width of regrowth plants were both well correlated (r2 ¼ 0.94)
with accumulated degree-days after shredding. The results will help boll weevil eradication pro-
gram managers use airborne multispectral images to detect and monitor the regrowth of cotton
plants after stalk destruction, and identify fields that may require further inspection and miti-
gation of boll weevil infestations. © The Authors. Published by SPIE under a Creative Commons
Attribution 3.0 Unported License. Distribution or reproduction of this work in whole or in part requires
full attribution of the original publication, including its DOI. [DOI: 10.1117/1.JRS.9.096081]
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1 Introduction

Boll weevil eradication programs have effectively eliminated weevil populations throughout all
temperate regions of the United States Cotton Belt. The mandatory and timely elimination of
cotton plants following harvest and subsequent creation of a host-free period has been deemed
critical to the success of eradication programs. However, in a subtropical environment such as
southern Texas, heavy rains often impede timely cotton stalk destruction and promote the
regrowth of cotton plants.1 Further, winter temperatures cool enough to freeze and kill cotton
plants rarely occur in South Texas. Consequently, cotton plants may regrow from shredded stalks
following harvest, and subsequently provide weevils with a year-round source of food and host
for reproduction. Early detection of regrowth cotton plants, which can serve as hosts for boll
weevils during and beyond the production season, is critical for completing eradication in South
Texas. However, timely detection of regrowth plants is a challenging process given the expansive
cotton production areas. Furthermore, regrowth plants occurring in the middle of large fields are
difficult to detect because such plants are not readily apparent from turn rows or roadsides.

Emerging remote sensing technologies, such as synthetic aperture radar (SAR), have
advanced the capability to resolve canopy structure, plant height, plant spacing, and soil mois-
ture.2 Enhanced detection of diverse plant types, soil types, and water bodies has been achieved
by using multiple radar frequencies that are polarized in various aspects. The SAR imaging
resolution of the airborne SIR-C/X-SAR system ranged from 10 to 50 m, with the incidence
angle varying from 15 to 60 deg.3 Further, interferometric coherence of two passes (flights)
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of an SAR system may be better able to distinguish among land cover feature classes.4 SAR
technology such as the ENVISAT-1 ASAR with a 30-m nominal resolution is appropriate for
detecting fields with a minimum required sampling area of 66;000 m2.5 Due to the large required
sampling area, SAR may not effectively detect small plants such as volunteer and regrowth
cotton plants for which there is generally an open canopy.

During the past decade, airborne multispectral imaging systems have been used in a number
of high-spatial resolution applications, including crop condition assessments, precision agricul-
ture, and crop disease management. The ability to obtain real time data over large areas also
makes airborne multispectral imaging systems an attractive tool for detecting regrowth cotton
plants. However, this application of aerial remote sensing has not been fully explored. Recent
studies demonstrated that the spectral reflectance of cotton plants may be sufficiently different to
distinguish cotton from other plant types. Ground-based hyperspectral reflectance data revealed
that spectral reflectance properties (e.g., red-edge position) were different for cotton plants com-
pared with other row crops during the vegetative and reproductive growth stages.6 The fusion of
airborne multispectral imagery with ground-based hyperspectral reflectance data increased the
accuracy in classifying cotton plants from other row crops.7 However, this work needs to be
expanded to include the spectral signatures of image pixels containing mixed plant coverage.
Additionally, ground-based observations of plant distribution and growth characteristics are
needed to associate spectral reflectance values of cotton plants with actual plant distributions
that vary by location and date. The selection of proper endmember reflectance spectra is critical
for estimating plant abundance and crop yield.8

Linear spectral unmixing (LSU) is an analytical technique used to determine the relative
abundance of matter detected in each pixel of multispectral or hyperspectral imagery.
Reflectance measurements at each image pixel are assumed to be linear combinations of the
reflectance from each type of matter present within the pixel. Plant abundance fractions obtained
by applying the LSU technique to airborne hyperspectral imagery provided better correlation than
broad-band normalized difference vegetation index (NDVI) values and the majority of narrow-
band NDVI values.9,10 Further, vegetation indices derived from airborne multispectral images
were well correlated with efficacy of cotton defoliation and subsequent regrowth.11 This approach
relies on the fact that the camera viewing area encompasses soil as well as cotton plants. The use of
the LSU technique may provide the capability to accurately detect cotton plants from mixed-pixel
images and could result in earlier detection of small cotton plants and increased utility of
medium-resolution images covering large areas. However, new information is needed to quantify
the size of regrowth cotton plants based on the spectral reflectance of mixed image pixels that
also incorporate spectral reflectance from the soil and other plant types.

