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CHAPTER I 

INTKOaUCTIOH 

Color is an obvious and easily described soil characteristic. 

Probably man has alirays been conscious of soil color as he observed 

the color of good crop soils, those good for making brick, those that 

were good hone sites and those good for gardens. Many such uses have 

related soil color to man's culture and economy. 

Common terms such as "red dust" or "black mud" are used to 

describe soil out of place in a home, but ii^rtant soil names have 

come from the colors. Chemosem (black earth), terra rosa (red 

earth), brown loams, black prairie soils and brown forest soils are 

examples of large soil areas named for their color. 

Color is the most easily observed of soil properties and 

observance of color is vezy useful. If properly interpreted it is 

an indication of drainage, aeration, climate, age, parent material 

and to some extent, fertility. 

Soil color is changed by soil moisture. The objective of 

this woik was to investigate by trials the changes of soil color 

that might be associated with changes in soil moisture tension. If 

the soil color changes sufficiently over the available moisture range, 

then soil color could be used as a measure of available soil moisture. 



CilAPTER n 

LTTERATURS ANB HISTORICAL KEVIBi 

Soil color is ooiqplsx. Aa an important bran<di of phgrsics the 

basic principles of color appl;^ to soil color. T1m> Handbook of 

CoXorlmetry (13) says "Each of the maj- saristlss of colors in the 

spectrum, of which ordinary light is composed, is absorbed to an 

extent ̂ baraeterlstic of each object on which light falls. The 

resultant sffsot produced bgr the charaeteristic absorption at the 

ess|KMients of dhlte li^ is perceived as the color of the object.* 

n»e light reflected bgr en object and seen by a person is subject to 

the perception of his eyes. Color perception has a personal 

variaticn. 

Surprisingly, little research has been done on soil color 

altbouiJi it is a subject that all sou scientists, soil toaobers and 

soil research man use, study and attempt to understand. Standardiza 

tion in its prssant form has devel<q[»sd fron aa aeoumulation of 

peresnal soil color terms used thirty years age that ware individual 

saq^rsssiens with no uoiformity. 

Dsvelopsracit and orgaxiisation of an understanding of soil color 

has bsen slow, according to Fwadslton and Hicksrson (16). Hutton and 

ethers of ths Color standards Committee of the American Soil Survey 

Association realised the need for standards and started a sear<di about 

1922. Thay first investigated the use of idilrllng disc aegnraits. He 

adequate standards tmf found. 
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&atv 1b 1932 (26) lBprair»d tha dlM atihod «Imb te eolorad dlsea 

with tha soils to be used and so oould obtain batter oatidiaa bgr skirl 

ing soil discs with the standards. 

Winters in 1930 (30) used a spectrophotoBeter and reported the 

doainant wsTe length, purity and brightness of tha colors of aoronX 

profiles. Thare was a very narrow range of wave lengths in tha soils 

tested. Purity and hrightnass ineraasad with horisQa diqpth in tha 

saaples tested. He conoludad the iron oxides aeoounted for tha hue 

and organic natter for tha purity and brightness. Also suggested was 

tha possibility Si02 is a factor in tha brightness of "podsoliied'* or 

"{hray" layers. Moist sanples were only $0 par cent as bright as dry 

sanples. Soil colors were siailar to the characteristics of iron 

ozlds colors. Goanenting on tha inability to neasure color in the 

field, ha suggested possibly a snthaaatical basis for soqaression. 

Winters (30, 31) also suggested there were iaportant soil differences 

that caused differexxt iron cwapounds in soils. 

Rica in 19iil (17) working with a coBBd.ttee following op on 

Rutt«|is work, found little sgraainsnt aaoog field soils asass or color 

Bases. A liaited nosher, fif^-six, color naaes were selected for 

field use with chips to rsprasant tha Bidppoiat of aatdi color. 

Tha nuaber selected by the cossdttea proved inadequate and a 

later cosanittee with Tonplin as chairman r^laced the fifty-six with 

202 color standards, using Ibmsell color standard chips. The 0C9Bp> 

■ittee also suggested Bssks for a sore accurate reading. The sHUdcs 

be grey iq)proxinating the value of the color being read. 
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Tb0 present llunsell Soil Oolor Book (27) osod la soil sunrey 

ecmtsins 2il|0 different color chips. The nseber is United tagr the 

•Ynilsble standards. Best readings are fron an indirect (northern) 

light with a freshlgr hroken pieee of soil. Aftw approxinate natohing, 

shields that eever all but the chips for oonparison the — will 

dininish outside influences. Fendleton and liiokerson (l6) reported on 

use of the charts with the above renn—i>dnti<»s for their use. 

