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Abstract 

Eighty-one benchmark soils from Alabama, Georgia, Florida, 

Tennessee, and Mississippi were evaluated t o  determine the feasi- 

bil i ty of spectrally differentiating among soil categories. 

Relationships among spectral properties t h a t  occur between soils and 

within soils were examined, using discriminant analysis. Soil 

spectral da ta  were obtained from air-dried samples using an Exotech 

Model 20C field spectroradiometer (0.37 t o  2.36 urn).  Differentiat- 

ing  among the. orders, suborders, great groups,  and subgroups using 

reflectance spectra achieved varying percentages of accuracy. S i x  

distinct reflectance curve forms were developed from the air-dried 

samples based on the shape and presence o r  absence of adsorp t ion  

bands. Iron oxide and organic matter content were the dominant soil 

parameters affecting the spectral characteristics for differentiat- 

i n g  among and between these soils. The reflectance response of  

Alfisols, Inceptisols, and Entisols i s  predominantly influenced by 

iron oxide. These soils have a concave character in the 0.5 - 
0.8 1.1 m region and a higher reflectance throughout  the 0.5 - 1.8 1.1 m 

region. The U1 ti sol s and Mol 1 i sol s are predominately affected by 

organic matter content. The reflectance response i s  lower and they 

have a concave character i n  the 0.5 - 0.8 1.1 m region. The Spodosols 

show evidence of organic matter influence in the 0.5 - 0.8 1.1 m region 

and the characteristic water adsorption bands are almost 

indistinguishable in these soils. 
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INTRODUCTION 

The general ob jec t i ve  o f  t h i s  study was t o  develop t ime-saving and 

cos t -e f fec t i ve  remote sensing techniques capable o f  de l i nea t ing  s o i l s  i n  

a manner which would serve t o  expedi te the  prepara t ion  o f  s o i l  surveys. 

This general ob jec t i ve  was t o  be addressed through f o u r  s p e c i f i c  

ob ject ives,  which were as fol lows: 

1. 

2. 

3 .  

4. 

I d e n t i f y  s o i l  parameters o f  importance i n  s o i l  mapping u n i t  

de l i nea t ion  which can be co r re la ted  w i t h  spec t ra l  s o i l  p roper t ies .  

Q u a n t i f y  the  ex ten t  t o  which f i e l d  cond i t ions  (sur face roughness , 
a1 t e r  the  spect ra l  vegetat ion cover, moisture d i f fe rence,  etc.)  

response o f  surface s o i  1s. 

Determine the  e f f e c t  o f  wave band se lec t ion ,  

wave band on the  co r re la t i on  o f  spec t ra l  r e f  

parameters. 

Provide a body of knowledge and i n t e r p r e t i v e  

wave bandwidth, and 

ectance w i t h  s o i l  

s k i l l s  which w i l l  

render remote mul t i spec t ra l  sensing a more valuable t o o l  f o r  s o i l  

survey. 

These ob jec t ives  were t o  be accomplished v i a  a three-phase 

approach: Phase 1-Laboratory study: Phase 11-Fie ld  Study: and Phase 

111-Correlat ion Studies w i t h  S a t e l l i t e  Imagery. However, as a r e s u l t  o f  

budget cu ts  and a change i n  the  research ob jec t ives  o f  the  funding 

agency t h i s  p r o j e c t  was terminated a f t e r  the  f i r s t  year o f  funding and 

phases I1  and 111 could not be completed. 

This r e p o r t  i s  a sunnnary of the  work t h a t  was completed and 

discussed i n  the  annual r e p o r t  (ACARS CONTRACT REPORT #013186) and i n  a 
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manuscript entitled "Assessment of spectral characteristics for differ- 

entiating among soil categories in the southeastern Uni'ted States. The 

manuscript has been submitted to the Soil Science Society of American 

Journal and is currently under review. 

