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AL UTHALT

Bock, Robert H. M.S., Purdue University, May, 1975. Spectral charac-
foristios of coils related to the interaction of soil moisture,
orranic carbon, and clay content. Major Professor: Dr. W, W, McFee.

By measuring certain physical properties of fifteen soifs typical

of Wisconsin-aged, glacial till soils capped with less than €0 inches
of loess in Indiana, the variations in spectral response in the
laboratory were explained. Spectral reflectance measured with the
Exotech 20-C can be significantly explained by percent moisture,
organic carbon, and clay content of these soils. The soils studied
were predominantly silty with a range of organic carbon from .60
to 1.33%. The moisture content of the soils was controlled by use
of the pressure membrane at 15 bars, pressure plates at 1/3 Bar,
and oven dried at 105°C for 24 hours in a forced air dryer. The
moisture of the samples was equilibrated, and then illuminated
artificially by a General Electric DAW lamp and spectrally measured
from .53 wm to 2.32 ;m with Exotech 20-C.

The interpretation of the recults allowsme to suggest three
vavelensth band .widths for use in the field when attempting to
classify surface solls and increase the accuracy in mapping them
by multicpectral scanner techniques.

1. To map orpanic carbon use the band from .90 to 1.22 um.

2. To map water content uce the band from 1.5 to 1.73 pm,

3. To map clay use the band from 1,50 to 1.73;m.



1x

Thee e b ol mod by prosenth ol fechs Lhe speclral resporise of
coils Lhe most Followed by orpranic carbon content, percent silt

and then percent clay with multiple resression analysis.



IN'TRODUCTION

Orranic carbon content of soils is the physical property of
50ils recognized by most researchers to be most important in
affectine the spectral response of soils (Shields et al., 1968;
Bowers and Hanks, 1965; Baumgardner et al., 1970; Page, 1974;
Horvath, Montpomery and Van 2Zile, 1971; Al-Abbas, Swain, and
Baumrardner, 1972), Some laboratory instruments that have been used
to measure different portions of the electromagnetic spectrum
reflected by soils (Fig. 1) are the Bausch and Lomb Spectronic 20
measuring in the ultraviolet region (Shields et al., 1968), the
Hunterlab model D25D2M in the visible portion of the spectrum
(Page, 1974), and the Beckman DK2A and DU spectrophotometer
in the visible and near infrared (Bowers and Hanks, 1965).
Outdoors, the Michigan aircraft scannerlhas been used extensively
to measure reflected energy in the visible and near infrared
regions (Baumgardner et al., 1970; Horvath et al., 1971; Al-Abbas
et al., 1972). Other soil properties have been considered, but no
study included controlled soil moisture, organic carbon, sand, silt
and clay in the analysis of spectral data. Many of the studies
used the spectral data to estimate the individual soil properties
tut none, except Bowers and Hanks, attempted to evaluate how
©0il properties affect the spectral response. I felt the accuracy

of estimating soll properties from the reflected spectral energy

“rom the Environmental Research Institute of Michigan, Ann Arbor, Mich.



Fig. 1 - A portion of the Electromagnetic Spectrum (from Hoffer and
Johannsen, 1969).
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could be increased using methods proposed by others (Baumgardner
et al., 1970; Horvath et al., 1971; Al-Abbas et ql., 1972; West,
1972) if they used the spectral reflectance data from the wave-
length regions that are affected by the soil property being estimated.
This approach was also taken by Montgomery (Montgomery and
Baumrardner, 1974) but he attempted to utilize soil property data
rathered by SCS-USDA soil characterization laboratories. His spectral
data was collected using the Exotech-20-C indoors to measure 71 soils from
26 states., He attempted to establish characteristic spectral
reflectance curves from .5-2.6 ym for each of the 10 soil orders as
drscribed in Soil Taxonomy and identified silt and the cation
exchange capacity as the most important properties used to estimate
variations in spectral response by multiple regression. His
methods were similar to Condit's (1970) who measured 160 soils from
36 states (from .32-1,01m) and classified soils by their spectral
curve into 3 typical or characteristic types. |

My study followed Montgomery's approach but the surface soils
were chosen from the Western part of Tippecanoe County, Indiana,
which varied predominantly in organic carbon values. These soils
developed in loess over Wisconsin-age, glacial till and the tex-
tures did not vary greatly. Spectral measurements between .53-
2.32 ym vere taken of the surface soils after they had been equili-
brated at three-jioisture contents: oven dry, 15 BAR and 1/3 BAR.
An Exotech 20-C with artificial illumination provided by a General
Flectric DXW lamp was used to make the spectral measurements of

the 5oils in the laboratory. The organic carbon content was determined



by three methods to study the interpretatiom: of the spectral data
vsings the orranle carbon values from the different methods (Appendix
A). Then a :;Lt:pwi.:_':t:, forvard seleclion, .ml.lll,.'t.]'JlU regression
analycis (STEPK) was performed to help determine how much of the
variation in spectral response at several wavelength bands
(dependent variables) could be explained by the soil properties

measured (independent variables).



LUTIHATURE RISV TIW

"To study satisfactorily any heterogeneous group in nature,
come sork of elassification is necessary. This is ecpecially true
of voils, The value of experimental work of any kind is seriously
riestbricled and may even be misleading unless the relation of one
' 01l to another is known" (Brady, 1974). It is with this idea in
mind the study of =oils, or more specifically to classify soils,
that leads to the use of remote sensing as a tool., Most research
in £oil classification has been conducted by individuals traversing
the landscape, probing and observing the soils found there and
then analyzinr samples taken to the laboratory. For over 40 years
the soil surveyor has found remotely sensed data (aerial photo-
~raphs) to be auite useful in mapping soils. A suitable definition
ol remote sensing is found in D, M. Carroll's (1973a) review
article on remote sensing techniques and thelr application to soil
science, The definition of remote sensing from that article
originally quoted Parker and Wolf: "The acquisition of information
avout an object (or phenomenon) which is not in intimate contact
aith the information rathering device is called remote sensing.”