The Miinsell notations designate the huej value^ and chrcMoa 

■athenatically for each chip. The hue is the color of the chip and 
its position la the spectros. Value or purity is the color raiding, 

theoretically, fron a pure uhite at the top to a black at the botton 

of the page. The steps fron 1 (white) to 8 (black) are approocimtely 
equal. The designations en a page fron left to right are ohrona or 

purity divided into approxiaately equal divisions. Fron left to right 

the purity increases. 

The Soil Survey Manual (28) says color changes with aoisture 

content vary aarkedly in sons soils and Uttle in others. Oolors are 

conaonly darker by one-half to 3 steps in value betnsea dxy and neist 

and fron one-half to -1-2 steps in dhrona. Seldon are they different in 

hue. Sons of the largest differences in value, between dry and noist 

colors occur in gray and grvioh brown soils with noderate to low 

oripuiic natter eontent (28). 

The nanual says reproducible neasurenents of color are obtained 

at two noisture oontents (1) air dry, and (2) field capacity. The 

field capacity neasuransnt nay be obtained with sufficient accuracy 



tajBoistanlog a Mapla and raading tha color as soon as vlslbla 

aoiatnra fllM tiKfa dlaappaavad. 

Ttia iastrueiicns for uaa of tha lhaiaalX Soil Color Book (27) 

asgr "Boa ohangas laaa with aoistura than tha rarlation bataaan lada -

pendant readings of tha saae soil color. Value never incraaaas on 

■oiataning. Chrmni uaually Inereaaes ona coordlnata or ranaina 

cooatant." 

nwra ara othar things that aatar into tlia ralationship of 

soil color and soil aoistura. Color has boon uaad to asaasa soil 

proparties, soaatimes relating to aoisture. Conray in 192li (7) 

thought eolors of tha aubsoU duo to oaddation and hydration of soil 

iron. He grou!>ad drainage relationships as to aottling. Soils with 

good drainage were waottled. Soils with fair drainage were w>ttlad 

broan, yellowji pala yellow, and a little gray. Soils with poor 

drainage ware aottlad Inroatt, yellow, and gray. Vaxy poorly drained 

eoila were aottlad gray or grayish blue with yellow and broen. 

Jn 1927 0<liaal OS) stated it is aaaiar to Judge noisture 

ctmtent than to goaaa what soil eolw would be if tha aoiatara eon-

tant wsara higher or loner. 8a worked with aix Iowa seila air dry 

and at 10, 20, and 30 par oant aoiatara in tha A and B horisona. Ih 

two soils ho fotnd ehaagaa in color tmeh that tha Xindli^ ailt lean 

with 20 par owot noiatura raaahblad tha Shelby silt loan with 10 par 

cant noiatura, fluire was a dafiaita owarlapping of eolors at differ 

ent aoistura IsTela. Two high organic natter aolla baeona darker aa 

Mistura ineraasad trm 20 to 30 par oant. Tha color of Carriagton 



at 30 per eeni was Identical with Webster at 20 per e«it aolsture. 

Calhoun silt loan with 20 per cent noistive closely resMbled the 

Oiariton silt loan with 10 per cent noisture. 

a*19eal felt his work sabstaatiated findings of a previous wortc 

that soils ridier in organic natter registered greater variation in 

color due to noisture. He found lighter colored types becane darker 

wh«a wet and that different tints and shades ware brought out. 

Shaw in 1932 (25) e<Mie2jided that the organic natter was not 

doninant in detemining the odors of the soils in areas of dry, hot 

sunners and noist^ cool winters. Burrows and Cordux in 1936(6) 

found that the type of ox^Eanie nattw was a highly ii^wrtant factor 

in detcmiaixig the d^rcc of reduoing intensity that was present in 

soils, mere soasw to be no question that the OKidatlon-reduction 

state of the aoil Irm is a najor influence on sell color. 

Bertraasen^ states that the oxidation-reduction state redox 

potential is a nost Isportant natter in soil odor and explains the 

relatimehips and Influence. 

Oxidation is a loss of elsetrons mi rednetion is a gala of 

electrons. Thusi ♦ ♦ ♦ QCLdatica ♦ ♦
Fe ^ Fe -e 

Reduction ^ 

It is very difficult to accurately determine the state of the 

^Bez'traascn^ B. R. and White, J. L. Soil Chenietry Votes, 
Purdus Onivsrsity (MLsnograph) pp. 157-166. 19it8. 



