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The cotor of cultivated surface ,lJrlTtLT ahernozemic and Gray wooded
soils were measured by visual and spectroreflectance methods. Variations in
visual color measurem€nts among difierent observers were of sufficienr magni-
tud.e to- represelt serious errors in the application of the soil color critiria
outlined in the Canadian soil classification'sysrem.
Spectroreflectance measurements facilitated the accurate measurement and.
characterization of the Munsell renorations of chernozemic and Gray wooa-
ed. soils sampled within their respective soil zones. The ratio of renoration
value : renotation chroma of the Chernozemic samples (air-dry) were distinctly
lower than those. of the Gray Wooded samples. The preience "f ;;i;r;;caused a,greater. decrease in the renotarion value of the Gray wooded ,r-pl"t
than it did in the chernozemic samples. The renotation true of most of^the
measured sarypleg occurred midwal between the l0yR and 2.5y hue charts
currently available in the A.{unsell soil color charr series.
Color measurement of cultivated surface soil samples taken within the various
soil zones of Sas\atchewan indicated discrepancies between ih"ii r"notation
'alues 

and the color crjteria currently sugg.eited by the Nation"i-soit S"i""v
committee of canada for the ..spe.iiu" i5ils at the order r"a--ci."t ci""i,
levels.

INTRODUCTION
Color is one of the most obvious and often the most significant characteristic
of the soil. Surface color which differs from that of "the parent material is
usually.a reflection _of the processes operative during soil fo'rmation and mav
also indicate other facrors such as exc6ss salinity or Erosion. The i-port"nct
of color is demonstrated by its definitive role in the classification of Canadian
soils (11), particularly chernozemic soils which are subdivided at the Great
9t9"P. level on the basis of significant difierences in the darkness in color of the
A,horizon., It is apparent iherefore that relatively sright differences in the

f:]ot ot color pattern of the surface horizons are siinifiiant in classifying soils
rnto one or another different Great Groups.

Soil color has been measured by spinning Maxwell discs (4), visual color
analyzers- (20), recording spectrophotometeri (13),-and by visual comparison
to secondary color standards (16). The results of coloi measurement have
been recorded in terms of exposed areas of color discs (4), dominanr wave-
length and purity (3, 20), c.LE. color notations (13, 15), and N,{unsell notations(7): It is generally concluded (10, 16, lg) that soil colors are most con-
veniently measured by comparison with secondary color srandards. The pre-
sent method has evolved frbm the color charts prepared by the u.S.D.d. in
1941 (8), and later bythe Munsell Color Compr"y 1-1, tO;. '

. . It is k-"oyl (19) that soil colors are rarely a perfect match for any of the
chips on the Munsell soil color charts. Hence, ii is necessary for pedologists
tointerpola.te between color chips. The matching of a soil sample #ith , c"olor
cnlp ls subJectlve and depends on _the sensory and psychological peculiarities
of the observer. Pomerening and Knox (l7j conclua"ea tnarl given favorable
conditions, the interpolation- of Munsell notations are technic"ally feasible as

lContribution No. Rl, Saskatchewan Institute of pedology.
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Ions as they are no more refined than 1.0 unit for Munsell hue and 0.5 unit for
nl"?rJf .r"io" 

".d 
chroma. These observations agree with those recommended

bv the U.S.D.A. soil survev manual (19); howe*ver, experience_indicates that

"ira.t 
nAa conditions it is clifiScult to consistentlv mainiein this level of inter-

oolation. Precise coklr measurements maY be obiained from spectroreflectance

i".6"t.-."ts of t|e phr-sical stimuli responsible for the sensation (2' 15);

the results are then independe nt ,,f the obscrver's vision'

This investig"tic,n ivas conducred to assess rhe magnitude of,the_ variability

c,f soil color meisurcmcnr nmong dilTercnt obscrvers ind t<, studv rhe tpp[1t-
iron of the spectroreflecrlnce-rec:hniquc-to the measurement of soil color. The

measured c6lor amribures of samplis from representative. zonal .Ap horizons

were rhen evaluated in terms of ?he limits cuirentlv used for the lesPective

Great Group soils ( 11).