Black and white rilm sensitive to the visible portion of the
electromasnetic cpectrum (.38-.78 um) was the first remote sensing
data recorder. Then color film covering the same region of the

spectrum was used but offered the photointerpreter more information



sinee Lhe pholo, 1like bLhe landscape, is usually scen iﬁ color by
the tnterproter, With combinalions of Lillers and gpecial films,
the state of the art of photoyrraphic remote sensors has deﬁeloped to
the point that we can measure the reflected solar radiation between .3-
.9 ym. Several systems of multispectral photogréphy have been
developed which separate the visible (.38-.78 ym) and near infrared
(.78-.9 pm) portions of the spectrum (Fig. i) into several bands,
These bands can be analyzed separately or overlayed in several
combinations to enhance certain spectral charactéristics being
studied.
Since ahout'1965,instrumcnts have been utilized which scan
photorraphs or negatives for differences in optical density, and
these densities are digitized and used in automatic data analysis
by computers. An example conducted by Anuta et al. (19?1) used
di-itized, multispectralf satellite photography from the Apollo 9
mission to attempt to map soils, crops, and geologic features.
Using black and white photographs with appropriate filters, they
diritized the film density of four bands in the visible region;
H7-.89, 47-.61, .68-.89 and .59-.71 ym. Using a combination of
three bands they ',;lere able to construct a coils map of the El
Centro arca in Imperial Valley, California, which approximated
tre rencral coll survey map.  They concluded that three band, spectral
data cathered al satellite altitude shows preat promise for_large-
scale soll mapping, : i
With all this work in photographic remote sensing thére are

some disadvantases which have led to the development of new sensing |




evices, YhuLQuruphlc sonsors only cover Lhe visible and near
inirared porLion'of the electromagnetic spectrum. Much additional
information is available from the infrared portions of spectrum
beyond that recorded by photographic sensors (Fig. 1) since solar
onerey is still belns reflected (.9-2.5 um) and there is emissive
radintion in the thermal infrared repgion.
It is this recion(.52-2.32m) of the spectrum that was used in my
siudy. A review of the literature on photographic sensors by
D. M. Carroll (1973a) concludes "it would seem that the well proven
Leehniques of photopraphic interpretation will continue to be an
important aid to the soil scientist, but the newer sensors may prove
of equal value if they are cérefully developed. These sensors are
complimentary to, rather than competing with, conventional photo-
~rapnic sensors.”

The non-photographic sensors are discussed in another
review hy Curroll_(l9?3b). These sensors record the data.id a form
other than photqgraphic film, frequently magnetic tape. The storage
of data on magnetic tape lends itself to automatic data prdcessing
with computers.' He discusses several types of sensors, but my main
interest is the optical mechanical scanner which consist; of a
rultitand spectrometer with a motor-driven mirror used to scan
acroas the field of view. All the energy from a given écene
pautes ihronesh the same optical aperture, is dispersed according
to its position in the spectrum, and is measured by sénsitive

detectors, whose output is recorded on magnetic tape., These multi-




Specbral o nempnr et Mrsrrela handn, selecbed ol waveLlongthe that
= il bow vl oo Ulon of daba Tn o portion ol Lhe elechromasnetic spectrum
where Lhe ablmosphere does nob abosorb solar radialion, The vicible

and near infrarcd resion from .3-2.51 has been used frequently

in remote sensing, since almost all the solar energy received at

the carth's surface (Fis. 2) is contained within that range

(Gates, 1965). Usually comparisons have been made between the

quality of information gathered by non-photographic (optical

mechanical) sensors and photopraphic sensors in the region of the

electromasnetic spectrum ~common to both. Most of the interpreta-

tions made with nbn-photographic sensors have resulted from observa-

tions made from photographs of the same scene made at the same time.
Upon wetting, a dry soil appears darker. This phenomenon has

been the primary subject of investigation using remote sensing.

Anpgstrom, reported by Planet (1970), concluded that the decrease

in reflectance of soils was due to the total internal reflections
in the water film of the energy reflected from the soil surface
itself. Planet's work (1970) supports Angstrom's conclusion that
the darkening of soil upon wetting is due to optical effects of a
thin layer of liquid on the surface of the soil.

With this in mind, work was conducted in 1965 (Bowers and
Hanks, 1965) using a Beckman DK-2A spectrophotometer (.185—2.500 um)
and @ Beckman DU spectrophotometer (,21-1,00um). Three soils were
ctudied to evaluate the influences of moisture content, organic matter

and particle size on the reflected spectra. They noticed that as
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mod o bure Ynereaned Lhe percenl pol Tec Lanee ol Lhe enerpy ot all
wave lens Lhe decreased and Lhal Lhee cureves ol pereenl rellectance
vorong wavelensth had similar shapes at all moisture levels.

For the Hewtonia silt loam (i, 3), they noticed two distinct

absorption bands located at 1.4 and 1.9 wm which are wavelengths
vhere solar radiation is strongly absorbed by water and specifically
represent overtones of the fundamental frequencies (2.66, 2.73 and
(.269 ym) at which water molecules vibrate.

In a more recent study by Hunt and Salisbury (1970) the same
findings were confirméd. They studied montmorillonite and kaolinite
clays with a Cary Model 14 spectrophotometer covering the spectrum
from .3-2.5 ym and found the spec ral reflectance curve of mont-
morillonite (Fig. 4) to look like that of Newtonia silt loam used
in Bowers and Hanks study. The montmorillonite spectral reflectance
curve is dominat@d by very strong absorption bands at 1.4 and
1.9,, m due to bound water typical of montmorillonite aﬁd usually
a weaker absorption band at 1.16 ym possibly due to absorbed water
(Lindbers and ﬁnyder, 1972).

Kaolinite's major spectral reflectance features (Fig. 5) are
several very strong hydroxyl bands in the near infrared centered
near 1.4 and 2.2 m.  Lack of appreciable bound water is typical of
kaolinite and 16 indicated by the weakness of the band at 1.9 un, Their
(Lindbers and Snyder, 1972) ezplanation of the absorplion bands
clhates that no bands due to the fundamental vibration modes occur
in the range short of 2,5, m, so that all fcatures observed in the
speciral curve are to be considered exclusively over-

tones or combination tones of fundamental



‘(€261 ‘SHUEH pUE SISO WOIJ) S3IUSFUOD 3aIN3STOU
STOTIBA 1B WEOT 1TTS BTUOIMBN @Y} IO UOTIEeTpRI
1USDIOUT JO y1FUST8ABM *SA 90UB3O2TJOX jusoxad - €



14

0062

0002

(rfw) HLONI3AM
004Gl

000!

€ 'S14

T

Yo

ERlL I EREEMN




‘(0461 ‘ALangsTTeS
pue juny woxy) 23TUOTTTIOWIUOW IO UOTFBTIpPRI
JUOPTOUT JO YISUSTOABM 'SA 90UBID9TISI jJusdIad - 4 'St

g
et



16

SNOHD'W NI H19NIT3IAUM
g S o'l

&

S'¢

70021- 0§2

My -0 _

OOW O1 FAIIVIZL NOILDIT 4TI 1TN3DY I

f B
“ -

SNOY2IA. NI
HLIN3I3IwMm

37 30 v0

\ 0s

O9WOL 3AILVTI3Y NOILDIT43Y INIDY I

"SSIW "ITNUAXNTIOL 02 ILINOIVIMCHWLINCH



" (0461
‘£ancsTTeS puB juUNy WOI3) 93TUTTOBY JOF UOTIBTPRI
3USDTOUT JO Y3SuaTaA®BM ‘SA 90UBLO9TJISI jUsdIad - § ‘214

