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Reflectance Differences Berween Target and Torch Rape Cultivars'

H. W. Gausman and R. W. Leamer?

ABSTRACT

To characterise and explain leaf aad plant
differences between Target (Brassica nepus L.) and Torch
(Brassica campestris L.) rape cultivars, laboratory

ometric reflectance measurements were

leaves of the same age, collected from different
and on leaves of different ages, collected from the
node, for both smail (five leaves) and large (nine leaves
Target and Torch L etric reflectance
measurements were made on Target and Torch plants
(four and five leaves, respectively) that were
0.00 = soil-containing {lats. Torch’s
single leafl reflectance was consistently lower than Tar-
r‘:nthed&-nnchlomphyu absorption band because

orch’s chlocophyll coacentration was lasger than Tar
get's, which caused more red light absorptance. ro-
radiometric measurements indicated that: (1) wet soil
strengly absorbed visible light (500 to 700 am) so that
Target's soil-coataining flat with 809, Lhm cover had
lem reflectance than Torch's silcontaining flst with
7397, plant cover, (2) Torch (most foliage) had higher
aear-infrared (750 to 1,350 nm) reflectance than Target
(lenst foliage), and (3) the 2.200-nm wavelength is a can-
didate dand to Target {rom Torch. The dif-
{erence in chlorophvll concentrations between Target
and Torch, compared with leaf structural differences, is
apparently the mos im factor that would affect
the infrared color film’s tonal to vegetation in

the photographic sensitive region (3080 to 900 nm).

Additional index weords: otometer, Chioro
phyll, Soil, Leaf structure, In color film, Remote

%
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TARGET (Brassica napus L.) and Torch (Brassica
campestrnis L.) rape cultivars have been distin-

ished with color-infrared aerial photography in

anadian 1emote sensing-crop identification programs
(Mack and Bowren, 1975). This unexpected result
emphasized the need for basic information on rape's
leat and plant reflectance. Large variations in reflect-
ance can result because of differences in growth stages
and physiological characteristics of exposed leaves
(Hoffer mdoighannsen. 1969; Knipling, 1970; Gaus-
man et al., 1973a; Woolley, 1971; Wiegand et al., 1972:
Sinclair et al., 1973). Consequently, we undertook this
study to characterize and explain leaf and plant re-
flectance differences between the Target and Torch
rape cultivars.

MATERIALS AND METHODS

Target and Torch rape cuitivars were selected for study, rep-
resenting Argentine summer rape and Polish turnip rape. res.
pectively.

‘Soil and Water Conser. Res.. Agric. Res.. Science and Educ.
Admir... USDA, Wesiaco. This study was supported in part by
the Nat. Aeron. and Space Admin. under Contract No. $-70251-
\?,suTuk 3. Received 22 Sept. 1980.
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Teble 1. Average charecteristics of Target aad Terch repe

Rape seeds lanted at different times (Expericaent
o Tos. ¥ rent 2 fare (xpert luvudthtu-.munddﬂmntmmmm

! in January 1973; Experiment ¢ in March 1973) in a green-

m‘ nudow;‘ul: eompluel block upe\:‘e?nbt:l e:::'n with osmall and large plants.
ications of the two cultivars way experi.
o -at. However, all seeds :id not hgmm[a;c and d;:&';'!:,v was Rapessed cultivar Watercontest  Leafthickaess  Lesfares
encountered with the ca tns per [Autograp ressices ™~ - o
(Riley)]. Consequently. as indicated later, numbers of replica.
tions varied n(;qlut reflectance and physical measurements. Laaves of same age from different nodes of small plants
For each experiment, four rape sceds were planted in each Target 0.8 0.1¢ 188
4.0-liter r« containing a mixture of sandy clay loawa Torch L) 0.6 198
soil, Perl tgﬂ(laun:rdculmn condmonerk; 0.02% :(y ”-reighut)l.q l‘hn: Difference (X} 00 ~-1.0
a 10-25-5 to give an equivalent rate
Plants were thinned to!iuvo pereqpot 9 and 10 days after emer- l‘"dm:“““;:r"m 103
for Experiment 1 and 2. respectively. One plant was desig- Target %05 ole 73
nated for comparisons of reflectance measurements on leaves ot Torch o8 001 s1®
the same chronological age (Target vs. Torch); leaves com- Difference =
red thus came trom different nodes. The plant was Leaves of same age from ditferent nodes of large plants
esignated for comparisons of reflectance measurements on leaves Tanget 90.¢ o 126.7
from the same node (Target vs. Torch); the leaves compared Toreh 90.8 0.33 138.0
thus differed in ghmltolosial tce-m 19 days aft Differsace o1 0.04° ~-133
Small ts (five lraves) were ys after
in zxpe?i':m |. Target's and Torch's leaves of the same Laaves of differsat ages trom same aode of large plaats
age (15 days old) were collected from nodes 2 and 3. respec- Target 88.7 0.2 1889
tively, for 16 replications. Target's and Torch's leaves of dit- Torch N4 0.1 1424
Differsace -17* 0.01 4*.0°

