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Reflectance of Litter Accumulation Levels at
Five Wavelengths Within the 0.5- to 2.5-um Waveband

The quantity of biomass on the soil surface is important to a range or farm
manager in determining the capacity or duration of a grazing period and protect-
ing the svil from water and wind erosion. The deduction of biomass levels from
reflectance measurements would allow the range manager to base grazing deci-
sions on data that are more current, more representative of the area being grazed,
and that are available in a more timely manner than is possible with conventional
methods. Data with these attributes would reduce the odds that the range would
sustain damages due to overgrazing.

Pearson and Miller (5) found that over the 0.35- to 0.80-um waveband, per-
cent reflectance increased as biomass decreased, bare soil had a higher reflec-
tance than dead vegetation, and green vegetation had a lower reflectance than
either the bare soil or the dead vegetation.

“‘ Leamer et al. (3) reported that bare soil had a higher reflectance than green
vegetation at all wavelengths (WL) between 0.50 and 2.50 um except those
between 0.75 and 1.30 um, at which green vegetation had higher reflectances.
The important WL for determining percent cover for two wheat cuitivars from
reflectance data were 0.65 to 0.75, 0.90, 1.10. 1.65, and 2.2 um. However, the
linear correlation coefficients for the refation between percent cover and reflec-
tance at the 1.65- and 2.20-um WL were higher than those at other WL through-
out more of the growing season.

Gausman et al. (2) reported that for five out of six crops reflectance differ-
ences between dead leaves and bare soils were greatest for WL from 0.75 to
1.35 um.
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Standing sugarcane residue (sugarcane killed by frost) and soil were less
reflective than bare soil or s0il covered with littered residue (1). The standing
sugarcane residue was less reflective than the littered residue’ because of shadows
int the field of view,

Our main objective was to detsrmine the effect of plant litter accumulations
beneath perennial grass canopies on reflectances at the 0.55-, 0.65-, 0.85-, 1.85-,
and 2.20-um WL.

MATERIALS AND METHODS

A coastal range site located on a Galveston sand (Typic Udipsamments) with
& native vegetation canopy consisting mainly of the bunch grass sesscoast blue
stem (Andropogon scoparies var. lilloralis) ~a selected for one study site. The
site had not been graced for about 2u ' txi and a large quantity of litter had
built up between the soil surface and t.. . j.usé canopy.

A andomized compiete block design, replicated four times, with four treat-
ments applied to each of four 1-m2 piot areas was used. Trcatments and order of
application were: (1) live vegetation and litter intact (LLI), (2) live vegetation
intact, with one-haif of litter removed (LIHLR); (3) live vegetation intact, with
all litter removed (LIALR); and (4) live vegetation clipped, with litter and live
vegetation removed (LLR) (Fig. 1).

Reflectance spectra for all studies were taken with an Exotech Model 20 field
spectroradiometer (3). (Mention of company or trademark is for the reader’s
benefit and does not constitute endorsement of s particular product by the U. S.
Department of Agricuiture over others that msy be commercially available.)
One spectrum each for incoming and outgoing radiation was taken for each treat-
ment on each plot; 60 seconds were required to complete both spectra. Reflec-
tance readings were taken from a circular area about 30 cm in diameter within
esch 1-m2 plot by positioning the instrument directly over the center of the
plots at a height of 1 m above ground. Reflectance measurements were made
during the same time period (1030-0230) each day. Outgoing radiation was
ratioed to incoming radiation to calculate percent reflectance.

An F ratio was caiculated for each of five WL (0.58, 0.65, 0.85, 1.65, and
2.20 um) to test for significance among treatment means, and means for each
wavelength were compared with Duncan’s multiple range test (p = 0.05).

The 3 canopy components, inflorescences and stems, standing green, and
standing brown biomass were determined by clipping the canopy at ground
level in 20 quadrats (each 50 cm by 50 cm) and separating the clippings into the
3 components. The 20 quadrats were located next to the 1-m2 areas used for
making canopy reflectance measurements.