b




18

_ SNOYIIW NI
SNOYIIIN NI HLON3T3AUM T HI9NITIAYM

02 Gl o'l 2’0 90 S0 0

o

(@
Jd
O9uvi OL ALV T I NOIID I 141 INIDYId

T -

WN VLIV VS3IA S 3LINITOVY

313

O09W oL 3A1LLYVIIY NOILDI143Y INIDI Y I




19

Frequencicas which occur in the mid- and far-infrared,
In Lhe visible range the color imparted to a material
may be due to the occurrence ol specific absorptions in this region,
or Lhe color may be caused by intense absorptions in elther or both
the ultraviolet and infrared and their shoulders may extend forward
and backward into the visible, This will impart a color to the
material withdut its having any specific chormomorphic group
absorbins energy in the visible region (Hunt and Salisbury, 1970).
The water ﬁolecule is very commonly associated with rocks
and minerals. 'According to Hunt and Salisbury (1970) water molecules
have three fundamental vibration modes and all are infrared active,
They are v , the symmetric OH stretch; v,, the H-O-H bend; and Ya
the asymmetric OH stretch. In a vapor, transmission spectrum ‘bands
due to these modes occur at 2.73 um (3651.7 Crn_l), 6.269 um
(1595 cm'l) and:2.65 ym (3755.8 cm_l) respectively. In the liquid
phase these bm;__d'_s. shift to 3.106 um (3219 cm"l), 6.08 pm (1645 cm-l),
and 2.903 pm (3&&5.cm_l). In ice the corresponding fundamenials
appear at 3.105 uﬁ.(3220 cm_l), 6.06 ym (1630 cm_l), and 2,941 pm
(3400 cmnl). The unusually large shifts in the corresponding
frequencies illustrate that hydrogen bonding has taken place in
ize ~nd the obgervation that the two stretching modes, 3 and 73,
fave conslderably lower valueg in the liquid and solid than in gas,
wnile o the bending mode has a somewhat higher value, In the spectra

cf minerals and rocks, whenever water is present, two characteristic

bands appear at 1.4 um due to 2 Y, overtones and at 1.9 ym due to

3
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ko g averbone:s, .Nhun they are well defined bands it usually
indicales Lhal Lhe water moleculens are located in well dcfined,
orderod cites. When they are broad bands 1t indicates they are
relatively unordered and/or that more than one type of site is
occupied by the water molecules. The presence of both the 1.4 and
1.9 ym bands torether is diagnostic of undissociated water molecules
in the structure, i.e., water of hydration. The appearance of the
1.4 pm band without the 1.9 pm band indicates that OH groups other
than those in water are present in the material, i.e., hydroxyls
(Hunt and Salisbury, 1970).

Lindbers and Snyder (1972), using the same instrument model
as Hunt and Salisbury (1970), examined the spectral reflecfance
curves of several.clay minerals and found the gsame characteristic
curves for montmorillonite (Fig., 6) and kaolinite (Fig. 7) as Hunt
and Salisbury (Fig., 4 and 5). They alsco studied illite but did .
not publish any spectral reflectance curves even though the spectra
were quite different from the other two clay minerals, however,
Hathews (19?2) did publish a spectral reflectance curve for illite
(Fig, 8) and it fits the verbal description given by Lindberg and
Cnyder (1972). It has a much lower reflectance at any wavelength
vhar, oibbher montmorillonite or kaolinite.

Or;anie matber has been demonstrabed Lo affect the spectral
refleciance of oils (Bowers and Hanks, 1965; Mathews, 1972)
by ocanning them before and after veing treated with hydrogen

peroxide (firs. 9 and 10). Regardless of the type of clay present, '




Fig. 6 - Changes in the spectral reflectance of montmorillonite as

a result of changes in hydration state. Curve (a) original
sample; (b) after heating sample to 120°C; (c) after heat-
ineg sample to 600°C; (d) sample from curve (b) after
humidification for two weeks; (e) sample from curve (c)
after humidification for two weeks (from Lindberg and
Snyder, 1972).
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i"ig, 7 - Changes in the spectral reflectance of kaolinite as a
result of changes in hydration state. Curve (a) original
sample; (b) after heating to €0°C; (c¢) sample from "curve"

(b) after humidification for two weeks (from Lindberg
and Snyder, 1972).
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Fig, 8 - Percent reflectance vs., wavelength of incident radiation
for kaolinite, nontronite, and illite (from Mathews, 1972).
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Fig, 9 - Percent reflectance vs. wavelength of incident radiation
for H,0, oxidized and check samples of Newtonia silt loam #(a)"
and Summit silty clay "(b)" (Bowers and Hanks, 1965).
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10 - Percent reflectance vs, wavelengsth of incident radiation
far H. 0

oxidized and check samples of Ellery silty clay
and iron oxide removed and check samples of Hagerstown
silt loam (from Mathews, 1972). .
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the orranile maller seems to lower the gpectral curve in all wave-

lengths with no well defined absorption bands (Figure 9). But, the greatest
difference in the amount of energy reflected between the oxidized

and unoxidized samples is from .7-1.3um (Figs. 9 and 10),

Particle size also influences the spectral reflectance of soils
(Bowers and Hanks, 1965; Hunt and'Salisbury. 1970). As the particle
size of pure clays decreased, spectral reflectance increased. Bowers
and Hanks (1965) calculated, with increasing particle size from
22 to 2650 wm, at least an additional 14.6 percent of the direct
solar radiant enerpy would be absorbed. Although no measure of
surface rougrhness ﬁas made, it was apparent that as particle size
decreased, the surfaces became smoother and reflected more energy indicating
that roughness of the surface is a function of the particle size,

Iron seems to influence the spectra of minerals (Fig. 10) at
the .9 um region (Hunt and Salisbury, 1970; Mathews, 1972) but not
to the extent the previously mentioned properties do. Montgomery
found that iron (Fezoj) didn't significantly explain the variation
in spectral refleétance at any wavelength from .37-2.32 pm (Montgomery
and Baumgardner, 1974),

After Bowers and Hanks (1965) conducted their study, several
individuals attempted to use their information to help classify
coiln,  Shields conducted a study of several Ap horizons in an
attenpt to distinggish betwecen the Dark Gray Chérnozemie and
Dark Gray Wooded Great Groups (Canadian Soil Survey) based on their

s0il color (Shields et al., 1968). He used a Bausch and Lomb
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Spectronic (00 w ith an ultraviolet attachmeni. Percent organic
carbon was determined by dry combustion and ranged from 1.01-6.02%,
He found that moisture had no effect on the hue or chroma of the
s01ls studied, but the value of Gray Vooded soils decreased when

moistened from air dry to f{ield capacity by 1.5-2.0 units compared to

1 unit for Chernozems. The reflectance in the ultravielet region

was satisfactory in distinguishing between the two soil ciasses.
Anoiher study, by Page (1974), estimated organic matter percentage

in 96 coastal plain soils. Using a Hunterlab Model D25D2M calibrated
with two reflectance standards (94. 5% and 21.3% reflectance),
alr-dried samples passing a 12 mesh sieve were scanned in the visible
portion of the spectrum, Reflectance values were highly correlated
(r .89) with soil organic matter by Walkley-Black method within

the 0-5S%organic matter range. These laberatory studies indicate

the potential for mapping soil organic matter or carbon values in

the field with rehote sensors.