MATERIALS AND METHODS 

Eight-one soil samples, representing the surface horizon. of 

eighty-one benchmark soils from the southeastern United States were 

utilized in this study (Soil Survey Staff, 1972). The soils were 

randomly selected from the pool o f  benchmark soils of the southeastern 

U. S., which resulted in samples from six soil orders and several 

suborders, great groups, and subgroups (Table 1). The standard sieved 

soil fraction (5 2mm) was used for laboratory determination of the 

spectral properties. Reflectance measurements were made on air-dried 

samples held in large (10-cm diam) sample holders. Spectral 

bidirectional reflectance factors (Nicodemus et al., 1977) were measured 

with an Exotech Model 2OC spectroradiometer (Learner et a1 ., 1973) 

adapted for indoor use with a reflectometer equipped with an artificial 

illumination source, transfer optics, and sample stage. Spectral 

readings were taken in 0.01 increments over the 0.45 to 2.36 m wave- 

length range. A 1,000 watt tungsten-iodide coiled filament lamp and 

paraboloidal mirror provided highly collimated incident irradiation 

similar to that of solar illumination. Pressed barium sulfate was used 

as a calibration standard to account for fluctuations in intensity of 

the illumination source (Robinson and Biehl , 1979). The spectral data 

were separated into seventeen wavelength intervals or band widths, 

which coincided with the band widths of the Thematic mapper (TM) and 

SPOT Satellites. 
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The s p e c t r a l  da t a  were organized i n  a databank and analyzed s ta t is-  

t i ca l  l y  us ing  d i sc r iminan t  ana lyses  (Ray, 1982). The d i sc r imina t ing  

v a r i a b l e s  (wavelength i n t e r v a l s  o r  band widths)  a r e  used d i r e c t l y  i n  the 

a n a l y s i s  o r  a s e l e c t  number o f  the v a r i a b l e s  a r e  used a s  determined 

through a s tepwise  method. The  s o i l  samples of the Ultisols and 

Alfisols s o i l  o rde r  were l a t e r  d iv ided  i n t o  databanks con ta in ing  

suborders ,  g r e a t  groups, and subgroups such t h a t  the  d i sc r iminan t  

f u n c t i o n s  could be appl ied  t o  each category ind iv idua l ly .  

RESULTS AND DISCUSSION 

S ix  d i s t i n c t  r e f l ec t ance  curve forms were produced from the 

a i r - d r i e d  samples, based on t h e  shape and presence o r  absence of  water 

and i r o n  oxide absorption bands (Fig.  1 ) .  The curve forms are 

considered c h a r a c t e r i s t i c  of the s i x  s o i l  o rde r s  used i n  this study. 

The  sharpness o r  broadness of  the water  adsorp t ion  bands (1 .4 pm and 1.9 

u m) is  a t t r i b u t e d  t o  t h e  presence o r  absence of  hydoscopic moisture  

around the s o i l  aggregates.  The A f l i s o l s ,  I n c e p t i s o l s ,  and E n t i s o l s  are 

p r i m a r i l y  a f f e c t e d  by t h e  i r o n  oxide con ten t  and are s i m i l a r  t o  the 

i ron -a f f ec t ed  and minimally a1 t e r e d  curve forms o f  S toner  and 

Baumgardner (1981). The r e f l e c t a n c e  responses of  t h e  s o i l s  shows .a 

convex c h a r a c t e r  i n  the 0.5 - 0.8 pm region. They a l s o  have a h igher  

response throughout the 0.5 - 1.8 pm region. The Mol l i so l s  and U l t i s o l s  

a r e  predominantly a f f e c t e d  by o rgan ic  matter con ten t  and a r e  s i m i l a r  t o  

the organic-dominated and organic-affected curve forms of  S toner  and 

Baumgardner (1981). They have a concave c h a r a c t e r  i n  the 0.5 - 0.8 IJ m 

reg ion .  The  Ultisols have cons iderably  lower r e f l e c t a n c e  than the o t h e r  

o r d e r s  throughout the 0.45 - 2.4 vm region. The  Spodosols show evidence 



W 
0 
0.48 ' 0.62 ' 0.72 ' 0.95 ' 1.22 ' ' 

