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ABSTRACT A
'

Humic acids were extracted from samples of Ah horizons obtained

N

from sites representative of several different soils. The soils

o

sampled have each developed under different conditions of climate

and vegetative cover. Humic acids were extracted from separate soil
i

Ah samples with 0 5\ sodium-hydroxide and with the sodium form of
Dowex A-1, a chelating resin.  The humic acids obtained by these

extractions were characterized with respect to ash content, qﬁgbon

.

content, nitrogen content, optical properties, amino acid composition
. Vi ) :

and susceptibility. to enzyme hydrolysis by the proteolytic enzyme .

pronase. Results of these apnalvsges showed there were differences

~

in the ash content, total nitrogen content and quantitative amino

s

. /
. . . ) . . N . . /
acid composition of humic acids when they were obtained from different
Y //
soils. Attempts to release amino acids from humic ac1ds through Lﬁe
. //

action of the proteolytic enzyme pronase-showed humic‘acids frqﬁf

. B ,,/
differeqt soills varied considerably in their susceptibility to enzyme
hydrolysis

‘In ordef to Further characterize humic acids ar%ractionation,

procedure was developed which uses phenoi and acetone as extracting
solvents to separate humic ac1ds into three dlqtlnct humlc compOnents.
Yield data showed that the proportlon‘in which these components were
present in humié acid depended on the goil series from which the humic

acid originated, Comparison of optlcal and chemical prOpertles of
. .
humic components,recovered from different humic acids 1nd1cated that

iv



similar components were obtained from all hunic asﬁds studiedwregardless

. \

e ]
<
of soll series or soil site from which the humic acid'was‘obtaingd.

. B

Humic components scparated from the same humic acid differed from .
i : ' { 7 v K .
each other in optical properties, total carbon and nitrogen content,

¢ . .
quantitative amino acid composition and ease of hydrolysis by pronase.

It was concluded that phenol-acetone fractionation of soil humic acid

results in the recovery of humic components which are in different -

. AY

relative states of humification. It was further concluded that

\

differences between humic acids obtained from soils which have developed

under different conditions of climate and vegetation, are associated
mainly with differences in the relative distribution and manner of

combination of individual humic componénts in the humic acids.
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“Kononov.a, 1906) ., Lonsequently it is reasenable to assume that the .

INTRODUC V0N

) . v
)

Levels and vertioal diw:i!ux(,&_\‘:l b oerpanic ndftter in o solls have

long been kaown 1o be related o soval o sorletormins conditions, and are

- A .

a py\{gqiv_wq; Peature o smorie svatens ol osoil oo lass it ication., However,
relatively little wufcess has been oot with in Sttempta tosrelate .

qualitative characteristics ot the cryandie mittér torthe conditions

under wvhich the orvanic satter haae

-

. -
. 7
The most reprecentative and stable traction v osoil oorganic matter

a

is humic acid, which can corprise as audh oan SRao 8o perosnt of the
oo, o

total soil orvanic =atter (Paal, Y9700, SHoede acid is obtained as g
= N :

dark-colored amorphous proecipitate wvhen an alkadne oxtract of soil
. » . : .

-
Organic eatter v aciditicd ta R TN PRV SRR TS th hvdrgealosic or
A - r-3 . 0
. - °© '
B _
sulphuric acid. Thiy procedure alse otsen resalts in the recovers

. ° .
of an acid soluble Corponent of soil ofcunic matter called ralvic

,
)

acid,

It has been postulated that the forsation of hunice materials in

4

solls is ot ensvmatidally control Led, bup is the result of conden-
( t .
sations of wicrobial Jdepradation products (Flaig, 1964, 1966, 1963;

5 . ¢
o

‘ N . e o > ) .
physical and cherdeal properties of himic materials. are gffected by

the environmental wonditions prevalent at the time of formation., -

3

Thus these materials should display properties which are Yelated to

theix. environment both in terms of soil genesis and the plant. eco- ——

e © . ¢
- . ‘

Coay, : . . )
sybtem. In support ‘of this contention various vorkers (Konenova, ,

. v a . e 1
1966; Tokudome et al, 1965),. especially in Russia (Konohova, 1966),

3

~have reported defingte relationships between the humic: fulvic acid
e o LI

CR e .

™



0

ratio and soil type. On the other hand, there have been only a few
reports suggesting qualitative differeunces in these fractidns that can
be related to soil type, and it has been suggested (Lowe, 1969) that

3

the distribution and gunnvr of combination of humic acids may be of
> \

"

greater significance than differences in composition.
v ) . :
Recently some research on humic acids has concerned the biodeg-

radation of these substances as a possible means of structure deter-

mination (Mathur and Paul, 1966; Ladd and Brisbane, 1967). Humic

, :
acids prepared in the usual manner by extraction from soils with

dilute alkali or neutral salt solutions, contain varying amounts of

. » . .
nitrogen, of which up to 50 percent may be accounted for as t-amino

acids (Bremner, 1@55). The amino acid content of <humic acids is

- ‘

[y
thought to arise from peptides or proteins incorporated in the humic
. L ~

acid structure during the condensation with various phenols and

AY

~

quinones " (Kononova, 1966; Flaig, 1964, 1966, 1963). Humic acids often
. )

‘ )

differ in their total content of acid hydrolysable amino acids; /

hY

analysis of these hydrolysates have generally shown only small variations
in the relative praportion of amlino acids present (Lowe, 1969; Brisbane
3£ 31, lagZ; Khan and Sowden, 1971). Studies on the susceptibility

of humic acid nitrogen to enzyme hydrolysis have shown that up to 40

JPercent of the acid hydrdlysable amino aqid nitrogen can be released

.

by an extracellulur proteolytic enzyme, ﬂronase (Ladd and Brisbane,

1967). However Vefy little information is available on \the variability

of the o-amino acid content of humic acids from differefit soils to
hydrolysis by proteolytié enzymes.

Other studies (Ladd and Butler, 1969a, 1969b) have shown that
soil humic acids can eithe; inhibit or stimulate proteolytic enzyme

©

« . A
S

-



-

activity depending on _the enzyme used.  The results of these studies

indicated that various humic acid fractions had a nunber of properties
., o
which were of overriding lmportance tn determining the mapnitude of
their influence. (he exact nature of these properties was not entirely
clear, however relative carboxyl content of humic fractions was an
, .

important factor in determining degrec of inhibition.
~ .

~
~

If (the ®roperties of humic acids are related to soil type and are
. ’/w

affected by soil forming factors such as tlima#te and vegetation, then
-~ .

the' ef fect humic acids have on enzymes with respect to inhibition or
lack of inhibition, 'or the relative resistance of humic acids to
degradation by hydrolytic enzymes, could, together with cogxentional
chemical analysis, provide a powerful tool for indicating structural
differences among various humjcjacids. Such -information might allow
correlation of soil Lypes(ilgg differences in mechanisms of organic

/ -»

- - ) " . - 2
matter turn-over; such as organic matter-mineral interactions which
are too subtle to be detected by purely routine chemical analysis.

In view of the above considerationsg the present study was under-
taken to provide some basicsdata on the nature of the humic acids

y ‘

associated with four different soil series lotated in central and
southern Alberta. The soils selected for study are similar in the

‘ :
.respect thar they all have an Ah horizon, and dlsglmllar in the
respect that they have each developed under sllghtly different
conditions of climate and vegetation.

In order to compare humic acids from different soils it was

decided to attempt to develop a fractiqnation procedure which would
4 .

perform the separation of a nitrogen rich fraction from the bulk of

humic acid material. It is hoped that once separated subsequent



characterization of such fractions by chemical and biochemical means

might reveal properties which are characteristic of humic acid

isolated from a phi}icular soll type. It is also hoped that

characterization ¢f such fractions will further our insigﬁtﬂgnto the

susceptibility of the amino acid containing component of various

humic acids and humic fractions to enzymatic hydrolysis. Thus the

specific objectives of the project are:

(a)

X!

(b)

(d)

To develop an extraction procedure which results in the
¥
isolation of relatively distinct nitrogen rich fractions
from the bulk of humic acid.
b

To characterize some of the properties of the humic acidy
before and after iractionation and to extend such studies
to the fractions obtained from humic acids.

/
To study the susceptibility of the humic acids and humic
fractions to enzymatic hydréﬁysis by the proteolytic
enzyme, propase.
To compare tQ;'properties of similar fractions obtained

from the Ah horizon of several soil "types distributed

throughout c¢entral and southern Alberta.



s

1. LITERATURE REVIEW

Soil Humic Acids

The iﬁpnrtance of organic matter in the soil is implicit in
the definition of soil, which recognizes fertility aénthe\uniquc
and constant feature distinguishing soil from the parent rock.

In the formation of‘soil, organic substances play a direct part
in being the sources of plant nutrients which are liberated in -
available forms during mineralization. Besides being a source of
nutrients for plants, soil organic matter plays a ‘direct role in
s0il structure formation, and has 2 large effect on such soil
properties as exchange capacity and buffering propertios.

One of the most representative and stable fractions of soil
organic matter is humic acid. Humic acid is obtained as én
amorphous black precipitate whén.the pl of alkaline solutions of
soil organic matter is lowered to 1 to 1.5 by the addition 3%
dilute mineral acids such as HCl.. This proéedure often also results

in the recovery of an acid soluble fraction called fulvic acid.

Other fractions which may be obtained are hymatomelanic acid, the

portion of humic material soluble in ethanol, and humin, the

residual insoluble soil ‘fraction.
¢ ‘ .

Of the humic fractions mentioned above, by far the most
intensively studied is humic acid. To date, ne single method has
been developed that will shed light on the nature of more than a

small fraction of th humic acid moiety. Two fundamental character-

istics of humic a id appear to be responsible for this impasse:

S

~(a) the complex nature of the individual humic acid molecules



6.

themselves, and (b) the large probnbility‘thnt thene exists a
great variability in the structure of humic acids so that there is
no single fraction of the material that can be said to represent
the cﬁaracteristics of the whole substance. Despite this state

of affairs, many attempts have been nade to characterize soil
humic acids.” Thege have included elemeatal analysis, oxidative

¢
- - . . »
degradation, reductive degradation, and functional group analvsis.
. .

1.2 Elemental Analysis of Humic Acids

Elemental analysis of humic acids charﬁcteristically
N

show a range of values. Typieal values.given by Dubach and
Mehta.kl963) are carbon, 45 to 65 percent; oxygen, 48 to 30
percone;_nitrogen,*2 to 6 percent aqd hydrogen about 5 percent.
Some variations in the range of ehese values can be %ound in
theuligeratﬁre (ﬁurst and' Burges, 1967; Kononova, 1966; Lowe,
1969). The elemental composition of huq}c.acidg from a

rnumber of different soils is shown in Table 1.1.
- » ‘

1.3 Aromatic Constituents of Humic Acids

Many types of benzene derivatives have been identified

in products of various degradatlons ‘of humic acids.’ Schnltzer

and erght (1960) f0und a total of about 6.0 percent benzene

carboxyllc ac1ds pPlus picric acid in their nitric ac1d oxi-

o

dation products of humic acid from a Podzol. Khan and ‘
, N e ; ; .

Schnitzer (1972) oxidized humic acids, fulvic acids, and humins
extracted from the Ah horizon of a Black Chernozem, a Black
Solod and a Black, Solonetz s01l w1th potassium permanganage.

Total ylelds of oxidation products followed the order humic

acids> humins > fulvic acids. The products resulting from the



TABLE I.I

Source of
Humic Actd

L/
7

ELEMENTAL COMPOSITION OF HUMIC ACTDS

~i

FROM DIFFERENT SOILS

P

2

e

Podzolic soil
Rendzina

Degraded Chernozem -
6e;p ChernSzem
Ordinary Chernozem

Chestnut soil

Gray Solonetz

Gray Solod

Orthic Gray Wooded
Orthic Blagk Chernozem
Black Solonetz

Orthic Brown Chernozem

Brown Solonetz

4.82

.63

c H N 0 C:] C:H Author
52.39 4.82 3.74 39.05 14.0 10.9
54.90 4.36 4.07 36.67 13.5 12.6
56.34 3.54 3.58 36.65 15.7 15.9 Kononova (1966
57.47 3.38 3.78 35.37 15. 17.0
58.37 3.26 3.70 34.67 15.7 17.9
58.56  3.40 4.09 33.95 14.3 17.2
56.92 4466 4.25 33.90 13.4 12.9
55.80 4.75 3.49 35.70 16. 11.8 -
56.38 4.42 4.72 34,30 12.0 -12.9
55.79 3.73 .45 35.70 13; 15.0 _Lowe (1969)
55.65 4.45 3.88 35.80 14.4 12.5
5736 .4.75 3.67 33.80 15.6 12.1
56.00 34.20 lé. 11.6
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(continued)

oxidation of humic and fulvic acids averaged 63 percent benzence

1
’

carboxylic, 32 percent phenolic, and 5 percent aliphatic car-
. . i G

boxylic acids. The oxidation products from humins, averaged
76 percent benzene carboxylic, but only 20 percent phenolic

) ( . - » . 3 )
and 4 percent aliphatic carboxylic acids, indicating some
differences in the chemical structure of humins from those
of humic and fulvic acids. The most prominent compounds
produced by the oxidation of the humic acids were hydroxy
benzenepentacarboxylic and benzengtetracarboxylic acids. 1In

+ . .
general, differences in the distriBution of the major oxidation

products between the three mijor fractions were greater thag
those within individual humic fractione. Thus, the ehemical
structures of humic acids extracted from three different soils
appeared te be more similar to each other than to those of
fulvic acid and humin fractions from the same soil. The same
was true for fulvic acids and humins.extracted from the
different soils. .
. ) :

Chakrabartty gt_él_(l974)_oxidized humic acid from the Ah

horizon ogra Black Chernozemic soil (Malmo series) with sodium

hypochlorite. Theéir results showed. the presence of benzene

carboxylic-acids and aliphatic acids in the final reaction

'

‘mixture 51m11ar in nature to those reported by Khan et al

i

(1972) and Matsuda et al (1972). Based on the known chemistry

of hypohallte oxidation Chakrabartty et al concluded that soil
humic .acid represents a special group of mixed alkyl aryl-

cycloalké%/compounds. They: speculated that natural processes

« R

»
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(continucd)
RGO

of oxidation would conveérf. €he cyclo-alkyl skeletal arrangements
~ A :

sx

of Lhe?componen; moleculeés of humic acid from a gormal bicyclo-
or hydro—aromdtlélsystem to a bridged tricvclo- or more complex
system at the expense of longer alkyl chatins. .

« Other studies of sdil humic acids have shown that poly-
hydroxy phenols and their derivatives can be identified in 
sodium amalgam reductions (Stevenson and Mendez, 1967; Mendez

and Stevenson, 1966€ Burges et al, 1964), microbial m?ﬁhbblites

) . " . )
- (Mathur and- Paul, 1966), acid hydrolysates {Mendez, 1967), and

alkaline nitrobenzene'oxidations‘(Morrison, 1958, 1963; Wildung

et al, 1970).

et al (1970) measured the content of p-hydro-
xybenzaldthyde, vanillin, and syringaldehyde released by

alkaline nitrobenzene oxidations of humic acids and found

total phenolic aldehydes ranging from 1.53 percent down to no

-

detectable amounts, depending upon the particular humic acid

studied. This data confirmed the results obtained earlier by

~f

“hydrolysis and-found the amount of positively identffied

-phenols to be minimai. He concldded that the predominant

found to be ether soluble after sodium amalgam reduction of a~/7

Morrison (1958, 1963). Stevenson and Mendez (1967) estimated

that only a small fraction of. the 12 percent yield of products

s

I\

humic acid occurred as phenols and phenolic acids. Mendez,//// ~

(1967) degraded humic acids extracted from a brunizem by acid

¥
L

material in his extracts was aliphatic in nature.

AY A : A '

1.4 Functional Groups Associated with Humic Acids

*

AN

AN

3

A variety of function31 groups,'including COOH, phenolic OH,‘

£
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(coftinued) -

enolic O, quinene, hydroxvquinone, lactone, ether
LY
alcoholic OH, have all bheen reported in humic subst

v

and

ances,

L 4 ‘ -
(Stevenson and Butler, 1969), but there is considerable

disagreement as to the amounts present. Dubach and Mchta (1963)

pointed out that severe problems.are encountered in the deter-

mination of functional groups because of incomplete reactions,

adsorption of reagents, undesirable fractionation during manipu-

lations, sensitivity towards acid and base at high
" .

L d
temperatures

and the proximitv of groups which influence the specificity

of reagents. Since the acidities of the various groups overlap

(Stevenson and Butler,ul969), results obtained by methods

-

dependent on ion exchange or pk values must be interpreted

with caution. Polycarboxylic acids, for example, exhibit a.

-

whole series Qf dissociation copstants which decrease as

successive protons dissociate., On the other»hand

s

substituted

phenols are often more strongly d155001ated than the unsub-

»
N

stituted phenol.

A

Despite theginherent difficulties in determining humic

acid functional groups, some work has been done (Schnitzer and

Desjardins, 1962; Wright- and Schni;:;Z, 1960; Schnitzer and

Gupta, 1965). The results of some of this work is

summarized

in Table 1.2, which has beenTadapted from Stevenson and Buytler

(1969). The data show the distribution of oxygEn containlng

\\\\

»functlonﬁl groups in some humic and fulvic ac1ds.