The growth rate of cotton has been related to the accumulation of degree-days above a thresh-
old air temperature of 15.6°C, where a degree-day is the value of the daily mean air temperature
minus the threshold air temperature.12 Degree-days are greater than or equal to zero, and no
degree-days are accumulated if the daily mean air temperature is less than the threshold air tem-
perature. Further, information about the effect of degree-day accumulation on the height and
width of regrowth cotton plants is needed. Degree-day cotton plant regrowth regression models
could be used to estimate when remote sensing images and LSU would be capable of estimating
the mean size of regrowth cotton plants and identifying fields that are most likely to be or soon
become hostable for boll weevil infestations.

The goal of this study was to identify the smallest size of regrowth cotton plants detectable by
airborne multispectral imaging so that fields can be located and plants destroyed before they
become hostable for boll weevils. The specific objectives of this study were to apply airborne
remote sensing techniques to compare the spectral properties of various stages of regrowth cot-
ton over time, to estimate the canopy coverage of various sizes of regrowth cotton plants using
the LSU technique and to develop a predictive model of cotton regrowth as a function of accu-
mulated degree-days (DD15.6°C).

2 Materials and Methods

A field located on the Texas A&MUniversity farm in Burleson County, Texas, was prepared and
planted with cotton (Deltapine 1050, Monsanto, St. Louis, Missouri) at a seed spacing of 10 cm
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(4 in.) and row spacing of 1.02 m (40 in.). Three shred date treatments and a nonshredded control
were replicated four times (blocks) in a Latin square plot design to produce various stages of
regrowth cotton plants. Each plot was 48 rows by 15.24 m, and the three shred dates were
30 July, 13 August, and 27 August, respectively. These dates cover the range of dates that cotton
would be harvested and shredded in South Texas. A defoliant (Thidiazuron 4 SC, Arysta
Lifescience North America Corp., Cary, North Carolina) was applied at a rate of 0.224 kg
ai per ha (0.2 lb ai per acre) approximately two weeks prior to shredding plants in respective
plots. A Cessna 206 fixed-wing aircraft equipped with two nadir-oriented, Canon 5D Mark II
digital cameras, captured 21-megapixel images defined by a 5616 × 3744 array of 16-bit pixels.
One camera recorded a color image (broadband red-green-blue, RGB) (ISO 200, 2-ms exposure,
f∕10), and a second camera recorded a near-infrared image (broadband NIR) (ISO 200, 2-ms
exposure, f∕14). The spectral bands were 400 to 500 nm (blue), 500 to 600 nm (green), 600 to
700 nm (red), and 720 to 1000 nm (NIR). Two spectral reflectance indices, NDVI and Green
NDVI (GNDVI), were derived from the measured spectral band measurements, where NDVI ¼
ðNIR − redÞ∕ðNIRþ redÞ and GNDVI ¼ ðNIR − greenÞ∕ðNIRþ greenÞ. Airborne multispec-
tral images (561.6-m × 374.4-m viewing area with 0.1-m pixel resolution) were acquired
from flights at an altitude of ∼305 m above ground level. Four tarps with unique reflectance
attributes (4%, 16%, 32%, and 48%) were placed near the field and within the field of view
of each airborne multispectral image. The reflectance tarps were used to establish the regression
fit between measured spectral reflectance (absolute digital number, DN) and relative reflectance
(%) for each spectral band. Multispectral imaging flights were made on 29 June, 16 July, 26 July,
9 August, 22 August, 6 September, 20 September, 4 October and 19 October 2012 before the
mandatory cotton stalk destruction date of 31 October.