MATERIAI-S AND METHODS

Snmple Selectiort

Representative bull< samples rvere taken from the Ap horizons of selected

O;thi; Chernozemic, Ort'hic Grav \&'ooded, and Dark Gra\'.lVooded profiles

considered to be representative 
-of 

soils occurring l'ithin the Bror'vn, Dark

Brorvn, Black, and Giav \Vo.cled soil zo^es .f Saskitche*'ln (5)' The. samples

Lk".r fro- the Ap l-roiizons of the profiles considered to belong to the Dark

Gral Chern,rr.roi. and Dark Grll-Wooded.-Great Groups rvere taken from
the 'southern fringe of the Grav iVooded soil zone in a iegion considered as

transitional benvJen grassland and forest (6); thev, are subiequentlv referred

to as transition Chernbz-emic - Grav Wooded samples'

The sites r,vere selecred in areas of gentlv end modera,relv sloping, medium

ri:xtured, moderatelv calcareous, glaciil tili. The scmples rvere taken from
soils r,vhich o..orr.d on the well-d"rained midslope positi,on of areas mapped as

Haverhill. wevburn. oxborv, whire$'ood, \ hir;ille. and Loon River Soil

Associations (5, 6).

Visudl MedstLrement of Soil Colors

The color of 20 samples rvas independentlV measured in the laborator\- under

controlled lighting conditions," by^12 obseivers.using X'Iunsell soil color chafts'

The observe?s we-re pedologists and students, all of-r'r'hom were familiar with,

and had previously used thJi\{unsell method; they rvere instrlcted to measule

,f* ii""!.ff value' iV) of each sample to the neaiest unit and then to indicate

whether the soil sample rvas lightei or darker than the chip. by recording the

,r"rr"rrhalf unitof ,r"l.te (V).'N{unsellchroma (C) wasestimatedinasimilar
*"""". (Table i). The midpoints of the classes so recorded r.vere used to de-

termine the range, mode, mein, and standard deviation for the value (V) and

chroma (C) of -each 
samPle.

Spectroreflectdnce Measu.rentent of Soil C olors

A Bausch and Lomb Specrronic 20 equipped with a reflectance attachment r'vas

usecl in this studv (1)i Inversion of t66 unit permitt"{.*" light beam to be

directlv incidenr o.t ih" soil sample, thus eliminating difficulties encountered

"Lisht sivcn from a portable elcctric lamp (gas-tube type) s-hich consisted of 2 G'E'
I 5-"u att'fluorescertt tubes (cool 'rr hite) '
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when reflectance measurements were determined through glass as required
when the unir was used in the normal upright position.

The conversion of the reflectance measurements to trichromatic specifica-
tions (X, Y,Z.x, y) was facilitated by the use of Bausch and Lombirichro_
matic coefficient'computing form for iiluminant c (l). The results were then
expressed-in terms of c.I.E. color notations (y, x, y) which were converted
to Munsell renotation hue, value, and chroma (r2, 14, B). The colors deter-
mined by spectroreflectance measurements were .rpt"rr"d in terms of Munsell
renotations (Hre Vre/Cre). whereas colors measuied visually by comparison
r'vith Munsell color chips were expressed in terms of Muniell hotario^ns (Hv/c).

RESULTS
Variability of Visual Color Measurement
Visual estimations of -\4unsell value by 12 observers for each of the 20 samples
showed a variation of from 0.5 to 2.0 units; the average variation r.vas 1.0 unit
(Table l). The standard deviations of the value (v)"recorded by each of the
12 observers for each of the 20 samples ranged from 0.2g to o.5s units, the
average of which was 0.39 units. Thi variations in chroma (C) as determined

^T9"9 
the 12 observers showed similar rrends, ranging from 0.5 to 1.75 units,

with an average variation of 0.9+ units. The standa-rd ieviations of the chroma(c) recorded ranged from 0. 17 to 0.59, the average of which was 0.J5 units.