ferent ages (14 and 16 days, respectively) ame from node |
from 16 replications. These leaf collecting procedures are gen-
erally referred to as: (1) leaves of the same age from different
nodes of small plants. and (2) leaves of different ages from the
same node of small plants.

Larger plants (nine leaves) were used 40 days after emergence
in Experiment 2. Target's and Torch's leaves of the same age
(32 davs old) were collected trom nodes 3 and 3, respectively. for
15 replications (nodes were counted from the base of a2 plant)
Target's and Torch’s leaves of different ages (22 and 27 davs,
cr:s‘renively) came from node 6 and 10 replications. These leat

ecting procedures will be generaily referred to as: (1) leaves
of the same age from different nodes of large plants, and (2)
leaves of different ages from the same node of large plants.

Immediately after leaves were collected, they were wrapped
in plastic wrap and stored on ice to minimize water los. In
the laboratory. leaves were cut in half longitudinally; one haif
was used for spectral and physical measurements ard one haif
was used for chlorophvll analysis. Leaf thickness was measured
with 3 linear-displacement transducer and digital voltmeter
(Heilman et al, 1968). Leaf area was determi with a plani.
meter. Water content of leaves was determined on a drv-weight
basis; leaves were oven dried at 68 C for 72 hours and coo|
in a desiccator before weighing.

Tissue pieces sampied from the center of leaves were tixed
in formahin-acetic acid-alcohol, dehydrated with a tertiary bu-
tanol series. embedded in paraffin. stained with the safranin.
fast green combination. and transversally microtomed at 12-um
thickness :jJensen. 1962). Photomicrographs were obtzined with
a Zeiss Standard Universal Photomicroscope.

A Beckman Model DK-2A spectrophotometer, equipped with
a reflectance attachment, was used to measure total diffuse re-
flectance on upper (adaxial) surfaces of single leaves over the
500- to 2.500-nm waveband. Data were corrected for decay of
the barium sulfate standard (Allen and Richardson. 1971) to
give absolute radiometric data. All ussue sampling and measure.
;nem procedures were completed within 7.5 hours of leaf col.
ection.

Seven wavelengths were selected from the 4! wavelengths
measured at 30-nm increments over the 500- to 2.500-nm wave-.
band. Wavelengths selected were 530, 630. 850, 1450, 1,650,
1.950. and 2200 nm: representing. respectively, the green re-
flectance peak. chlorophvil absorption band. a wavelength on
the near.infrared plateau, the 1,430-nm water absorption band.
the 1.630-nm peak following the 1.450-nm water-absorption
band, the 1,950-am water-absorption band. and the 2.200-nm
peak following the 1.950-nm wacer-absorption band.

The t test (Steel and Torrie, 1960) was used to statistically
test the difference between means of Target's and Torch's leaves
for reflectance data at each of the seven waveiengths and for

* Mention of 3 companv name or trademark is for the readers’
benefit and does not constitute endorsement of a particular
product bv the U.S. Department of Agricuiture over others that
mav be commercialls available.

* Denotas significant differeace at the 5% probability level.

leat water content, thickness. and area data. Total chlorophyil
was determined by a routine method (Horwitz, 1963) on leaf
samples stored 97 davs at =13 =5 C.