In conjunction, the spectral reflectance, height, and width of 20 cotton plants and 10 bare soil
locations were measured in each plot on the same dates or within one day of the aerial image
acquisition dates (i.e., 28 June, 16 July, 26 July, 9 August, 23 August, 6 September, 20
September, 4 October, and 19 October 2012). Additionally, mean spectral reflectance and
plant growth characteristics were derived for all plots 17 days before the first shredding date
to verify uniform plant size among plots. A Fieldspec Handheld2 hyperspectral radiometer
(Analytical Spectral Devices, Inc., Boulder, Colorado) acquired reflectance measurements
from 325 to 1075 nm at a sampling interval of 1.5 nm. The radiometer was operated using
a bare fiber optic and radiometric samples were acquired using an integration time of
34 ms. A (60-sample) dark current and (60-sample) white reference measurement of a spectralon
reflectance disk were recorded to initially calibrate the radiometer, before acquiring (30-sample)
hyperspectral reflectance measurements in each plot. Twenty hyperspectral reflectance measure-
ments for the four reflectance tarps were used to establish the regression fit between the absolute
DN and the relative value of airborne reflectance measurements for each of the four spectral
bands. Daily air temperature data were acquired by a Campbell Scientific 21XL automated
weather station (Campbell Scientific Inc., Logan, Utah).

The RGB and NIR images were processed to create four-band multispectral images.
Concurrent pairs of RGB and NIR images were imported into ArcMap 10.1 (ESRI,
Redlands, California). A minimum of nine ground control points (three each on the left, center,
and right sections of the images) was selected using the locations of obvious features such as
trees and utility poles. To correct for misalignment of the RGB and NIR images, maps were
rectified using linear transformation with nearest neighbor interpolation. The rectified images
were saved in ERDAS Imagine format and imported to Idrisi Selva GIS and Remote Sensing
software (Clark Labs, Worcester, Massachusetts) using the ERDIDRIS module with ERDAS
Imagine format. A raster group file was created that contained each of the four spectral band
images (red, green, blue, NIR). A 10 m × 15 m area of interest (AOI) was created in the center of
each sub-plot from the multispectral images from which 100 × 150 pixel arrays were extracted
for use in multispectral analysis. Multispectral reflectance values of “pure” pixels of soil and
cotton plants were extracted from several locations in the AOI. Multispectral reflectance signa-
ture files (overall means for all observation dates) of soil and cotton plants were created using
the MAKESIG module in Idrisi. LSU classification was performed using the four spectral bands
and the two signature files. Histograms of estimated surface identity (soil and/or cotton) were
generated to estimate percent canopy cover of cotton plants. The HISTO module was performed
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to create histograms of the soil and cotton multispectral reflectance signature files and to cal-
culate mean DN values for each of the four multispectral bands for soil and cotton. The mean
DN values for each band were entered into the ENDSIG module to create signature group files
from the two ENDSIG signatures for soil and cotton.

Daily degree-day values (DD15.6°C) were calculated and regressed with the height and width
of cotton plants13 to derive the regrowth rate of cotton plants. Differences of plant height, plant
width, reflectance for each of the four spectral bands, and two reflectance indices were analyzed
using ANOVA in Proc GLM (SAS 9.3, SAS Institute, Cary, North Carolina). Mean separation of
shredding treatments on each observation date was obtained using the Tukey adjustment at
a significance level of α ¼ 0.05. Subsequently, multispectral reflectance, plant height, and
plant width data of post-treatment observations were analyzed relative to days after treatment
using a repeated-measures ANOVA [using the AR(1) covariance structure] in Proc Mixed (SAS
9.3, SAS Institute, Cary, North Carolina). Linear regression of regrowth cotton plant height and
width versus degree-days and of the ratio of plant width to row spacing and estimated canopy
cover were calculated using Proc Reg (SAS Institute, Cary, North Carolina).

3 Results

A sequence of nine airborne color images of the experimental regrowth cotton field displays the
visual characteristics of the plots before and after the shredding treatments (Fig. 1). Based on
the images taken on 29 June and 16 July [Figs. 1(a) and 1(b)], which correspond with the pre-
treatment phase of the study, vegetative growth appears to be uniform in and among all plots.

Fig. 1 Airborne color images of regrowth cotton plots and reflectance calibration tarps in Burleson
County, Texas, in 2012.
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There were no significant differences of mean plant height (F ¼ 0.61; df ¼ 3;12; p ¼ 0.6214),
plant width (F ¼ 0.53; df ¼ 3;12; p ¼ 0.6698), red (F ¼ 0.07; df ¼ 3;12; p ¼ 0.9745),
green (F ¼ 0.04; df ¼ 3;12; p ¼ 0.9897), blue (F ¼ 0.03; df ¼ 3;12; p ¼ 0.9911), or
NIR (F ¼ 0.03; df ¼ 3;12; p ¼ 0.9911) reflectance, GNDVI (F ¼ 0.34; df ¼ 3;12;
p ¼ 0.7958), or NDVI (F ¼ 0.35; df ¼ 3;12; p ¼ 0.7892) between plots on the pretreatment
date of 29 June.

