
SPECTROPHOTOMETRIC MEASUREMENT OF SOIL COI,OR AND

ITS REI.ATIONSHIP TO ]UOISTURE AND ORGANIC MATTER

J. A. Srnnms, E. A. P.tur-, R. J' Sr. AnNeun aNo W' K' Ho'ro

Saskatche.,pan lnstitute of Pedology, (Jttiversity of Saskatchettsan, Saskatoon, SaskatcheTDan

Recei'r'cd April 8' 1968

ABSTRACT

The color of soil samples taken from thc Ap horizons of _chernozemic and

Gray Woodea tF"aioiful soils was measurcd spectrophotometrically at

-oiJru." I;;;Ftt;;i;; iiom air-drvness to field capaciry' Tl're MunseII re-
notations "huc", "rilui" and "chroma" wcre related to the moisture contenr
and the amount ;;J-"";; of 

-the 
soil organic- matter'- The, addition of

moisture to the ep loriio"r f.ot" Chernozemi and Gray Wooded soils caused

;-G;fi;;;. 4..."'"r" i. ,t"loe but had little efiecc on the hue and chroma' In
Ch&nozemic roit. th" 

""eiag" 
decrease in value was 1.0 unit. This darkening

in color occurred 
-pi;*rtlii 

in thc moisrure range between air-dryness and
l8%. The decr"ar"'in GraV Woodea soils averagid 1.7 units and it occurred
throushout tl.t. -oirt*.-iaige from a.ir-dry-ness t" lO::.- The Cray Wooded
;;ila-;;t;iisnifi.""tly highei in color value per-unir.of organic.matter than
were rhe Cii..nore-i. r6ilr. Diff"r.nces wcre found in the ultraviolet re-
n"it""." rp""tir oi th"r" two kinds of soils and in the E4:E5,ratios of alkali
exrracrs. The ratio J hutrric to full'ic acid and the amounts of 0.5 N NaOH-
eitiactable humic acid aiso differed for the Gray Wooded and the Chernozemic
soiIs.

INTRODUCTION

The increasing use of soil color as a definitive criterion in the classification of
Chernozemic ind Gray Wooded soils ( 1 I ) must be considered from a Plactical
standpoint. The ranges of definitive color cliteria in.the present Canadian

system have become ploglessivelv narrower) _to a Point whele it becomes

questionable if the convent"i,onal meihod of visual measurement is precise. enough
tb serve the purpose intended. Recently, it was reported that visual estimations

of Munsell t'val'ue" by 12 obselvers for each of 20 samples showed variations
ranging from 0.5 to 2.0 units, the average of tvhich was 1.0 unit (17). It_is
app-are-nt that the visual method of measuring crushed soil samples must be

replaced by a more precise method.
The spectrophotometric colol measulement of soil samples was first at-

tempted mbre than three decades ago bv \,Vinters (21), who recognized that a

staridard method of sample ptep"t"ttioi was required. He focuied attention
on the fact that mechanical-grinding broke doivn aggregates whose interior
color differed from that of tlie exterior. Carter (1) observed that the results
of spectrophotometric measurement varied according to physical conditions as

weli as moiture content. and emphasized that individuals viewed colors differ-
ently due to physiological differ-ences in the human .y". q. also noted that
the physical chaiacteristics of the stimulus u'hich produced the sensation were
meaiuied directly and exactly by the sPectroPhotometer.

Nickerson et al. (13) reported that the maiority of their samples-were
measured through a glass cover and that only a few samPles_ were .*firmly
packed" into a 

-container and measured without a cover. They utilized_a
coffection curve to adjust the measurements made through glass. The diffi-
culties encountered due to measurement through glass were avoided by Shields
et dl. (17), who determined Munsell renotations on equiPment which was
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purposely orientated to pcrmit direct incidence of the light beam on the soil
sample.