m 

-- \o Spodosols 

Water 
\bsorptio 

Wavelength ( IJ ) 
Figure 1. Representative reflectance spectra of  six 

soil orders obtained from air-dried soil 
samples. 
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of  organic  matter influence in the 0.5 - 0 . 8 ~  m region and the water 

absorption bands of these soils are almost indistinguishable. These 

f i n d i n g s  infer t h a t  spectral properties from air-dried soils are  

adequate for separating soils; however, quantitative da ta ,  n o t  visual 

da ta  i s  more useful i n  a classification scheme. The Mollisols and 

Spodosols were accurately differentiated (100%) based on their spectral 

properties, while the Inceptisols, Entisols, Alfisols, and Ultisols were 

differentiated a t  levels of 80%, 75%, 68%, and 55%, respectively (Fig. 

2 ) .  The low percentage levels achieved with the Alfisols and Ultisols 

were attributed t o  the varying percentages of organic matter they 

contained. 

The ability of the spectral properties t o  differentiate Alfisols 

and Ultisols increased when the samples were compared and analyzed 

separately from the o ther  orders ( F i g .  3 ) .  The Ultisols were differ- 

entiated a t  98% which is  an increase of 45%. The Alfisols increased 

12% from 68% t o  80%. The Ultisols and Alfisols were used t o  assess the 

ability of  the spectral properties i n  differentiating among soil samples 

a t  lower categories of the taxonomic scheme. These two orders were used 

because they represented the largest group of samples w i t h i n  each 

category t h a t  could be used for  statist ical  comparison. 

The classification performance for the suborders i s  given in 

(Fig.4). The Aqualfs were accurately differentiated ( loo%) ,  while the 

Udults, Udalfs, and Aquults were differentiated a t  levels of 88%, 71%, 

and 67%, respectively. The classification performance of  the great' 

groups i s  given i n  Figure 5. The Paleaquults and Ochraqualfs were 

correctly differentiated (100%). The Fragiudalfs, Hapludul t s ,  

Paleudalfs, Hapludalfs, Paleudults, and Fragiudul t s  were differentiated 

a t  levels of 84%, 69%, 59%, 49%, 44%, and 44%, respectively. 



13 

8 
I 
8 
1 
8 
8 
1 
I 
8 
8 
I 
u 
I 
1 
I 
B 
8 

0 
v) 

c 
.- 
CI 

v) 

0 
v) 

- 

Figu6 2. Percentage of samples accurately 
differentiated at the order level. 



I 
8 
s 
I 
8 

1 
8 
I 
I 

h 

)a 
4-a 

cn .- 100 3 

Figure 3. Percentage of Ultisols and 
Alf i so Is accurately differentiated . 

I 
I 
a 
E 
i 
I 
I 
I 
8 



1 
1 
U 
1 
1 
I I 
8 
I 
I 
8 
I 
8 
I 
I 
I 
I 
I 

8 
n 

tn 
'c a 
U 
3 

tn 

3 
3 
5 

4-d - 

a I 
Figure 4. Percentage of samples accurately 

differentiated at the suborder level. 

15 



16 

v) 
'c a 
3 
CT 

c i! 
8 

100 
U 
a, 
a 
c 
a, 

CI 

-E 80 
L 
a, - 'c 60 
n 

E 
40 

a, 

2 20 

c 

v) 
'c a 
U 
3 
c1 a 
I 

- 
v) 
'c a 
U 
3 
a, 
a - 
n 

Figure 5. Percentage of samples accurately differentiated 
at thegreat group level. 



The spectral 

subgroups base on 

in comparison to 

properties were better in 

the number of samples that 

the other categories (Fig. 

P1 inthic Paleudul ts, Typic Fragiudul ts , Typic 

17 

differentiating among the 

were correctly identified 

6). The Grossarenic and 

and Vertic Hapludalfs , and 
Typic Paleudalfs were accurately differentiated (100%). The Rhodic 

Paleudul ts, Typic Paleudalfs, and Typic Hapludults were differentiated 

at levels of 85%, 69% and 59%, respectively. 