Subsequently, plots were sequentially defoliated and shredded for completion of all
shredding treatments by 22 August. Table 1 summarizes the mean spectral reflectance and
reflectance indices for the four post-treatment dates (6 September, 20 September, 4 October, and
19 October).

Table 1 Mean spectral reflectance and reflectance indices of regrowth cotton plots (after defo-
liation and shredding) in Burleson County, Texas, on 6 September, 20 September, 4 October, and
19 October 2012.

Image date Feature

Shredding date

30 July 13 August 27 August Control

September 6 Red band 0.0878C 0.1231B 0.1520A 0.0469D

Green band 0.1285C 0.1628B 0.2078A 0.0977D

Blue band 0.0604C 0.0864B 0.1239A 0.0455D

NIR band 0.3091B 0.2903B 0.3134B 0.3858A

NDVI 0.5561B 0.4044C 0.3463C 0.7820A

GNDVI 0.4119B 0.2819C 0.2021D 0.5950A

September 20 Red band 0.0390C 0.0643B 0.0928A 0.0268C

Green band 0.0564C 0.0756B 0.1072A 0.0540C

Blue band 0.0345C 0.0564B 0.0922A 0.0331C

NIR band 0.2784B 0.2437B 0.2307B 0.3573A

NDVI 0.7508B 0.5793C 0.4300D 0.8605A

GNDVI 0.6626A 0.5234B 0.3679C 0.7369A

October 4 Red band 0.0358BC 0.0548B 0.0759A 0.0297C

Green band 0.0530C 0.0677B 0.0912A 0.0538BC

Blue band 0.0316B 0.0472B 0.0725A 0.0350B

NIR band 0.2958AB 0.2631B 0.2507B 0.3283A

NDVI 0.7819A 0.6498B 0.5405B 0.8348A

GNDVI 0.6940A 0.5859B 0.4696C 0.7188A

October 19 Red band 0.0333A 0.0390A 0.0583A 0.0370A

Green band 0.0449B 0.0492AB 0.0634A 0.0522AB

Blue band 0.0159A 0.0178A 0.0285A 0.0209A

NIR band 0.3155A 0.2930A 0.2791A 0.3305A

NDVI 0.8061A 0.7603A 0.6641A 0.7994A

GNDVI 0.7485A 0.7089AB 0.6345B 0.7280AB

Note: Row means identified with the same letter are not significantly different at α ¼ 0.05.
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Mean reflectance and reflectance indices changed significantly relative to days after treat-
ment for red (F ¼ 156.16; df ¼ 3;27; p < 0.0001), green (F ¼ 43.82; df ¼ 3;27; p < 0.0001),
blue (F ¼ 36.61; df ¼ 3;27; p < 0.0001), and NIR reflectance (F ¼ 7.75; df ¼ 3;27;
p ¼ 0.0007), NDVI (F ¼ 132.07; df ¼ 3;27; p < 0.0001), and GNDVI (F ¼ 61.66;
df ¼ 3;27; p < 0.0001). The interaction of shredding treatment-by-days after treatment was sig-
nificant for red (F ¼ 4.25; df ¼ 6;27; p ¼ 0.0039), green (F ¼ 15.86; df ¼ 6;27; p < 0.0001),
and blue reflectance (F ¼ 20.61; df ¼ 3;27; p < 0.0001), NDVI (F ¼ 3.67; df ¼ 6;27;
p ¼ 0.0085), and GNDVI (F ¼ 11.55; df ¼ 6;27; p < 0.0001), but not for NIR reflectance
(F ¼ 1.48; df ¼ 6;27; p ¼ 0.2213).

Trends in the four reflectance bands and two reflectance indices were consistent among
shredding dates for the regrowth cotton plots. Red, green, and blue reflectance decreased
throughout the regrowth period. Conversely, NDVI and GNDVI increased throughout the
regrowth period. NIR reflectance decreased from 6 September to 20 September and increased
thereafter. These results reveal similar trends in the spectral characteristics of cotton plots after
shredding, although one must account for shredding date when estimating the mean size of
regrowth cotton plants by LSU analysis of the four spectral bands.