Comparison of Visual and Spectroreflectance Color Measurements
comparison of the results of visual and spectroreflectance methods (lg) of
color determination (Table l ) indicates that the mean difierence berween the
renotation value (Vre) and the average value (v) for the samples from the
Brown, Dark Brown, and Black soi'i zones was less than 0.t unit. The
differences among samples from within-the Gray Wooded soil zone were gen_
erally 0.2 units or less. The mean difference b.t*".n the renotation chr"oma
(9Q."qd. the averag^e chroma (c) of the chernozemic (Brown, Dark Brown,
and Blacl<) and the Gray wooded samples was 0.2 and 0.4 units respectively.

Munsell Color Attributes of Sawpled Ap Horizons
spectroreflectance measurements of i5 samples lincludinq those listed in
Table 1) takenfrom Ap horizons were plotred on the rpprofrti.t" hue-chroma
and value-chroma diagrams (Figs. 1 aria z;. The renotation hue of air-dry
sam_ples rlnged. from 9.70YR to 3.75Y (Fig. r) with a mean and a mode Jf
1.25Y. There is no relationship evident betri'een the hue and the soil zone from
which.the sappk was raken. 

- The renotarion values of the air-dry samples
taken from the Brorvn soil zone ranged from 4. I to 4.6 with, -od" rni 

^mean of 4.2 and therefore fall withinlhe Imits definitive of Dark Brown soils

lfis: z (f) )' The renotation value of the samples from the Dark Brown and
Black soil zones r:rnged from 3.5 to i.9 and from 2.g to 3.3 respectivelv (Fis.
l(a)). when measured moist. the renoration values of the samples fr'om th'e
Brown, Dark Brown, and Black soil zones ranged from 0.9 to l.o (Table 1) and.
conform with the moist color criteria definitiie of chernozemic soils (t1i.

"Ala"r.r",irr"1y referred to as trilinear coordinate.
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1- Hu,e (Hre) ->

\OYR
5y

(o) CHERNozEMIc ( b) CHERNO ZEMIC- GRAY WOODED

!'1q' !. The distribution of the color of Ap horizons (air-dry) accorcling to Munsell hue(Hre) and chroma (Cre).

The renotatio. value of the dry samples taken within the transition
chernozemic - Gray wooded region'(Fig.i(tl) occurred -irti,, the limits
suggested for Black, Dark Grcv ih.rnnr."*ic,'and Dark Gray wooded soils;

*: ::ry:-i" measured value was indicative of the color variJbiLtv present in
tn€ transltlon.region. when measured moist, the value (vre) of'the samples
taken trom *-ithin the Gray \,vooded soil zone ranged from 1.1io 3.6 (Table'1).

Cre Cre
FJc. 2.__Munsell value (V1g) an-d -clyolna (Cre) for Chernozemic, transition Chernozemic_
F#f.m:i:i tri,:6l"H".:ff1 An r,",i,-."J i^r._a,"i il;;i;ti";;;'ir."'a"n,,i.io-.-.ot.

Groy Wooded (O)
GroY wooded Tronsition (o)

Soils
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o
o
l;

Frc.3. The range of vre:cre rarios of Ap horizons (air-dry) developed under different

types of vegetation.

Furthercharacterizationofthemeasuredsampleswasachievedbyex-
pressing the color,*rit,ui.r according ro the ratio of renotation value : renota-

it;;fr;;;-ti..lC..) 1Fig. 3). The r:rtios for the soils developed. u.nder

;;;r;;J ;;gerarion idr;;,i, orrt n.u*n. and Black soits) -were relatively

narrow (1.6 to z.l; .i-p"t"a with the wiie ratios (4'5 to-5'1) exhibit"9 by

;-h; e;"))wnoa.a t"iit aJ""r.p"J""dtt t'""'' The ratios of the samplelfrl;1

iir" .r#ii*-gr"rrt"tra-foresd region were intermediate (2.6 to 3'3) to tne

above samples. 
-

Comparisonoftherenotationvalue<lfthedryandmoistsamplesindicated
variations'in the decrease in value due to m.isture' I he average decrease rn

value (Vre) among the Bro*'n' I)ark Brov'n, and Rlack -soil 
samples was 1'9

units,whereastheeffectofmoistureonthetransitionchernozemic-$ra1
rvooa.J and Grav wooJ.a samples resulted in an average decrease of 2.5

units.
DISCUSSION AND CONCLUSIONS

The recorded variations in the visual estimation of soil color bv different

individuals indicate that serious errors mav result in the application of soil color