Mith preparations obtained from the same soil type.

For any

- specific group a considerable range of values 1s apparent, even

Nevertheless,



2
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//’ t
TABLE 1.2 OXYGEN=-CONTAINING I‘IFT.'(T'I:I()_\':\IA (‘,'R()UPS I‘:‘ SOME SOIL HUMIC

AND FULVIC ACIDS (Stevenson and Butler, 1969)
. Total Acidic Weakly Acidic E
Oxygen Acidirty COOH OH Plus Alcoholic C=0 OCHy",
% (meg/ (meg/ (mng/ ot (meg/ (meg/ (meg /
100 gm) 100 gm) 100 gm) 109 gm) 100 gm) 100 gm)
Soil Humic Acids
35.4 570 150 415 275 90- " 4.d.
36.7 870 300 570 350 180 n.d.
34.6, 570 280 290 300 300 50
Soil Fulvic Acids
44,7 1238 908 330 355 310 n.d.
47.3 1420° 850 570 340 170 n.d.
47.0 1280 610 670 330 , 300 n.d.
44.1 890 610 280 460 310 30
kA A ? %
.“
* ‘.

n.d. = qot determined
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(cont inucd)

certain treands are evident. The total nciditiosgvf the fulvic

acids are unmistakably higher than those of the humic acids.

“Both COOH and acidic OH groups {presumed to be phenolic Oll)

contribute to the acidic nature of these substances, with COOH

being the most important. The concentration of exposed acidic
r/ '
~ ;/
functional groups in fulvie acids appears to be substantially

higher than in any other naturally occurring organic polymer

(Stevenson and Butler, 1969).

The functignal groups listed in Table 1.2 were determined
by a variety of énalytital g}ocedures, some of which produce
results of qucstionablg accuracy. 'However, not all of the
variability between samples is due to differences in experi-

mental techniques. For example, the high' values shown for

acidic Ol in the humic preparations examined by 'Schnitzer and

o

Gupta (1965), which were from a Grey—onded soil, were obtaiﬂbd

using methods identical to those that Schnitzer and Desjardins

(1962) employed. The latter study was conducted on material

recovered from a Podzol.soil.
Methoxyl and C=0 groups seem to be universally present

in humic ﬁubstnnces (Stevghson and Butler, 1969). On the other
3 . .

ihand,rmot all sam)les§§rc reported to contain weakly acidic or
. 1 P ; y

-

alcoholic OH groups (Dubach g&fgl, 1964). There also appears

to be a major difference.between the functional group content

of humic and fulvic acéd@fIE’;;::~;\:;3{}er fraction of the

oxygén in the former can be accounted for in €OOH, OH and C=0

N

groups. In addition the‘CQOH content of humic substances

- ¢
appears to be inversely related to molecular weight (Stevenson
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(cont inucd)
and Butler, 1969)., tulvic acids have lower molecular welights

than humic acids (Butler and Ladd, 1969; Stevenson and Butler,

1969) and the results in Table 1.2 show that the proporticn

»

N
of “the oxveen which occurs in the form of COOH is highest for

the fulvic acids,

}

Relation of Soil Tyvpe to Humic Acids
. . .

)

The observation bv Russian workers (Kononova, [1966) that

.

changes in the amount of humic acid in varicus sodls were zonal®
’
“~ o . - -
In character prompted©studies of the state of such substances

: . .
in soils in attempts to clarify some of the principles governing

humic acid formation. Natural conditions that promote an

o

accumul'ntivn'of humus in soils have been discussed by Kononova
(Ronomova, 1966). Brietly such conditions are:
(a) A large quantity of organic matter nddéd to the
soil as a primary source of humus substances.
{b) A moderate hydrothermal regime of tile soil media.
(c) An average quantity and moderate a&tivity of micro-

organisms. . .

(d) The presence of clay minerals with a high absorption’

capacity-that favors the conservation of humus.
.‘ v . " -
The promotion of the accumulation of humus is datermined not

by a single condition, bat by a.combination of the, conditions

mentioned above. CGenetic soil types of various bigclimatic -

* a

cbnditions differgin the quantity of humic and fulvic acids
produced. For example, in the USSR the moderate moisture ..

regime and near neutral pll usually prevailing in the Gray

-

N .
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Forest soils, Chernozems, and Chestnut soils cncourare the v
- ° "
formation of humic acids.  The quantity of tulvie acids in

B
[

these soils is Tow.  On the other hand, higher 'moistuge

revimes  and more acidic conditions poenerally associated with
. R
Podzolicy, Krasnozens, and 1 Ateritic soils encouraye the
. ¥a ’ 4

.

[ ] -~ F
formation ot tulvic acid. Ritios of hufic acid to tulvi@i

o

acid (Ch/cr) of ordinary Chernosems and Krasnozem Soils in

the USSR range trom 2 to 5 and from 0.6 (o 0.8, respectively
. ‘ 7N : ‘
(Kononova, 1966), l,.x\gcrljmc soils and Krasnozems in South
. I/ .
China and Vietnam have elatively lTow Ch/Cf ratios (0.4 - 0.7)

4
~ . LI
(Tokudowe and Konnoy J965) . Russian workers (Kononova, -1966)

found that soils loAv in humic acid content, such as Krasnozems

and Podeolic soilgd were tvpitied by humic ' material which is

pr(*d«m'ln mtly 11‘& the fn}m ol free polvmeric complexes rc:ldily_
~__/ :

soluble by direct treatment with dilute alkali solutions.
The content of humic acids linked.with calcium in these soils

and with stable sesquioxides is very small or almost negligible,
' _ 2
Soils with a high humic acid content, such as, Chernozems and

v
o

Chestnpt soils, are typified by humic acids linked with calcium

and {ree humic acids are almost Completely absent., Russian

workers (Kononovasy 1966) also found that humic: acids from

B}

various soils showed differencés in the ratio of light absorbed

.

~ At 465 nm and 665 nm as well as differences in béhavior

towards pr@‘.ipit,ution by electrolytes.
i

Dormaar, et .al (1966) and Lowe (1969) have exanﬁned humic

acids from & variety of soils in Alberta and attempted to



Lo 1S (continued)

.

correlate various properties: ot the humic acids studied to soil
J .
Avpes. Dormaar ot al (N()(\i studicd a biosequence of soils of

the rouph fescue praivic-poplar transition in southwestern

Alberta.  They tound changes in the organice mitter, because of
# ey
the encroachment of trees, which vere mich more strikingly w
: AN

evidént than changes in the mineral matter,  Some of the ’

changes in‘orpanic matter were related to variations in the

. s . i : AN : : -1
infrared “absorption spectra of humic acids in the 2500 - 1300 cm

. 3

spectral region. Dormaar claimed these could be used to

differentiate between humic acids from Chernozemic organic .

1EN

* «
matter versus those from Podzolic organic matter, -

L4

- JAna study of nine soils representing the dominant eroups
Y I 134 g

in the major soil zones ot Alberta, Lowe (1969) found de-ashed

<

humic fractions showed little variation between soils with

v c ‘ 3 .
Fespect to elemental composition, functional groups, or electro-

o
' -

phoretic behavior, Infrared spectra indicated that samples

o . . . L. . Lo
Lrom orthic Black Chernozemic soils containdd higher proportions
of aromatic to aliphatic structures. Optical properties and
behavior toward: clectrolytes of humic acid solutions showed

: . N . S .

some differences between soil types which were similar to /
variations reported by Russian workers (Kononova, l966)ﬂ/

“1n spite of studies stch as those reported aboyve, “tlere
/ . .

A

is still no satisfactory basis for distinguishing  humic acids

- . r .y . : /
of different soils. It has been suggested (Lowe, 1969} that,

~
the'distribution and manner of combination of humic acid -

componénts may be of greater significance than differences in

- . r
. f

composition as far as their association with different soils

. J—

EXPY : ’ . ot
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(continued)
is concerned.
This contention is supported in part by some work of

Coulson, Davis and Lewis (1960). These authors reported on

some relationships between plant leaf polvphenols and soil

development.  They observed thap there was d(grenter diversity
and quantity of polyphenolic substances in {resh senescent

and recently fallen ﬂAaQes of plants grown on nutrient
deficient (Mor humus) ﬁités compared with the same species
grown on nutrient rich (Mull humus) sitcs.. In the living
plant leaf polyphcnol; are igolated iﬁ the cell vacuoles

v

separate from the cytoplasmic protein until .senescence when
€
autolysis occurs and the contents of the cell mix and combine.
°y

Under these conditions it is possible to have condensation of

the polyphenols with Lagf protein, a reaction called tanning.

Such reactions produce material which tends to resist biological
L}

degradation (Rilerreau-Cayon, 1972). The above authors noted

there wasfa greater chance of tanning of the leaf proteins

in fresh oak and beech gréen leaves from mor sites than those
A

P2

from mull sites. Earlier studies (Davies et al, 1964) showed
that synthesis of leucoanthocyanins and tannins in_plénts

grown in field conditions varied betdigull and mor sites

&

and, in controlled growth experiments, showed .that the

i v
Increase of leucoanthocyanins and. tannins was associated with

deficiency of soil nitrogen and phbsbhorus. These results

served to confirm previods work by other authors (Stitt et al,

Riberreau-Gayon,1972) whichﬁﬁ%d also shown that polyphenolé in

1946;
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(continued)
gr()\\;{ng Teaves varies inversely with the nitrogen status of the
soil. Extrhction of surface litter collected at mor sites by
tannin stripping solvents showed m;ro extractable tanning f{rom
senescent leaves in mor than in mull sites. All-thcse obser-
vations are consistent with the prolongéd stability of litter
at mor sites and with a different mode of ultimate alteration
from that of the but}littlc tanned and readily attacked littey
. .
at mull sites (Davios, 1971). This is not to suggest that mor
humus is rich in tanned protein, gut rather that the initial
tanniné plays-an important role in the mode of degradation of
plant material into mor humus forms. Such a view is consistent ¥
with current theories gg humic acid synthesis (Flaig, 1964,
1966, 1971; Kononova, 1966) which regard humic acids‘as high-
molecular weight products formed by condensation of phenolic
~

and nitrogenous (amino acids, peptides) compounds of plant and

microbial origin.

Soil Humic Acid Nitrogen

Observations on the possible interaction of protein with
plant polyphenols as a factor in the genesis of mull and mor
humus forms (Coulson et al, 1960 Da&ies et al, 1964) and
theories of humic acid synthesis which regardAnitrogen containing
compounds as playing a definite role in ;he»origin and sfruéture
of humic acids, all suggest that a study of the associa%ion of
nitrogen with humic matﬁrial_might further our insight into
the relationship between soil typés and humic acids; The

nitrogen content of humic acid varies with different preparations;



’

.6 (continued)
va]wes between 0.4 percent to as high as 5 or 6 percent having
. \ ‘
been reported (Hurst and Burges, 1967). Humic acids from some
P agricultural soils still contain about 2 percent nitrogen after
acid hydrolysis (Hurst and Burges, 1967)wvhile cher humic acids
may contain as little as 0.4 percent nitrogen before hvdrolvsis.
\ Approximately 20 to 50 percent of the nitrdRen of humic acid
can be accounted for as Z-amino acids (Bremner, 1955; Hurst
and Burges, 1967), 3 to 10 percent is amino sugar (thexosamine)
nitrogen (Bremner, 1955), and a smadl amount appears to be
purine or pyrimidine nitrogen (Andersoﬁ, 1961); the remainder’
has not been identified.

The variable nitrogen content of humic acids has led to
much speculation on the renciions which might occur during
humification of orgénic matter which would result in the”
incorporation of nitrogen into the humic acid structure,
Kononova (1966) considers that two processes are involved in
humification. The first involves the decomposition of plant
residues by the soil micro-flora into small moleculér units
such as phenols and amino acids. The second process involves
the polymérization of these simple subunits by the action of
phenoloxidase enzymes té produce humic acids.

Swaby and Ladd (1966) have postulated a humic acid structure
made up of many heterogeneous units cross-linked in an irregular
vfashioﬁ by covalent bonds. They suggest that a structure such

<

as this could be formed by polymerization reactions between

amino acids and enZymically formed phenolic. and quinoid free
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radicals present in plant and microbial cells shortly after
death, but before cell lysis and attack by microbes.

According to Flaig (1964, 1966) lignin and other plant

ctions during

phenolic constituents undergo a series of.

microbial degradation which start with oxidgfive degradation,”

followed by demethylation and dehvdrogenation with concomitant
increases in aromaticity, dimerization and polymerization.
The polymers can be degraded into CO, and H,0 or transformed

. 2 2

i oo .
by ring cleavage into aliphatic compounds which may serve as

. N \\ “l ’ .
. A\, ;

energy sources for microorganisms. In the course of .these
processes, microbial autolysis\yields amino acids, peptides

and ammenia which in turn may bdcome involved in various tvpes

of condensation reactions with other products of microbial
N . \ +

¢

activity such as phenolic materiafxarising from plant constituents
3 . \

and/or microbial excretions.
Some of the reactions which lignin degradation products

: A : ‘
might undergo: through the action of microorganisms have been

summarized by Flaig (1968). These reactions are based on
\

model studies involving compounds relatéd to coniferyl alcohal
\
(I), sinapyl alcohol (II), or p—SQumaryllalcohol (I11). These

\

: \ ‘ ]
compounds are considered to be the\3a31c structural units of

lignin (Freudenberg, 1966). \



N - 20.

I. 1.6 (continucd)

CH,OH ?H,OH
|
CH CH
" I
CH CH
\ OCH;, H,CO
\ on | OH
T y
@ . (11) (I11)
Coniferyl Alcohol Sinapyl Alcohol . p-Coumaryl Alcohol

A\

Ve
. ! N
. \,\\ | . ) '
,‘\1 Briefly som§ of the more _important reactions involved in

4\-,

\ﬁhe degradation o> the above compounds are:

\
L

(é) Shortening of the side chain from three carbon atoms
| to one carbon atom; the carbon atoms are.not‘aiways
1 .split off one after tge other, becauseﬁoxdlic or
glyoxylic acid are fqund as a 2C - degradation
_product by C labelling (Flaig, 1968).

(B) Eormation‘of phenols by cleavage of the methyl ethér.
Tﬁis reaction produces -phenols which have hydroxyl
groups in 3,4 or 3,4,5 - positions on the benzene
ring and are more reactive than pheir ethers.

r (c) Hy&roxylaﬁion‘introducés hydroxyl ugréups on to the
benzene ring., Evans (1947) demonstrated that p-
hydro#yben201c acid is transformed to protocatechulc_.
. : :[ - acid which in turn can be transformed to galllc acid
(Halder ;;d Martln, 1967). ‘ |

(d) Ox;datlvéPdecarboxylation initiated by phenoloxidases
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(d) (centinued)

- or mild oxiannts leads to formgtion of p—benéoquinoneS
from p-Wydroxybenzene carboxylic acids. Tﬂe formation
of p-hydroxybenzoquinone has been verified indirectly
by ,the isolation of the acetate of hydroxyhydroquinone
(Flaig, 1968).

(e) Ring cleavage of aromatic degradation products to
- produce different ketonic aeids suéh as ?—ketoadipié
acid. These ketonic acids cag>se}v§ as readily
i available sources of énergy for microorganisms.
/ ) :
(f) Dimerization and polymerization qccur by dehydro-
genation in the presence of phenoloxidases under
oxidizing conditioﬁs. For exaﬁple, vanillic acid
dimerises to dehydrovanillic acid and @ethoxy—p—
benzoqﬁinone to 3,3 - dimethoxy—diphenyl-diquinone— /
2,5,2'",5'". The formation of ellagic acid or purpuro-
galliﬁ—ﬁ—carbbxylic acid ma& éccur through an inter-
) .

mediate such as 3—hydroxy-S—carboxy—benzoquinone—

s L

- l,%’ffom gallic acid.
The various reactions discussgd above are shown in Figuré 1.1.
The products and intermediates of theselreactions are thoughp_to
be the fundamental‘étarting matérial for reactions which.ﬁay
eventuéily result‘ih”the formation of humie acid. Thus compounds
sucHh as p-hydroxybenzoic_acié (IV)and,?\rulic acid (V) may.'

undergo oxidative decarbokilatioq and polymerization, a

. [ ] X f
reaction initiated by phenoloxidases (Figure 1.2).

Work of Burges et al (1964, 1963)), Morrison (1963) and

<
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Polymerization

MECHANISM OF OXIDATIVE

- DFCARBOXYIATIOV AND POLYMERISATION (FLAIG, 1968)

Oxidagion

o*-
H

¢ _ Hydrogen Removal by Phenoloxidase Enzymes
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farmer and Morrison (1964) Was indicated that phenols derived
from flavonoids may also be important initial starting materials
for humic acid formation. These authors isolated by reductive
degradation orloxidutivc c¢leavage of humic acids, compounds
which belong to 1,3 - di (V1), or 3,3,5 - triphenols (VII). .