The other study site was four 1.m2 piot aress planted to grain sorghum
[Sorghum bicolor (L.) Moench] on Hidalgo sandy clay loam (Typic Calciustoils).
The plants emerged about September 21, 1978, with popuiations of 228, 261,
270, and 300 plants/plot.

Reflectance was measured on October 18, 1978, when the piants were about
30 cm tail. After reflectance of plants was measured, the plants were clipped and
removed from the plot area. The reflectance of the remaining stubble and the
now-exposed dry, crusted soil surface was then measured.

i s
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Fig. 1. Grass plot, showing the four treatments: A - live vegetation and
litter intact (LLI); B - live vegetation intact, one-half of litter removed
(LIHLR): C - live vegetation intact, all litter removed (LIALR):
D - live vegetation clipped. with clipping and litter removed (LLR).
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Student’s t test (p = 0.01) was used to compare reflectance means for plants
with those for stubble and exposed soil at the 1.85-and 2.20-um wavelengths (8).

RESULTS AND DISCUSS10N

The appearance of the 1 m2 grass plots on the coastal sand range site is shown
in Fig. 1.

Reflectance spectra associated with the four treatments (LLI, LIHLR, LIALR,
LLR) applied to the 1.m2 plots on the coastal sand range site for the 0.50- to
0.70-pm, 0.75- to 1.30-um, 1.50- to 1.75-um, and 2.00- to 2.50-um wavebands
are shown in Fig. 2. The LLR treatment had the highest reflectance for ail ex-
cept the 0.75- to 0.90-um portion of the 0.75- to 1.30-um waveband, in which it
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Fig. 2. Spectrophotometrically messured reflectances for the four grass plot
treatments: LLi - live vegetation and litter intact; LIHLR - live vege-
tation intact, one-half of litter removed; LIALR - live vegetation
intact, all litter removed; LLR - live vegetation clipped, with clipping
and litter removed.
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was lower than or equal to the other treatment reflectances. Resulting spectra
were & expected, sxcept for the 0.75. to 1.30-.m waveband, for which the re-
flectance spectra in the 0.78- to 1.10-am waveband were expected to be much
higher, similar to those of live wheat plants (3). However, the vegetation spectra
ressmbled the spectrum for bare soil. The standing vegetation biomass that was
clipped, removed from the plots, and oven dried was 29.1% inflorescences and
stems, 26.4% standing brown biomass, and 44.5% standing green biomass. It is
speculated that the 55.3% nongreen biomass (29.1% inflorescences and stems,
and 26.4% standing brown biomass) and shadows (Fig. 1) caused the reflectance
for this waveband to be low. This conclusion is supported by the work of
Gausman et al. (2), in which dead leaves did not have the charscteristically high
reflectancs of live vegetation in this waveband.

The reflectance levels for vegetation in the 1.10- to 1.30-1an waveband were
expected to be similar to those for LLR treatment (Fig. 2) and those for crop
residues (1). However, they resembled the spectra for live wheat plants (3).

The 44.5% green biomass probably absorbed sufficient radiation to cause this
decrease in reflectance. This is supported by Myers et al. (4), who showed that as
leaves are stacked deeper over the spectrophotometer’s port, the rate of absorp-
tance for the 1.20-um WL is higher than that for the 1.10- and 1.30-pam WL's.

The F ratios for 0.65-, 1.85-, and 2.20-zm WL were significant (p =0.05),
while those for the 0.55- and 0.85-um WL's were not.

Duncan’s muitipie range test indicated that the refiectance mean for the LLR
treatment was higher than and different from all other means, which were
alike (Table 1). This was true for all WL with significant F ratios. Since reflec-
tance means for the LLI, LIHLR, and LIALR treatient were statistically alike,
it is highly probable that the litter accumulation had no effect on reflectances,
and when the quantity (50% or more) of shadow present within the plot srea
(Fig 1) is considered, it seems likely that shadows caused reflectances for the
three treatments to be alike. For the 0.65-um WL, Pearson and Miller (5) and
Laamer ot al. (3) attributed this result to the very efficient absorption of inei-
dent radiution by the vegetation, csusing a lower reflectance.