Table 2 contains results of a stepwise discriminant analysis 

procedure for selecting the best wavelength bands for differentiating 

among the six soil orders and the suborders, great groups, and subgroup9 

o f  the Alfisols and Ultisols. Soil orders are best differentiated using 

wavelength intervals 0.60 - 0.63 urn, 0.76 - 0.90 urn and 1.85 - 1.95 vm. 

The suborders of the Alfisols and Ultisols are best differentiated using 

wavelength intervals 0.60 -0.63 pm, 0.63 - 0.69vm, and 0.76 - 0.90 urn. 

The great groups of the Alfisols and Ultisols are best differentiated 

using wavelength intervals 0.60 - 0.63 v m  and 0.63 - 0.69 v m .  The 

subgroups are best differentiated using wavelength intervals 0.45 - 0.52 
Urn,  0.63 - 0.69 urn, 0.69 - 0.76 vm, and 0.90 - 1.00 vm. 

.The increase in the a-ccuracy, at lower levels of the classification 

scheme, by which the spectral properties were able to differentiate 

among the soil samples is a good indication of the potential use of 

spectral soil properties in identifying soils. This increase in 

accuracy maybe attributed to the number and/or section of the spectrum 

from which the spectral bands or wavelength intervals used in the 

algorithm were selected. Except for the great group category the 

number and/or wavelength interval changed at each level. The bandwidths 

are also narrower in most cases which may result in less interference 

from atmospheric variables, such as C02 and water. 
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Table 2. Results from stepwise discriminant analysis for 
selecting the best portion of  the spectrum i n  
differentiating among so i l s .  

Taxonomic Wave1 ength Wil ks F Prob F 
Category Intervals Lambda 

Entered 
( pm) 

1 

0.60-0.63 

1.85-1.95 
Order 0.76-0.90 0.6798 5.167 0.0264 

0.60-0.63 

0.76-0.90 
Suborder 0.63-0.69 0.5771 2.840 0.0315 

Great Group 0.60-0.63 0.3764 1.475 0.1577 
0.63-0.69 
0.45-0.52 

Subgroup 0.52-0.60 
0.62-0.63 0.0057 2.054 0.0240 
0.63-0.69 

~ ~~ ~ 

'Wilks Lambda i s  close t o  0 i f  the groups are well separated. 
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SUMMARY 

The spectral da ta  and curve-forms presented here were generated 

from air-dried samples, whereas the findings presented by previous 

investigators were generated' using uniformly moist soil samples. The 

most frequently occurring natural  cond i t ion  of the surface soil is 

closer t o  an air-dry state and n o t  a uniformly moist state. Moisture 

tends t o  reduce reflectance i n  a l l  wavelength bands and will result i n  a 

biassed indicator of true soil reflectance. The characteristic 

adsorp t ion  bands t h a t  are commonly used i n  distinguishing spectral 

curve-forms, water and iron oxide, are s t i l l  recognizable using the 

air-dried samples. 

The accuracy achieved u t i 7 i z i n g  soil  reflectance spectra in differ- 

entiating among soil groups, as tested using discriminant analysis, 

proved t h a t  spectral properties of air-dried soils are useful fo r  

differentiating among soil orders, suborders, great groups, and 

subgroups; however, the accuracy achieved a t  each taxonomic level was 

variable. The increase i n  the accuracy a t  lower levels of the taxonomic 

scheme can be attributed t o  the increase in the number of bands entered 

i n t o  the algorithm and the section of  the spectrum they represent. The 

greatest asset of using spectral properties in studing soils l i e  in the 

abil i ty t o  acquire reliable information about the soil which may 

speed-up the classification process o f  an uncharted area. Knowing how 

dry conditions affect the spectral properties are  important  i n  supplying 

needed' information t o  the classifier. This study has attempted t o  

address t h a t  issue inorder t o  more fully u t i l i z e  a l l  of the tools 

available for  classifying soils. 
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