These compounds cannot be derived-from lignin or irs degradation
comj &

products. - S
1,3-DIHYDROXY BENZENE 1,3,5- TRI-HYDROXY BENZENE
OH
HO OH
B HO SOH T :
RESORCINOL PHLOROGLUCINOL

Flavonoids are plant phenolics of wide spread occurrence

14

in the plant kingdom (Riberreau-Gayon, 1972). Most flavonoids ‘have

the general structure depicted in Figure 1.3.

R
R
] o ) 3

R ~

. %\ 8

c” R = OH
. C TN
N
’R .

FIGURE 1.3 GENERAL STRUCTURE OF PLANT FLAVONOIDS

There exists a great many classes of plant, flavonoids.

. These are distinguished from each other by the number and

distribution of —OH‘grogps on the A and B fings‘of the

strticture and also by differences in structure of the 3-carbon )

Y
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bridging group. .Related to flavonoids are Plant tanni S, a

NV

group of high moalecular weight polyplﬂ‘nolic,m:xtef,i.'ils also widely
distributed throughout the plant kingdom (Riberrcau-Cayon, 1972).

They are gencrally considered to be resistant to microbial

Y

o . ( N .

decomposition with condcnSQg;tanqlns more resistant than

. (
hydrolyzable tannins (Lewis and Starkey, 1969). The former
are polymers of catechin (VIII, Figure 1.4) or similar flavans

20
that are connected by carbon to carbon lingcs, whereas the
iy - - - .
« latter are composed of a molecule of carbohydratc,'generally
s . .

v ° .

gl¥cose, to which gallic acid or similar acids are attached

_by-ester,linkagos (Riberféau-Cayon, 1972) (1X, Figure 1.4).

«

4 . Ve

OH
R OH
Catechin
‘Building Block of
OH

Condensed  Tannins

o «(VI1il)

~

. 1,3,6-Trigalloylglucose
Building Block of Hydrolysable
’ . Tannins
l (IX) ¢ <
. FIGURE 1.4 FUNDAMENTAL CONSTITUENTS QF CONDENSED AND HYDROLYZABLE TANNINS

¥

s
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(continued) ,

Little is known Conf'crnin;; the microbial decomposition of
condemsed tannins or catechin, however it has been established
that catechin can be attacked fairly rapidly by fungi (Lewis
and Starkev, 1969). Jowis et li (1969) did not detect inter-
mediate substances such as phloroglucinol or protocatechuic
acid .in decomposition products of checyin resulting from

fungal degradation. However®these materigls have been reported
> }\ t\

as decompdsition products Trom quercetin (X), a flavon similar
o
» .
<

~4n structure to catechin (Westlake

et al

al, 1959, 1961).

HO ’ N

ya Quercetin
' (X)

This may indicate that the coiwrse of catechin dissimilation

differs appreciably from that 6f quercetin, or that if phenolics

are producod they are metapolized at a rapid rate and do not -

accumulate: | ///i', . L -’
The hydrolysaB}é/tannlns are rapldly‘attacked by fungl

and bacteria (Iewﬁs and Qtarke;, 1969) Callic acid is found.

to be an 1n1ti;l prodyct of hydroly51s of gallotannins by fungi

(Lewis and Starkey, 969)2

The 1mportance of phenollc compounds derived either from

lignin, flavon01ds or related plant phenolics through microbial

v
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activity lics in the ability of manv’or these substancoes to

. - .

form quinones. Quinones can’ react with nitrogenous compounds

to form polvmers witeh are relatively resistant against turther

microbial attack and thus may cventuallvibead to the formation

of nitrogenous humic acids. In the case of lignin degradation
pruduc[y(hc formation of quinones is only directly possible ©
e

with/(]msv compounds which have o carboxvl group as a side.

e
(‘}ﬁ/‘n’n (Figure 1.95) (Flady, 1963).

.

/ Once the quinone is formed nucleophilit addition of .
amino acids in 1,4 - positions can occur.  In the case of
A .
. vanillic acid, protocatechde acid and gallic acid, the entire
* sequence of quinone formation and addition of amino acids

can be initiated by the presence of phenoloxidases in the pil

1965). These reactions are illustrated

1.5, Such reactions are often accompanied by deami-

of the amino acids with the resultant release of ammonia.

reactions are also accompanied by the consumption of
C o - . . 'Y

v

foen and in the case of protocatechuic acid apd gallic acid,

ad to the formation of dark colored nitrogenous polymers

. -*

en the pH is greater than 8 (Flaig, 1968). . ) \

The addition of amino acids to quinones depends upon the
Pl of the amino acids'. amino group(s) (MaSon, 1955a; Adams and

Perry, 1973). The initial substitution and oxidation reactions
- N 3
g0 nearly to cbmpletion with amino acids with secondary amine

groups such as proline and hydroxyproline. With other amino

‘ acids, these reactions are often hindered by competing quinone-

P 7
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Vind TEie Aacid - SProtocatechuic Acid Gallic Acid
. ‘OH OH - _ OH
B OCH, : - OH HO OH h
COOH - i COUH COOH
(A) /
I’g)vnnlnxiahsv Phenoloxidase Phenoloxidase
H ) 4
0 ' 0 . - o
i o It )
OCH, - p CH HO =0
d
Wz "
0 ‘. | coon |
R T R i R
" [ _ I ' . !
HO'OC—CH—NH, ' HOOC—CH~NH, HOOC—CH—NH,

A ~

(B) : :
Nucleophilic Addition ot Amino Acids in Presence of Phenoloxidases
€
-2H"* , -2H?
-2e -2e -
- 0 O Chemical Constitution Not Yet Known o
Il ' |
Q.CH, ) OH
R ., R .
I H I H . <
HC—N HC—N .
| I | | \ , . , ;
COOH O COOH O . Darks Colored Nitrogcnou);

Polymers when pH - 8

4

FICURE 1.5 (A) OXIDATION OF PHENOL CARBOXYLIC ACIDS TO QUINONES BY
~ OXIDATIVE DECARBOXYLATION; (B) NUCLEOPHILIC ADDITION OF

AMINO ACTIDS IN THE PRESENCE OF PHENOLOXIDASES, pH = 6-8

[MODIFIED FROM FLAIG (1968) | ™

'y
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{continued)

quinone reactions which produce polvimers with no aminoe .;‘L‘i\i
content.  With all amino acids exeept lvsine, cvsteine and proline
derivatives, the initial substitution reaction oc'cur.;s through

the amino grovp of the amine acid. With Ivsine the possibility
of additional reactions fnvolving [iln‘ —amino group also exists
(Mason, 1959a) .

Work by Mason (195951, 1955b) and Hafder et al (1965) has

o ) . :
Sshown that peptides and preterng show covalent bonding with

Leo

quinones similar to reactions Involving single amino acids.

This work has shown that peptides react at a rate determined

by the chain length. Thus in the case ol glveine, the tripeptide

reacts more rapidiy than the dipeptdde which in turn reacts more
rapidlv than plveine.  This elifest of peptide ch;lin\lcngth has

been termed, the peptide elrteck . (Mason, 1955, 1955b). In yeneral

[ . b
.

peptide reactions with quinones are primarily dependent on the
nut‘urc:o!: the N-terminal amino acid, althowogh secohdary reactions
may ditter dm‘ur:iin;; to the particular pe(ptide.

Reactions }wtwgcn proteins and unihnncs involves --amino
Rroups ni’llvsinu and f(;-Lm'rrr;irl;il anfono groups of residues such
as aspartic acid, as well as sulfhvdral groups. . Peptide nitrogén

and nltrogen in side chains of histidine, trypEbphan and
- . s . N . . ' .—
arglnine are not reactive (Haider et al, 1965). Mason and

2

Peterson (1965) indicate titat N-terminal proline {s particularly

I . LY ' .
Lreactive, with bonding occurring through the secondary amino

group rdather than the prim—ary amino- group.

o

Study of the reactions involving amino acids, peptides
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30.

o~
A

ith various quinones ta produce humic acid-1ike
/

and proteins
nitrogenous subktances have in\V()l_V(’d‘ model systems Ainder
carefully controlled conditions. Although these,4;actions
indicate the possibilities for the incorporation of nitrogen
into soil humic acids, until recont;y there was little
evidence‘to‘indicate that such complexes acz;ally existed in
humic acid. Recent work by Piper and Posner (1972) however

tends to substantiate the existence of N-phenyl-bound amino

acids in humic acids. They found that additional yields of

-

amino acids cduld be obtained from acid hydro

\

residues by subsequent hydrolyéiégwith alkali {Pipdr \uind

. 2
Posner, 1968). The source of the additional yield of amino

acids was postulated to be quinone-imine complexes such as

Y

(XI), which were}produced from structures such as "(XII) by

. i

‘h‘
alkaline hydrolyﬁis, with the resultant release of amino acids

0 OH L
I
BN . . 2
NCH,COOH ‘ NHCHZC’OQH
(X) | -, (X1)
QUINONE-IMINE - N-p-HYDROXYPHENYLGLY CINE
STRUCTURE

from (XI) as hydrolysis continued. Since acid hydrolysis of
phenol protein complexes has been shown to release all the

amino acids except for the N-terminal amind acid and those.amino

»
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(cont inued)
acids that have a frec amino group when incorporated into the

protein (e.g. lysine) (Haider et al, 1965), then alkaline

5

hydrolysatés should contain a preponderance of lysine and other
gmrno acids with an extra functional group. Piper and Posner
(1972) tested this hypothesis and found that alkaline hydrolysis
of humic acid subsequent to agid hydrolysis did indeed yield
a hydrolysate wbich consistently contained greater proportions
of lysine and ofnithine, as well as serine, glutaﬁié acid and
aspartic acid. Piper et al explained the increased proportions
of glutamic and aspartic acids by suggesting that these amino

: : o
acids were originally present as the corresponding amideé,
and that the free amido group reacted with phenolic compounds

/

to produce structures such ag (XIID).

T T

]
HN — O~ C —(CH,), ~ CH(NH,) — COOH

<

OH ' | e
G

Xl "

)

N-(p-hydroxyphenyl)-glutamine

Adams and Perry (1973) found that the incorporation of 14C
labelled asparaginé, giutamic acid, glycine,‘lysine,bphenylalanine,
proline and a dipeptide, glycylglycine into humic acid wés
dependent upon pH. Maximum incofporation of lyéine occurred
at a pH which fell between the values corresponding tvahe

dissociation constants of the free a~amino group and the - amino
B 3

/
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(continued)

group (i.e. between pH 9 and pH 11). Maximum incorporation
of the amino acidJ incréased with increasing pl of their'iso—
electric points. Lvsine incorporation was.very high even
recognizing that both‘J and ¥ - amino groups may have been
involved. In - the case of glycine between 10 and 20 percent
of the total activity incorporgfed into humic acid was not
relecased by 6N acid hydrolysis. Susceptibility of the other
amino acids studied to release by acid hydrolysis from humic
acid was not reported. The dafa of Adams and Perry indicate
tha£ under alkaline conditions, humic acids may react with

a- amind\nitrogen. Thus during alkaline exgraction"of humic
acids from soil it 1is possible ﬁhat amino acids may be incor-
porated into the humic acid.

The .major portion of amino acid nitrogen associated with
humic acids is not covaYéntly'béndéa'to aromatic constituents
of'humic-acids, but rather Occurs as peptide nitrogen. This
has been established by‘studies using infgared spectrophotometfy.
(Goulden and Jenkinson, 1639; Butler and Ladd, 1969), partial
acid hydrolysis (Sow&eh: 1966; Piper énd Posner, 1968) énd
enzymic hydrolysis (Ladd and Brisbane, 1967; Brisbane et al,
1972).’ Simonart et 41 (1967).and Biederbeck and Paulv(l973)
have removed proFeinaceous-like material from soil humic acids
using acidic phenol solutions. Such material was thought to be
linked to the more aromatic humic constituentéiby hydrogen -
bonding. Bonding of protein could also in&olve weak ionic

bonds and Van der Waals interactions. It is also possible that
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1.6 (continued)
protein could be covalentlv bonded to humic acid Const£tuents
during the synthesis of humic acid through mechanisms previously
’ .
discussed for model systems involving quinones and peptides.

If current theories of humic acid synthesis are éorrect,
then removal of hydrogen-bonded or ionically bound proteinaceous
material from the "core" of humic afomatic constituents should
leave a humic residue relativély rich in covalentlv bound

. .
amino acid nitrogen. Amino acids most likely to be involved
in such covalent bonding areblysine, proline and possibly glutamic and
aspartic acids (fiper et al, 1972) when these occur as glutamine
(éﬁd aspacegine. Covalently bound amino nitrogen has been shown
to resist acid hydrolysis (Haider et al, 1965). Thus humic
acids from soils in which humification processes favor the
accumulation of aromatic material might be expected tdb show
a greater proportion of covalently bognd amino acids. This
would result in a reduction in the qgahtity of these amino acids

detected in acid hydrolysates of humic acids from which hydrogen

bonded or ionically bonded hitroéenOUS material had .been removed.

1.7 Amino Acid Composition of Humic Acid Hydrolysates
" The amino acid compositioﬁ oflacid hydrolysates of soil
humic acids has been the object of'AQQerous studies (Lowe, 1969,
1973;‘Brisbane et al, 1972; Piper and'Posner, 1972; Khan and
- Sowden, 1971; Huntjens, 19725 Sowden and Schnitzer, 1967)..
Lowe (1969) réported on- the amino acid content of de-ashed
humic aci&é,from nine soils representing the major soil zoneé

s

of Alberta. Lowe did not comment on the relative proportion
: o ' ,



- humus layérs of several soils

showed that the proportion o

lysine, ornlthlne, serlne,'glu{amic acid an

34.

(continued) \\

\ Y \ . : A
\ K

L : \
of individual amin® acids obtained from different humic acids,
\ \ \ \
: \ \J ? -
however examina\ion f his data show thar there are differences,
- N A \ . A N . N
in some cases lar&e diXferences, betwaen soil: humic acids in

\

, aspartic acid, proline>\yaline,

the proportion of lysin
. . -~ \ \

isoleucine, leucine aund QXrosine., In a more recent\ftudy,
o9 x , T

‘ \ ‘ x ; |
Lowe (1973) found a consistent change in the .propo tigns of o

certain amino acids with
A\ N ' A\

(n British Columbia. Results

AN

o o \ .
gfﬁi:mic acid, proline and‘leucine
’ h N s, ’ 5\
\ ' [ . 5
si tently decreased§on passing

\ \

présent in acid hydrolysates ¢
\ o .
from\L to F to H;or ‘Ah horizons, \an sffect which appe&red to be\

1ndependent of vegetatlon. A simi

\

\ut less pronouncad and

\

COHSLGECQC trend was\e\hlblted in the ploport1ons of asp§<t1c
\ AN ‘ . o : ;
acid, alani ne, vallne and 1soleuc1ne. . N \‘ .

Piper and Posner (1972) found 1ncrea‘ed proportions of \\

aspartlc ac1d \ﬁ\\\

prev1ously been acid hvdrolysed Brisbane et a (1972)

extractednsoil humic acids witﬁ‘neutfal pyrophosphate, with

alkali (NaOH soln) apd with pyrophosphate followed

alkali. Results of acid hydrolysis showedvdifferencoé\in the

\

relative proportion of valine, leucine, serine, glycine ‘and

aspartic acid present inAhydrolyéates of humic acids obtained

'3

by the different extractants.
Huntien$'(1972) arid Kahn and Sowden (1971) ‘éxamined the

amino acid content of acid hydrolysates of humic acids from

a

a \}
. : S A . \ N
neneasing humification in forkst ‘
\ \ A

\\‘ \

\

4
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(Continu%d)‘
arable land and pasturé, and from a Black SolOﬁetk and a Black
Chernozemic soil rcspectivoly. The results of both studies
showed négligible differences.in the pfoportiog of amino aéids
present in various humic acid hydrolysates. Sowden and SéﬁnitZer
(1967) repo;ted glvcine quueg of 16.7, 10.7 and 14 0 percent
of total amino acid nltrog;n for the humlc aCld fulvic acid,
and humln fractions, respectlvelv. of a Podzol B soil sampl#
Other amino acids which showed vdriation in amounts‘presént

C - . ’ .
in the humic fractions were aspartic acid,lgluramic acid,
proline, iso—leucine, Ieuciée, phenylalanine and lysine:

In general, the studies reéorted above indicate ghat‘the
relative proportions of ceftain anino acids can vary between
humic ac;ds from different soils and‘between humic\fraétions.
The results of other, studies whére' there was no diffe;encé
in aminq acid composition between humic acids may arise

-

because of the techniques used for the preparation of humic

‘acids prior to amino acid analysis. "Thus, for example,

‘composition. o ‘ , .

x4

i

extensive de-ashing protedures may destroy differences
between humic acids by removing materidl of intermediate levels

. ’ ‘“/\“1
of humification, leaving behind material of an overall similar

o

Reborts on the amino acid composition of acid hydrolysates

of whole soil samples havé ipdicated both différences and lack~v~‘

of differences betygenivarious soils. SteVenson (1956) found
ba51c amino ac1ds -to make up a- somewhat larger proportlon of

the amino acids ih soils dropped over 62 years to corn then

«
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(continued)

in plots cropped for-the same period to rotations of corn,

<y

oats and clover. Similar work by Young and Mortensen (1958)
showed no qualitative differences in amino compounds present
in large amounts in plots having varied cropping histories
Jhey found the total quantity of amine acids to be closely
related to total amount of organic matter and.little variation—"

_—

was found in the proportion of the various amino acids present,

.
s

In view of the great variety ef organig/mﬁzerial present
in whole soil samples, it may be unreasoneble to expeet acid
hydrOlysis‘of such samples to vield hydrolysates which show
differences in amino acid composition. Results of such
studies are more likely to yield an "average' distribution
of amino acids simila‘o what could be expected from acid

hydrolysis of a mixture of proteins. " Other than indicating

the total amount of amino dcid nitrogen present in different

- soils, studies of whole soil hydrolysates cannot indicate

relationships between different soil organic matter fractions
as these relate to possible complexing, or fractionation of

particular groups of organic compounds such as amino acids or

. Peptides. Such reactions are likely to be of considerabie

importance in soil organic matter minefalization reéctions
and their complete elucidation can only be achleved through
development of techniques which w1ll allow the extraction and

.Separation of reaction intermediates from the bulkcpf soil

material.