The decrease in reflectance for the 1.€5- and 2,20-um WL was also obesrved
by Leamer ot al. (3), who attributed this decrease chiefly to a lower-reflecting
vegetative canopy that obscured a higher-reflecting soil background. Shadows
and plant water contents were also contributing factors.

The calculated t values for the 1.66- and 2.20-um WL’s indicated that reflec-
tances for clipped grain sorghum plots were significantly (p = 0.01) higher than
those for unclipped plots (Table 2). These resuits are also attributed chiefly to a
low-reflecting vegetation canopy that obscured a high-reflecting soil surface,
along with the influence of shadows.

The percent reflectances at the 1.35. and 2.20-um WL's of grass plots with
the LLI treatment were 21.8% and 16.2%, respectively, while those of plots with
a grein sorghum canopy were 21.8% and 16.5%, respectively. Therefore, it
appears that the species and condition (gresn or semigreen) of the vegetative
canopy did not influence the reflectances for these two WL's.

The shape of the reflectance curve for the 2.00- to 2.50-um waveband differ-
od widely for the LLR grass piots and for the clipped sorghum piots. The curve
for the LLR grass plots was bimodal (Fig. 2), whereas the curve for the clipped
grain sorghum plots was bell shaped, with low reflectances for the 2.00- and
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‘Table 1. P~ went mean refiectances measured at 3 wavelengths for a grass

L} canapy with 3 levels of litter established under the canopy and for
| @ ass canopy clipped with clipping and litter removed.
RSN
Treatment Wi
« 0.85 um 1.65 um 2.20 um
(Percent)
. LLRZ 7.63 oY 309 A 271.56 A
L LLI 6.27 b 2185 B 16.02 B
;:11 LIHLR 8.72 b 2052 B 15,30 B
' LI4LR 5.6. b 20.38 B 14.73 B

Y Siguificant at the 0.05 or 0.01 levels, respectively. All percent mean reflec.
tance.. followed by a common letter are not significantly different.

? T uR-live vegetstion clipped, with clipping and litter removed;

: LI’ & vege.«tion and litter intact;

! *.::LR live vegetation intact, one-half of litter removed;

L.iALR-live vegetation intact, all litter removed,

-——ne

Table 2. Percent mean reflectances measured at 3 wavelengths for a sorghum
canopy and {or sorghum stubble.

Treatment Wavelengths
0.65 um 1.65 um 2.20 um
(Percent)
Canopy 18.5 29.4 30 48
Stubble? 17.7 21.9 16 45

2 Canopy clipped with clippings remaved.
R Y Required t 05(5)= 2.45

‘y Found t¥ 0.82NS 7.33* 21.93*
L
{ ¥ = Significant at the 0.05 level. NS = Not significant.

. )
' 2.50-um WL and a high reflectance for the 2.30-um WL. The differences be-
‘ tween these spectra we’e probably due to 3 moderate wetness of the soil surface
y § and 3 dark, decaying organic residue remaining on the stubble after the removal

i of the grass canopy and litter. .
- Reflectances at 1.65- and 2.20-uam WL were higher {rom plots where the
T canopy was clipped and the litter was removed than {rom plots with vegetation

and litter. Species (grain sorghum or grass) or condition (green or semigreen) of
the canopy had no significant effect on the level of reflectance for these two WL.
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The level of litter that accumulated between the plant canopy and the soil sur-
; face had no effect on level of reflectance at the 0.65., 1.88., and 2.20-um WL,
H More research is needed to satisfactorily account for the unusual reflectance
spectra for grass canopy and litter in the 1.10- to 1.30-um waveband and for
! that asocisted with the LLR treatment in the 2.00- to 2.50-um waveband.
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