•ystm. Tta* ItiggMt problfln la tha traataant of tha aeil aaaplaa 

aboaa potantials ara to ba aaaaurad. MLar^lal aetiait/, air, vatar, 

or aagrthing addad obaagaa tha potaatial of tha matHM, Soaw authori'* 

tias foal dataralnatAona that glTo a trua plctura oan only ba aada 

in 8ittt» 

Sararal oocidation-raduction ayatana ara kncnm to exist in tha 

aoili CO2 CHjjj *03 KC^, I, MHji SO^^H2S1 Mh*++ and 

Fa4-M- Pe<M-. 

nia praaanaa 9i floqrgan diractlj affacta tha oxidatiaa atata of 

tha ayataaa. Iha i^atana ara rararaibla. (hrganic auhatancaa nay ba 

OKidisad but tha procaaa la not ganarally rereralble under natural 

eonditiona. 

Waterlogging in aoila raduaaa tha atata of oxLdatioa aa trua 

raduaing eonditiona ara praawit. Organio nattar affaote tha emldar-

tion-radueticn atatua by bringing about raduetiona in ita daeeagtoaition. 

Ignatiaff in 1951 (8), aoneludad *'Haaltfay aoila" contalnad only 

vary awall anounta of roduoad iron. Ha found that aftar a lag of two 

or throe daya undar vatarloggad eonditiona larga quantitioa of iron 

vara rapidly raducad. Ferroua ir<m aaa oxidisad rapidly aa aaration 

aaa i^provad. 

ybay invaatigatmra (6, 8, lU) hava dacidad that taoctura, 

atruetura, roota, vom faolaa, noiatura, organic natter, and anything 

that Influanooa aeration or noiaturo Influancaa tha oxidation-

raduetion atata and that tha aystoa la in contlnuoua operation. All 

ttaaaa faetora ara important in aoil color. 
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Bodnan^ noted the iBportant factors Influencing soil color, fb» 
organic natter and the netting oampimK. were iaflnential la soil color 

except in sends devoid of cla/s and perhaps oertaln other vnmraal 

borisona. Materials contributing to soil color were CaCX}^, CaSO|^ and 
SiOg which arc white cr colorless, ^jrdrotts and anhydrous ferric 

oxides are red. Ferrous oxides, pyrites and nuscovitas are yellow. 

Chloritcs and case slcas arc green or blue as are fagrdroos silicates 

of iron or potassiw. Blacks and hroens aaj oons tram 

MhO and organic natter. Iron oxidea or os^puiic natter in snail 

anounts nagr dosdaatc all color. Mnay factors affect color. Oxida 

tion state, state of fagrdration, aggregation, fineness, and wetness 

are influences. Wet soils are invariablgr darker than dry soils. The 

nature of the light is also important in detensining soil color. 

The field signifioaace and interpretation of soil color is not 

sinple. Sstinatioo of organic natter fegr color is very nisleading, 

especiallgr if the anount is snail. Organic natter nay also Msk other 

inportant «diaracteilstios. Tsocturos nay influence color and aasy dark 

sandy soils contain little organic natter. 

Ferrous iron indicates lack of oxidatian. QxidaUon produses 

nore brightly colored iron oonpounda. A reddish colored clay 

nay indicate a narrow silica SMquioxlde ratio, that is, a low silica 

eontant. Bodnan axplaina, "Carefully considered soil color with dus 

^Bodnan, 0. B. Notes on soil characteristics, QhiT. of 
Oalifomia, Syllabus Series BC. Itaiv. of California Kraaa (MLnao-
«P^). pp. 53-57. im. 



recognition of thm parent material may be a useful guide in the 

Interpretation, origin and trend of the profile." 

Ludelg and Harper (11) Investigated the influences of soil 

color on seed and seedlings. They found a gradual Increase In the 

nunber of days required for seeds to eaierge relatlTe to the lighten 

ing of the soil surface. It vas consistent through all seeding dates. 

Thsy ran their field eaqMriawat tno years at ttiree seeding dates each 

year. Both years dax4cer colors gave a helpful gemination Ixifluenoe. 

may said the benefits were olearly dus to the action of the surface 

properties as absorbers of radiation. 

me present imderstandlng or oone^pt of soil nolsture has been 

dsvel^ped slnoe 1900 by soil research scientists. Bucklnghan ($) 

brought forth the first Inportant and fundanental Idea vhen he sug 

gested the capillarity principle. Briggs and McLane In 1907 (3} 

defined nolsture equivalent and suggested It as a naaeure of the 

nolsture held In e soU efter natural drainage hae occurred. 

In 1912 Brigge and Shants (U)defined the pemanent wilting 

point or wilting coefficient. They realised that wilting occurred over 

a enall range of nolature contrata. Sooflald In 193^ (2li) Inltiatad 

tba energy oone«qit of aolX nolature when he auggeated as a naaaure 

of tension foross In soils. 