Condit (1970) attempted to classify the spectral setlsctaise
curves of 160 soils from several states. He used the Cary Model 14
recording spectrophotometer to measure reflected radiation from .3
to 1.0 ym. He was able to classify the 160 soils into three general
types based on the shape of their spectral curves. Partially using
the 1938 soil classification system, the three classes were
Chernozems, Pedalfer-type silts, and red quartz and calcite sands.

The necessity of extending spectral reflectance measurements to1.0H m or

beyond was noted because several samples have spectral curves of similar
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chapes in the ultraviolet and visible portions of the spectrum
but are quite djfferont in the infrared. A study using
Exotech 20-C was made on goils of Tippecanoe County, Indiana,
Jith similar results (Cipra et al., 1971).

In the early 1970's, the Laboratory for Application of Remote
Sensin~ (LARS) at Purdue University and Environmental Research
Irstitue of Michigan (ERIM) at Ann Arbor first attempted to use
remotely sensed data from field spectroradiometers (Exotech 20-C)
and aircraft scanners. These atteﬁpts to classify soils were based on
the preliminary results obtained by Bowers and Hanks (1965)
and Condit (1970). -

Even wilh this information, most of the wavelength bands
golonted. Tor attemptinﬁ to classify soils with remote sensors
hy the researchers at LARS, ERIM and other laboratories, were
clustered in the.vislble rerion (Table 1).

Invcstigaﬁors at LARS have used the information gathéred by
t' « ERIM multispectral scanner from =oil test areas 2-6 located in
Indiana to map soil series, organic matter, clay, texture and various
other coil properties from about 3,000-5,000 ft (Al-Abbas et al.,
1972 Bauﬁgardncr et al., 1970; Baumgardner and Staff, 1972; Cipra
et al., 1972 Hérﬁath et al., 1971; Kristof, 1971; Kristof and
Baumjardnér, 19?2; Kristof and Zachary, 1974; Stoner et al., 1972;
West, 1972; Zachary et al., 1972). Soil test areas numbered 2
and 3 are developed in late Wisconsin-age, glacial material including

till, outwash and aeolian soils, located in the central part of
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Table 1. Some KRIM aircralt, multispectral scanner channels used
in research at LARS,
Channel Wavelengsth Range Covercd (0 m) _
Number A¥ B* CH D*
3 JLo- 44 L6~ 49 LLo- L4 J0- L LL
2 JA6- .48 8- .51 L 15 A L6
(50- .52 .50~ .54 .52~ .55 46~ 48
4 6T Se- .57 .55 .58 A48 .50
5 .55~ .58  S4- . 60 .58~ .62 . 50- .52
6 . 58- .62 .58- .65 .62- .66 .52- .55
7 b .61- .70 J66- .72 .55~ .58
8 LO6- 72 L72- .92 .72- .80 .58- .62
g VPR B 1.00-1.40 © .80-1.00 .62- .66
10 .8@-1,00 1.50-1.80 1.00-1.40 .66~ .72
11 1.00-1.40 2.00-2.60 1.50-1.80 .72- .80
12 1.50-1.80 2.00-2. 60 .80-1.00
13 2.00-2.60
A*  Baumgardner and Staff. LARS, Information Note 012672;

Baumzardner and Kristof, Lars Print 102372.
Stoner, Baumgardner, Anuta, and Cipra, LARS Print 1113?2.

Zachary, Cipra, Diderickson, Kristof, and Baumgardner, LARS
Print 110972; Al-Abbas, Swain, and Baumgardner, Soil Science,
114(6) :478; Horvath, Montgomery and Van Zile, Indiana Academy
of Science, 80:479; Baumgardner, Kristof, Johannsen, and
Zachary, LARS Information Note 030570.

Kristof and Zachary, Photogrammetric Engineering, 40(12):
1428,

e __?'.ié
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[ndiana in Morgan County. Soil test areas &, 5, and 6 are located
in Tippecanoe County, Indiana, arnd have soils devclopcd. in 18 to
36 inches of silt overlying glacial till,

The wavelencth bands in which spectral reflectance data was
collected with the ERIM multispectral scanner seem to have been
chosen withoul, regard to findings of Bowers and Hanks (1965),
Condit (1970), or Hunt and Salisbury (1970) who sugrested certain
wavelensth bands in the infrared might offer more information about
coil properties than bands in the visible region. Notice the
majority of bands chosen in the visible region (<.72 Wm) versus
the number of bands in the near infrared (Table 1). The wavelength
rerions most sensitive to water (1.4 and 1.9 ym), hydroxols (2.2 ¥m)
and orpanic matter (.7-1.3 um) are often separated or partially
recorded.

Even though the multispectral scanners vere not set to measure
the spectral regions that are most affected by soil properties,
the attempts at mapping soil series has been demonstrated as some-
what successful by Zachary et al. (1972), Kristof and Zachary (1974)
and “ipra et al. (1972). One of the problems mentioned in these
studies has been the inability to distinpguish between sandy soils
and ©ilt loam soils when they are light colored, possibly because
the water absorption bands are scanned separately with some loss
of information when only one of the channels sensitive to water

are used in the analysis to classify the soils.
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Others have ablempled Lo elissily soils other than by series,
cmeh s vepebaled and non-vepelated soils, soil color (Kristof,
1971), different parent materials and crosion classes (Mathews
et al., 1973), ana engineering properties (West, 1972). Kristof

_concluded from his preliminary study of 5oils in Morgan County,
Indiana, that actual surface moisture, crosion, organic matter
~onteat and surface rougshness factors would have greatly aided the
interpretation of the data. It seemed to others that if these
items: would have aided the interpretations of field data, that
these items could possibly be mapped using the spectral data
fathered. Mathews et al, (1973) found this could be done somewhat
successfully in their study in southeastern Pennsylvania. The
s0ils that had developed in sandstone parent materials were
correetly identified 966 of the time while other soils developed
in alluvium were correctly identified 55% of the time. When West
(1972) attempted to classify sandy floodplain soils versus till
plain soils, 76% correct discrimination was made between the two
s0ila, So attempts at soil classification with remote sensors looks
promising but accuracy is not as high as hoped.,

In an attempt to determine which soil properties affect the
spectral reflectance curves of soils in the field, investigators
ceasered the eifect of altitude on mapping soil organic matter,
related organic matter and clay content to the multispectral
radiznze of soils, and measured the effects of organic matter on

the multispectral properties of soils (lorvath et al., 1971; Al-Abbas
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ol al., 1972; Baumgardner et al., 1970). But, again notice the
lack of chosing wavelength bands (Table 1) sensitive to soil
properties supgested earlier by Bowers and Hanks (1965), Condit
(1970) and Hunt and Salisbury (1970).