(continued)

1.8 Effect of Promise on Soil Humic Acids o //

, : ; ' .
It has been sugpested that chemical degradations Of'hum{ﬁ/////f

acids in attempts ro characterize-the faterial are eithier too
N , . . ~ -
mild to be effective on the ”core”rot humic compounds or they

’

ceave intermonomeric and intramonomeric bonds simultaneously

due to lack of differences SCXTMR T patyre and strengths
A i - ¥
¢Felbeck, 1965). The bivdegradation 01l Tumic components

proceeds via the action of various ‘enzymes and enzvme svstens
which degrade rhe complex polymer-like structure of humic

substances to small units which can be absorbed by soil micro-
organisms. Mathur and Paul (1967a, 1967b) “and Mathur (1971)

have used biological degradation as a technique to study- the

N

structure of humic acids on fhe theory. that biological reactiuns

are more specific then purely chemical techniques- as well as

'

involving milder reaction conditions. This approach was used

.

<w1th partial success to characterlze Chernozemlc humlC ‘acids

.\\'
(Mathur and Paul, 1967a, 1967b) and fulvic ac1d from the Bh

\

oL hOleOﬂ of a Podzol (Mathur, 1971). These studies indicéged «

that compounds such asfbenzoquinone, Z—methyl—l A-naphtho—\

quinone, s allcyl alcohol and sallcyl aldehyde or the r homoloques
may play an 1mportant role in contrlbutlng to the structure of

501l'humic substances. R ~'..Nf;_
. ‘

One spé01f1c group of enzymes produced by so11 micro—

'organlsms and which may be important in the biodegradatlon of
vk A : :
_the(peptldesior protein contgining component of soil humic
: | ’ \ )
acids, is.extra=cellular protéglytic enzymes. The action of . |
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(contingcd)’
proteolytic enzvmes on soil organic matter preparations have

been studied by a number of workers. Enzymes used in these
LI
studies have included papain (Brisbane'g£>gl, 1972; Ladd and
Brisbane, 1967), chymotrypsin, trypsin and subtilopeptidase
R R
-~

i

(BrisbaﬁL Sﬁ,ﬁl"J972)? thermolysin (Brishane et al, 1972;

—_—_

Ladd and Butler, 1969) “and pronase (Brisbane et al, 1972;

‘Ladd and Butler, 1969; Sowden, 1970; Ladd and Brisbane, 1967).

,
2

From the point of view of the action of microbial extra-
cellular enzymes on humic acids, studies involving pronase

are most applicable. Pronase is an extra-cellular enzyme

produced by the soil microorganism Streptomyces griseus.
The enzyme hydrolyses a widé range of pepfides and unlike
Most proteases, converts proteins almost quantitativcly to
their amino acid éomponents.

Sowden (1970) found pronase .released 20 to 50~ percent

\ . 4

-of the valine, isoleucine, leucine, tyrosine and phenylalanine

‘content of humic acids; the percentage release of aspartic

<

and glutamic,acid, threonine, serine and alanine was inter-

-
A

mediate. Pronase released amino acids zlso included aéazragine
and glutamine indicating that aspartic and glutamic acidst can
occur as the bound amides in humic acids. Data for the basic

5

amino acids were variable; lysine was not detected in all

" hydrolysates and amounts of histidine and arginine varied

considerably. = . o R

Ladd and Brisbane (1967) found that pronase released

v

23.6, 33;4, 38.4 and 39.2 percent respectively of the total
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tograms of prongse hvdrolysates of humic acids,'glthough

‘iso—lédcine, leucine, phenylalanine and tyrosine from both

39

(continued) : ,
acid hydrolysable amino acid content of four soil humic

acids. Basic aminho acids were not detected on paper chroma-

L] a0

Y

these amino acids were present in acid hydrolysates. Ladd.

o

and ﬁfisbanc.(f967) spécﬁlated that in humic acids basic

-amino acid residues wére bound through their additional amino

[y

\ . . -

groups in forms not attacked by pronase. This possibility is

compatible with the results of Stéyenson (956) who ‘showed

that basic anino. acids were resistant to utilization under
Pt

cropping conditions which reduced soil orgdﬁic nitrogen.
Alternatively, the apparent absence of bésic‘amino acids in
pronase hydrolysates of humic acidg may reflect the.specificity
of pronase action on peptides, howcever Ndﬁoto,'NurAHJShi and
Maéakami (1960) have sﬁown basic amino acids go be present
in the prod&cts‘%f pronaseAhydrolysafes of proteins.
B | ] . . N

Brisbane et al (1972) investigated these alternatives
mére;phofoughly using a gas"chrOmatographic.procedure'to
compare the %elativevrelease by pfonase of individual_amino
acids from soil humic acids and a protein subsﬁrate; albumin.k
Their resulﬁs shoWed that prohase released peptides as well
as free amino acids from both humic gcids and albumin.

4

Further pronase preferentially released four amin acids,

albumin and the humic acids. Lysine was released in moderate T

Precentage vyields from the humie acids and albumin; the

. , .
percentage releases of aspartic and glutamic acids by pronase
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were also lov.  Acid hvdrolvsis of the supernatants from hunic
! -

acid-enzyvme hvdirolysates resulted in increased vields of amino

acids due to the acid hvdrolvsis of peptides released by prongse

from the humic acids. - These results showed that a disproportionately

v

high amount of lvsine in humic acids studied by Brisbane et al

was not suscceptible to release by pronase either as the free

e
amino acid or in the {orm of TCA-svluble peptides.

In general the work of Ladd et al (1967) and Brisbane

se exhibits specificity in its

et al (1972)_shows that bro

action being most active in releasing aromatic and long chain
aliphatic amino acids but releasing acidic amino acids in

relatively poor vields. This work has also shown that the

patterns of amino acids released from a protein and from hunmic

ac1ds§}re similar. Differences in the acid hydrolysable amino

acid contents of the substrates and the presence of relatively

large amounts of non-proteinaceous components inlthe humic
acids did not alter the specificity of the pronase action..
Tth ;he major‘effects of the humic componentg on pronase

actign in releasing bound amino acids or peptides appear to

be quantitative rather than qualitative.

Extraction and Fractionation of Soil Humic Acids
(a) Extractiod’
S g » } ' A -~
Methods of extracting organic matter and, more
specifically, the nitrogen-containing fraction, from soil

have been the subject of many investigations (Goh, 1970;

Choudhri and Stévenson, 1957; ‘Evans, 1959; Tinsley and
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oin, 1961 Martin and Reeve, 1957 Bremner, 1950;

-

ger and skinner, 1968; Levesque and Schnitzer, 14965,
keden, 1970 Butler and Ladd, 1968: Swift and

1971) . Reagents which have been used {n these

. . W

les include 005N sodium hvdroxide, more dilute

, -

plut ions of sodium hydroxide, sodium pyrophosphate
Jolutions, sodium sulphate solutions and solutions of
Fsodium carbonate, sodium bicarbonate, f'luoridcs\ oxalates,

citrates, formic acid containing lithium §}om1dc and hot

‘dlmcthy] foxmamldc containing oxalic, boricg, hydrof luoric,
br fluoroboric acid.  Organic chelating reagents such as
fcetylacctone, and resin bound chelating agents have also

been used (Martin. and Reeve, 1957. chvsquc and Schnitzer,

o t

he resu]ts of these investigations have shown that

)

N

‘1le er CVtrdctaan such .as aqueous selutions of various

.

.salts are much lcss effective than alkali in solubilizing

so0il organic—matter. For.'example, of the salt -solutions

0.1M sodium pyrophosphate is usually the moé{7effeétive,
but #¢ gEQQrally does not di;éolvé more than about one

quarter of the organic matter. in surfaca .s0ils, whereas

A

repeatédftreatmqnts with 0.54 9od1um hydroxide usually

" led to dlSSOlUtlon of more than half of this’ organic 5

‘matter (Bremncr 1967), Although organic reagents such

-
-

as dimethylformamide, and acetyl-aéetone solubilize

. _ ~ -‘organic matter, these reagents are difficult to remove and

RS

J
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(1)

N

(eont inued)

may thus contaniaat ¢ the extracet ed Oryanic it ter, e
Use of boond chelating acents, such g chelating resing,
eliminates thin provlen,
In spite ol the nanw reaprcnts which have heen Tested
f:»r‘ theiv ability to :,ul'uhili:v oryanic m.ll\f\‘r, the most
comon]y uscd reayents ard solutions :»t’ )MH k\r:;\l(lll\' 0.5M),
sodium }\ylﬂ‘pt;*ﬁ}ﬂLJ(f’ (uvually ().i\l), and ﬂM‘rt’AT(’C(WII]}: .
cheldlating resin such s Dowes A=Te (Bremner.,, 1965; Levesque
aﬁd Schnitzers, 1967) 0 Humic acids extracted from soil

with sodium pvrophdsphate have greater proportions: of

JU-WUI‘ molecular welght moterial, less acid-~hydrolysable
amino qcid nitrogen contents, but greater carboxyl contents
t?ﬁll humic acids crtracted subsequently from the same

sample with ulkuii (Butlc; and Ladd, 1968).' Humic acids
uxtrnctvdeigh ulk#li from rresh sofil samplo§ have fnter-
mediate values kButlcf}nnd Lndq? 1968).

Pyrophosphate humic acids have a higher extinction

value than other humic acids extracted from .the same soil
o e

y

‘f‘“\ - &
(Butler and Ladd, 1968). Acd@(dlng to Kumada (1965) the
Wy |
more humified the humic acid the darker the color (higher

extinction value). Thus, it has been sué@ested (Kimber
and Searle, 1970) that pyrophosphate extracts give an

"older" as well as a more condensed humic acid, whereas

Py i . . - .
fcts a mixture of humified material.

sodium hydroxide ex
Figure 1.6 below, shows hypothetical products of extraction

with sodium hydroxide and sodium pyrophbsphate (Kimber
. .
and Searle, 1970). .

. . ~



¢
4

L9 () (Ccontinucd) -

, : NoOH
‘ . EXTRACTION

SOou

PYROPHOSPHATE
EXTRACTION

NaOH
EXTRACTION

FIGURE 1.6 HINPOTHETTCAL H'\"\II(‘
ACLID PRODUCTS EXTRACTED f’R\‘.‘-l
SOLE WITH SobIy HYDRONTIDE AND o
SODIUM PYROPHOSPHATT (Kiuwber and

Searle, 1970) ‘

HUMIC -

CoLLoID

HO, C
(1)

According to this  scheme sodium hydroxide extracts
1Y »

a mixture of more (1) (a mixture of condensed and not so
condensed material) thany (11) (more condensed material).
Sodium pyrophosphate extracts miinly the more condensed
materidal (1) and subsequent extraction with sodium

‘ 7 € -
hydroxide yiclds mainly the less condensed material (1),
most of (11) having been removed by the previbus pyro-
phosphatc extractione

¢

The ability of salt solutions sugh ams sodium pyro-

a -
pﬁospha:e to soltbilize organic matter of mimegid soils '
. . : ’ i
is thought to be due 2o the complexing of polyvalent

@*

metals (Bremner, 1967). Polyvalent. metals are thought
to bind humified organic matter in mineral soils as clay-
metal-organic matter complexes (Greenland, 1970; Evans

and Russell, 1959). Thus reagents such as pyrophosphate

\

\

g

\
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(continucd)

J

) L2+ 3+ . 3+ . .
which react with Ca , Al or Fe to form relatively
N I .

stable complexes, release the humified organic matter
which was initiallv bound to clays through linkages
involving these mo%allic cations (Edwards and Bremner,

o~

1965). .

)

’

An extraction procedure based on this principle
using sodium thiosulphate in conjunction with alkali
extraction results in the recovery of "mobile" and "non-
mobile'" humic acids (Biederbeck, 196;). The term "non-
mobile" humic acid designates thosé humic substances which
are immobilized and stabilizéa in soil by close association
with calcium, clays and sesquioxides. This very stable
type ofihumic.acid can only be extracted by dilute alkali
after a hot acid pretreatment ogtthe soil has affected
the disruption of some of the drgéno—mineral bonds. The

o+

term "mobile" humic acid refers to that fraction of acid

insoluble humic acids which is directly extracted from

soil with dilute alkali with&%t an acid pretreatment. In .

«
-

soil, this type of humate is associated primarily‘with non-
silicate forms of iron and aluminum and it is thought to

be relatively mobile and unstable.

Chelating resins are another group of reagents which

may solubilize organic matter by'removing flocculating

cations from soil suspensions; Bremner (1965) suggested

the use of the chelating resin Dowex A-1 in th¥ Na+ - form
7

y
for this purpose. He claimed that organic matter was less
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(continued)
altered when extracted by resin than by alkali, and that
the extract was not contaminated by the extractant when
resin was used,  In order to investigate this further,
Levesque and Schnitzer (1967) extracted organic matter from
a variety of soils with dilute sodium hydroxide solution
; N ) . .
and with the ¥a form of Dowex A-1 chelating resin. They
“found sodium hydroxide soluUtion extracted a greater pro-
portion of s0il-C from four of six soils studied than did
+ . L .
Na - resin. Only in the ca of an Orthic Blaek Chernozem
. ; 3 L 4 . . :
soil did Na* - resin extract\more $011-C than sodium hydroxide.

With sodium hydroxide as extr ctant, the extractability

of carbon decreased in the following order:

Humic Podzol >OrganicfSoil> Humic Gleysol> Gray Brown

Podzolic> Brown Forest> Orthic Black

S . ' K
With Na - resin as extractant, this”order was changed to:

Humic Podzol >Orthic Black > Gray Brown\?odzolic =

Humic Gleysol > Brown Forest > Organic Soil

Levesque and Schnitzer (1967) found that except for
the Orthic Black soil, greater proportioné of‘extracted
carbon remained in dialysis bags when Na+ ~ resin was

I4
the extractant than when sodium hydroxide was.used. This
suggested that Na'© - resin extracted mére high molecular
weight orgénic matter thau soaium hydro?idé did, however

A

o ) | + .
an inspection of the ash content showed that Na -~ resin



- .
N ) 46.

1. 1.9 (a) (continucd)
extracts contained almost twice as much ash as materials
extracted by sodium hydroxide. The ash values of the non-
dialyzable extracts were taken as evidence to show that
. : I + A

sodium hydroxide was more efficient than Na - resin in
breaking bonds between organic matter and inorganic v

i s +
constituents. Thus, Levesque and Schnitzer concluded Na -

resin extracted organic matter which was bonded to and
v , °

.

aggregiﬁyﬂ with substantial amounts of inorganic constitu-
ents,

Many other procedures have been documented for the

: > o .
extraction of soil humic acids. Most of these are variations

on the "classical" approach to soil humic acid studies and
involve the use of alkali as the basic extracting reagent.
Detailed extraction procedures are readily available and

<

can be found elsewhere (Kononova, 1966; Stevenson, 1965).

(b) Fractionation of Humic Acid
4
The initial extraction of humic substances from soil
is often also the first fractionation step in séparating

the material into relatively simpler components. This

initial fractionation appéars to'separate the material on
the basis of golecular weight. Generally, milder exXtracting
éolvents-such as sodium pyrophosphate extract low moleéﬁlar‘
weight humic acids,'whereas more efficient solvents suéh

as sodium hydrox@de tend to extract a greater range of

molecular weight material.