Telhneyer and Hendrlokson In 1931 (29) first used the tern 

"field capacity" as the total amount of water a soil holds against the 

forces of gravlly. Many Inveatlgators working with the noistum 

equlvaleat found little difference In it and field capacity for nosi 
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•oils. In eoarsn tnxturnd soils ths aoisttare eqnivalsnt InelizMd to 

bo Icwor and in fino toxturod soils bisbor than field capacity. As 

tbs aaorgy oooeoiit dsvolopod Kofanko in 19ii$ (10) standardised tbe 

energy relatioas of the soil aoisture constants. 

Biobards with others (18, 19, 20, 21, 22, 23) dsTeloped a 

pressixre Bsmhrane apparatus and ceraaio pressure plates for detensln-

ing Moisture at different tensiMis. BodMa (2) eaqOained the calea-

laticns concerned, fiuis, the understanding and aetbods for 

vhat is called the "energy eonoept" of soil aoisture has dsreloped. 

In recent research Iqr Jaaison and Krotb 1958 (9), land 1959 

(12) and Peters and Bartelli 1959 (1), texture and organic natter 

bare energed as the dcninant factcnrs in soil aoisture storage. The 

influsnee of sands, silts, and clays on aoisture retention has toeeoas 

quite well understood. 



CHAPTEH III 

HOBERM GONCSPT OP SOIL GOLOB 

fh» andern ooniMpis of soil color haw been dswlopcd by vui« 

•ad obserwtloaa of mm working with aolla nndwr field craditione and 

in the laboratory. Owr the yeara the nan who atudied aoila haw giwa 

color their attention. Detemdaation of eolora and uaing the inforaa-

tion are probloBa they haw oontended with and atudied. 

Color ia reoogaiaed aa an indication of what faaa happened to 

the aoil and the factora that haw aodified it. Often the color ia a 

baaia for elaaaifieation beoauae it closely relatea to other prefer-* 

tiea. Since color ia aaaociated with other qtialitiea, it ia aanetiana 

naed aa aa indicator of fertility. 

BQLack and dark broan aoila are regarded aa being productiw. 

TtdB ia well founded but by no aeana always true. They are usually 

high in hianui and thus aaaociated with fawrable atritcturey autrienb 

at9pliea and water aiq^lying powers. Parent nateriala rarely mke 

aoila black. Ogcganie natter wriea in character and nail aaniaxta of 

organic natter in aone oaaea nay aake coarse textxired soils wry dazk 

but the generality of dark aoila being productive is quite true. Has 

dark oolors usually indicate abundant organie aattar and high nitro 

gen. On uplandSj^ the dark oolors usually are aoooaqjanied by favorable 

strooture of soils that haw not been highly leaehed and are high in 

oalciun. 
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B«dy reddish or brown soils ars generally noro productive than 

yellow, gray or white soils. Red soils owe their color to iron oocides. 

Siaoe iron is redeoed in poorly drained soils, red usually indicates 

good drainage and seratdon. Red eolor can also eoae from parent 

■aterial. 

Xellov colors are considered to be due to hydrated iron oocides 

and in many soils are associated with imperfect drainage* Tellow 

color frequently eeaes from parmt aaterial. 

(bray colors may be due to lack of oxygen or to lew content of 

iron or organic natter. Reduced iroa ocxapounda are griy or blue 

gray. Soils are often gray nottled with yellow or brown if there is 

a fluctuating water table. The gray soils ars usually ths wet poorly 

drained ones. Sons horizons are gray through the If of iron 

oonpeunds. Leaching of the iron leaves the ailioatee which are gray. 

Rhite and gray soils In hunid regione like Tennessee are generally 

the least productive of all. 

The color itself nay not bs iaportant except ae a reflection 

of the conditions of develcpaent, drainage, and fertility. Iron and 

organic natter dominate the colors of soils. Calciun is a contributing 

factor to color and parent aaterial may be locally important. 

Texture influences soil color. Fine texturee have greater 

particle surface area than ooarse text\u:aa. This JMans the area to be 

eoated or influaneed ae by organic natter or iron oxides is nueh 

greater in the fine textures. The sise of soil particles also in-> 

flusttoos the reflection of light. 



CHAJ>m If 

METHODS 

Soaplts of tmaty-fivo soil horlsons woro eeloeted froa a stock 

of lAiaraotorisatlan SMqplss tr<m Tennossoo to give ecrerogo of colors. 

The eosnon colors are hrosns^ grays^ reds and gradatlotxs to yelloirs. 

lelloss and blacks are not coanott and mre not available. The saiqples 

selected sere froa the three aajor diviaions of the state with repre* 

sentati(m of the dominant colors most iiaportant in each division. 

Th^ had been air dried and grovmd to pass a 2 an. sieve. 

Determinati<»is were aade for aoisture content of diffearsnt 

tensions using^aethods of Richards (18, 19, 20, 21, 22, 23). 

