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ABSTRACT

Carl viiiiiaBS Kelley, Doctor of Philosophy, 19^2.
Majors Soil®, Department o f  Agronomy
Title of 1’he^is: A Study of the Chemical and Physical Changes Produced

in a Soil by the Fo mat ion of the Organic Colloidal 
Complex*

Directed by Dr. R. P. Ihsa&s
Pa^«s in Thesis, 23 ^ords in abstract, 2̂ 3

Tea Maryland soil® having various sanaimt of organic natter and

being representative of all the soils of Maryland were oxidised by

nine different methods to got an indication of the amount of or^ude

natter present. The soils treated were &Lktem s il t  loan, Sassafras

s ilt  loam, Portsmouth loan. Sassafras sandy loan, Chester loan, Maher

loan, Hagerstown s il t  loan, Congaree s ilt loan. Ash gravelly loan, and

Penn s ilt  lorn. The methods used were, hypolodite, asnonia extraction,

potassium permanganate, eerie sulphate, Yelkley-Blade, Thomae-filliane,

sulfato cerate, perchlorate corate and total carbon.

One soil was incubated in the greenhouse with vaiying amount® of

organic matter, line and fertiliser. The Thomas - William© and lalklsy-

Bl&ek. methods were run on all these samples. Also the base exflhenge

edacity ms detemined before and after oxidation on these samples es

well &» on the ten soils mentioned above. From this the o ip t l t  base

exchange edacity was calculated. Oxidation was performed with 6$

H 0 .
2 2

Fxuss the relationship of the v rioas factors there is an indication 

that a rapid oxidation »ey be set up to give a very elose approximation 

of the organic exchange capacity of the soil* Also, in the treatment 

of the soil samples with organic matter, lime and fertiliser, I t  was seen 

that organic material® in themselves may actually decrease the organic 

exchange cspscity. From these observation® i t  is concluded that the



Isest method o f  iaem siag organic base e&pacitjr is fcy l)»

of nltro gen eons material and lime*
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IH i‘ .%•, >-•’ tiO 'i*X 'S

It has long been kn&* that organic matter pl?ys an itaportaat 

-cart Is soil fe rtility . I t series to improve soil® from sovetel 

standpoints. *mong thee© are Improved mter holding power, Mo- 

logical conditions, capacity to hold plant nutrients .sad in other weye 

lop rove soil ae a ssediua for plant growth.*

The ability to hold plant nutrieats end to deliver these nutrients 

to growing plants is closely associated with the -property of ha.se 

exchange. Si nee base exchange plsys such a prominent part in soil 

economy* much sopb&ds has been placed on this topic by soil Investi

gators during the last two decade©* The general features of the es» 

change properties have long been known, but the intensified research 

of recant years fee added much to the practical interpretation o f the 

processes involved.

In. view of the great isgportance attached to soil organic matter 

in general f-nd to that entering into ha?-© exchange capacity in 

particular, this investigation was undertaken. The investigation 

involves two important factors. One, & Cooparisen of different 

methods f o r  the determination of organic matter that enters into 

the exchange capacity. The other, a study of base ©asehang© in 

soil as effected by the presence of organic matter.



‘̂ hs "bodies of dond organisms (10) ;-£»d the residue*; o f l iv in g  

matter deposited on sn i T&thln the so il fo m  the material kaovn as 

soil organic matter. .-ioil organic matter theoretically comprises 

only the dead residue o f organ!rase **«& the various products o f th e ir  

deooisposilion. I t  Is practically im possible, however, to eepamto 

th is  material from the living aicro-organisras that l iv e  in the soil 

;.;:iicl carry on the task of decomposing the residues. I’ll© hulk of the 

bodies of micxu^rgeniasBS, together eith th e ir  om reel dues, i s  

therefore regarded as a part of s o il  organic matter*

Chemically, ©oil org&ale matter comprises a mixture of a great 

many substances that rasy he classified into three groups: (l) car*

bohydr&tes, (2) proteins, (3) lignin, -nd Ĉ ) fats, resins, vases 

■•md similar cosapourids.

Ihe tern * Imrans41 ( 2$ Is sometimes used to designate sail organic 

oattar* •‘SaBas* is a nara© given to a group of black, sticky, or 

waxy, complex compounds that :u*e derived from organic matter origi

nating from substances that the plants have synthesised.