.tl,.rra currently used in the Canadian classificatio? tyitlT; 
- 
Jhe errors are

;i;;ffi.ie.,, -"gnit.,d" io .*ur" a p.articular soil to be'classified differentlv by

aie"r"rra -.pp"?r. T1,e pr.sent .r.r'dV h", sh.wn that if soil color is to continue

to olav a definitive role iir soil classi6cation. ir is important t6at a more precise

*.[n,ia 
"i.oiot-*.rru..ment 

be used. Recent investigations into the measure-

-..rt of soil color (18) have shorvn that the instrumental nature of the sPectro-

reflectance method i, .ot *b1..t to the error caused by sensory and psvcho-

i;;i.;ip"."liarities "-o.g 
di#erent observers; the spectioreflectance technique

facilitates tt're me"surem.i. of r"if color with a pte.ision of 0.1 unit for N{unsell

renotation value and chroma.

ResultsofthisstudyindicatethatMunsellrenotationvalueandchroma
lVre/Cre) d.t".*i.r"Jiio-,p..*oteflecrance measurements are similar to the

;;";a; ;i in" nn""rJi ""."ri." value and chroma (v/c) esrimated visually

bv 12 observ.rs *nrfi sobrtr.rti"t", the adaptability of the instrumental method
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for the measuremenr of soil color. The accuracy and precision of the spectro-

;efle.gtan;e 
technique makes.it possible to_use these da'ta in a number Jf ."ry,

tor the characterization of the color attributes of surface horizons.
The hue of mosr of the samples occurs between the lOyR and 2.5y hue

charts currentlr'.available in the i\,{unsell soil color chart series. This suggests
that an intermediate hue chart such as 1.25Y (which is not available at pr5sint)
rvould provide a better color match for the hue of the samples selected fiom this
region and confirms field observations br- pedologists who have frequently
noted the intermediate hue of well-drained sbils cif 

"the Northern Great Plains
of Canada.

The vre:cre ratios segregated-the samples into three distinct groups ac-

;ordi.ng 
to rvhether thev u'erJdeveloped under grassland, transitiorr"gr".il".rd-

fotest, or foresr vegetation. The intermediate ra'tios (2.6 to 3.3) of ihe transi-
tron samples are Presumablv a reflection of the characteristics indicative of
clegradation or of other modification resulting from the accumularion and

flcompgffon. of forest litter. The wide ratiSs (4.6 to 5.1) of the ,".pi;;
taken within the Gray wooded zone are indicative of the operation of m6re-
pronounced degradative proccsses. There is little doubt ihat the vre:cre
rattos detetmined from spectroreflectance measurements r,vill serve as useful
criteria for the characteriiation of the surface color of chernozemic and Gray
Wooded soils.

Color measurements of cultil'ated surface samples taken r.vithin the various
soil zones of Saskatche'il'an indicate discrepancies between their renotation
values and the color criteria-suggested for the respective soils at the Order and
Great Group levels by the Na"t"ional Soil Survey Committee of Canada. For
d.ry samples from within the Brown soir zone'the rcnotation value is lower
than that suggested for Brown soils and fail u'ithin the limits definitiye of Dark
IJrown soils. This would suggest the need for a critical examination of the
color criteria now used for tliJ separation of Brown and Dark Brown soils at
the Great Grouo level.

The decreaie in renotation value due to the presence of moisture is not
uniform for all samples as soils of Jorv chroma unh.rgn a greeter decrease in
renotation value due ro moisture than soils of higher"chroira. The presenceof moisture causes a reduction in the renotation ialue of Gray wooded soils

{.?* :,t )-h,.1d.ty,to 3.0 u'henmoist; consequently, they fall ri,itnin the moist
color hmrt definirive of chernozemic soils. rnis zuggesis. that these soils may
be define d in terms of either their color when dr1, 6i their color when moiri,
but not both.
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