Colors of the twsoty-five samples were read by coqparlng with 

color chips of the Soil Color Book (27). Th» reading! were aede en 

saa|>les after equilibration at one-third, 2, 5, and 15 ataospheres of 

aoisture tension. Readings were aade with tso light sourcesj under 

fluoreaoent li|^t with a daylight tube, and with nattiral li^ 

through a north window at shortly after 10 a.a. There were two color 

readings at each tension for each saaple. The readings were made on 

different daya. To detaraine variances the fluorescent light readings 

were used. Vhan readings were not the sane the one aoat likely to 

represent the tz*ue color was selected and used. 

Ibkiforaity of lifting and parallel surfaces wers aaintained. 

Ssutral gray shields were used very often to decide on a color aatoh. 
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Colors vero rooorded with a standard Moisell color notation 

and if ths soil color ssloctsd was lightor or darksr than tho chip 

it was notsd. Xsys to ths soil color aaaes ars inolodsd hsrs, 

Appsodix B. 

Organie nattsr tor ths twenty-fiTo saaplas was dstemijasd hgr 

tho chronic acid oxidatioa sntbod as dsscribsd Igr Richards (22). 

Orgaaio natter content of soils is based on organie carbon 

content. Activated carbon was added to evalsate the influense of 

carbon on soil color. Three soil borison saaples ware selected, a 

gray and two reds. Carbon was sized with the samples in anounts of 

0, 0.1, 0.5, 1»0, 2.0, 3,0 and 5»0 p«r oent. Using the prsssnre 

mwhruM the san|>les were equilibrated at 15 atSMMqplMses noisture 

tension. Odor readings were nade of the saiples at 15 atnospfaeres 

noisture tension and after water filas had disappeared on seaples 

that had hem noistened. Color readings were nade using the day 

light fluorescent light with the unifom conditions. 

Eleven of tho horiscsi sanplss with a wide range of colors 

were selected and four people saqierieneed in soil color wcrit read 

the colors for noist soil undsr fluoreseent light. 



GH&PTSS7 

KESOZffS AMD DISCUSSION 

ScdJL TpXors and chain— Aa aoUL eodor wiUi changoa An nois'ta— 

tanai— am pm—nUd in Table I. Chang— from 1/3^2 ate—pberee 

tension were trim 0 to ̂ 2 units in ralue and ohro—. Gbangea from 1/3 

to $ and 15 ataoaphar— tanalon ware fr— 0 to ♦3 unita in —1— and 

•X to +3 units in ohr—a. Changes In h— were reoorded Infrequsntl/. 

Ih the 1/3 to 15 atawapher— noiature tenaion range ehangea la color 

—re reoerded Tor all aaaplea used. In no ca— —a the ehroaa 

—re than t— chips in the Monsell book. Qaljam valaa tfaange of 

— than t— color chips —a noted. In no cam did valua deezea—, 

beco— darker, with Increased —lature to—Ion. Ctaly on— —a a de* 

cream ab—nred in ah—,that froai 1/3 to 5 ataoapher—• 

Figwrea 1 and 2 111—trate graphically the ehangea in colors of 

four —11 horiaooa with ohajogea In noiature tension. Da Figure 1, No. 1 

w— a dark farcen (lOIR 3/3) at 1/3 atno^jhere with no eolor dhango to 

t— ataoapher— and changing in ami— and ohro— to a dark jellowiah 

brown (lOIS k/U) at 15 at—apherwa. Figura 1, Ho. 12,w— a dark gray 

(lOTR k/1) at 1/3 ataoapherw with t— —Its of wal— and o— of eb— 

Changs to light gn^fiah broan (lOIB 6/2)at 15 atnoapheroa. Ih Figure 

t. He. 17 —a red (2.5IB ii/6) at 1/3 ataoapfaMre t— ehreaw 

and eao val— to 15 atmoaidierea. Figure 2, Ho. 21, w— roddlah brown 

(5lR V3)at 1/3 ataoapborw. Gkio unit of dire— w— the only 

in color to 15 at—qpbsroa. In oaoh earn di— iner—sod and in thr— 
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6 

Value 

No. I - 10 YR Colors 

j'
a,b c 

» I I _j 0 = 1/3 Atm. Ten. 
0 2 4 6 8 

CHROMA 
c = 5 Atm. Ten. 

Value 

M ,o xyri ^ . cl = 15 Atm. Ten. or No. 12 - 10 YR Colors 

d 

/
b,c 

4 6 8 

CHROMA 

Figure 1. Soil color changes irith soil solsture tension 
changes. 
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Value 

No. 17 - 2.5 YR Colors 

c,d 

0 = 1/3 Atm Ten. 
0 2 4 6 8 

b =2 Atm. Ten. 
CHROMA 

c = 5 Atm. Ten. 
Value 

8r M oi c \/o ^ 1 d = 15 Atm. Ten. r No. 21 -5 YR Colors 

0 b,c,d 

4 6 8 

CHROMA 
Flgura 2. Soil color changes vlUi soil Boisture tension 

changes. 