Regrowth cotton plants in the shredding treatments generally increased in height and width
throughout the study (Table 2). Plant height (F ¼ 200.97; df ¼ 3;27; p < 0.0001) and plant
width (F ¼ 258.75; df ¼ 3;27; p < 0.0001) changed significantly relative to days after treat-
ment. However, changes of plant height (F ¼ 1.52; df ¼ 6;27; p ¼ 0.2102) and plant width
(F ¼ 0.78; df ¼ 6;27; p ¼ 0.5935) over time were consistent among shredding treatments.
The mean height of regrowth cotton plants for all shredding treatments differed significantly
from the control plots throughout the study. The mean height of regrowth cotton plants for
all shredding treatments was significantly different only on 20 September. The mean width
of regrowth cotton plants differed significantly from the control plots except on 4 October
for the first shredding treatment.

By separately plotting the height and width of the cotton plants versus cumulative
degree-days (DD15.6°C) after the shredding date, the rate of regrowth appeared to be similar
among shredding treatments (Fig. 2). Regression of mean height (and mean width) versus
degree-days accurately estimated (r2 ¼ 0.94, F ¼ 1001.5, p < 0.0001 for height; r2 ¼ 0.94,
F ¼ 899.5, p < 0.0001 for width) the rate of regrowth following shredding, where each
point in the charts was derived as a mean value of each treatment composed of four replicated
plots for each post-treatment date (Fig. 3).

The proportion of canopy cover within the regrowth cotton plots and control plots was esti-
mated using the LSU technique. The estimated canopy cover for the three shredding treatments

Table 2 Mean plant height and plant width in regrowth cotton plots in Burleson County, Texas, in
2012.

Date Feature

Shredding date

30 July 13 Aug. 27 Aug. Control

September 6 Plant height (cm) 46.0B 24.9C 11.7C 106.0A

Plant width (cm) 45.2B 24.4C 7.3D 91.0A

September 20 Plant height (cm) 57.2B 37.8C 23.4D 109.6A

Plant width (cm) 54.3B 37.1C 23.7D 90.0A

October 4 Plant height (cm) 63.1B 49.7B 32.3C 112.0A

Plant width (cm) 63.8AB 46.6BC 35.3C 86.0A

October 19 Plant height (cm) 69.6B 62.9BC 49.1C 116.1A

Plant width (cm) 71.7B 57.8C 50.3C 100.5A

Note: Row means identified with the same letter are not significantly different at α ¼ 0.05.
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followed the expected pattern of a steep decrease in canopy cover after defoliation and shred-
ding, and a steep increase in canopy cover during the regrowth phase (Fig. 4). By the end of
the study (19 October), the estimated canopy cover ranged from about 0.45 to 0.55 for the
regrowth plots compared to about 0.75 for the control plots. The estimated canopy cover for
the control plots declined from a peak of about 0.90 on 9 August and leveled out at about
0.60 until increasing to about 0.75 on 19 October.

Fig. 2 Mean height (a) and width (b) of regrowth cotton plants versus cumulative degree-days
(DD15.6°C) relative to shredding dates of 30 July, 13 August, and 27 August 2012.

Fig. 3 Linear regression of mean height (a) and width (b) of regrowth cotton plants versus cumu-
lative degree-days (DD15.6°C) relative to shredding dates of 30 July, 13 August, and 27 August
2012.
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The linear regression fit of the mean ratio of plant width to row spacing and the LSU estimate
of canopy cover for all shredding treatments and control plots was significant (r2 ¼ 0.81,
F ¼ 596, p < 0.0001) (Fig. 5). However, the estimated canopy cover substantially underesti-
mated the mean ratio of plant width to row spacing when the plant width was less than
about 20% of the row width, or about 0.2 m. Estimated canopy cover more closely matched the
mean ratio of plant width to row spacing when the plant width exceeded 20% of the row width.

A comparison of hyperspectral spectra for cotton plots in the three shredding treatments and
the control plot on 6 September is shown in Fig. 6. The reflectance spectrum for the 27 August
shredding date was distinctly different from that of the other two shredding treatments and
the control, especially in the visible range (400 to 700 nm). An abundance of cotton lint in
the plots that were shredded on 27 August likely contributed to increased reflectance in the
visible range.

4 Discussion

The results show that airborne multispectral imagery (0.1-m pixel resolution) can be used to
estimate the development of regrowth cotton fields when cotton plant width is approximately
equal to or greater than 0.2 m. Although the LSU technique provided a direct estimate of percent
canopy cover from mixed pixel reflectance,14 estimates of the mean ratio of plant width to row
spacing (a surrogate for percent canopy cover in row crops) in regrowth cotton plots were

Fig. 4 Linear spectral unmixing (LSU) estimates of experimental plots of regrowth cotton plants in
Burleson County, Texas, in 2012.