All of these studies used multiple regression analysis to
aetermine the strength of the relationship between spectral response
and the soil property of interest. Horvath et al. (1971) found the
miltiple correlation coefficient to be .76 when using all 12 channels
and Lhe spectral data collected at 5,000 feet. The channel most
highly correlated with orsanic matter was .72-.80 pm. Baumgardner
ct al. (1970) found correlation coefficients of .74 for organic
carton content and spectral response using linear multiple regression
analysis,  They also sugeested that a linear relationship may not
b valid bul i quadratie relationship might be valid over the range
ol orranic matter utilized, and above and below 2 percent organic
matter there is a difference in the slope of the curve,

In a later study with the same data, Al-Abbas ot al. (19?2) were
able Lo increase the rz values for organic carbon versus spectral
recponse from L 526 to L 500 with a sccond order quadratic., When it
dias ppplicd to perceni clay versus spectral response at 1.00-

1.40 wm, the quadratic increased the % from .405 to .505. They suggest
bral Lhe relation-hip between clay content and relative reflectance
i not clearly defined and might be secondary as a result of the

hirh correlation of organic matter and clay content,
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In o different sbudy area similar to Lhe one Just mentioned,
Raumerardner and Stalf (1972) found the corrclation coefficient
bobween orpanic matter and spectral response to be .70 after geometric
corrcebion of Lhe data was made,  Based on their study, three channels
in the visible (.55-.58 wm; .62-.66 ym; .66-.77 ym) and one channel
in the infrarcd (,80-1.00 ym) gave these high correlation coefficients,

Giher attempts have been made to increase the accuracy of
mappine 50il properties. One such attempt used ratios of selected
waveleneth bands.,  Vincent and Thomson (1971) found that if the
roflectance measured in a band located at 11.5-13.0 wm was divided
into the reflectance from 8-11.5 ym, the ratios would permit the
recosnition of silicate minerals as a group from most non-silicate
tar~ets. Once the silicates had been scparated from non-silicates,
the qmonnt of silica present could be measured by using the ratio
from the reflectance at 8.2-10.9 vm divided by the reflectance
at 9.4-12.1 um,

Dillman and Vincent (1974) found that ratio images and
multigpectral recognition maps produced from ratio inputs to statis-
tical recopgnition theory have been found to be useful for geologic
remote sensing, Spectral ratios are useful because they 1) enhance
the contrast between targets which have interesting spectral
reflectance curves; 2) suppress or reduce illumination variations
across the scene; and 3) permit acceptable correlations between
speciral ratios calculated from field reflectance spectra and

laboratory reflectance spectra.
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Using the advantage of ratioing to suppress unwanted atmospheric
.nd solar varialions, Vincent and Pillars (1974) studied 211
laboratory samples of rocks, minerals, soils, and vegetation to
celect optimum channels to be used in the Skylab S5-192 multispectral
scanner. After studying the ratios they found that three of the top
four channels (2.10-2.3%, .93-1.05, .45-.50 and 1.55-1.75vm) for
mapping rocks, soils and minerals are beyond the infrared spectral
ranse (.9 wm) of photographic film. It was also noted that using
the top four ratios (.77-.89/.60-.65, .50-.55/.45-.50, .93-1.05/
. 54-.60, 1.15-1.28/1.03-1.19 1 m) the soils were easily confused with
Lhe veretation samples. This is somewhat difficult to understand
~ince ithe spectral curves for several green plants illustrated by
Hoffer and Johannsen (1969) show there is very little absorption
by leaves (Fig. 11) in the three infrared bands selected by Vincent
and Pillars which lie between .77-1.28. However, the denominators
of these ratios fall within the chlorophyll absorption bands of the
visible region possibly accounting for part of the difficulty.

Baumgardner, Kristof and Melhorn {1972) found ratioing of three
vands of the 4 ERTS bands to be very useful in mapping six soil
ascociations from ERTS-A remotely sensed data. A problem in the
interpretation of the spectral reflectance of soils that was not
corrected by ratioing, was the use of uncorrected relative reflectance
fliure for classification as described by Kristof and Baumgardner
(1972). 1In mapping the changes of multispectral soil patterns with

incrensing crop canopy, the use of uncalibrated data led them to the
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opposiLe conclusion from Hoffer and Johannsen's (Fig. 12). They stated
thal since non-vegetated soils absorb relatively little energy in

Lhe visible spectrum and relatively more in the infrared spectrum,
the highest ratio values were in the bare soil when dividing the
reflectance from .58- .62 nm by the reflectance from .80-1.00 pum,

An atbtempt to avoid thic type of error was maﬁe in a study by

Stoner ot al. (1972). They calibrated the ERIM multispectral scanner
by the use of reflectance panels placed in close proximity to the
+11lt lomm plots studied. When the scanner data was calibrated by

the use of these panels the cpectral curve of the bare soil plots
took Lhe shape described by Bowers and Hanks (Fig. 3) and others.

The compuler programs have been successfully developed which
vnable researchers to use automatic data processing in the classi-
fication of soil properties.. With the approaches taken £0 correct
scanner data and the use of ratios the accuracy of m#pping soil
properties 1is still not as great as many of the researchers cited
would like. My study is approached with the information provided
by the basic researchers, Bowers, Hanks, Hunt, Salisbury and others
in mind., HReports have been presented showing the spectral character-
isties of organic carbon in soils before and after oxidation and
the effects of soil moisture on the spectral response of clays,
cut oo one has otudied the specific interaction between soil
moloture and oreanic carbon in soils controlled moisture levels
and identiiy the wavelength bands most affected, That is the

purpose of this thesis.



Fig. 12 - Percent reflectance vg,

wavelensth of incident radiation for
leaves and water (from H

offer and Johannsen, 1969),
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MATERIALS AND MEETHODS

I. Soil Sample Selection

One of the objectives of this study was to determine how much
of the variation in spectral responses of soils could be explained
by Lheir orranic carbon content. To make this determination, soils
ot Lhe study arca were chosen to represent a wide range in organic
content,

The Tippecanoe County Soil Survey Report, soil survey laboratory
data, and profile descriptions (Forms SCS-421) were studied for
estimates of the orpanic carbon contents in soils of the study area.
Black and white aerial photos were used along with the soil survey
report to locate the sample areas. Each sampling site, a 4 square
meter (2 x 2) area, was sampled to a depth of approximately 3 cm
with o flat shovel. All of the soils except two were collected
from &n arca within 8 miles east of the Tippecanoe-Benton and
Tippecanoe-Warren County lines and north of the Wabash River.