The relationship betr.l'een the color and the nature of soil organic matter
has been recogni2ed for many vears by a number of Europein workers.
Springer (5) shorved that the brown humic acids extracted from Podzolic soils
were characterized by a lower percentage of carbon and a higher degree of
dispersion than r.vere the grav humic aCids from Chernozem soils. Scheffer
(16) proposed that the erti-nction coefficient (E) of humic acids was dependent
on the degree of condensation of the aromatic nucleus, and indicated that the
ratio of these coeficients measured at selected rvavelengths was characteristic
of the nature of the humic acid fraction. Kononova "id B.l'chikova (7) re-
ported E465:8665 ratios of .5.0 and l-3.5 for Podzolic and Chernozemic soils
iespectivelv, and concluded that thc deqree of condensation of the aromatic
nucleus of'humic acid decreesed as rhe iatio increased.

The composition of organic matter of the main soil groups of the U.S.S.R.
has been characterized by the investigations of Tyurin and his co-workers
(5,6,7,20). They repoited that the liumus composition of various soils was
characterized bv the ratio of humic acids to fulvic acids. In Chernozems and
Dark Chestnut-soils, the ratio approached unity and often exceeded it; how-
evet, in Podzolic soils the ratio was less than unity. Thev also indicated that
the humic acids of Podzolic soils extractable in NaOH were predominantlv
"frce'' or bonded to nonsilicatc forms of sesquioxides. rvhcreas the humic acids
,of Chernozem or Chestnut soils \\rere mosth--bonded to calcium.

The purpose of this study was to investigate the precision and accuracy
of a technique developed for the preparation of soil samples for instrumental
measurement of color u-hen drr- and moist. The spectrophotometric technique
then rvas urilized to relare the color attributes io moisrure content. ccrtain
organic fractions and the amolrnt of organic carbon.

MATERIALS AND METHODS
Sample Selection.

Bulk samples were taken from the Ap horizons of Brown, Dark Brown and
Black, and Gray Wooded including Dirk Gray \&'ooded soils in Saskatchewan
(8,9). The samples were of loam texture taken from profiles developed on
meCium-textured, moderately calcareous, undifferentiated glacial till. The
classification of soils is based on the 1965 report of the National Soil Survey
Committee (l l). The Broun. Dark Brown and Black great groups belong to
the Chernozemic order and the Dark Gray Wooded and Gray Wooded great
groups occur within thc Podzolic order.

Sp e ctr op h ot ometri c T e c hniqu.e

A Bausch and Lomb model Spectronic 600 equipped with an ultraviolet re-
flectance attachment r,vas used in this stud\r. The instrument was mounted in a

vertical position on the laboratory benc6, permitting direct incidence of the
light beam upon the granular soil sample placed at the measuring aperture.

Air-dry soil was crushed by hand, passed through a 35-mesh sieve and
poured, slightly heaped, into a clean sample container (2) which was tapped
firmly to ensure adequate packing and prevent subsequent settling. The sample
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C)ctober 19681 27JSHIELDS ET AI,. SOIL COI,OR

was then levelled with the edge of a glass slide (held vertically) moved back

and forth acloss the top of th"e contai-ner. The latter oPeration was repeated

in several directions, iccompanied, if necessary, by the addition of small

amounts of the sample to fill'the voids caused by pr-evious levelling travefses.

A flat plastic cover was then placed over the top of the. container; the con-
tainer was inverted, tapped firinlr- and returned io its original position' The
plastic cover was then'c'arefullv removed and the containei Posiaioned beneath

ihe measuring aperture for drv colol mexsurement.

Subsequentio dry color measurement, the PlePared samples were moistened

by the addition of water. In order to minimi-ze. disruPiion of the sample

stlrface. an atomizer rvas used to apply the u'ater in the 
-form of a very fine

mist. Spraying was continued untii the wetting front feached. a depth of 
. 
at

least f .irr, io #.ot. that the sample sulface \\'as thoroughly moistened. Prior
to color measufement, the samplei .t'ete placed in an atmosphere approximating
100"/. relative humidity and allbrved to eiluilibrat e for 24 hours to field capacity,
The high humidity of the environment ierved to prevent the surface Particles
of the iample from drying out during the equilibrition period.