Spectroradiometric measurements were made on the cultivars
grown in 0.09 m* sil-containing flats to simulate field condi-
tions. Fifty seeds for each cultivar were planted per flat. How.
ever. unequal germination resuited in 40 and 50 plants per
0.09 m? area for Target and Torch, respectively. Ground cover
at the time of measurement was about 60%, for Target's four-
leat plants and 75%, for Torch's five-leaf plants. An Exotech
Model 20 spectroradiometer (Leamer et al., 1973) was used to
measure reflected radiation over the 500- to 2.500-nm waveband.
Measurements were made 09 m above the plants with a 15°
field view (0.044 m*).

RESULTS AND DISCUSSION
Leaf Physicali Measurements

Water contents of Target's and Torch's leaves were
not significandy different (p = 0.05) with the excep-
tion ot leaves of different ages that were collected from
the same node of large plants (Table 1). Target's
leaves were thicker than gorch's only when leaves of
the same age were collected from different nodes of
large plants. Target's leaves were larger (upper sur-
face area ger leaf) when leaves of different ages were
cri\llected om the same node of both small and large
plants.

Laboratory Spectrophotometric Measurements

Photographically sensitive visible and near-infrared
region. The 500- to 900-nm waveband essentially en-
compasses the sensitivity range of both conventonal
and infrared color film (when a yellow filter is used
to absorb blue light). Conventional color film is sensi-
tive to visible light, and infrared color film with a
vellow filter is sensitive to light from the 500-nm
wavelength in the visible region up to about the 900-
n;ny)wavelength in the near-infrared region (Friu,
1967).

Three important wavelengths within the 500- to 900-
nm photographically sensitive region are shown in
Table 2: (1) 350-nm wavelength (green reflectance
peak), (2) 650-nm wavelength (chlorophyll absorption
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band), and (3) 850-nm wavelength, a candidate band
for discriminating purposes in the reflective near-in-
frared region (Gausman et al.,, 1973b).

Leaf refiectance differences between the ".'arget and
Torch rape cultivars were statistically sii'niﬁcant (p
= 0.05) for the 650-nm wavelength at all times that
leaves were collected. Target's leaf reflectances were
higher than Torch's because Target had a lower aver-
elge total chlorophyll concentration (09.06 mg/g) than

orch (10.22 mg/g). Thus, Torch's leaves had more
red light absorptance than Target's leaves. Reflectance
at the 550-nm wavelength (green peak) was significant-
ly different only when leaves of different ages were
collected from tKe same node of small plants.

Healthy foliage records red on infrared color film
because a light-toned cyan image (less dense or less
saturated) results, which allows the transmittance of
more red radiation in the viewing (Gausman et al,
1970a). High chlorophyll (Torch) would increase red
light absorptance, decrease its reflectance (less red
radiation impinging on the film), and cause a more
saturated image in the infrared color film's magenta
dve layer. Thus Torch leaves, with their higher chloro-
phyll concentration, appeared darker red on the trans-
parency, as reported by Mack and Bowren (1975), than
did Target's leaves, which had a lower chlorophyll
concentration.

Reflectance of a plant leaf has been explained on
the basis of critical reflection of light at the cell wall-
air interface of the spongy mesophyll tissue (Will-
stdtter and Stoll, 1918). Near-infrared light reflectance
(730 to 1.350 nm) usually increases with an increase in
number of intercellular air spaces (Gausman et al.
1970) because light is scattered in passing from inter-
cellular air with a refractive index of 1.0 to hydrated
cell walls with a refractive index of 1.425 (Gausman
et al., 1974).

Reflectances at the 850-nm wavelength were not sig-
nificantly different when leaves of the same age were
collected from ditferent nodes of either small or large

Table 2. Average leal reflectances at ssven wavel of
Target and Torch rape lsaves of the same age and differeat
ages collected from both small and large plants.