M 
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of four easoo tbXuo IneroMod with groator aoloturo tonoioxis. Eomrar, 

the duuagoa iraro not uniform or regular. 

Table II above data for soil horlKai aa^plas to vbloh 

activated carbon was added. Colors eoist and at 15 ataospheres moisture 

tension and the variances with the aoisture tension change are shovn. 

Cbaagee were in the range of 0 to ♦2 for value and -1 to ♦2 for 

<^rona as aoisture ̂ aanged from aelst to 15 ataospberes. One had hue 

changes with the change in aoisture tension. Suaber 1U» a gragr soil, 

changed pxlaarily in value. Moabers 17 and 19« red soils, changed 

aore in dturosa with the aoistuxv change froa aoist to 15 ataosphsres. 

OoleNr changes due to additicHas of ineroasing amounts of earb<m 

were tosard blaek. Ihe grajr soil could ehengc little in ehrcan in the 

(dieage to blaok so value ohange mui greater, the rede ehanged more in 

ohroaa in ohanglng to black. 

Table 111 shovs the ts«nt/~five soils grotsyped 1/3 ataosphere 

aoisture oolors. Qianges to 5 snd 15 ataosphere oolore are shovn. 

7alus vas Inelinsd to ehangs more in ths gray and grayiih soils than 

in other oolors. 

Table X? the easplss are arranged in order of desoendLng 

orgenio natter eentent and odor ohanges froa 1/3 to 2, 5* and 15 

ataosphere tension, iio trend was observed vith increasing or dscreasing 

organic aattcr content, niese Tennessee soils probably were too lov in 

organic aattcr content for the greater color ohanges that have been 

ebesrved with aoisture cbangee at high organic oontente. 
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TABLE m 

SOIL COLOR miKJES POH THE DIFPERENT COLORS PROH 2/3 TO $ AHD 15 
ATMOSPHHE^ UOISTURB TE3iSI0N 

{•8 in color ^bao^S^aCoLo^ 
Color at 2/3 to 5 Atoosphoraa to 15 Ataospheros 

HO. Tanalon Teixsion 
Toosion Huo Value ChroiBa Huo Value ChroBa 

1 lOiR 3/3 (Iterk tooam) 0 ♦1 0 0 4l 4l 

3 lOIR k/3 (Brown) 0 ♦1 4l 0 4l 43 
It lom 5/3 (Brown) 0 ♦2 ♦1 0 42 4l 

5 lOiR V3(Brown) 0 ♦1 ♦1 0 4l 41 

2 lom 5/6 (tellowlsh brown) 0 0 0 0 4l 0 

7 lOTR 5/8 (Tollowlsh brown) 0 ♦1 0 0 41 0
8 lOiR 5/6 (lellowish brown) 0 +1 42 0 42 42 

9 lOffi 5/6 (lellowlah brown) 0 ♦1 +2 0 4l 42 

25 lOXE 5/4 (Xellowish brown) 0 42 -1 0 42 0 

15 lOIH 6/3 (fni8 bxown) 0 ♦1 0 0 42 0

10 lOlR 5/2 (Qrayiah brown) 0 *1 ♦1 0 42 0
U lOIR 5/2 (Orflgrisb brown) 0 ♦1 ♦1 0 41 41
lU loia 5/2 (Qraylsh brown) 0 ♦3 0 0 *3 0 

12 lOXR li/l (Dark gray) 0 ♦1 4l 0 42 41 

13 lOXR k/1 (Dark gray) 0 ♦1 41 0 42 41

6 5IR 5/8 (Tallowl^ rod) 0 0 0 5.0 0 0 
16 5TR V8 (Tellowish rod) 0 ♦1 0 0 4l 0 

17 2.5XR V6(Bod) 0 ♦1 42 0 41 42

19 2.5IR V6(awl) 0 0 0 0 0 0 

18 2.5TR 3/6 (Dark Bod) 0 ♦1 0 0 41 0

2k 10 B 3/3 (Dookjr rod) 5.0 ♦1 ♦1 5.0 4l 4l 

22 5m V3(Boddlab brown) 2.5 ♦1 ♦3 0 4l 43 

20 5m 3/3(Dark roddlah brown) 2.5 *1 4l 2.5 41 41 

21 5m 3/3 (Dark roddlah brown) 0 0 41 0 0 4l 

23 2.5m 3/4 (Dark roddli^ brown) 0 0 42 0 0 42 
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Vm data in Tabls? ahow tlia waximiUM in color raadtngs aaong 

MTeral iodlTidaals. Boadinga in the table irore aate four people 

ea eleven toil aaaplea in idiicb there was no d\q>lioatioa of colors. 