The cblor -.rt.ri"^itrt of samples intermediate in moisture content be-

tween air-drvness and field capacitv was tal<en after the moisture content was

adjusted to tire desired level inihe pressure plate or Pressure membrane. After
48'hours, the samples wele femov..l fto- each apparatus, their reflectance was

read and , t.pteretrtative subsample u'as takin for gravimetric moisture
determtnattons.

The conversion of the reflectance measurements to trichromatic specifi-
cations (X, Y, Z, x, !) was facilitated bv the Ten Selected Ordinate method
(3. 1+). The results were then erpressed in terms of C.I.E. color notations
(Y, x, y) which were subsequentli converted to r\{unsell renotation "hue",
"value" and "chroma" (12),

Humu,s Cowposition and Nature of the Soil Orgattic Matter
The humus composition was determined by the "quick method" developed by
Kononova and Bel'chikova (7). This method involves extraction with a solu-
tion 0.1 ,4.4 in sodium pvrophosphate and 0.1 l/ in sodium hydroxide. The
nature of the humic acid fraction, as given by the F165:E665 ratio, \vas deter-
mined by measuring the extinction cdefficient tE) of an aliquot adjusted to a

carbon concentration of 0.02 g carbon per liter. The humic acids which were
"free" or bonded to nonsilicate forms of sesquioxides were extracted by a direct
treatment with 0.i l/ NaOH. The dry combustion method (15) wis used to
determine the organic carbon content of the soil samples and the organic
mattef llactlons.

RESULTS AND DISCUSSION
Merits of Direct Ittcidertce
Color measurements made on a number of Munsell standard PaPe$ by direct
incidence (Table 1) are nearly identical .,r'ith those published bv the N{unsell
Color Company (10); hot'ever, serious discrepanciei resulted when the color
standards r.vere measured through glass. This caused a decrease of up to 0.3

units of value and a ranse of l= 0:5 uhits of hue from the standard data obtained
by direct incidence.
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Table 1. Munsell renotations of standard Munsell papers measured by direct incidence and
through glass

Munsell renotations

G.E.R.S.* Bausch and Lomb Spec. 600
Book

notation
Production

number I)irect incidence Direct incidence Through glass

10YR3/2
10YR4/2
10YR5/2
10YR6/2
r0vR7 /2
10YR4/1
10YR4/3
10YR4/4
7. sYRs/6
2 sYRs/4

6325
6913
6538
6613
6917
4496
4557
77 2r'l
6965
4323

9.7YR2.98/r 9
10.0YR4.00/2 .0
0.3Y5.01/2.1
9.3YR5 .94/2.0
9.7YR6.97 /2.r
10 oYR4.02l1 .2
9.8YR4.17l3.4
10.0YR4. 1614. 1

7.7YRs .05/6.3
3.5YR5.22/4 2

0.3Y3 . o/2 .0
9. 8YR4.0/2 .0
o.6Ys .o/2 .r
9.2YR5.9/2 0
10.0YR7.0/2.0
9 .8vR+.O/1 .2
9 8YR4.2/3 .4
10 oYF.4.2/4 r
7 7YR5 . 1/6.3
3 2vP.5 .2/4.2

0 3Y2.7 /2.1
o.+Y3.7 /2.0
0 8Y4.7 /2 .r
9 .6YR5. 7/2.0
9 .9YR6.8/2 . 1

9 6YR3.8/1 .3
9 .8YR3 .9/3 .5
9 .6vP.3 .9 /4.2
7 .9vF.4.8/6.2
3 0YR5 .0/4.3

*General Electric Recording Spectrophotometer utilized by thc Munsell Color Companv.

Table 2, Munsell renotations and organic carbon contents of Chernozemic and Gray \\rooded
Ap horizons

Sample
Great group number Hue Value Chroma Hue Value Chroma

%
o.c.