Much of the m aterial that constitutes husras is  derived from 

Xli?5»in of plant residues. I t  has been found that ligain end lignin- 

like substances have base exchange properties.

McG-eorg© (6 ) has shown that the exchange capacity o f  organic 

natter is  in largest part due to ligneous compounds, and that lignin 

possesses a chemically equivalent exchange property* As for lignln 

itself, he says that the exchange capacity depends upon the methods 

usod In prespiring or separating i t  fro m  the mother substance, and that
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o f s o i l s  that has- very important p ractica l -^plication® . ‘:;foeii a 

gisspl© sn lt , suctx as XCX. i s  .-ildod to a m i l ,  sob© potassium changes 

places in  tho c o llo id a l p a r tic le  vdth calcium, sodium and other mineral 

base elements, and these in  tarn enter into the s o il  solution* 2*he 

results i s  that only a part of the potss&tum i^hieh m s added in  eolith 

tio n  remains water so lab le .

exchange capacity*1 i s  a ter© that i s  used to denote the 

measure of the r e la t iv e  a n ility  o f a so il to retain  basic ©iseients.

*ebsehangeable cation^ 1 would possibly be a better term, for then 

hydrogen ahlch also plays an isiportant part in base eaehange reactions 

would be included.

Ion e3oshs2ige (base exchange) (19) may be defined as m reversible 

interchange o f ions between a X ir.uid phase and a solid body which does 

not involve -any radical change in  the so lid  structure* I t  was f irs t 

observed in  so il  by -isy In IS^O. He passed a solu tion  o f KCl through 

a bed o f  m i l , tmd found that a l l  the potassium v?s.b removed from  the 

so lu tion  and replaced by an equivalent * t m t  o f c-lcixaa and sodiun 

from the s o i l .

•Xedrois and His slide (3D) have shown that has© exchange obeys the 

chemical law? o f mass action end equilibrium* According to Sedroiss, 

the law- o f  soil base exchange msy be stated a© follows* ** Absorbed 

ions of iioil coispounds are displaced by other Ions in equivalent 

ratio . *

Only t. limited quantity o f  m. exchangeable basic dement of a 

soil material cpji be brought into solution by the single addition of 

a  displacing agent; but under leaching conditions, the displacement
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can f i n a l l y  he an&e complete, as &e&rois aa-;. Hieelsk h.s.ve shorn.

linos the foregoing review of literature i t  can he seen that 

the methods used for the detemismtioa of o r i o l e  matter an well 

mg those used for deieimiiiiag the organic matter that enters into  

the esECh&age complex are fa r  from satisfactory. I t is hoped that 

the antoriel presented in the following pageo mny throw a l i t t l e  

sore 11 on the prohlscu



PHOCj&*JR£

4. survey w  made oa tea represemi:--ii we S&aryl&ad s o i ls  ($) for  

or^r-jlie  :;n& iaorgnaie b?M,*e exchange enpstcity. 'Hi©*© soil® were 

uaed buc^mse they varied in  organic matter contest and genealogy. I t  

\-?ass thought that re su lts  obtained from these trea ts ante might be 

applicable to tfcryland soils la  general. Also, these s o i l s  were 

subjected to detemln&tion® for to ta l of^saic matter as well a® the 

fraction of organic matter that i s  readily a ad. d isab le . Samples o f  

one so il  were brought into the greenhouse and allowed to Incubate 

with various treatments o f organic matter, lim e end f e r t i l i z e r .  Base 

exchange capacity and organic matter extraction* were determined on 

these s o i ls .

For the base exchange a n a lysis , the leaching method o f Schollsaberger 

nud d re ih slb is  (1 3 ) was used with s lig h t  m odifications for the so il*  

which were extracted with barium aceta te , fhe pS. of th is  solution 

was adjusted to 7 -0 - I® th is  method, ten grams of s o i l  wear* weighed 

out sr*d transferred to a leaching tube. However, instead  of using 

tubas hawing a perforated parcel aim d isc  cowered by a f i l t e r  paper, leaching 

tuber, with sintered g la ss  d iscs  were employed, fhese speeded up the  

leaching process considerably. A rubber policeman was placed on the 

stem o f the leaching tubes so that the so il  mi^ht soak in  the 1 5 0  a . i .  