The developmegt of synthetic cross-linked polydextran



1.9 (b) (Cnuitiiulcd)
gels by Porath and Flodin (1959) led to gel permeation
chromatography as a technique for separating mixtures of
compounds.  Cel permeation chromatography separates mixtures
of components lurge;y on the basis of\molecular weight, and

the technique has enjoyed considerable success in the N

separation of complex mixtures of proteins. A number of

workers in humic acid chemistry have used the technique

in attempts ta fractionate soil humic acids (Bailley and
Margulis, 1968; Ferairi and Dell'Agnola, 1963; Posner, -

1963; Swift and Posner, 1971; Piper and Posner, 1968; Butler

[N

t al, 1969). Posner (1963), Swift

and Ladd, 1969; Swift

and Posner (1971), and Cameron et al (1972) have indicated

Al

that humic components can interact with the gels used for

permeation chromatography and thus fractions obtained by

-

the technique are not necessarily eluted solely on the
basis of molecular Qeight differences. However, permeation

chromatogfaphy does .separate humic acid into components
) v

which show differences in chemical and physical properties.‘
Swift and Posner (1972) fractionated humic acids which

had been extracted with 0.5N sodium hydroxide from an
~organic soil and a lateritic Pédzol, on' an agar gel column. , |,
Humic, acids from both soils showed a logrithmic type of -

elution curve from the gelicolumn. According to Swift
et al (1972), the initial material eluted represented the

high molecular weight component of ‘humic .acid and subsequent

\

fractions represented material of decreasing molecular weight, *
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(b)

(continued)
Analysis of the to%al nitrogen and amino acid n&trogen

’ .
content of these.fractions showeg ttat the highest
molecular woight componenis codtggncd the greatest amount
of total nitrogen and‘amino acid nitrogen, whereas Jlower .

molecular weight material showed a decrease in total

nitrogen content which was almost entirely due to the

~loss of dmino acid nitrogen. Although the humic acids

used in this study were obtained from very different soil.
materials and differed significantly in their nitrogen
contents, they exhibited almost identical trends in

elution behavior from the agar gel coluin. This was

S

interpreted by Swift and Posner as evidence that similar

processes are occurring in widely dissimilar soil environ-

ments.
.

Tan and'Giddéns'(1972)‘fQund that sephadex gel-
filbratiop yielded low and high molecular weight fractions

from sodium h&droxide extracted hu@ic‘acids. The high
molecular ;eight material had different‘chemical and
sggctral probertieé combareﬁ to'fhe low molecular weight
ater;?l, Tﬁe“high molé;ular weight humic écidlfréction

was insoluble in.water and infrared analysis indicated

that it contained considerable amounts of C-H aliphatic -

~compounds. = Low molecular weight fractions showed water

solubility,and infrared analysis indicated a higher
carboxyl content and fewer C-H aliphatic groups.than the

higher moiecular<weight ﬁateriai, Béth humic acid molecular

S
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9. (b)

(continued)
weight fractions had lower E4/Eg values than fulvic acid C

fractions, indicating higher degrees of condensarion than
fulvic acids (Kononqya, 1966;.Biederbeck gd; Paul, 1973);
In additien, a higher extinction coefficient was exhibited
by the ojgh molecular weight humrc fraction than by the
low moleCuldr weight fracLionL ’

Kumada and Miyora (1973) using sepﬁﬂﬁ;x gel chroma- .
tography found that humic acid/éould easrly be sepdrated‘
into two to four fractions which showed differencee in
their spectrophotometric properties. Other studies
(Bailley and Margulis, 1968; Piper and Posner, 1968;
ButleE and Ladd, 1969) have obtained similar rgsults and
Swift et al (1969) t have )roposcd that the degree oY
afomaticity increases as the molecular weight of humic”
fractrons decreases and thus the low moleéular weight -
component separated from humic acid by gel chromatography

represents end products of the humlF&catlon process.,

Fractlonal precipitation from various sqlutions has

&

~also been used for the fractionation of soil humic material.

Kumada and.Kawamura (1968) added increasing amounts of
absolute ethanol to a 0. 2N sodlum hydrox1de solutlon of

.

humlc acid. The procedure produced eight ftactions which
the authors claimed showed differences with respect to
light absorption and permanganate oxidation characteristics

when the fractions were compared from several soil types.

German scientists (Kononova, 1966) showed that humic acid



(b) (continued)

extracted by aikali could be divided into brown humic

acid and gray humic acid by the addition of Clect;O]ytcs
such as sodium chloride to alk;line solutions of the humi;
ac}d. Theng et al (1968) obtained 19 fractions from a K-
humate solution by successive additions of, ammonium sulfate.
Fractions obtained at low cdncenﬁrations of ammonium sulfate
were found to resemble 0.5N sodium hydroxide extracted humic
acid fractions.obtained frém the least humified Eraction of
.soil ofganic.matter. Fractions soluble in the more con-
centrated ammonium sulfate solutions w;re found to resemble
humic ‘acid fractions generally extracted by neutral 0.1M

t

sodium pyrophosphate solutions.
éésults of gel—pcrmcation chromatography and fractional
ﬁreciﬁitation techniques‘suggosf that humic acid consists
of a mixture of components which cén be separated by means
which do not require breaking covalent bonds. Small (1953)
has indicated that for polymers containing. functional groups
such as'hydroxyl, carboxyl or amide, either in the main
structure or as periphéral gréups, hydrogen bonding usually
%?ntrols the éolubility éf such polymers.  Thus solvents
which contain hydrogen bonding‘functional groups shopld be
able to disrupt and dissolve humic substances depending
on the rglative stfength of éolvent-humic and humié—humic
interaétions. i

,Simogart et al (1967) and_BiederbecE and Paul,kl973)"
used this principle to separate a protein—liké»fFaééion

]

.
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1.9 (b)

(continued) ' ) o

from the bulk of humic acid with acidfé‘solhtions of
phenol. ‘Simonart et al-found phénql extracted 25.0,

32.5, and 40.0 percent of the huﬁic nitrogen from a

Podzol B horizon, a Meadow soil and a Brown Forest soil,
respetcivély. Bicdcrbcck and Paul fracgionated sodium
hydroxide extracted soil humjic acids with phenol and

found phenol solubilized preferentially, but not ) '
exclusively, aliphatic nitrogenous humic componen%s. '
Analysis of the humic fractions by spectroscopy;rélemental
microanalysis, acid hydrolysis, and ultrafiltration ’
established thatlphenol—iﬁsolublc humic residues consisted *
largely Qf aromatic structures and that the readily phenol-
soluble portion of humic écid was predominantly prateinaceoué
in nature. ‘Thus hydrogen bonding ébpears to play an import-

ant part in maintaining the complex structure of humic

acids,
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2. MATERIALS AND METHODS

Soils ‘ b .

. . _
Soills for the study were selected from four widelv separated

n

areas of the Province. These general areas are shown on the
2 o ® L]
-] 1 .
accompanying map (Figure 2.1). The soils selected are similar in

the respect that they all have an Ah horizon and roughly similar.
: N : . .

parent materials. They are dissimilar in having developed under

different conditions of climate and vegetation. .More'getailed
N ‘ T

. L e S . .
soil descriptions and 31te\rbcat10ns are given below.

1

4

S0il 1 -~ Beaverhills lLoam
Classification: Orthic Black Chernozem ' Y
Location: o Three widely separated soil sites were

saméled; all inlthe.general_ﬁiciniti of
Hay Lake;; Aiberta.' All sites repreéented
viréin profiles. Locations are:

Site 1: SW-26-48-21-W4

Site 2; SW-29-48-21-4

Sité 3: NE-10-49-21-W4

3
~

Cfimate: | .'”Continental; characterized by relatively‘warm ’
summers and eold winters, The mean summer
tempera£Ure 1ey‘to_Septenner in¢lusive is

14° C (56 F). Thé‘meen winter eemperatnte
November to March 1nclusive is —8 97 C (16 F). Tnéf'
fnean annual prec1pitat10n is from 41 to 46 cm
(16 to 18 1nches) At Edmonton the past/75 yearé

‘has averaged 44 cm (17 S lnches) with extremes of

23 and 76 cm (9 and 30 1nches) The area can be

' considered as being between dry -and moist sub- humid

, -‘ &
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FIGURE 2.1  MAP OF ALBERTA SHOWING GENERAL AREAS #F ORIGIN OF THE
* FOUR SOIL TYPES STUDIED

Soil Site:- 1 - Hay Lakes. -- Orthic Black Chernozem =
: . * Three SlteS Studied. ’
' ' 2 - Medicine Hat - Orthic ‘Brown Chernozem -
. ) ' Four Sites Studied _ @
3" - Waterton National Park -. Orthic Black
Chernezem ~ One Site Studied

4 - Luscar Tower - Alpine Dystrlc Brunlsol -

"One Site Studled
9 L ) S -
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(cunte‘inuud) A
Climate (continucd) i
There 1s no pronounced pernanent water
table. ‘
' !
Parent Material: Glacial till, derived mainly from the
Edmonton formation, -
. Topography: Undulating to hillv. ~ The soil sites
i
sampled were all situated on slopes of .
less than 4 percent. - !
Drainage: ’ Well drained
. &':4
Vegetation: | Grass vegetation, of which the dominant
species is the rough fescue (Festuca
scabrella) association. Groves of aspen
— /
poplar (Populus trem:zloide) dot the area,
but these are thought to be of fairly
recent origin.
Profile Descrippiod: The following is a generalized description
of a Beaverhills loam. ‘
, . . .
Horizon Depth (cm) _ Description
Ahl _ 0 - 15 10YR 2/1 m (black), loam: moderate fine
granular; friable; abundant very fine
random roots; clear smooth boundary.
Ah2 o W 15 =45 ~ 10YR 2/1 m (black), loam; moderate fine

gfanular; friable;, abundant very fine ran-
dom roots; clear irregular boundary

(itongued) .
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(continued)

Horizon Depth () ) Description
ﬁuaéu 25 - 952 10 YR 3/3 m (dark brown), loam: wg&k
. mediun prisratic and moderate fine sub-
;n‘ angular blockv: triable? abundant very,
&/. ) Aine vertical and oblique inped roots:®
/ /” Clear-irrogglur boundarv, ~ -
N ; .
Bm 52~ 75 7 10YR 4/4 m (brown), clay loam; weak
-~ " rfoarse prismatic breaking to noderate

~ ;-

y,fmgdiumfand coarse subangular blocky:
&riablc to firm; plentiful very fine

vértical and oblique roots; gradual wavy

5 )
bogpdary. Abundant ant activity at this
si:e primarily in Ah and upper B horizons,
BC 75 - 95 10YR 4/3 m (dull yellowish brown)ﬁ clay
loam; wéak coarse subahgular blocky to
fragmental; friable! few very fine vertical

* -

roots; gradual wavy boundary. ¢
kN

D,
s ¥

Cca 95 - 115 R 10YR 4/4 m(brown), clay loam’ few very
| | fine vérgical roots) unsorted calcareous
tillS coal pockets; silt stones!? Ais—
integrating rocks.

Cca - 115 - 137 10YR 3/4 m (dark brown): clay loam as

‘above. -
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Soil 11 - "aleb Lo

-

Classification:

“hocation:

Climate:

]

o,

Orthic Brown Chernoren
Four widely separated soil sites were
sampled in the pencral vicinity o
Nvdiﬂin; Hat, Alberta. ALl sites rep-
rcsontvq virgin protiles; their legal
locations are:

Site 1: Sk-11-11-6-W4

Site 2: $E-29-12-6-W4

Site 3: NW—II—lO—S{NA

Site 4: ¥W—12—12—7—W4
The climate -associated with Maleb loam
? “
solls is semi-arid.  The mean annual
prvcipituLin;ﬁ;?\Lhu area is about 37 on
(15 inches). Medicine Hat has been
reported to.have an average moisture

deficit of about 28 cm (11.5 inches).

Seventy-five percent of the annual pre-

‘cipitation falls between April lst and

“ October 31st. The mean annuéT;temperature

SEL . . P o
for this area is approximately 5.5°C

(462°F); for the period April to September
. . Q N

L o T
1t is 14 C. The area receives a

great deal of wind per year, only one

percent of the days are calm. The

combination of fairly high winds and
high temperature reéults in a relatively

high evaporation rate favoring desiccation.

PR



(continucd)

]

Parent Material: Glacial till derived primarily from
+ . \<
“Belly River formation.
Topography: The topography of these soil fareas is

from gently undulating to rol-ltlr‘rylg;
wsually of the knob fand kettle Lype. )
Drainage: Well 'druinvd
Vegetation: Semi-arid prairie flora. The two main
nzn;ivv prasses are blue gamma grass
(Boutulova E:r;u‘ilis)-;md Commoﬂn‘ spear
grass (§£LR1 comata). Other native
grasses include June grass (Koelecia
‘ cristata), Sandberg blue grass (P_(l:‘l
S“"“““l‘l), smootlr wheat prass (Apropyron
éouciflorum) and others of lesser
occurrence. Commdn club moss ,(Seloginella

densa) and prairie phlox (Phlox foodii)

are found under very dry conditions.
v , |
Profile Description: The following is a generalized description

o

~of a Haleb loam profilé;

Horizon Depth (cm) . Description
N ) ~. '
Ah 0 - 10 7.5YR 5/3 d (dull brown),; loam; weak fine .

u

granular; soft to slightly hard; abundgnc_

very fine ranAom and vertical roots;

o

- clean smooth boundary.

Bm 10 - 25 10YR 5/3 d (dull yellowish brown), loan;

strong medium and coarse prismatic breaKing

o .
. \\ !
AN .
e
Sait] . R
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13

(continued)
\HOI;LZL’,Q Depth (cm)
Bm (continued)
Cca 25 - 50
Ck . 50 - 85 _
Soil 111 - Waterton

Classification:

Location:

Climgte:

Parent Material:

.

Topographyf

Description

to moderate fine and medium subangular
blocky; slightly hard; plentiful fine

and very fine vertical and random inped
and exped roots; clear wavy boundary.
10YR 7/2 d (dull yellowish orange), loam;
upper portion has a weak coarselprismatic
structure; few very }ine vertical roots;
gradual Qavy boundary .

1OYR. 6/2 d‘(grayish yellow brown), loam;

» s
structureless; no roots; calcareous

glacial till;

Orthic,Blaék‘Chernozem

Water&on National Park;_ Only one soil

site was sampled. The site Qas located
about 100 feet northwest of the tradesmen's
dump, north of Blakiston Creek and west

of Knight's Lake. The site represe&ted

a virgin prdfile.

Semi-arid continental. - . e

LS

Glacial outwash gravels and sands with

<

occaéional,boulders; mostly below the

ground surface.

x

. Qutwash piain with some knob and kettle

topography.
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2.13  (continued)
Drainage: ]Rapidly drained
Vegetation: Dominantly grasses and herbs such as

‘bluebunch fescue. (Festuca idahoensis),

i rough fescue (Festuca scabrella), parry

&

oat grass (Donghpnia parryi), and pursh's

silky lupine (Lupinus sericeus). Shrubby

cinquefoil (Potentella fruticosa) covers

N
[
a small amount of the area and very

stunted tremb!ﬁng aspen (Pqpulﬁs tremuloides)

are fairly common especially in the lee
sides of hills where snow collects.
Profile Description: A profile description of the Waterton

Orthic Black Chernozem soil is given

below.
Horizon Depth (cm) Description
vAhl> 0 - 8 10YR 2/1 m (black), sandy loam; weak-

3

granular; very friable; abundant vefy
fine and fine roots; diffuse ;avy
boundary.
~.  Ah?2 ~ 8 - 19 7.5YR 3/2 m (very dark brown), sandy
loam; moderate medium and coarse sub-
angular blocky; friable; plentiful fine
and very fine roots;_difque wavy
- . boundary. =
Bm 19 - 36 5YR 3/4 m (dark reddish brown), sandy

loam; moderate coarse sub-anguldf bloc

/S
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.13 (continued)

Hbrizoq Depth (cm) Description
\ Bm (continued) friable; plentiful fine and verv fine

oy
roots; diffise wévy boundary.

C 36 + 7.5YR 4/4 m (dark brown), sandy loam;
massive; very friable; plentiful very

fine and' fine roots.

.14 Soil 1V *’Alpine

Classification: . Alpine Dystric Brunisol

Location: ) Luscar Mountain on the edge of the Alpine-
Subalpine transition on Forest Tower Road.

Only one soil site was sampled.

Climate: Alpine
Parent Material: ) Shallow colluvium over sandstone
Topography': Alpine. The soil site is located on a

15 percent slope with an eastern aspect
near the summit,
Drainage: ~ Well drained

Vegetation: Open’stands of stunted Engelman spruce

.

(Picea engelmani) which occurred
}9 clusters and were discontinuous. A
variety of alpine §hrubsg cladonium,
;ichens and mosses formed the ground
cover.

Pfofile Description: A profile de§cription of the site sampled

+
is given below.
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2.14  (continued)

Horizon Depth (cm) bescfigtion
L ’ 8 - 6 Lichens, mosses
F 6 ~ 0 ' 10YR 3/1 m (very dark grey) organic

/

~—

matter; fibrous and matted; plentiful
very fine, fine, medium random rooté;
abfupt‘smooth boundafy.
Ah 0 —AS 10YR 3/2 m (very dark greyish'brown)'
# loam to clav loam; moderate granular;
friablei plentiful'very fine and fine
random and medi;m'horizontal inped and
exped roots; clear sméoth boundary. -
AB 5 -7 | 10YR 4/3 (brown) loam to clay loam; ,
moderate granular to fine subangular
, blocky; friable; plentiful very fine
and fine raﬁdom a;d‘meaiu@ horizontal
inpéd and exped ropts; ab?upt smooth

boundary,

9

Bm 7 - 12 5 YR 4/4 m (reddish brown) loam to‘clay

lbam; weak fine subangular blocky friable; \
plentiful very fine and fine random Eoots;

abrupt smooth discontinous boundaryi%

'

me 12 - 22 10YR 4/3 m (brown) loam to clay loamj%

moderate fine subangular blocky; friable;
,

r\:.rn(

plentiful very fine random roots; clear
smooth boundary.