Chernozemic soils
Brown 18

Brown 136

Brou'n 139

Dark Brown 169

Dark Brown 170

Dark Brown 17+

Black 148

Black 141

Black 146

Gray Wooded soils
Dark Gray 149

\Vooded
Dark Cray 154

Wooded
Dark Gray 147

Wooded
Gray \\iooded 159

Gray \ry6o4"4 160

Gray \\iooded 162

Gray \Vooded 117-1

1 .2Y 4.+
0.9Y 3 .3
0.7Y 4.3
0.4Y 3. 1

1 .5Y 4.7
1.4Y 3 6
0.8Y 3 .7
0.7Y 2 .6
1.1Y 4.0
0.8Y 2 .9
11Y 4.0
11Y 28
0 4Y 3.4

10 OYR 2.4
0.8Y 3 .0
0 6Y 2.1
0. 7Y 2.8
0.7Y 2.0

0.5Y + .6
0.1Y 3.0
0.3Y 5 .0
9 .gYR 3 .5
0.6Y 5 .2
04Y 36
0.7Y 5 .8
0.5Y 3 .9
1.0Y 5.7
0.3Y 3 .8
1.1Y 5.6
0.3Y 3 .6
1.0Y 5.5
08Y 40

0. 18
0.20
0. 13
024
o17
0. 18
0. 18
008
014
0.20
0.17
0.20
0. 14
0.23
0.2r
0.48
o.20
0.25

0 19 0.04
0 15 0.08
0 11 0.05
0 11 0.08
0 14 0.06
0.19 0 10
0 23 0.05
0.28 0.14
0 . 11 0.05
0.21 0 14
0.20 0.05
0. 13 0.10
0. 13 0.05
o.r7 0. 14

z.J
2.6
2.6
2.6
2.6
25
1.9
t.9
1.9
2.O
2.r
20
17
t.6
1.1
1.0
11

1.2

1 .36

1 .01

2.19

1 .92

2.10

2.78

4.56

6.02

2.62

203

160

|.27

r.70

1 .90

135

.9

.8

.t
0
3

.9
7

.7

.7
5
.5

.4
0

.7

0.03 0.06
0. 10 0.08
0 09 0.08
0.09 0.12
0.05 0.07
0.05 0.05
0.04 0.05
0 08 0.04
0.04 0.03
0. 11 0.08
0.05 0.03
0.11 0.11
0 06 0.03
0 05 0.04
0.03 0.03
0 08 0.06
0.04 0.03
0 07 0.05

0.05
0.05
0.0
0.05
0.06
0.08
0.05
0.08
00
006
0.0
0.05
0.05
006

sAverage of 12 separate preparations.
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Soil sample colors measuled through glass are subiect. to -similar errors'
particularlV in the case of moist soil mEasu'rements when air-glass and glass-

ir"t.r inteifaces are frequently encountered. Complicated-correction factors
worked out by various *otk"tt to comPensate fof the effects of glass have

not Proven satisfactory (4).

Sp e ctr oph ot ometric T e c hni que

The Munsell renotations for each of 10 individual measurements provided an

index of the precision of the spectrophotometric technique. 
_ 
The standard

deviations (Table 2) for hue, value and- chroma when meazured dry were Iess

than 0.5,0-l and 0.1 units, respectively. Similarly, those determined on the
results of measurements for soils moistened to field capacity were less than 0.5,

0.2 and 0.1 units, respectively. It is apparent that the precision of these

measufements was sup6rior to that of meaiurements detelmined visually (17).

Effect of Moisture on Soil Color

Moisture had no sienificant efiect on the hue or chroma of Chernozemic and

Grav Wooded soils"(Table 2). However, the addition of moisture caused the

valuL of Gray Wooded soili ro decrease by 1.5 to 2.0 units, comPared with
a decrease of bnlv 1.1 units in the Chernozemic soils. These results differ from
the visual -""rni"-..tts reported by the U.S. Department of Agriculture (18),
which indicated that moist soils are cornmonly d.5 to 0'3 unitJlower in value

and may change from 0.5 to 2.0 units in chromi, but seldom differ in hue. The
results bf ."rlier sDectroDhotometric measurements (17) showed that the value