The soils in the study area were formed on the upland loess
( 40 inches) over Wisconsin-age, calcareous, loam till., The soils
were clanssified as Udolls, Udalfs, Aqualfs, or Aquolls,

The orsanie carbon content in these surface soils (Ap Horizons)
ranged from .60-3.33% and the textures predominately silt loam

or silty clay loam . (Table 2).



Table 2.

Information on the Soil Serics.

L6

Parent Surface Taxonomic
Goil Series  Material Catena  Textures Drainage  Classification
Prairie
Sidell loess over Sidell sicl  well Typic Argiudoll
Dini Joam till sicl  moderately  Typic Argiudoll
well
Raub sicl somevihat Aquic Argiudoll
poorly
Chalmers clie very poorly Typic Argiaquoll
Romney sicl  very poorly Typic Argiaguoll
Forest
Rusgsell Russell il well drained Typic Hapludalf
Yincastle sil somewhat Aeric Ochra-
poorly qualf
Delmar sil poorly Aeric Ochra-
qualf
Brookston sic very poorly Typic Argiaquoll
Kokomo sic very poorly Typic Argiaquoll
Prairie .
Parr loam till Parr sicl  well Typic Argiudoll
Coruin sicl  moderately Typic Argiudoll
well
Odell 1 somewhat Aquic Argiudoll
poorly
Chalmers sic very poorly 5
Romney sicl  very poorly Typic Argiaquoll
Forest
Miami Miami sil well Typic Hapludolf
Crosby sil somewhat Aeric Ochra-~
poorly qualf
brookston sic very poorly
Kokomo sic very poorly
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II. Thysical Characlerlislics of the Soils

The organic carbon content of the 15 surface soils (Ap Horizons)
wng measured by three commonly used wet combustion methods, Allison's
method of total carbon (Allison, 1965), Mebius' method for organic
carbon (Mebiug, 1960), and the Walkley-Black method for easily
oxidizible orranic carbon (Allison, 1965). Since all are frequently
used, it was felt that all three methods should be compared using
these soils (Appendix A).

The Allison method measures all the carbon present in the soil,
both the organic and the inorganic (carbonates) forms. To test
ror carbonates the soil samples were treated with 4N HCl, a procedure
surrested by Allison (Allison, 1965), and no carbonates were detected.
Therefore, the values debtermined by the Allicon method were taken
an the total orsanic carbon content., The sample containing
approximately 30 mg C 1s mixed with 1 gram of potassium dichromate
and then 25 mls of a 60:40 mix of sulfuric and phosphoric acids
is added. The 002 evolved from the reaction is trapped in Ascarite
and weighed glving results similar to those obtained by dry combustion.

The Mebius method (Mebius, 1960) involves the direct titration
of =surplus potassium dichromate with Mohr's salt solution after
applyling external heat and using reflux condensers. This is
reported to give results practically identical with those of the

dry combustion method and carbonates, if present, do not interfere.
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The Walkley-Black method (Allison, 1965) is essentially
identical to the Mebius method, except the Walkley-Black method
doesn't call for heating the sample externally nor the use of the
reflnx condensers.  According to Allison it determines the easily
oxidizable orpanic carbon.

The noil camples were air dried and crushed by hand to pass
all the soil through a 2,33 mm sieve., Each sieved sample was then
subsampled using a Cenco Soil Sample splitter., One subsample,
approximately 900 prams, was hand crushed using an arate mortar
and pestle (when necessary) to pass a 42 mm sieve. The other
subsample was cround to pass a 149 mm sieve using a motor driven
arate mortar and pestle. Each of the three organic carbon analyses
were then performed on the .42 mm and .149 mm sieved soils.

The texture of each soil was determined by mechanical analysis.,
The clay fraction was determined by the hydrometer method (Bouyoucos,
1902) and the sand fraction was sieved using a .05 mm sieve,

dried and wedgshed,

A Molstuee Fpadibbeation o Lhe Soll Samples

To determine how much of the variation in spectral reflectarnce
of noilscould be explained by thelr water content, subsamples from
¢ch ~oil (approximately 130 srams) were equilibrated at two
moisture: tensions; 1/3 bar (4.9 psi) and 15 bars (220 psi). After
beins allowed to equilibrate 48 hours, the sumples were spectrally
measured in the laboratory using a field spectroradiometer

(Exotech 20C), weighed, oven dried and reweighed to determine percent




water at ecach tension and the oven dried 1/3 bar samples were measured
This resulted in spectral measurements of each soil at three moisture
Lensions.  The spectral reflectance curves tor each soil sample at
1/3 bar and oven dry were from the same sample because it was desir-
+ble to have the same surface roughness on all samples spectrally
measured,

4Air-dried samples were placed in rubber rings 2 cm deep and
10 em in diameter and then saturated with water for 16 hours and
oquilibrated at 1/3 bar in a pressure plate apparatus for L8 hours;
Separate air dried samples were placed in similar rubber rings,
saturated and allowed to equilibrate at 15 bars in a pressure
membrane apparatus for the same length of time as thé 1/3 bar
samples. All samples were later oven dried at 105°C for 48 hours
in a forced air drying oven and exposcd to the atmosphere only

during spectral measurement (2 minutes).

IV. Spectral Measurements of the Soils

After the soils had equilibrated at the desired moisture tension,
they were spectrally measured indoors over the range from .53 microns
to 2.32 microns using a field spectroradiometer (Exotech 20-C)
vwith collimated illumination provided by a specially housed General
Blectric AW lamp andg a spherical mirror (Fig. 13). The spectro-
vadiometer has o chort wavelensth head (.3?~2.5 Um) and a long
wavelensth head {(2.8-14 1m). The short wavelength head was used
and has two detectors. The silicon detector covers the wavelength

0.35 to 0.70 ym and the lead sulfide detector uses a circular



t

Fig. 13 - Diagram of Exotech 20-C lab

oratory set up (from DeWitt and
Robingon, unpublished).
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variable filter to cover two wavelength ranges, 0.65 to 1.30 ¥m
and 1.25 to 2.5um (Cipra, Silva and Hoffer, 1971) .

To calibrate the instrument, pressed Barium Sulfate, a perfect
diffuger, is measured spectrally. After every fifth sample, the
stanaard, Barium Sulfate, is measured and the ratio of the
sample response to the standard is multiplied by a correction
actor, to correct for changes in sensitivity of the detector.