22 + LOYR 3/1 m (very dark grey) colluvium;

o
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Hori%zon Depth (qu ’ Description

C (continued) large content of weathered sandstone

fragments; few fine vertical roots.

Extraction of Soil Humic Acidse

.

Two® reagents were used po extract humic acids from soil. These
& ; .

were 0.5N sodium hvdroxide and a suspension of Chelex - 100 (bowex
A-1) resin in distilled water.” The resin was used in the Na form}
When extracting humic acids from soil the reagents were used indepen-

. X [
dently on separate soil samples of each soil studied.

" Sodium hydroxide solution was chosen as an extracting reagent

&)

because of its ability to SOlUblllZe a hlgh proportlon of the total

‘e N . LY

8011 humic matter. Va - Chelex resin was used as’ an extractant because

. . - . - -’ v - '
it appears to remove from 501ls humic material’which containg large 5
. . . s

amounts 'of intact metal-organic matter complexes (Levesque and !

r

15Chnitzer, 1967). 1t was hoped that studying properties of humic

(3%

acids obtained by the different reagents would aid in detecting any

. Sy

qualitative. or quantitative differences in humification processges:

oéeurring inbthe soils used for extraction. o o
Only samples from the Ah er Ahl horizon of each soil studled were

taken for ettractlon of humic acid. Prior to extraction samples of

4

Ah horizon (air dry) were'ground to pass a 2 mm sieve. The 2 mm soil

was subsequently gently crushed and then sieved in order to obtain
. LY

a <200 mesh s;ae fractlon for extractlcn Details of the extraetion

procedures are given below and the general procedure is ‘depicted in

>

Figure 2.2. For purposes of identification in sdbsequent p;ocedures

and experiments humic’ acids extracted fron soil by'tﬁe.following,



<200 mesh air dry soil samples
- £
Addition of extracting reagent, either 0.5N
sodium hydrozide, or Na*- Chelex resin
24 hour extraction under a nitrogen atmosphere,
- rotary shaking ,
N
Extraction mixture cemtrifured (10,400 X G, 20 minutes)
Sediment 4”//”/’/d/—/”////’//
. ‘ v ) \‘ .
145 ol H, 0,
redispersed, then
centrifuced (10,400 ¥6 - » Pooled
20 minutes) Supernatants .
sediment, discarded ‘1‘ . - RN
>\ * ¢ supernatants centtifuged (17,300 XG, 20 min)

’

Any sediment discarded, supernatants
acidified to pl 1.0 with hvdrochloric
acid and allowed teo stand at room -

temperature for 24 hours

Centrifuged (365 XG, 10 minutes)

/ T \
Acid supernatant discarded 1
i

sediment washed with 9% percent ETOH and
centrifuged (365 XG, 10 minutes)

- .t) .

EtOH supernatants discarded .

Sediment washed with 100 percent 'Afétone

- T T v . o . . Y
T and centrifuged (365 XG, 10 minutes)
‘ .
Acetone supernatants
~digdéarded .
d - Sediment vacuun dried

FRO Humic Acid

i E ey

. o . )’3 .
FIGURLE 2,2 FLOW CHART oOF EXTRACTIQK PROCEDURE USED TO OBTAIN FRO HUMIC
ACIDS FROM SOIL



o

o

Chelex FRO humic acids or-simply as Chelex FRO humic acid.

material was discarded.

b3,

(continued)

mothods‘wi]l b rererred te as FRO humic acids.  Those obtained by
sodium hydroxidu extraction mav often be referred to as sodium
hvdroxide cxtra%céd FRO humic acids and those obtained from soil

; ) L o
by extraction with Na -~ Chelex may often be referred to as Nd -

Extraction of Soil Samples with O.zﬁ Sodium Hydroxide
Soil samples were placed #n 1 liter erlenmeyer flasks and
frcshly prepared 0.5N sodium hvdroxide solution was added to give a
. . . - P N | T
soil-solution ratio of 1:5 w/w. ®The flasks were flushed with dry
nitrogen gas, tfghtly sealed and placed on a rotary shaker and
shaken for 24 hours. At the end of 24 hours the contents of the

flasks were transferred to centrifure cups and centrifuged at
v . . -
10,400 X ¢ for 29 minutes, fhe supernatants were removed and the

sediuents were ‘resuspended in an additional volume of water and

centrifuged for a sedond time. The supernatants from the second

‘centrifugation wet€ combined with those obtained previously and the

soil sediment reraining in the Centrifuge<cups was discarded.
The combined supernatants were trdnsferred to clean centrifuge

cups and centrifuged at 17,300 X G for 20 minutes to remgve fine

clay.. The supernatants were then transferred to-a large erlenmeyer

flask and acjdified to pH 1.0'with hydrocﬁlgric acid. Any'sediment

remaining in the centrifuge cups was discarded. ' The acidified super-

N 1 P '
natants were allowed to stand at. room temperature for 24 hours after

‘whicl the crude humic acids were separated by Eénfrifugétion. The

2

B ) . ) \ 3 .
acid supernatant containing fulvic acids and any other solubilizeé



2021 (continued)
The wet humic acid sediments obtained by gdntrifupntion were
imnediatelyv washed with 93 pereent ethanol and re-centrifuped.
Fthanol wusﬂing removed the so-called hvematomelanic fraction of Q .
humic acids as well as excess acid and any other solublé material.
Washing was continued until the eLhAnol supernatants were colorless.

The humic sedinent remaining was then washed with 100 percent -acetone
£ p .

' removed excess ethanol and appeared to solubilize a- small
/ .

portipn of the.huric résidue, although the amount removed was very
small. The ethanol-acetone washed humic acids were dried under

vacuum and stored in a powdered condition at room temperature until

rd

. . . Id ) .
// used for fractionation experiments Jdr analvsis.

: o+
2.22 Extraction of Soil Samples with Ya - Chelex

*
Soil samples were placed in 1 liter ¢rlenmever flasks and
Chelex-100 (200 - 400 mesh) yresin was added. The resin, containing
‘ . TR .
from 71 to 76 percent moisture and 'in the Na form, was added in
.sufficient'quantity to give a soil: resin ratio of 1:1 by weight.

s

Distilled water was added to give a flnal mixture composition of
T:1:5 bv weight of 5011 resin: water. It was found that 5011 resin
suspensions prepdred bx this method generally had a suSpension pH

of approximately 10.5 both at the star£ and end of eﬁeghction.y

I

Extractlon was carried out by ffushing the flasks containing the

»

extraction mixture with dry Nz'after which they were immediately

g% sealed and placed on a rotary shaker and shaken for 24 ‘hours. At

» the end of 24 hours the contents of the flasks were transferred to .

centr1fuge cups and centrlfuged at 10,400 X G for 20'mihutes.‘ The
’y .

supernatants were,removed and.the sediments were resuspended in an
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(SR

((‘t’\n{-inucd) -
additional volune of water and. centrifuged for a second time. @ The

supernatants from the seeoond centrifuy 1110n were combi; ned wi th those

obtained previously and the soil-resin sedinent remaining in the

centrifuge Cups was Jiscarded, ‘ ‘ .

The comblud supe I’ndull[‘x were traasforred to clean Centrnum

cups and ccntfjfugcd'at-l7,300 X & for 20 minutes. The supernatants

were decanted through filter paper fo’remove . any flne resin partlclclﬂ\%

. v ~

which were too bouvant to »bc removed by ccntrifugation. Th(g alkallnc
superdﬁ?@n(s were then acldlflcd to pi 1.0 with hvdrochloric ac1d and
dllowedq?o stand 24 hours at roem temperature. Precipitated humic

acids were recovered and'v.-:ash(‘d with 95 percent ethanol and thén with

100 percent acetone in the same manner described previcusly for

N
ES

sodium hvdroxide extracted humic acids. Chelex eftracted humic acids
. - . o i ° .
were dried under vacuum and stored-.in a powdered condition at room

1]
temperature.

‘! N
Fractionatioﬁ of Soil FRO Humic Acids

Studies on the fractionation of humic acids by gel-permeation

Chroﬁatography (Bail]ey and Margulis, 1968; Ferrari and Dell'Agnola,

1963; Posner, 1963; Swift and Posner, 1971) have indicated that humic
acids’ consist of compbnents which can be separated by means other

than those requiring brcaklng of covalent bonds. WOrk by Slmonart

et al (1967) and by B1edefbeck and. Paul (1973) has 1ndicated that phenol

appears to preferentially solubilize an allphatic amino acid rich

v

component from humic acids. These results suggested that perhaps a

',fractiona54bn,scheme based on solvent-humic acid interactions could

'

be used in,the present study to characterize humic acids of different



2.31

(cantinued)

.

solls.  Conscquently a prbcedure using phenol and acetong solvent

extractions was developed which separated several distinct humic
fractions from the bulk of FRO humic acids. It was found that

treating FRO humic acids with acidic phenol separated the FRO

hymic adid into two components, a component soluble in acidic

‘

phenol and a component insoluble in acidic phenol. . The FRO humic.
component insoluble in pihenol was treated with sulfuric ether to
renove residual phenol solvent and the phencl free humic material

O

was then set aside and labelled FR1 humic fraction. The_acidicl

'phendlesolution containing dissolved FRO humic .material was treated

with diethyl ether which removed the phenol solvent and allowed

recovery of the phenol solubilized FRO humic component. This

\

humic component was then extracted .with- 100 percent ‘acetone in
an attempt to further fractionate the humic maserial by means
of solvent extraction. Acetone consistently dxssolved some, but

not all of the humlc mater1a1 whlch had previOUSIy-been removed

H +

from FRO humic acids by‘phendl extraction. Phenol extracted humlc

i

materlal which was not;soluble in acetone was recovered and "labelled

v

FR3 hunmic fractlon. Phenol extracted FRO’ hum&c material whlch was
dlsqolved by acetone “Bas- subsequéntly recovered from acetone
solution by a flask evaporation techniqhe and labelled FRévhumic

-~ s B i L7 o : :
fraction. Details of the various extraction:and fractionation '

procedures referred to above .are reported below.

Extraction’.of FRO.Humic Acids 'ith‘AcidicAPhenol

- . ¢ N -

Approx1mate1; 0.5 gram samples of FRO humic ac1ds were mixed

with 7.7 mlsvof 0. 1N hydroghlorlc acid in SO ml ﬁq,yethglene centri—"

X

fuge tybes and the .mixtures heated at 60 C for one- hour. At the
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(continued)

*
end of the hour 33.3 =ls or 90 percent liguified pheno}  was
c A
added to the centrifupe tubes and the contents were then

thoroughly nixed.  Phenel and acidic suspensions of humic
matertal were mixed In the amounts specified above in order
to yiold a final phenolic cxtr;ction mixXture whicﬂ contained
approxinmately 75 ﬁcrcvnt phenol and had a pH of 4 to 4.5.
According to Siederbeck (1969) these conditions gf phenol

concentration and acldity are mest effective in causing solu-

bilization of humic components.

meediatcl§ gftcr mixing phenol with acidic humic suspensions
the suspensions were cenLrifuged at 30;900 X6 for 20 minutes. The'
dark-colored supernatants containing phenol solubilized organic
material were immediately transferred to Sepafatory funnels and
20 ml of anhvdrous diethyl ether was added ;o each separatory funnel.
This material wa$ saved for subsequent fractfbnatiom into separate
humic cumpbnents. The sediment remaining in:the centrifuge tubes

R Vo |

after decantation of the phenol solgbilized material was immediately
ltreated with 20 ml-of a sulphu?ic acid—ethgr solution (1:10, “2504:
(C2H5)20) to rerove excess phenol. The sedimept was thoroughly
susbeﬁdéd;vgeﬁtrifugcd (365 x.G, 10 minuteé) and the supernafant

idiscardéd. " | o .

* v .
~ Analytical reagent grade

’
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2.32 Recovery of FRI Humic Fractions From Phenol Extracted FRO Humic

Sediments

Sulphuric-ether washed sediment from the phenol extraction
procedure was mixed with 20 nls of anhvdrous ether, centrifuged,

the supernatant discarded and the procedure repeated once again.

¢

The ether-washed sedinent was further washed with two 20 ml

portions of distilled water. Thié\was followed by acetone washing
1

until the acetone supernatants were| colorless; g?nerally only
one washing was required. The finai'acetone—washcd sediment was
vacuum dried and stored 4s a powder. \Humic mate;ral recovered
by this téchniquc will bé.refarred to AF FR1 humfc‘fractions.

?\ A flow chart of the procedure used to ogfain thig fraction is

\
presented in Figure 2.3, : V-
: ) i
¢ . N \
2.33 Recovery of FR3 Humic Fractions From Pheno Solubilized Humic Matter

°

%henol supernatants containing solubilYzed FRO humic acid materjal

>

were treated with 200 ml of anfiydrous diethy} ether to extract phenol.
. ©

Ixtractlon of phenol into anhydrous ether caused %%ggpﬁﬁpol solubilized

organlc matter to prec1p1tate. The prec1p1tated organic matter was

13

removed and washed three additlonal times w1uh lOO ml ‘portions of
anhydrous ether to remove all traces of phemql. After the final

washing gg? excess ether remaining in the humic matter was removed o
o !
by vacuum respiration. \ ° ?

-

Forty milliliters of .acetone were added ko the.ether free humic

sediment and the mixture was allowed to. equlllbrate for 24 hours. The

.

equlllbratcd dCGtOnL sediment mixture was. centrifuged at 365 X G for



D05 g sample of FHO hune acdd

l

Phenol extraction

, ‘o

Centrifupe (30,900 KO0 minutes)

'

Phenol supernatant (saved {or recovery of ruy
and FR4 humic fractigns)

iy

Humic sediment

FEd

* (20 ] H SUL C Pther selution added; mixed,
centrifuged at 365 6 Tor 10 winutes: :
supernatant discarded)

Humic sedinent Y '
(20 nl anhvdreus other added centrifuped -
at 365 AG tor 1y Tinutes; supernat ant discuar.ier)

Humic sediment
. - (Sediment washed with 20 ml of distilled water;
centrifugcd at 165 N rop 10 cinutes; super-
natant (H‘v;zrdmi; washiny procedure repeated
once nore)- )

Humic sedinent .
(Washed with 100 bercent geetone: centrifusred at

3065 X6 for 19 Tinutes; supernatant discardedy

Humic scdiment
(Vacuum dried)

FRI humic fraction

FIGURE 2.3 FLOW CHART oF prors JUREUSED 70 RECWER FRL HTMIC FRACT O
FROM FRO HUMIC Acin:
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0.5, gm sample of FRO humic acid

. Phenol extraction .
- Centrituge (30,900 XG, 20 minutes) . '
s . - N . T
Phenol sgpernatant Humic sediment (saved for recovery
J of FR1 humic fraction)
200 mI anhydrous diethyl s}hcr added
to phenel supernatant y
- l /

Humic matter precipitated

Precipitate washed with three ‘separate I'00 ml
aliquots of ether. FLther washings discagged.
. kY : N ! e
Excess ether from final washing removed by
vacuum respiration. Forty ml (40 ml) 100 percent
acetone added to humic material and mixture

-

. ~allowed to stand 24 hours
- - 7 N \’
. Cen§<ifuggd (iba,gg% 10 minutes)
Humic sediment . , Acétone supernatant
Vacuun Jﬁied ' Rotary evaporation at 70 C to 25 percent
' of original vclume.. Then water added
FR3 humic fraction to original volume -

' . 3 -
A »~ Rotary evaporation to approximately
50 percent original volume

3 4 .
i S ) Humic pretipitate
Centrifuged (363 XG, 10 minutes)

Vacuum dried

FR4 humic fraction .

FIGURE 2.4 FLOW CHART OF PROCEDURE.USED TO RECOVER FR3 AND FR4 HUMIC
‘ FRACTIGNS FROM FRO HUMLIC ACIDS

[y
.
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Properties of FRO Humic Acids and Associated Humic Fractions
Ash Analvsis

Duplicate samples‘japprox. 0.5 g$$ of all humi; acids and humic
fractions were analyzed.for ash'tontent by slowly heating the samples

© o - 0
to 700 € in a muffle furnace. The samples were maintained at 780 C for
L) ' .~ . ’

a perlod of four hours to insure oxidation of all organic material. -

Total Nitrogen Analysis

Approximately 2.0 mgm samples of humic acids and humic fractions

~

.

were subjected to total nitrggen analysis by the semi-micro Kjeldahl

procedure (Bremner, 1963). All analysis were perforned in duplicate

and results cxpressed on an ash free basis. ~ Y
)
[

Total Carbon Analysis
Total carbon analysis on duplicate samples were performed using
a Leco model 577-100 carben analvzer. Standard CaCOi was used to-

o

check the calibration of the instrument (Allison et al, 1965). ALl

.
o

results were expressed on an ash free basis. N

Optical Analysis

Uit;aviolet and vizible spectra of humic acids and humic
fractions were obtained with a Pye Unicam modeI SP1800 rectrding
spectrqphoﬁomeﬁer after dissolving the material in ﬁﬁosphate buffer

(pit = 7.0) and using the buffer solution as absorption blank: The

.ratio of E@CS/E&@S (E4/E6) was taken as a measure of the dégree_of

condensation of fhe various fractions (Butler and Ladd, 1969; Ladd
and»Brisbane, 1967; Konoﬁova,;1966).