of leech ing so lu tion  over nlfjht. In the morning the policeman was re

moved and the so lu tion  allowed to leach  through the s e l l* .  Them Use 

le&ehed s o i ls  were washed with successive portions of d is t i l l e d  water 

u n til £h*> washings showed no te s t s  fo r  barium ion* with d ilu te  8^93^. 

n in ety -fiwe percent alcohol was used in one or tw o  small portions for
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leudhing la, order to decree© by&s^lysis. fh© washed soils were next

leeched with 150 m.l. o f  one normal pot&s&iuia solution in order to &ls-

pl.^ce .rill of the barium- ions present in the exchange eosapl ex. ĥ© &i©~

olaced hnrim  was determined by using e slight m odification o f  the

method recommended by iC o t t (lb) *

-he bos© exchange Capacity wrs determined before m d  after oxl&s-

ti  m  o f the soli s. (For results see :-able 2 ) • fh© oxidation wa«

sccoaspli shed with hydrogen peroxide, using six treatment© of twenty**

five a*.l. of six percent hydrogen. peroxide. 3ach portion ms allowed

to remain on th e  s o i l  over night ~ad then drained, o f f  the f o i l  owing

marsklng lay removing the policeman fross the stem o f  the tube*

h pH determination was made on aach of ■fee soils by m@-as of the

Beckman pH meter.

crg^mtc met ter determinations were made oa the soil© before and

after oxldati n, using the wet method fa r  to ta l carbon (1 ). fh is

method involves the oxidation of organic matter with a chroaft5e»phe*-»

ph>ric~sulphuric sold  mixture and the absorption of the carbon dioxide

in standard sodium hydroxide.

-iiiie d ifferen t methods for determining organic matter were used on

the ten s o i l s ,  i‘h© hypoio&tte method used wag that o f  Homan and Peewy

( ll) . In this .sa&lyeie five grmrnw of soil are used, water added* and

iodine and ©odium hydroxide placed in the bottle to fern BaOI. At

Intervals portions are withdrawn, HC1 added, the iodise titrated with

M©. S G-. 2for the ammonia extraction method, a modification of tile 
2 2 3

method o f Cameron and Breaaeale (b) w. s carried out. Instead o f  using  

a 3*1 aomoni: so lu tion , a* in  the method above, the ©oil vs* shaken with 

a 10;* wmo&la so lu tion , centifuged, the c lear  extract poured o f f  and
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ermporate*! to dryncs-.;- oa th e  hot plot©. «!ho residue was tsken up 

with •• l i t t le  &1 ©tilled mi-er and dilute H ;jfi , aud total c^rboa
2 h

detom liiod. hhe powder method made use of was that o f

hr.:- dwell nx?.' i I?.". 13. <i?}. H ero five aroao of s o i l  were -oX cod  in sn 

evaporating dish altmp *dtfe th e  bleaching powder. 'This wn.s ta?»&© by 

T?ei/fhlaa- out 5 grams, adding writer to make 500 s . l .  and them taking 

out r 20 o.c. aXiouot. leu percent Ki raid. 1 - X HCl were d̂ded 

ond the titration sad© with Ikvp^O,. Three grm&s of soil were need
(C <~r J f

in the KlfcoOj method (1?). Twenty m.l. of *1093 Ys KMaOĵ  were used 

■ jud the ©access pemaa^aat© titrated with ^ohr* s Sialfc* ortho- 

»jb gnnathrolIn© wa.s used as *m indicator. One gram of soil w*»e need 

in the Oerie Sulphate Method of analyste. This was wat in an $ 

inch test tube with 10 n .l . of H Ceric dulphste and heated in 

a boiling wr.-ter bath for 15 minutes. the ©sees® C©rle Sulphate 

was titrated with Mohr* s Halt. .1 blank run was made at th© seae time, 

fh o  ;c iU iI«y-#iecfe  M ethod ( I S )  stakes us© of only o n e  h&lf spnm o f  

soil, fhis is mixed with 10 a.l* of Jfa Cr 0 and 30 m.X. of eon—
3 2 ?