Ito sasple was read the same togr all fovor people. Differences in read* 

ings were greatest for hue and chr(»a. Value was read quite unifonBly. 

Ooqiariscns of the readings of A with those of B, C, and D showed only 

seY«n of tiiLrty-three were read like those of A. Cooparison of B« C 

or D with the otitor three showed six to eight of the thirty-three 

read alike. 

The data in fable VI show how consistently an individual reads 

eoler. Suawarised in the table are one hundred pairs of readings 

under fluorescent light and one hundred pairs of readings in natural 

light. Tbs rsadtngs are shown in Appendix fables VllI and IX and ars 

ths readings at four tensims of ths twen^-fiTe saaples. 

Under fluoresoent light forty-six of 'Um ons hundred were read 

tim saaw on both days} in natural light forty-seven of the one hundred 

were read the a«ae on both days. Fourtsen undsr fluoresoent light 

sad ten in nstural light were read as different in hue. Chily two of 

the two hundred varied three chips in color. 

Readings in natural light on diffeirent days wers as consistent 

as UKider fluoresecoit light. 

Mars o<»plet8 data for the twenty-five saaples used are in 

Appmdix tables. Appendix fable VII shows tb» soil ssriss, horisoa 

and dspth of eaeh of ths twenty-five saa^ilss used. Organic natter 

eootent atul aoieture at the four tensions of the color readings, ars 
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TABI£ VI 

PISTRIBUTXOH OF COLOR BEfiDINGS mm OH DIFFEREHT MIS 
m AH INDIVIDUAL OH ONE HUHHISD SOIL SAUPI£S 

Smm 

Light Light 

Sn* ooXw r«Mding k6 kl 

Color roadings varlod 
one ohip in color book 33 

CoXor readings varied 
tao chips in eoloor hook 12 6 

Color readings varied 
three chips in color book 0 2 

Color readings varied 
in hue lit 10 

Huaher of eoaqparisons 100 100 
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also shown* 

Aiqpsndix TabXs Till shows MoumII color notations mds st ths 

four ■oistsrs tensions under finoreseeat li^t. 

AppmAix I'ftble IX shows ManseU notations wads at the lour 

Moisture tensions hgr natural light. 

.jlU: 

■ 's 
fr« 

•>1 

" ■.'i 

■ _) 
V.,.: 



CHAFm vz 

coNazssioi^ 

Colors of ths soils at atMOSpbsres tsnsion iraro froquaatl^ 

lightsr and noTsr darker than those of the ssas soil aolst (1/3 

atooeidiers tension). Value and dxtom sstjr change frooi0 to -»3 anits. 

Changes of hue vith changes in aoisture t«msion are not cnaaon. 

Color changes from 1/3 to 5 ataosi^Mres aoisture tension are 

less, but of the saae general range as the 1/3 to 15 atnosidieres 

change. Changes from 1/3 to 2 atmospheres are 0 to ♦2 units of 

ralua and/or chroma. 

The value is inclined to change more tiian chroma in gray or 

grayish soils. In yeUomdsh, broen or reddish soils, chroma changes 

tended to be greater than value ehemgee. 

Be relation of color ehaagee to organic matter content wae 

found. Color readings of an individual or among individuals eere 

variable. An individual does not read eoil eolore the same 50 per 

cent of the time. Different individuals read colors the same less 

than on»-third of tha time. Independent readings of the same color 

by an individiial or by individuals varied as much ca> mere the 

differenoee in eolors betmMm 1/3 and 2, 5# or 15 atmoepheree 

moisture tension. 

Ho general or usual relationehip beteeaa color (dumges with 

moisture teneifw changes was fouod. Qmsidering the lack of 
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mitandXf in oolor vwuUngs iQr or aaong indlridoaloii ^tfuotg* la c(Aor 

would not iM n Mtiafaetory basia for telling acd^ature atreaa for 

irrigatloD purpoaoa. 



cH/LPm m 

smtAM 

A problaa was taken to find if the color changes of soils were 

associated irith soil aoisture tension and if soil color could be used 

as a oeasure of soil aoisture tensions. 

Tirwitj-five horizon 8aag[>le8 from Tennessee soils rrere ufl»d. 

Organic matter and moisture at four moisture tensions irere determined. 

Colors mere read at the moisture tension lersls under uniformiiy of 

light and other conditions. 

After activated carb(m in amounts to 5.0 per cent was added 

to one grsj and two red sai^les^ color changes were stdll relat5.velj 

Tests were made of variances of readings bgr and among indivi 

duals. 