Aversge leaf reflectance
Rapeseed
cultivar 380am 650mm A850um 1.430am 1.630am 1,980am 2.200nm
‘

Leaves of same age from different nodes of amall plants
Target 149 88 41.8 12.0 270 3.9 13.9
Torch 18.7 8.0 41.0 13.2 8.4 4.7 15.8
Differencs -08 0.8¢ 0.8 -13* -~l14* -08° -19°

Leaves of different ages from same node of smail plants
Target 183 3.9 416 9.9 8.1 e 118
Torch 16.4 3 40.4 10.8 26.3 39 13.4
Difference -1.1° 0.6* 1.2* -09* 1.2° -=0.3* -1l.6°*

Leaves of same age from different nodes of large plants
Targee 14.4 88 “.e 9.0 28.0 36 10.9
Torch 13.9 7.8 4.5 10.4 7.2 3.3 13.1
Difference 0.8 13* 1l -14 -232* 01 -232°

Leaves of different ages from same node of large plants

Target 14.8 10.1 488 11.8 284 “ 14.0
Torch 14.2 83 42 118 280 W0 140
Differrnce 0.8 1.8¢ 2.8* 0.1 0.4 0.4 0.0

* Denoces signuficant difference st the 5% probability level.

plants. However, Target's reflectances were larger
than Torch's when leaves of different ages from the
salxne node were compared from either small or large
ants.
P Target's and Torch's leaf transections were com-
ared. Their mesophylls were similar when their
eaves were the same chronological This was ex-
pected because reflectance difterences between them
were not significant at the 850-nm near-infrared wave-
length for leaves of the same from either small
or large plants (Table 2). The effects of leaf dif-
ferences on mesophyll structure and near-inf; light
reflectance have %een previously described (Gausman
et al,, 1970b).

Wate- Absorptance Near-Infrared Region

Target's leaves had less reflectance than Torch's
leaves at both water absorption bands 21.450 and
1,950 nm) for leaves of the same and difterent ages
fiom swall plants (Table 2). However, Taiget's leaf
water coatents were not much different from Torch's
(Table 1). Moreover, coefficients for linear correla-
uons of leaf reflectances with their respective water
contents were statistically significant but extremely
low (—0.24 to —0.45) at either the 1,450- or 1,950-nm
wavelengths.

Spectral wavelength intervals centered around the
1,650- and 2,200-nm wavelengths may provide for op-
timum discrimination of vegetation (Gausman et al.,
1978). Torch's leaf reflectance were higher than Tar-
get's for all measurements (Table 2) except for leaves
of different ages from large plants at the 1,650- and
2,200-nm wavelensths.

Spectroradiometric Measurements

Plant density, soil water content, and leaf color af-
fected spectroradiometric measurements made on Tar-
get and Torch glants that were grown in soil-contain-
ing flats (Fig. 1). Although equal numbers of seeds
were planted for each cultivar, seedling emergence di.
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Fig. 1. Spectroradiometrically measured reflectance over the
500 to 2.300-nm waveband {or piants of the Target and Torch
rape cultivars in soil<ontaining flats.
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fered. Final plant densities were 40 and 50 plants/
0.09 m? for Target and Torch, respectively.

Torch's reflectance was higher than Target's within
the 500- to 750-nm waveband. We immediately de-
duced that the opposite should have been true, be-
cause Torch's plant density was higher and its leaves
were greener than Target's. Consequentdy, Torch
would have more absorptance of red light and less
reflectance of green light than Target. However, wa-
ter was added to the soils to ensure turgid plants at
the time of measurement. Wet soils, compared with
dry soils, strongly absorb visible light (Hoffer and
Johannsen, 1969). Thus, Target's soil background ab-
sorbed more light (less reflectance) than Torch's. Ap-

arently, this soil background effect was too strong
or the leaf color differences to manifest themselves.

Torch's plant density was higher than Target's, caus-
ing higher reflectance from Torch over the 750- to
1,850-nm reflrctive near-infrared region (Fig. 1). Re-
flectance for this wavebard may increase with an in.
crease in leaf area index, plant population, plant
height, or percent plant cover (Wiegand et al.,, 1974).

Target's and Torch’s reflectance were essentially the
same over the 1500- to 1,950-nm waveband in the near-
infrared water absorptance region. Over the 2.000- to
2,500-nm waveband, however, Target's reflectance was
higher than Torch's. Therefore, we can speculate that
the flats containing a high density (75%,) of Torch
plants somehow had more water exposed to the sensor
than did the flats with the lower density (609,) of

Target plants.
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