Yield Data ~ .~ T - & Co
“An attempt was made to determine the quantity of FR3 and ¥R4
. N L’;:‘) ’

humic fractions which could be extracted from the various humic
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solution taken for analysis by gas Chromatégraphy.

(continued)

acids.  This was done by weipghing the amount of FR3 or FR4 fraction
that was obtained by cxtracting 0.5 sram samples: of FRO humic acids.
The vield of FR3 and FR4 fractions obtained bv this procedure was
expressed as a percent of the ash free weight of FRO humic acid whieh

was extracted to obtain them.

Aminoe Acid Analvsis
o '//
In order to conduct amino,4cid analvsis of FRO humic acids and

their associated humic fractions, the folloving procedure was used.

Approximately 2 mym samples of humic material were placed in 12 nl glass

o

tubes,, to each &f which was then added 2.0 ml portions of 6N hvdro-
chloric acid. The tubes were then sealed with tef lon caps and heated
W .

0 C . ,
at 105 C fer 18 hours. After hvdrolysis the hvdrolvsates were centri-
. . N ) R -

fuged and residues were washed once with dilute hvdrochiloric acid.
Residue washings were combined with original supernatants which were

+ - ¢
then transferred to columns (110 x 10 rm) of Dowex-50~X8H resin,

.

After addition of hydrolvsates to resin columns, the columns were

2

. . <
washed with several volumes of distilled water until the pH values

of the eluates were greater than 5.0. The amino acids were recovered

from the columns by elution with 3N ammonium hydroxide.” The eluates

were then partiafiy dried by rotary film evaperation in an all-glass
system to reduce the ammonia content. Final complete drying was -

ahhieved by lyophilization. Lyophilized materiai was immediately
) ; : 4+
dissolved in 2.00 ml of 0.1N hydrpchloric acid and 1.0 ml of the

Al
'

Amino acids were determined as théar N—trifluoroacetyl—nfbutyl.’
, = " »

esters (Lamkin et al, 1965; Gehrke et al, 1967, 1970, 1968; Coulter

. .

)



Lab

(continued)
.

19685 Roach and Cehirre, 19690, 1969h; Za-neglt ot ‘]1‘_&)970:

toal

—.\‘ . -~ 5 . - - .
Moss et al, 1971 tardy croal, 1972). Very brieflyv the deriviti-
zation procedure consicted or the tolloving steps:

»

(1) Removal of Water to o =ive dry oamino acids,
—— . ~

T (2) Esteritication or the amino acids to form nethyl ester

h)’dr‘O(‘hloI‘i~1t‘.‘<r.: =
S R I
R-C-C- 0H+ ¢H (Hi——————»»R - C - C ~ OCH
J 250¢ L. 3
NH NEC1 o ?

“ 30 min. _3 ‘l'

(3) Interesterification of the methvl esters to form n-butvl

ester hydrochlorides: ‘ _ :
H o HC1 _H ﬁ
! I o t | '
-~ L= COCH, + n-C 1 0 - - + Ci_OH
R E‘ (,()('d.3 n (4 9l He—» R ? COCA 19,- Cn3 1
- Nt C1 100°%¢’ Nii,C1 _
| / 2-1/2 hrs

(4) Acylation of n-butyl ester hvdrochlorides with trifluoro-

acetic anhydride to form N-trifluroacety]l n-butyl esters:

<
0 H " 1500 C H o -
(Cng) 0+R - % - gOCAHg—————»-R - i ->£oc4ugf 5 .
NH3C1 . 5 min ﬁ-
HN -CCF

Methyl ester fornatlon is necessa?y to achieve solublllty of
ly31ne in the n-butanol, and butyl es;ii formation 1s necessary to

prevent volatlllzatigg/}osses and th, o “ain a derivative of ‘good
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separfition charafteriftics (Cohrie of al, 19670 Detailed sreng

fOT Uhe prepar stion o Cives can be fTound in the Jp;vﬂjiﬁ.
A Becorkman GC=4 s nr~:3(o;r15h,:uqnippvg with dual htdrdk(n
Lame deniaation detectoms was aged ior”supardtion and quantification
of the dvrin:iVUﬁ; TTJI glass columns 1.5? o4 omm LD, were used.
Tha columas were packed with acid

. o N

washed Chromasorbh W R0/100 megh
.. loaded with 065 percent Wi ogirhylene slveeol adipate. A1l columns
[ ; . B .
Were prepared inothe laboratery and the solid support Chromaserh
: St . , .

required heat conditiont ng prier to use. Details for the preparation
and packing of columns are reported in the appendix.

A direct on-column iniection port was used to prevent problers
e : . . .

L . ! )
. . . watd I3 .
with derivative decompositicon due to contact with metal fittings,
. - ‘ ’ ' " k4 v
e derivative decompesition wa ;

: . .
WS ODserved, Air and n?dr

epen gas {low

rates to the detector were adiusted so as to obtajn maxinum detector

sensitivity according fo Beckman specifications. dHelium was usec .

T 1 . ! . - - '] 3 :

, as the carrier gas at 'a flow rate of &5 cc/minute The inlet line
o S ‘. . A v s =00 ) ’

was maintained at 220 C, the detector 1ine at 250 C7and the deteetor

.Temoera&hre progrﬂ:in{/was use
S * U

d wlth an&nitml hold of
S o

two Wlnut es irmediately a ter saﬂple injection. Starting teﬂperature
- .

[¢]
at 300 cC.

d ~
of the.yro&rdm was SD L Incr9351np by 5 C/minute after the Hold
& Period; to a final-. temperature of - 220 C Electrometer sensitivity

+. .

ewas*adjdsted to 1.6 x IO-~ amps‘for a‘full.scale deflectieq (10™).
2 . B . . LN . H

) . o T ;
on a 1 mv recorder. . - ’ fﬂ
. . , , . :
. Gas chromatograms were quantlfled by -the interﬂa! standard
L : ”

.

1967) A’ standard amino acid ch(omatogram was. run @ith all eets

technique using ornlthlne as the 1nternal standard (Gehrke et al,

ottt

. p o . ) ¢
. . B ’ ) '

":'ﬁ-tﬂ\ ta
.

! R 4
. [Y ) ! i B )

» i



[£*)

[Wal

L

L
4t

Of UNKDCWnRs Lo es(ablish relative molar response factofs for. the

Aanine aclde, Negults of amine acid dnalvsis were expressed on an
. ' .

~ whi -

ash free hdﬁiw)k . .

Pronase Hedrolveis oo fomio Acids and Hurmie EnJﬁgiwns ’ J
. A . 2 . * .

'

rocedures were used to studvthe ability of rthe

protecivtic enzvme pronase to release amino acids from FRO humic
) ! : 1 ” .
acids and associated humic fractions, -
. . .. . 6
Indiyvidual FRO, FR] and FR3 humiec acids and humic fractions from
»

different sites of the same 50il were pooled in order to produce a®

single bulk sample of cach humic acid  and humice fractién for each

2
» . . . ) '3;’ ) . . ) &

. . - ; . . .
s0il studied. This was done for humic material which had been

.« - B

obtained by O.f“( sedium Hvdroxide %-:tr:zction of scil samples and for

.
. : .
. . ‘e . . . . . . o X .
humle material ohtained. b Na - Chiclex wxtraction 0f"sed} sampleas,
‘ V- ) ) . . ’ ’ A
. - b I

Bumic eaw;l ‘sowere prepared Tor enzyme hvdr wlvsxs by dis-

solving an Ap;rppriate welpht of spmple in 0.1% sodiun hydroxide

i ' ° 3
and_adjusting the pi to 7.2 - 7.4 with hvdrechloric acid (Sowden,

.

- » LI , iy ' ° ) ST ‘ . N
1470). "The sdlubilized sanple was made to volume to give a fxnalf

A - :
‘concentration of 10 ngms hunic material (dqh 'ree basls) per nl of

w . o . .<" ! R -

: L o .
solution. Earlier a procedupe. ‘as attewpted uqlng a systenm buffered

. .
.l

. " e e
wat pH: 7.5 with' 0 O’W-‘r1q (ﬁrlslane et al, 1972), however dlfflcult) o

was experieacéd rem@ving Tris from the hydrdlysate.. Failure ‘to remove

. . /

. . BN s

Tris resulted in huge peaks in the gas chromatograms which/{ﬁterfeged //z

. {
with amino acid peaks, consgquently thé procedure using Tris buffer /s
- R o :

was discqntinUEd;‘ e
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S to 'C.O‘nl {nue. Sor
O

a measure of the acid hydrolyzable aﬁlﬂo acid content of- each

78.

(continucd) . ,
wis dissolved in alh percent ethanol selutjon to give a final con-

centration of 0.5 mpm sraaave per ol of solution. FInzyvine hvdrolvsis
<o t t h A .

was carricd out by pipettine 1,00 =) allqiots of a humic solution -

into six 12 ml teflon Carped plass test tubes, Immediately 1.00
. T
ml of pronase solution was added to three of the tubes and 1,00 ml
b

. \
of- pi 7.4 socius” cliloride solutien (same electrolyte (concentratioh

- as electrolyvte in numic, solution) wos ndded to the remaining three

'
v

tubes. In o similar moanner threeo wrnuusv hlanks were also w*(“WX(J.

Thus all” anl"fls of humic enzvme svstems were done in triplicate,

N

incluiding triplicute blanks.

The ass test tubes were sealed, and hygrolvsis was allowed

S0, . . '
24 hours at 37 C in a water bath. At the end of the
hudralvaie pnﬂ”\ﬁ the reaction wois stoprod by the addition of 4

.

stall aceunt of hvdrochloric acid sufficient to lower tie pH to

. . . ¢
- i . e, . o
2-3," The tuhes wereimmediately centrifuged, the supernatants ,
T N L, . A
renoved, the sediments resuepended in 2.0 rl of 0.1N hvdrochloric

: .

acid and recentrifi

f

+J7 T“L SQCOnu set ‘of supernatants were pooled
3

3

with the first.  The supern natants uere than dried ar 60 C undc

. - ‘ N
a stream of dry nitrogen gas. Pronase liberates peptides as well

- 3 ] , ‘
as free amino ac1ds from wroLelnaceous waterlal (Brlsbane et al, 197")

COﬂquULntl\ the dried supernatanLS were subJect to 6N h)drochlorlc ac1d

. hydr01)51s. Hydrolv51s was conducted in sealed glass tubes u51ng

-

6N hydrochlorlc acid. ' The tubes werg heated at 105 C for 18 hours.

CorreSponding blank humlc sedlments were also: hydrolyzed to proVide_

N

fraction. Acid hydrolysates were handled in the#manner described
¢ ,

// i s

¢
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r(c
1Al

‘autolysis.  The, amino acid content of humic enzyze, hedrolvsates were

g °

(continued)
preyiously'fnr amino acid enalysis using gas Chromatography.(Section
2.46) .

Pronase will underyo autol\sls in solution and thus Lan~producc

1972). In order to correct for

free amino acids (Brisbane

et al

“pronase contributions to the amino acid content of humic acid hyvdrolyv-

sates, it was decided to subtract the total amino acid content of the

. . -
pronase aliquot used for each sample from the total amino acid content

-
© ) B

of enzyme hydrolvsates from humic acids and humic fractions. This
anmounts to a larpe over-correction because it i% unlikelv that pronase
would undergo 10D percent autolysis. lowever the correction is neces-
sary becausy it is not possible to ‘deternine the exact amounts of

3 - I3 . : . . . J ) « :

individual amino acids which might be contributed by varving degrees

of pronase autolysis in the svstens studied. Consequently, by sub-

tractiang the total possible "amino acid contribution pronase could pake

there is no doubt that amounts of anmino aleb remaining in hydrolvsates
— B ‘ C . - . .. \1

originated fnﬁn humic acids and humic fractions/and not from enzvme

also corrected for any free amino acids detected in supernatants of
e : _ '
Telated enzyme free humic blanks. ' ’ : \

‘After.all~b1ank corrections-the i moles of individual anino acids

f
o

1

‘contalned in prondSL hydrolv sates of 3 humxc sample were express[d as

a percent of the . moles of the sagL amino acids which could be released

‘s ‘-

. by 6N acid hydrolv31s of an equal weight of enzyme free humic blank

K s s X

ThlS procedure made posslble a,comparison of the relative susceptibillty

.6f the_amino ac1q.p0ntainlng/component of different FRO humic acids .

! L]

and humic fractions to. R;énase hydrolysis.g All results of pronase D

“sed on an ash freé basis.




3.0 RESULTS AND DISCUSSION

3.4 General Propertivs of. FRO Humice Acids

FRO humic acids extracted from Ah soil samples contained larye
anounts of mineral matter (dsh).\ An attempt was made to reduce

N . . . » - " .
the ash content by cvntrifuging alkaline sclutions of humic acids

at 31,000 X G, This procedure was effective in removing fine
clay, but humic acids subsequently recovered from supernatant
\
o
solutions by precipitations with acid still centained a high ash

\I' - - . N s
content.  The Inability of high speed centrifugation to remove

all the ash from FRO humic acids Suggested a very-strong association

v

betweén the mineral and organic components of the humic acids.

S o, i ’ - .

Dilute solutions contajining a4 mixture of hvdrochloric and h\ dro-

fluoric ‘acids have often been used successfully to reduce the
| ) 3 : o !
ash content of husic acids, owever Flaig et al (1933) ald Burpes
° & . *
(1960) have suggested thate the inorganic components rcnoved by

4 v

this procedure. may form an inte'ral part of the humic acid'
: a &% '
molecule.® On the habls .0f these o&servations it was decided to
L ﬂb

4

" consider the r¥neral content‘present in centrifuged FRO humic

B .

acids as part of bach humic acid struéiure Consequently

; ‘no attempts oéggr than Centrifugatlon at 31,000 X G were made to

.

remove mineral matter from FRO humic acids. Centrlfuged FRO humic

-acids served- as the startlng material for all subsequent analysls

. and fractlonation experlments. . o o e o

3.11 Ach Content of Centrlfuged FRO Humlc Acids T @ o

14

The ashlzzatent of Beaverhills ERO humic acids obtained from

v

o soil samples coliected at three different sites vé!!’d from’19 0

‘

.
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TARLL 3.1 SELLCTED PROPIR; 1THs 0F Fiov e ACIDS ENTRACTED Frort <000 1y

SAMPLES WITH (045 S0l HYDROS IO . : .
7 o p . x
Soil Ash . C N C/N F4/uh

Beaverhills

Site 1 Y56 42.9 4. 10.7 . 5.4

Site 2 19\ 7 470 4.3 11.0

Site 3 19.0 441 4.2 10.5 \
Malebh ‘ o . N
- ‘d .
Site 1 28.1 43.6 5.2°7 8.4 5.2 .

[ite 7 5.9 43,3 ‘ 4.n 9.4 . .

site 3 33.7 1.1 4.6 £.9 .
Site 4 1701 42,8 5.0 3.6 '
. ! "-
wWaterton - . o
Ny i : ‘
Site ! SRS 3 42.9 4.4 5.2
« _ 4
“Alpine ' e f R ,
. ) B .. “;““.A .'O’“' . - B
n . . N ) oo T 3
Site 1 » 13.5 44.4 3.2 13.8 26,1
- X a_/'
. T - B ye : — S
* . L ! _ . i 00 ‘ . S »
L4/E6 ratios slbun ,:c>r4.’:£ca'.ﬁer£x§llsfffﬁmk Maleb sofls represcent an
) s N 3 ; . R ’ oo
average value for a1l ito‘ G A : : v
3 oo (&?{7 ’ b . ‘ o 5
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Zaterial oriyinally bound by these metalsy and partlv through \ .
. . o -;.‘ ot ! . ot '
hydrolysis of orpanic-organic bhonds, a reaction alse likelv. o . .

' L 3

24

aid +in sclubilization of organic material (Bremner et al, 1946). D
Thus sodium Hydrokide can be expected to be effective in disrupting
. .- . N é o - SN — -

- -

most kinds of mineral—organic‘complexéé. ,The'réagent would also

_ R uo R



a

HER
-
v

Ave

age

Y SN

“
*
. .
~
. A

4

A : ¥ ' X
<
. ‘a
e Lo
’ S
.
Y IR
Yo .l
B 5 * 3
v
-
. ; P
RN *
~ v
- .
v
P .« 5=
S -
; ‘e
- !
5 ; -~
3. II./ o




~ment and the-iineral surface which is the site of bonding. Such -
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GLUTITUT dnd ooy iy ihon, SEHOLCONPiexes are particuiarlv stable

and resist disruption by sost reagents (fireenland, 19};’1)& The

tgondi'ng sites in such cor:plﬁgxus could be effectively shielded
. . . €« R N o .
from the disripting action ()’E.hydroxyl ions by-the bulk of the, -
N - ) ) . : T e
organic molequle acting as a barrier between the external 'envi.ron-)
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S T Sohe Tein lromvoimpanied by the liberation
//gf U fee s Termerlv dhsns lated with the fixed chelating grovp

+. o
% chelating -~ .