The ratio can be converted to percent reflectance by multiplication

Ly pi (n) if two assumptions are true; (1) the standard is a perfect
diffuser and (2) the sample is a perfect diffuser (DeWitt and Robinson,
unpublished). If both assumptions are not true then multiplication

hy n is still the best estimate and the result is called the
reflectance factor. If the ratio is not converted to percent
reflectance the ratio is referred to as Rho-Prime (P') and is the

unit accepted by the National Bureau of Standards for energy being

neasured,  The relationship between percent reflectance and P'
it a5 follows: 100% reflectance is equal to " times P', 31.8 for
Bariem Sulfate. The values recorded consist of six complete scans

covering the entire wavelength range measured and when these values
are digitized and processed,the average of these six scans are
reported as P

Phe hirh intensity lamp used for inlab experiments has different
properties than colar radiation (Fig. 2). There are several bands
in the infrared region that reflect little solar energy due to absorption
by water in the atmosphere, but the lamp has energy in these.bands so

cxtrapolation of laboratory results to the field must be made carefully.
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RISGULT AND DISCUSSLON

The measured physical properties of the soils used to explain
the: variation are presented in Table 3. The organic carbon content
of the samples ranges from . €0 to 3.33% with no clustering of data
and . mean of 1.5%% by the Allison method using soil crushed to 0.149
mm diameter. The textures were predominantly silt loams and silty
clay loams as seen in Table 3 with a mean of 14.2% sand, 55.4%
silt, and 30.4% clay. These samples are representative of .mid-
western soils developed in loess over glacial till, but the inter-
pretations are somewhat limited in many soil regions because of the
limited textural range. Moisture has been shown to dominate the
spectral reflectance of soils over the electromagnetic spectrum
from .38 ym to 2.5 pm (Lindberg and Snyder, 1972), therefore
neasurcments were it three tensions of agronomic interest; oven
dry, 1/3 bar and 15 bars. Percent water by weight (dry weight
basin) is reported in Table 3 with a mean of 10.5% retained by
these 5olls at 15 bars and a mean of 27.73% at 1/3 bar.

The physical properties affect the spectral reflectance
(Mn-sell color notatlons) in the visible repgion as can be readily
se:ns in Table 3, especially organic carbon content and moisture.
The Munccll color notations of these soils show a general trend of
lighter values with decreasing organic carbon content when the samples

are air dry, bul when moistened they order themselves almost
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perfectly from darkest to lightest values with decreasing organic
carhon content, Molisture affects Munsell color values most often
and chromas next arrecing with Shields et al. (1968).

Continuous spectral curves were recorded on magnetic tape
(Exosys Tape No. 3122, Run Numbers 74312300-74334000, experiment no.
7100001, Laboratory for Application of Remote Sensing, West
Lafayette, IN) and analysis was conducted by breaking thesecontinuous
spectral curvesinto narrow segments or bands. The results of pre-
vious experiments at LARS (personal communication with Jan Cipra)
led to the selection of 57 bands, .03 and .04 ym wide for use in the -
analysis.

A representative sample of the spectral reflectance curves
is that of Brookston silty clay loam (Figure 14). The first segment
15 the section scanned by the silicon detector, the second and
third serments are scanned by the lead sulfide detector with the
circular variable filter rotating in front of the lead detector.

As vilth any recording instrument the data recorded at the extreme
ends of any segment are not as accurate as the center section, so
the datn nearest those changes was not used.

All the samples measured have a shape similar to that of
mortmorillonite as shown by others (Hunt and Salisbury, 1970;
Lindters and Sayder, 1972; Mathews, 1972), and the overall spectral
reflectance increases from the visible to the infrared wavelength
resions as oupmested previously (Bower and Hanks, 1965; Mathews,

1972).
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In assessing the effect of the soil properties on the spectral
response a stepwise, forward selection, multiple regression program
was used (STEPR). The average cpectral reflectances (P'") from two
replications oi each soil in. every band was ﬁsed as the dependent
variables and the soil properties the independent variables. The
coclTicient of determination (rz) was then plotted on the ordinate
and the band widths on the abscissa as in Figures 15 through 21.

The experiments were designed to study the effects of soil
orsanic carbon content and moisture on the spectral reflectance
properties of soils. It was first proposed that different methods
of determinins percent organic carbon might have a significant affect
upon the regressién of organic carbon versus spectral response. This
i5 of concern since the three methods used are commonly used in soil
analysis. There was no significant difference among the three methods
in explaining the variation in spectral response as shown in Table L,
The values obtained from .149 mm soil by the Allison method will be
the organic carbon values discussed in the rest of this paper.

In attempting to describe which wavelength bands are affected
most by the soil property measured, single regression analyses were
made with spectral response versus each soil property. Figure 15
has three curves showing ihe r2 values (of organic carbon versus
spestral reflectance) ab each wavelength band, each curve representing
one of the three moisture levels. Organic carbon explains the
variation in spectral reflectance most effectively when the soils
are oven dry and least when they are at 15 bars. I expected the rz
valucs for the 1/3 bar to be lower than the 15 bar values because

the spectral reflectance at every wavelength measured decreases



Fig. 15 - Coefficients of determination vs. wavelength for organic
carbon and spectral reflectance at each moisture level,
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Table 4. CooiTicients of delermination for each orsanic carbon method
vs, oven dry spectral reflectance for 10 wavelength bands,

Coefficicnts of Determination (%)

Band Allison Mebiug Walkley-Black
Width L1149 mm* 42 mm 149 mm 42 mm 149 mm .42 mm
.90- .93 . 802 .783 774 .765 .828 .803
.93- .96 .801 .780 .770 759 .835 . .800
.96-1.00 .807 . 786 .778 . 763 . 843 .805
1.00-1.03 .821 .798 . 791 JIP6 .853 .819
1.03-1.06 .819 . 796 . 789 B gl .852  .817
1.06-1.09 .823 799 791 ST .858  .819
1.09-1.12 .823 .798 . 794 777 . 861 .821
1.12-1.15 .822 795 . 796 <775 . 864 .821
1.15-1.18 .823 .79k . 796 . 781 .862 .823
1.18-1.22 .827 . 799 «799 . 787 .863 . 827

Values used in Figure 16,
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45 the amount of water increases (Fig. 14), therefore having less
variation in cpectral response to be explained. This is true when
only the amount of water present is used to explain the variation

in spectral reflectance (Fig. 16), however, this reasoning is
supported only in the water absorption bands (1.4 and 1.9um)

when using just the organic carbon percentapges. This indicates

that even though the variation is reduced by increasing amounts of
vwater, orpanic carbon effectively explains the variation in spectral
reflectance of noils at the same moisture level especially from
.90-1.22u m,

At least 62% of the variation in spectral response (15 bars)
can be explained by organic carbon and up to 82% (oven dry) at
best, indicating the band from .90-1.22 ;ym should be the best
spectral region to use in field studies to map organic carbon
contént. This band, in previous field studies, has been split at
1,00y m (Table 1), if the entire band (.90-1.22u m) had
been measured, the results of Horvath et al. (1971), Baumgardner
et al. (1970), Al-Abbas et al. (1972), and Baumgardner and Staff
(1972) misht have had higher percent correct identificiation of
orrunie matter contents. The spectral curves presented by Mathews
(1972) and Power and Hanks (1965) of soils before and after oxidation
of ormnic carbon with hydrogen peroxide show the widest distance
wvetween the cpeciral response curves before and after treatment
at the resion .90-1.22 ;m (Figs. 9, 10).