cent rated K̂ dO and heated in a hot water bath fo r  15 m inutes. The
 ̂ *♦

mixture Is cooled, diluted, 5 0*1« o t a 2* %  edded sad titrated with  

Mohr* » Holt, "fhis is * modifiestion of the original method. There 

ie much similarity between the ^oaas-^illi.ms method (l6 ) sad th© 

V:oXkl©y-Black method, la th© former 3 ^ r^s of soil .are oxidised 

with * §  r ?0 j  and Ĥ SQ̂ , cooled, diluted and on elieuot titrated 

wi th feohr1 s s&it. Neither the Hulfato Cerate nor th e  Perchlorate 

Cerate methods Cl5) have bean used before in soil work, ‘brut were 

employed as described .for the determination of g ly cero l. In the 

f irs t method, ($3 )̂*, Ce was di tsolved in 0 .5  isolar 3^^)^



added to  1 gras* s o i l  toid heat ad on th© mter oath for 1$ minutes • Mohr* ft 

salt ms used for t i t  ration, fhe second method is very such like the 

firs t, except that approximaioly 357* HC10 . is u@ed 1bstead of th© H SO .
2 h

dodiu® oxalate is used to titra te  th® ©xeeer, oxidising agent. In both 

of these methods barium diphenylamine sulfonat© w&.s used *sn& fo u n d  to 

be preferable to any other indicator used so far*

For a l l  the d e t  ©rmi n&tions the f in a l ca lcu lation  was mad© to give  

the answer in  t@ms o f oercasat carbon. Thie was m ultip lied  by th© 

factor  1.72U i k )  for conversion to percentage organic matter.

Hie sasrplos o f 3411evilt e s i l t  loam were co llec ted  from the f irs t 

6 inch©© of s o i l ,  brought in  and well mired. Ttdr ty -four, two gallon 

pots were act up, thus giving 1 7  treatments and checks, laeh pot was 

given treatment a as showa in 'fable 3 * Ih© dry or grille matter, consisting 

of wheat straw sad soybean str&*- vip added at the rate o f 10 grams per 

kilogram of s o i l ,  or 10 tons per acre. Hi© green organic matter used, 

groan wheat and green alfalfa, were added at the rate of 20 grass per 

kilogram of s o i l ,  o r  20 tons per acre. Hi© lim e added m® burst lime, 

*40-50$ Ca0 and 9-10$ MgD. A 10-6-h f e r t i l i s e r  was used. I t  as a 

neutral mixture, mad© up of Oramon, 50$ muriate o f  potash and 

20$ s^perphosph&te, and applied at the rat# of J- gram per kilogram or 

per acre* alee used were 5 pet© filled  with send and treated 

with the same quantities as given above. £&ch pota was inoculated 

with soil bacteria, fhe dry organic mat© ial was ground in & Braun 

£111, while th© green material was ground in a Mirsblead Or!nder 

containing water. Mol sture determinations were made on th© soil by 

means of th© Bllg&rde Cups and th© pots kept at optimum moisture 

by adding distilled water at intervals, Swery two or three weelcs the
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contents o f  th# pots worn screened, *md w ell m ixed, fhm incab#, tioa 

was carried on for apr ro xim&t ely J0 0  dsgra, at the end of ^hidk the 

contents of th® pots wore w ell mixed, snople? wore talcaa, »ir dried, sad 

screened.

?*he determinations made on the pots? ôr® as follows: pH value, 

o r g a n ic  matter determinations bgr the 2hona»--tfilli*M# Wallsl«jf—31 edt 

»ja& by th® total carbon method. Also, has® oxehastgo capacity was run 

before and after oxidation with Ĥ Og. All theae methods hawe been 

described &bow* and th® results are gdwea. in ?ab&® 3*



*>X dbU *i*>X oh

Won. though the datn shown in the* tables are mn?* or less self 

explanatory, the discus®ion. is ^ven to emphasise certain important 

points end to 'point out the relation of the various factors* ?or 

instrace, in fable 1 , th e r e  can he seen the effectiveness of the methods 

for determining the organic matter content of th© v rious soils* the 

total carbon determinations Is taken as the standard*

The ammonia- took out about 30$ o f the organic material. There 

seemed to be no relation, between th© organic matter dissolved and 

either the total organic matter or organic base exchange capacity*

It is p o ssib le  that if  d ilu te  HK31 had hem used prior to the ammonia 

treatment, h i^ ier  snd more s ig n ifica n t values would have been obtained* 

Hypoio&lte removed 25-50$ o f  organic m aterial, The XSinD̂  method m e  

much le s s  e f fe c t iv e , giving values a l i t t l e  le s s  than h a lf  o f  the 

bypoiodite. Hie Hiom&sMfill&ama method is sim ilar in  p r in c ip le  to the 

,/alkley-Black procedure but employs a weaker oxidising solution. I t  

i s  presumable that th is  method evaluates th© organic matter that may 

be expected to be w ell incorporated in  th© s o i l .  These two methods 

appeared to give b etter  and more s ig n ifica n t values.