Fig. 5 Linear regression of the mean ratio of plant width to row spacing versus LSU estimates of
canopy cover in regrowth cotton plots in Burleson County, Texas, in 2012.
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ill-defined when plant width was <0.2 m (i.e., twice the multispectral image pixel resolution of
0.1 m). Although plots were cultivated before each remote sensing flight, weeds may have
inflated LSU estimates of mean cotton plant width especially during the early stage of cotton
regrowth. The variability of estimated canopy cover was likely due to nonuniformity (skippiness
and asymmetric shape) of the regrowth plants at the onset of the regrowth stage, which inflated
the measured ratio of plant width to row spacing. These factors could be accounted for by col-
lecting more plant samples along a fixed length of row or by the use of the leaf area index.
Similar difficulty has been reported in quantifying the plant density of prefruiting cotton fields.15

Acquisition of thermal infrared reflectance16 or fluorescence spectra17 may enhance the ability to
distinguish vegetation from soil due to different absorption processes. Incorporation of addi-
tional reflectance signatures (e.g., cotton lint) in the LSU analysis may improve the accuracy
of canopy cover estimates and may help distinguish cotton plants from weeds and other
vegetation. Spatial resolution of the imagery is also important for distinguishing among
plant types,18 however, radiometric resolution is not as important as spatial resolution.19

Regardless, the LSU estimates of the development of regrowth cotton plants will provide
boll weevil eradication program managers with a tool for timely detection of regrowth cotton
in previously harvested fields for which cotton stalks have not been destroyed due to limited
access (e.g., flooding) or neglect.

Most consumer-grade color cameras (including the Canon 5-D Mark II) acquire three-band
images using a Bayer filter pattern that interpolates reflectance values between measured pixels
for each spectral band. However, pixel interpolation degrades the spatial resolution of each band
image. Alternatively, cameras that acquire noninterpolated images for each spectral band can
enhance spectral, radiometric, and spatial resolution, which will enhance the capability to
distinguish between cotton plants and other vegetation. Changes in image pixel interpolation
techniques or the use of multiple monochromatic cameras may require the acquisition of new
spectral endmember data, especially when the remote sensing objective is to detect and distin-
guish individual cotton plants from other crops and weeds.

Additional information about the physical dimensions of plants can be obtained by incor-
porating laser (lidar) height measurements or by deriving the bidirectional reflectance distribu-
tion function from multiangle airborne images.20 Alternatively, it may be possible to analyze
shadows in single, two-dimensional airborne images from which to reconstruct three-dimen-
sional plant structures. Complementary use of oblique imaging angles21 and various solar
angles22 may improve the detection of individual plants, diverse plant types, and shade.

5 Conclusions

LSU analysis of high-resolution (0.1-m) aerial multispectral images was shown to effectively
monitor the mean size of regrowth cotton plants in field plots when plant width exceeded 0.2 m.

Fig. 6 Hyperspectral reflectance on 6 September 2012 of cotton plots shredded on 30 July, 13
August, and 27 August, nonshredded control cotton plots, and bare soil.

Westbrook et al.: Airborne multispectral detection of regrowth cotton fields

Journal of Applied Remote Sensing 096081-9 Vol. 9, 2015



However, the shredding date was found to influence the spectral reflectance properties used for
identifying canopy cover of regrowth cotton plots. Our results also show that the mean width of
regrowth cotton plants is highly correlated with degree-day (DD15.6°C) accumulations regardless
of the shredding date. Consequently, predicted degree-day accumulations can be used to project
the mean width of regrowth cotton plants after their detection using LSU analysis of multispec-
tral images or after events such as the onset of spring warming, substantial precipitation after
drought, or harvest and stalk destruction.

However, LSU analysis of aerial multispectral images was not applied to the detection of
individual regrowth cotton plants, which often grow singularly or in clusters depending on
the effectiveness of stalk destruction and the suitability of growing conditions. Further research
is needed to associate the development of fruiting structures (i.e., cotton squares and bolls) with
various widths of regrowth cotton plants. Estimating the likelihood that remotely sensed cotton
plants are of a specific size and growth stage will aid boll weevil eradication program managers
in identifying which fields are most likely to be, or will soon become, hostable for boll weevil
infestations.
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