Lindbers; and Snyder (1972) stated all the reflectance minima

(abnorption maxima) shown by the reflectance spectra of kaolinite




3

Fig, 16 - Coefficlients of determination vs. wavelength for water
and spectral reflectance at each moisture level,
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(¥ijs. 9) and montmorillonite (Fig. #) in the near infrared can
readily be accounted for by comparison with the reflectance spectra
for water (Fig. 12). This statement describes the reflectance
spectra of montmorillonite but not kaolinite (Fig. 5) because of its
limited absorption of water, notice the lack of absorption at 1.9 pym

which must be occur if water is preaent.  The spectral reflectance

cr

~urve in Figre 14 suscests montmorillonite is the dominant clay

in the samples of this study. {lgure 16 shows that the absorption band
i 1.9 pm for sampies at 1/3 bar water explains less of the varia-
tion in spectral response than any other region in the infrared.

Since all soils in the field are not at the same moisture content

due to other factors, this would be a band to avoid in attempting

to map surface moisture content of soils. Or possibly it may be of
value as a denominator or numerator in using ratios to aid in

mapping the surface moisture of soils, because it is difficult to
determine if water is present if both the 1.4 and 1.9 pm reflectance
values are not used.

Clay and the amount of water held are highly correlated in these
samples (L80).  In Figure 17 the 1/3 bar r? values explain more
variation in spectral response than 15 bar or oven dry samples.

The lou r2 values are due to little variation in the spectral curves
of the vamples at 1.9 ym because of the strong absorption of energy
Leavens 1itile variation to be explained., Whereas Figure 16 gave
little indication which rerion would offer the greatest amount of
orplanalion in the varialion of cpectral response of the samples,

Figure 17 docs.  Since not all soils in the field would be expected




OO

Fig, 17 - Coefficients of determination vs. wavelength for clay and
spectral reflectance at each moisture level.
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; o 2
L cedic moisbure conieni, the highest r~ values at all

Lo B oal 4
moisiure levelswould be Lhe repgion from 1.4-1,9 pym., To say whether

clay Lype or waler could be mapped is somewhat insipgnificant, since

for a rriven clay the amount of water capable of being held is

determined by the amount of clay present. For these predominantly
montmorillonitic soils, the band from 1.4-1.9 pm would be expected

‘o ive the best results in mapping clays or moisture of surface

~0ils as indicated by Lindberg and Snyder (1972) and Bower and

Hanks (1965).

Firures 18 and 19 indicate that the other two constituents of
texture don't explain much of the variation in the spectral response
of these soils. This can be explained by the fact that these soils
are predominantly silty and don't have much sand in them and the
samples were not selected to obtain a wide range of textures.

These findings disagree with Mathews (1972) and Montgomery

and Baumgardner (1974), however. I will attempt to explain the
difference in Montgomery's findings but can offer no explanation of
Mathew's findings since I have no access to his original data.

When examining Montgomery's spectral curves, it becomes evident
that not all the samples of the same order have the same type of clay
cinee the shapes of the curves are different. But, looking at the
courves that are similar in shape, the amount of orpanic carbon
present, in the campleo generally explains the overall percent reflectance
at any wavelength, If the organic carbon content is high, the entire
spectral curve for that cample has the lowest percent reflectance,

ote, This is true as long as the percent silt is about the same,
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Fig. 18 - Coefficients of determination vs., wavelength for silt
and spectral reflectance at each moisture level,




70

V3 BAR\
15 BAR—”

\
Y
-\—"\‘.: '

OVEN DRY
TN
S

2.5

2.0

1.5

WAVELENGTH, p

1.0

Fig. 18



Fig. 19 - Coefficients of determination vs, wavelensth for sand
and spectral reflectance at each moisture level,
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but il the percent silt varies greatly so does ranking of the spectral
curves as Monigomery's work indicates. His data indicates that if
two similarly shaped spectral curves of =0ils have the csame organic

carbon content, the snil with the

amannd af
he grea st e v i1

aanGun
hirhoot reflectance. This may be due Lo an increase in the amount of
surface area and a resulting thinner coat of organic carbon as the
amount of sand decreases and silt increases. As the thickness of
the orranic carbon coating is decreased the amount of spectral
enerpgy reflected increases. So when dealing with soils varying more
in silt than in organic carbon or clay content, the variation in
spectral response can best be explained by the amount of silt.

Figure 20 shows the amount of variation in spectral response
that can be explained when all the soil properties measurea, exdept
sand, are entered into the multiple regression. Water enters the
multiple regression first followed by organic carbon.at the 1/3
bar moisture level. Whereas at 15 bars, the organic carbon enters
first from .53 to 1.15 um followed by silt and from 1.31u m to
2.32 ym clay enters first followed by organic carbon and silt.
ihe resression of oven dry soils which contain no measurable water,
organic carbon enters the multiple repression fellowed by silt and
then clary,  Sand wac not used in the mailtiple repression because
when entoered, 1L cimoed Lhe singularily of the matrix.,

diih all Lve ftems bub sand in bhe mulliple rerression (Fig. 21)
Y7 to 934 of ihe variation in spectral response was cxplained indica-

Ling the best that could be expected with the properties measured.
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Fig., 20 - Multiple coefficients of determination vs. wavelength for
organic carbon, silt; clay, water and spectiral reflectaice
at each moisture level.
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Fig, 21 - Multiple coefficients of determination vs. wavelength
for organic carbon, silt, clay, water and gspectral
reflectance. )
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SUMMARY

By measuring certain physical properties of fifteen soils typical
ol Misconsin-ared, glacial till soils capped with less than 60 inches
of loess in Indiana, the variations in spectral response in the
Iaharatnry were explained. Spectral reflectance measured with the
Exotech 20-C can be significantly explained by percent moisture,
orranic carbon, and clay content of these soils. The soils studied
were predominantly silty with a range of organic carbon from .60
to 1.33%. The moisture content of the soils was controlled by use
of the pressure membrane at 15 bars, pressure plates at 1/3 bar,
and oven dried at lOﬁUC for 24 hours in a forced air dryer. The
moisture of the samples was equilibrated, and then illuminated
artificially by a General Electric DXW lamp and spectrally measured
from .53umte 2.32 1m with Exotech 20-C.

The interpretation of the results allows me to suggest three
vavelength bands widths for use in the field in an attempt to
classify surface soills and increase the accuracy in mapping them
by multispectral scanner techniques.

1. To map orsanic carbon use the band from .90 to 1.22 um.

2. To map water content use the band from 1.50 to 1.73 um.

3. To map clay use the band from 1,50 to 1.73 unm.

The amount of moisture present affects the spectral response of soils

the most followed by organic carbon content, percent silt and then



sorcant olay with midtinle regrescion analysis,
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