of Gray Wooded^soils decreased up to 2.7 units on moistening; however' this

gr."t.t'decre.ase was probably dui to variations in sample PleParation used

Prlor tO thls rnvestlgatlon.
The characterization of the color chanqes occurring between air-dryness

and field capacity necessitated the measureme-nt of the col-or of samples adiusted

to various intermediate moisture contents. The curves iliustrating the moisture
content-value relationships for the Chernozemic soils (Fig' t) indicate that
the decrease in value occo'rred primarilv between air-drynesiand l8"l moisture,
with no significant change between 2{i and 10"/". In contrast, the value of the
Orthic Giay Wooded iample (Fig. 2) decreased in a curvilinear form from
air-drvnessio orrer 30% moisture. 

-The rvork of Souza Coelho and Audi (19)
indicaied that there wai Iittle change in the color of soils at moisture contents
between 12 and 40'/". This discrepincy is very likely a reflection of differences
in soil and the techniques used to til."rtr.. color at particular moisture contents.

C olor-Or ganic Matt er Relationships

The relationship between organic matter and color is best expressed by plotting
the organic ."ibo.t content as a function of Munsell renotation value' Al-
thouglithere is no direct linear relationship between the two, it is apparent that
the'ialue decreased as the carbon content increased (Fig. 3). This trend is

particularly striking among the Chernozemic samples, which 3lg.a ftom.1"/.
barbon wiih a value-of 4.7 lo 6.0'l carbon with a value of 2.8. The value of the
liShter-colored Gray \Vooded soils also decreased as the carbon content in-
cieased; however, tire carbon content of these soils was higher than expected
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20 30 40

7o lMoisture

perccnt moisture by rveight

percent moisture by v'eight

(r )
x-x Brown Soiis
o-o Dork Brown Soils
o -E Block Soils

orozo
7. lyloislure

Frc. l. The relarionship bctueen
of Chernozemib soils.

Frc. 2. The relationship benvcen
of a Gray Wooded soil.

40

Nlunsell renotation value and

A{unsell renotation value and

in consideration of their hia'h values. The fact that a Chernozemic and a Grav
Woo_ded sample mav diffei in value by nearly one unit but srill have approxi-
matlll the same carbon content, suggests that the organic matter of thesi soils
is different in nature. This diffeience could be due to the nature of the
organic matter! the nature of the association betr,rreen the organic and inorqanic
constituents, or the nature of the mineral matrer. As inlicated previo'usly,
these soils were all developed on medium-textured, moderately talcareous,
undifferentiated glacial till.- The differences in the relationship'between the
orqanic carbon and value for Chernozemic and Grav Wooded soils are there-
foie deemed largelv due to the nature of the organic'matter.

The E465:E665 ratios (Table 3) of the humic acid solutions errracted
from selected samples tend to be segregated into t',vo distinct groups. The
ratios of the Chernozemic samples were relatively narrow (3.6 to +.t). This
has been attributed to a relatively hieh degree of condensation of rhe aromatic

,1

Chernozemlc Soils x-x
Groy Wooded Soils .-.

+tr'rtrl

234s6
7" Orgonic Corbon

X{unsell renotation value andFrc. 3. The relationship berrveen
air-dry soils.

organic carbon content of
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Gray Woodednucleus, compared with the'uvider ratios (5.1 to 5.7) of the
samples (7).

The difference in the nature of the organic matter is also illustrated by
the distinct break in the line relatins the E4:-E6 ratios and renotation values of
chernozemic and Gray \4/ooded so:mples (Fig. a). The relative lightness or
darkness of a sample as'denoted by value is meisured by integratin€ the absorb-

ance of light at silected wavelengths within the visihle t"ng9. Consequently,
it is not siurprising that value is ielated to the relative absorbance of light 

,at
two wavelengths*(E4:E6 ratio), suggesting that value alone_may- reflect the
nature of soil"organic mattef. The litermination of value is based on known
psychophysical plinciples; therefore, this measurement could.prove more useful
in-studiiris the nature of soil organic matter than an empirical ratio based on

onlv tri'o ivavelensths

o
l

o

I rt

E+' Ee Rotio

Frc" 4. A.tlunsell renotation value (when dry) plotted as a function of the E4:E6 ratio.