The three oxidlsing solutions involving cerate as an oxidising 

medium bear a certain relationship to one another but vary in their 

effectiveness. The perchlorato cerate being the mildest oxidising 

medium of the group. These three methods removed the organic matter 

more in proportion to the organic exchange capacity than the other 

methods*

Bleaching powder wns also used as an oxidizing agent but the results
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were included in  the table. Inic? method needs further investigation 

in viaw of the fact that only elicit variations vm rs shown in the 

penult 3 for highly varying soil::. ?h© values obtained ranged from 2.03 

Oo 5.3^ percent organic msttar.

there i s  shown in Table 2 th# base oxehimge cancelty of the xm^ 

oxidised and oxid ised  s o i ls  find the base ^chsage capacity due to th© 

organic matter alone. I f  the organic exchange capacity for  @?*ch so il  

i s  divided by the percentage organic natter found by th© d ifferen t  

methods i t  i s  believed & relationship  will be obtained* If th© mmm  

nuDeriesl value i s  obtained for  *11 ten s o ils  then there Is * definite 

rela tion sh ip , This was don© as is shown by th© resu lts  in  Table.}*.

.s casual survey of those data- indicate that for sose of the methods 

there doss eeeot to be & relationship between th© o ad dimed o rganle 

la tte r and the organic exchange capacity. In order to check this, th« 

f-t/.-,ad&r4 deviation -a woll e*. the coefficient of variation were calculated 

for these values as well as those in Table 3. In Table U the smallest 

coefficient of variation appears la th© dulf&t© Cerate method ©here i t  

in  G.l&Q, and 0  *195 for th© PerehXor&to Cerate method. The la tte r is 

not as good a value a# the julfato Cerate method. However, when the 

eight soils that have the least variation are subjected to such a 

statistical analysis the coefficient of variation is 0.0^1 for the 

Perchlorate Cerate method and G.llS for th© Sul fa to Cerate method.

Th® coefficient of variation value of 0.091 i® considered to be 

very ©i^iiflc^nt. The coefficient of variation velum® obtained for the 

other values rhich were secured by dividing the organic exchange capacity 

by th© soluble organic matter are not considered to b© significant. It 

would apoe&r thrt the values obtained for th© eight soils by th© Per-
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chlorate Cerate method i s  roxia&t ©1 y one-tenth. th-.t of the organic 

exchange csp-seity. Jhie would indie it0 thot thl? rspid method might 

he a sod .̂ 5 :. a&ano of evaluating the organic er&haiigt* cnpaeity. Al

though more data ••rill have to be obtained before this c&a be justified.

It appears a>. if on® csii estimate fa irly  closely the organic exchange 

cmfiCity by imiltiplying the smoxmt of organic aattw  oxidised by the 

Perchlor&to Cerate procedure by tea.

la fable 3 i t  cm he seen that the treatment defiaif «oty influences 

the organic exchange capacity. In order that the effects of this 

treatment can he more clearly sem the results of fable 3 sure aimaerized 

in fable 5 « the green material, green ©he&t very definitely decreases 

the base ©xeliaag© cap*elty while green ?*lfalfa did act lower i t  quite 

-O .juch. In dry material the high nitrogen content had. l i t t l e  effect 

on the organic exchange capacity while low nitrogen material decreased 

it .  Organic material alone and fertiliser .alone decreased the organic 

base exchange capacity. bIso lime and fertiliser together did about 

the sssa© thing. Lime alone did not decrease the values, but gave even 

a l i t t le  hitftimr ones., .’hen from these data i t  would seem that the or

ganic exchange capacity can only be built up by the us© of organic 

residues high in nitrogen that do not decompose too readily along with 

the judicious use of lime.