With SK>i8ture tensicoi changes frcsa 1/3 to 2^ 5 and 15 atnos-

pheres, changes in soil color were snail. Generally they were 0 to 

*2 value and/or chroma units. Only one value change of more than 

two ohipe in the color book waa noted. !lo ohrona change of more 

than two chips was noted. CStanges in hue with changes in moisture 

tension were infrequent. 

Five per cent carbon changed colors of three soils used to 

near black, when moiat. 
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Sanqplas wwra rwid ths same \3^ an indlTldiial lass than 50 par 

aaat of ttia tiM. Variation la raadlnga lif four indlvldtiaXa wara of 

^pproxiaataljr tha aaae wdar as varlaticma doa to moistura ohangaa. 

mth Mlstura tanslon dhaagas valua changed more In gray or 

grayiah soils than in soils of other colors. No ralaticm of oolor 

ohanga to organLo aattar eontant aaa found. 

No general or usual ralatlonahip betwem color changes and 

changes in n»istura teiuiion uas found. Readings hy «n Individual 

or aamag individuals vary as smch or sore than color raad5.r^s at 

diffaranl tensi<»»« so color would not bs satisfactory fco" ssasuriag 

■oistura stress. 
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APFiaOlX k 

TABLE VII 

SOIL SERIES, HORIZONS, DEPTHS,(^ANIC HATTER AND MOISTURE 
CONTENTS AT FOUR TENSIONS 0^ SOIL SAMPLES 

Ht. Fw c«at lioistura at: 
Organle V3 2 15 

No. SarlM Horizoa DaptH Matter Atsoa- Ataos- Ataoa- Ataoe-
Par eaot pharas plieiraa iMiaraa i^iaraa 

1. Coogarea 0 29»ta 1.60 23.0 9.017.5 12.7 
2. Mnphls 0-6'* 1.09 19.7 9.9 7.6 6.0 
3. Wkvry Ap O-Bi* 1.48 23.8 16.1 9.7 7.5 
i». CookrLUa 2-8«* 1.65 19.8 8.4 4.9A2 3.4 

Saquoia 0-6« 18.12.75 26.9 15.2 12.3 
6. Saquoia S 6-16" .98 24.2 18.5 16.1 13.7 
7. Hountriav 8-20" 26.5 13.0Bl 1.04 15.7 10.1 
8. MountTlev B2 16-25" .73 23.6 14.6 10.3 8.5 
9. Cbranada Bq 18-23" .45 33.4 18.1 13.1 U.6 
10. Gothrla Al 1-5" 1.68 23.2 16.4 11.8 9.0 
11. lialTia O^gg 15^24" .61 25.5 16.8 13.5 10.5 
12. Melvin ^gg 8-15" 1.24 23.8 14.3 10.6 9.2 

Quthria13. 5-28" 1.05 23.3 14.5 8.3 5.7 
14. Calhoun 0-8" .83 a.5 6.1 4.8 2.8 
15. Calhoun .608«* 28.5 18.3 13.8 12.7H 
16. Saquoia B2 16-25" .56 29.2 22.7 20.8 18.4 
17. CookvlUa 13-32" 26.9 21.9 18.1B2 .55 15.3 
18. Daeatur 20-40" .34 22.2 19.0 14.0 10.6B2 
19. Daaajf C 25»-*' 1.34 25.6 19.1 17.3 14.6 
20. Daeatur Ap 0-8" 2.81 a.8 17.2 12.4 8.3 
a. Haraltaga Ap 0-10" 2.68 26.2 19.5 17.1 14.0 
22. Maurjr 8-30" 1.15 25.3 15.8 10.0 8.2 
23. TalUeo Bl 9-19" .83 24.2 18.6 15.8 14.1 
24. Tallloo Ap 0-9" 2.14 21.5 15.4 12.7 10.8 
25. Orosacloaa 0-7" 1.83 21.8 15.4 7.8 4.4 
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ish 
grjy 
9/1 9/2 9/3 9/4 9/6 9/6 
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redd. Dusky red 
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Dork red 

2/1 2/2 
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ish Very dusky red 
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11 1 1 1 « • —I 
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Figure 3. Soil color nanes for several coinblnatiaQa 
of value and chroma of hue IQR. 
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Figure it. Soil color names for several ccsablnatlons 
of value and chroma of hxie 
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Figure 5. Soil color names for several combinations 
of value and chrona of hue 5fR. 
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Figure 6, Soil color names for sereral combinations 
of value and chroma of hue 7>0ZEi« 
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Figure 7* Soil color uaioea for several combinaticma 
of value and chroma of hue lOIR. 
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figan 8. SflKll (Mdor iunmb for M9«ral ooodbinatlaiui 
of TBluo and oliroaB of has 2.5f. 
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