Differences in the nature of the organic matter present wete also demon-
strated by selective light absorbance in-the non-visible, ultraviolet Poltion of
the spectrum (Fig. "5). The curves from Chernozemic (No. -170) 

"ttqGray'Wooded (N-o. 160) soils containing approximatell- the same amount of
organic carbon differ markedly. The "reilectance readings for the Gray
W=ooded soils were not only significantly higher throughout the measured
range of wavelengths, but alio sfiowed " gt..i.t difierenle between readings
at the points of niinimum and maximum reflectance. The point of minimum
reflectance in the Podzolic samole occurred 

^t 
245 m.a. whereas the minimum

reading for the Chernozcmic sairple occurred at 255 mu.

x-x Chernozemic Soils
@-----@ Groy Wooded Soils
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Frc. 5. Ultraviolet reflectance spectra (20% full scale) of Ap horizons from Chernozemic
and Grav Wooded soils.

On the basis of the extractable organic matter fraction, no single criterion
could be used consistently to differentiite the organic mattef of-one gfeat- glouP
from that of another (Table 3 ) ' Horvever' on the basis of chemical com-
position, humic acid:fulvic acid ratio and the optical PloPerties of the humic
acid fraction, considered collectively, the samples could be segregated amgng

three groups. The Brown and Dark'Brown Chernozemic soils are characterized
by a relatively small amount of humic acids which afe nearly equal to the fulvic
acids, resulting in a ratio approaching unitV. In conttast, the Black Cherno-
zemic soil haia relativelv hish 

^-ount 
of'humic acids and a ratio of humic

to fulvic acids sreatet inr"- Z. Gray Wooded soils afe characterized by
higher amounts 5f f.rl,ri. acids, whicfr exceed the humic acids. X9*lf_ 8_0%

of the total humic acids of this group were extractable with 0.5 N NaOH,
compared with a relatively lower amount extracted from the Chernozemic
soils. The ratio of the extinction coemcients (E465:8665\ determined on the
humic acids extracted from Gray lVooded soils were significantly higher (5.1

to 5.7) than those extracted from the Chernozemic samPles (3.6 to 4.2).

The organic marter characteristic of the Gray \Vooded soils is similar to
that of cultlvated sod-Podzolic soils described bv Kononova (5), with the

exception that the humin percentage is lower in'the latter soils. The com-
position and nature of the organiC mattel from the Black Chernozemic soil

closelv resemble those of the ;'ordinarv Chernozem" of the U.S'S.R. How-

"lr.r, 
ih. latter have a lorver amount of ';free humic acids" extractable with 0.5 N

NaOH. The Brown and Dark Brown Chernozemic samPles appear to be

intermediate between those of the cultivated Dark Chestnut and the Sierozem

soils of the U.S.S.R.
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CONCLUSIONS
The use of a glass cover over diffusing surfaces gave rise to errors in their color
measurement, indicating that measurement through glass should be avoided
whenever possible. 'fhe spectrophotometric technique descibed herein facili-
tated measurement of the color of soils at field capacily with a precision in the
same otder as that obtained for dry sarnples. It also provided an opportunity
to measure the color of samples ial"stia to difierent moisture l&bls. Th;
change in color accompanying the addition of moisture to Chernozemic soils
rvas characteristically different from that occurring in the Gray Wooded
samples. These differences were observed in compaiing their colors not only
lvhen dry and at field capacitf, but for intermediate moisture contents as well.

The relationship between soii color and the orsanic carbon content of
Chernozemic soils difiered siqnificantlv from that of drav Wooded soils. The
differences u'ere associated ivith diffirences in E4:E6 retios, humic to fulvic
acid ratios and the percent of NaOH-extractable humic acids.
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