In the past the difficulty experienced i n i  temp ting to oxidise 

organic matter has probably been due to its  close association with in

organic sand mineral matter. Since a great deal of both organic and 

inorganic active matter is in the colloidal form this Btaftft that the 

organic and inorganic colloids are very closely related. Ihe impression 

acquired from th© literature bear© out this observation as well as those
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data, assembled in this investigation. In th© letter ease the oulfato 

Cerate and Perchlorate G@r te probably oxidise the organic aatter in 

the relation in ehioh i t  mxXntn In the organic exchange complex.
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T&BL& h. the Value obtained by Dividing the Milliaqntvalent of the Organic 3H0h&nge Capacity by the Percent 
of Organic Matter Secured with the Different Methods of Determinations on the 10 fehryl*md

Soils*

Hie Numerical Values for the Different Methods
M iin w w i W WiW  mu — — ■» jm #+»+**, <m m* *m mm *m *mm i m*m* mm mmim.m*-*m<mk\m  tmmmnm rn+mm »§< ■ «» *m <**«+'** *+v»im**+m++r, **. —* m* *** •**• «•!» .*#«• -v. w

Soil Types Used Asofaonia Potasaius Cerle ^alkley- Thomas* ^ulfeto Perchlor&to Total
E^gaiodite^ •ilxtrsotioa Pwiaailganfite Solchate Black HilliSHB Cerate Cerate Carbon

dkton S ilt  loam 5»5*» s.J*5 11. J3 3.1»f 1 .6** 2.52 3.32 S.gc 2.15

Sassafras s i l t  l*>m 7.75 10.30 1 .#* 5.ao U.32 lH.00 5.50 11.50 6.60

Portsmouth 1mm 1*4.10 1^.90 30.01* 6.00 3. 1*1* 5.15 5.05 11.01 3. 11*

Sassafras Sandy lossa it. 50 1.97 8.30 6.50 6.00 **7.30 1+.82 11*. 30 6.30

Chester to m 9.25 9.25 ;*.20 5.00 H.3B !*.35 11.55 10.10 6.05

Manor hosm 10.02 ¥*.go 37.00 5.15 '4.22 7.05 0.90 11.60 i*.i»

Hssgerstosii s i l t  Loam 11.01 51.50 ’42.00 It. 36 2.95 5.68 *»-35 9.38 3.52

Cong&re® S ilt  Loam 8.75 12. go 12.20 3.1*2 2.50 li.oo 3-88 10.01* u .6o

Ash Gravelly loe» 1>*.7B 31.30 79.50 5.70 2.75 3.69 5.50 9.90 2.56

Peon S i l t  Los® 9.35 26.00 26.80 1*.M 1.85 k .m 3.82 9.15 3.76

Averages 9#^ 30.39 27.32 *».87 3. 1*1 9.95 1*.57 10.33 >*.00

HU3



5 . ft3a« of Boil fre&tmeato on the Organic
ŝeehaage Capacity of & Boil.

Boil Treatments

faeat Straw 

Groen fheat 

Soybean Straw 

tureen Alfalfa 

Organic Materials Alone 

?»rtlliz9r Alone 

Feriili «er and Lima 

Idme Alone

Average Ornate
Capacity

m.e.

5 .2

3 .2

5 .2  

h m2 

H .x  

H a

6 . 3



z m ,  a m

*en ygprs--'•eeta.tlre Mar/land s o i ls  wore oydL&ized with nine diff«r«ril

^atliod-i fo r  determ ining the organ ic m atter c o n te n t• *l»o the has®

exohaag* capacity m i  determined before and a fter  oxidation o f the a o i i t ,

Oxidation m2 0®rfo»«d by menas of &% BLD *
' 2 2

dae s o li  u s  hron^tt in to  the greenhouse and incubated wi th ▼ ly in g  

treatments o f  organic matter, lim e and f e r t i l i s e r ,  the base exchange 

capaci tgr was also determined on these steep le e  before and a fter  oxidation.

Froe the resu lts  o f a l l  the ire treatments i t  i s  concluded that:

1. Utere i s  an ind ication  that a rapid method can be derieed to 
estim ate the organic exchange capacity o f the s o i l .

•2. the use o f organic m aterials alone may actu a lly  decrease the 
organic excksag© capacity o f  a s o i l .

3« tllie most sa tisfactory  method to increase base exchange capacity  
i s  by th© us© o f nitmgeaeouss organic material and lime.
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