(Lugéfcll, e al, }971f$) ?Qrtidﬂ hydrolysisf
. gF¥oup éSSOCiations in &gueéus suspensiocns of.thé ré%3n<Io produte'
Na ' and:OH 1{ons explains the observed buffered alkaline pH of -

\théSe Suspensions.' - A b- ’ - ’. | N . S
. In viéw of the,proPertIEs\of't§e chelatiﬁgwresinfit could b%l‘;: R

L
-



»‘mineral—organic complexgs which are.essent
. ) ¢ !

i cohténts when obtained by Chelex e

'as high‘as associate

L j) - ¥ 86.

¢continued) ' ' ,

;

expeeted to be effective in solubilizing organic matter. associated

N .

1

B \ .
with mineral components' only by relatively weak coulombic forces
or by metal-organic bonds sufficiently exposed tb be susceptible
to disruption by the relatively low concentrdf?on of hydroxyi ions

. 4
in the system. The Na ions present would aid in peptizing colloidal

material as well as disrupting clay-organic complexes assoc1ated

™7

primarily by weak coulombic forces. Any cationslliberated.from

. .
clay-organic complexes by catien ex%hange with Na or through the

N
i

disrupting action of hyd;oxyl ions, would be chelated by the resin

: .
. and thus removed from the system. This would aid in further

peptization of colloidal material by removing the influence of
> A : . :

‘flocculating'cations. Consequently extractien of soils with

chelating‘resin could be expected to disrupt‘weakly aggregated
: : N :
soil mineral—organichatter complexes whiie releasing'little

material from more stabie. aggregates bonded primarily by mechanisms

: ' +
such as ligand exchange adsorption. Thus Na' - Chelex extraction

~ should yield organic matter with high ashépontent and contaxhing

1ntact:‘ Data

presented in Table 3.2:supports the postulated mechanism-of resin

>,extraction; Beaverhills and Maleb hymic ac1ds had very hlgh ash

A
raction generally about twice

0 humic ‘acids obtained by ‘sodium hydroxide

_extraction. Essentially 1dentical results were- obtained by

Levesque and Schnitze ‘(1967) They exttacted soil organic matter

: from four diffe ent’ 3011 Ah: horizons with 0.5N. sodium hydroxide ’

' T+
- and with Na - Chelex resin in separate extractiqns. Their'results

|
I
i
i



N
3.12 (continued)

- N .
showed organic material obtained by Chelex extraction cansistently
contained twice the ash content of gimilar mateéial obtained by

b
)

sodium hydroxide extraction. »They attwibuted the agh content of

Chelex extracted material to a higfi content of metal-organic
. " . "

complexes., < 1
. -~ ’ & . ) N . .
Humic acids extracted from Yaterton and*Alpine soils with
- , .

Chelex resin had ash contents which were essenti 11y the samb as
~ for corresponding.sodiun hydroxide extracted humic acids (Tables
3.1.and 3.2). Thus it appears that these soils are characterized

by.a relatively low content of mineral-organic complexes.

'
(AN

h3.i3 Total Carbon‘Content

| Extraction‘of soil samples Qith sodiun'hydroxide'SOIUtion
_ylelded FRO humic acids which showed only minor varlatlons 1n
total carbon content between humlc aclds from different soil
series (Table 3.1). - The average total carbon content of these
_huﬁic acid@ was 43 percent; )

1 Al

'./‘ Chelex'éxttaction of Beaverhills and Maleb soil samples

yielded humic acids w1th lower . carbon content than correspondlng

‘ sodlum hydroxide extracted humlc acids (Table 3. 2) Waterton'

'/Chelex humlc ac1ds had a higher carbon content than sodium

Ve

' g hydrox1de analogs, whlle Alplne Chelex humic acids showed little

”~

dlfference in carbon content compared to 51mllar material from
'sodium hydroxide extractions.
3.14. Total Nitrogen Content
Nitrogen content of FRO hum1c ac1ds ranged from 3. 2 to 5.2

3

}_ percent when the humdc ac1ds were obtalned by sodium hydroxéde



g; 88.
3.14 .(continded)

extraection (Table 3.1). Maleb FRO humic acids were consistent in

, . .
containing slightly greater quantities of nitrogen than FRO humic
. j g T -

o /o
. acids fromrother soils.

| Humic acids extracted by Chelex resin from Beaverhills, Malep
2 and Waterton Ah soil samples (Table 3.2) cohtained less nitrogen
] . ‘ L] . ) . . - . .

than corresponding humic acids obtained by extraction with sodium

¥

hydroxide sdlution. Alpine Chelex humic acid,contained about)\15.6
. § . | S e ’ .
percent more ritrogen than related sodium hydroxide extracted

material.
3.15 E4/E6Ratids _
The_ratiodbetoeen extinction coefficients measured at 465;nm
and 665 nm (EQ/E65.is related to the structoral compiexity and "
degreefof condensation inghumic matetials (Kononova,'l966), Low
E4/E6 vaiues are attrihuted‘to highly_eondensed,‘polgnUCiear,
. aromatic structures and oide ratioe‘of E4/E6 to more_loosely-

' knit-structufes with higher aliphatio.content The EA/E6 values

i
/

.o reported in Table 3.1. indicate that Beaverhills, Maleb and Waterton
.FRO humic ac1ds have similar degrees of structural complexity
The slightly higher E4/E6 ratio of Alpine humic acid may indicate_

. a greater prOportlon of aliphatic material in this humic 301d

relative to the other soil humic acids.'-

'FRO humic acids obtained by Chelex extraction f soil samples

.(Table 3 2) were characterized by E&/E6 ratios which 1e_consistently

. lower than those of corresponding humic ac1ds obtained by extryction ”

of soil w1th sodium hydroxide. Chelex fe51n apparen{ly extracted

KH]

_’humic acids which c0nta1ned a hlgh proportion of condensed aromatic

RIS



3.15

3.2

89.

(continued)
material. *
a
. ! . ' . .
Phenol Extraction of FRO Humic Acids , /

A eliéhtly'acidic solution of phenol (75 percent phenol, pH
4.5) was able to solubilize portions of FRO humic acids} Humic

material removed by phenol extraction was separated into-FR3 and

FR4 fractions using 100 percent acetone as a fractionating solvent

wer
[

Material soluble -in acetone and subsedUently;recovefed from’

" solution (Section 2.34 ) was labelled FR4. Material insoluble

in acetone was labelled FR3 /-

\¥
The FRO humic re51due free of FR3 and FR4 components was

5_ naShed with ether to removenény extraneous phenol. The phenol

3.21

v

free hnmic>reeidUe.waS‘labelled.FRl. The quantity of humic

fractions that could be obtained from FRO humic ac1ds of different

‘30115 and the distrlbution of total humic: ac1d nitrogen among
_humic fractions, was determined
Yield of Humic Fractions From 0.5N Sodium Hydroxide Extracted FRO

Humic ACidS".

B The yields of humic fractions obtained from different humic

'acids are shpwn in. Table 3, 3 The data shOWn for'humic acids :

[N

from each 5011 series ‘Tepresent averages of several independent

determinationsa~ Humlc_acids'from the same soil series showed .

little variation in‘the‘proportiongor”amodntgof humic’ffactiOns

llnbichgcobld be obtained from them,

The humic fraction recovereg in greatest amount from FRO
& - . o
humic acids\was the FRl fraction. Beaverhills humic acid contained'

57 l percent FRl material, Maleb humic acid 47 1 percent Watertondf.~
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TABLE 3.3 . DISTRIBUTIO’\J OF TO'lAI NITROGEN AND YIELD OF HU\IIC FRACTTONS
: . FRO\i 0.5N QODIU‘I IIYDRO)\IDE FXTRAC'ILD HUMIC. ACIDS -

‘Soil Humic = . Humic % of : Nit-roge;n Content éé; T
Acid FRO - . Fraction ‘'FRO % of FRO Total N -

o

. Beaverhills FR1 57.1 -~ 54.8
B3 223 325

- FRG B I R &

Maleb . FR1 . 471 50.1
| PR3 358 . 527
Waterton . FRL - 554 5601
S ms s 9
JFRE 41 s
Alpine . - ORI 496 - s12
PR3, B S |

A Ls o a2




3'.'2.\1"(conti~nned)_ [
humic acid, 55, b percent, and Alpine humic ac1d 49 6 percent
) Thissfractlon accounted for 54, 8 50.1, 543 l and 51.2 perqgnt of:
the total humic nityogen of’ Beaverhills, Mareb Waterton and <
Alplne humic ac1ds; respectively |

Maleb ‘and Beaverhills humic acids contained relatively large

In the .case of Maleb soils the FR3

13 -,

amounts of PR} materlal’
’

fraction accounted for 35 8 perdent of the FRO humlC acid and -

contdined 52 7 percent of the total humic ac1d nltrogen Beaver—

ontained 22 3 percent FR3 material, and
|

“_hlllS FRO umic ac1d
this fraction accounted for 32 5 percent of the total FRO humic,
acid nltrogen‘. Waterton an Alpine humic acids contained only
7.8 -ard 6 9 percent FR3" materlié, respectively The FR3 fraction
_of these soils acconnted for less than 10 percent of the total 5‘f

, humic acid nitrogen ‘
FR4 humic fractions occurreddin only small amounts in FRO
_humic acids (Table 3. 3) Beaverh ls humic acid contained 6 2 ‘
: | | \ contained 7.9 percent of the 41

. . \‘,
‘total humic nitrogen. Maleb 5umic ac1d contained onyy 2.7 percent

ic iraction The tdtal nitrogen content of this fraction o

was not determined Waterton humlc ac1d contained 4 5 percent

FR4 - mater1a1 while Alplne humic acid contained l 5 percent This.1~ g

‘eractlon accounted for 4 5 and 2 4 percent of the total humic ‘_1»f-'”

'{nitrogen of Waterton and Alplne humic acids' respectively

:d_3;221;Y1e1d of Humic Fractions From Chelex Extracted FRO Humic Acids
o e . .
FRl humic material was the maJor component of FRO humic acids

obtained by Cheleﬁ extraction of 3011 samples (Table 3 4) This‘,t-.



”

TABLE 3.4 _DISTRIBETION OF “TOTAL NITROGEN AND YIELD»OF HUMIC_FRACTIONS
' FROM Na‘—fCHELEX RESIN EXTRACTED HUMIC.ACIDS

Soil Humic “-7 - Humic . % of ' ‘,Nit'r‘{)‘gen ;Cont::ent as
Acid FRO- . Fraction - FRO. - % of FRO Total N
» . _ : ' R

,B‘eave'r'hi‘l'ls ' FRL: - j 65‘36 - - 68.6

.  FR3 T O SUR T |
FRG 2.2 . 2.3
" Waterton : -~ FRL 83.2 4 \’687
FR3 : ,~ : . 15 | - |  6;1
FR4 '4 1.7 1.8

Alpine . FRL - 700 esl

R 200 L s

Maleb - FL Y g0z, . 0.2

P
-y
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13,22 (continued) ‘ . RS ., Q\ . = - L

_fraction accounted for about 68. percent of the total nitrogen ,
A/\ . . - . f :

~ contained b)\beaverhills Waterton dand Alplne humic ac1ds .Inf B

the case’ of Maleb humfc pc1d the FR1 fraction contained 80 per-

cent of the total humic nltrogen Only a few percent of eaCh of

,,.—'

FR3and FR4 humic . fractions were obtained from Beaverhills, Waterton '

énd Alpine humic ac1ds Maleb humlC acid contained no FR4 fraction

3

and only ‘trace qu nt1t1es of FR3 material s

3.3 General.Properties of Humic -Fractions

L3.§l‘ Mineral Content (Q@h)c

™

' of FRO humic acids resulted 1n the recovery

.Phenol extracti
of FR3 and FR4 humie fracﬂ1ons'wh1ch contained less than l percent
- ash (Tables 3.5- 3. 10) R1 humic fractlons contained large
amounts of ash{which was 1nt1maté&y assoclated w1th the humic '
“2/ material and could not be removed by ‘entrlfugation (Tables 3 5—
3. 10) - | o
o _ : . c G
o During the recovery of FRl humic ffactions it was- noted that
some: inorganic material was consistently removed from ?uspension h
, during centrlfugation steps involved in the procedure‘ Since’ ;ijw
';FRO humic acids did not contain any ash which could be . separated '
ixﬁ'from the humic acid prior to phenol extractlon the observation.
: 'noted above suggests that phenol extraét?on liberated/ash from a
Ethe humic compLex This ash might representJinorganic materialli'

which was associated w1th FR3 and FR& humic components in the S

orlginal humic acid complex, and subsequently freed from this e

,38580c1ation by phenol extraction
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" ‘Maleb

TABLE 3.6

v. §;I"_ :
SELECTED PROPERTILG OF FR3 ﬁUWIC FRACTIOVS DERIVED FROW 0.5N
';SODIUM HYDRO\IDﬁ FYTRACTED FRO HUMIC ACIDS .

1

95,

i

-

hY

 S0il

e

Ash ™

C/N

. *
E4/Eb

lh.Béaverhilis
N .

Slte 1

,;> Site 2.

"Site 3°

- .site 1

,v“Site 2

Site 3 -

Site 4 -

. Watetton

Site'l

50.5

49.6 .

< 50,9

50.4

- 47.7

49.0

50.8
484

TR

3.8

8.0

. 8.2

8.4

6.9
7.0
6.8

J.10

8.6

1.6

7.2

/

K
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TABLE 3.7 . SELECTED PROPERTIES OF FR4 HUMIC FRACTIONS DERIVED FROM 0.5N
: SODIUM HYDROXIDE Q§TRACTED FRO WUMIC ACIDS - '

S

—&

Soil . CAsh c N C/N  E4/E6

Beaverhilis . . 1 ‘ 1 i ".‘»-_ - _}-
Sitel . <1 7 56.8 5.6 10.5

© iosite 2 e 1 59.1 - 5.3 11.1 7.1

site’3- <1 .. 566 52 . " 11.0
. Maleb’ o e R S S o
©ositel . <1 58.3 ND T ND
Cosite2 7 - <1 590,77 . WD ND 8.1
Site3 - ‘<1 552 N - " ND.
Site4 .~ - <1 . 583 . ND. . ND - K
Water'ton‘ : ‘ ' N :_, S . ' 4

sitel . <1 sh& b4 1.3 . 6.8

* Alpine

©ositel o<1 538 T sz 1001 7.4

'/~ ‘Average value for all sites b;{ed on a composite sample .
/W= Not deternined |
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TABLE 3.8  SELECTED PROPERTIES OF FR1 HUMIC FRACTIONS DERIVED FROM

Naf- CHELEX EXTRACTED FRO HUMIC ACIDS

o N ,
’ z i % . . b
Soil Ash C N C/N . E4/E6
~Beaverhills ¥ :
] ' T . e B °
oo ) . ’ . : . *
. site 1 51.6 °  29.6 . 2.3 12.8 - 3.9
S ‘ . C . ' ' X )
Site 2 414 36.2 3.2 11.4
- Site 3 35,7 36.3 - . 2.9 12.5°
. . M : . . “ -
Waterton'.
Site 1 11.3 14.0 .. 4.8
: Ahhw;-
site T 13.3 1.0 5.0

-

3

;-

} Ayéiage value for all siteé‘baséd,oﬁ'compdsite,sample ‘

\“A
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v
'

TABLE 3.9 QELECTFD PROPFRTIES OF FR3 HUMIC FRACTIONS DERIVED FROM
Na+— CHELEX EXTRACTED FRO HUMIC ACIDS '

3

. . |
Z i % ' A ¢ A /.o
Soil Ash C N S C/N " E4/E6
Beaverhills - h
' f' - | > o, %
Site 1 <1 50,5 420 12.0 5.7
Site 2 ° <1 49.5 4 J b
. . : A ¢ ‘
' (/,Si;e 3 <1 '50.9 4.0 \\ S 12.7 N
1 : ,/‘
Waterton
. ‘ ) o ‘- o ‘ ;
Site 1 © <l 5.0 . 6.4 . 8.4 o LBl
. ‘. r' ¢ -
Alpine
site 1. <1 hh2. s 7.9 L 6
' 3 ' s \ . ) A
* . . ) ‘ B /A . .
-Average valie for all .sites based on compoéite.samplé:“
@ ', !
N' - N -
, E :
- o
4 * J . L , ;

.
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- {
\
¢sTABLE 3.10 SELECTED PROPERTIES OF FR&4 HIMIC FRACTIONS.DERIVED FROM
' Na+— CHELEX EXT%ACTED FRO HUMIC ACIDS
9 % % -
Soil Ash C N C/N E4/E6
Beaverhills .

. ¥ N . . *
Site 1 <1 56.8 ‘ 3.6 15.7 6.2
site 2 <1 '56.6 3.2 17.6

'“ o - <
Site 3 <1 59.1 3.4 17.4
Water ton
‘Site 1 <1 '58.9 4.0 - 14.7 7.1
: ‘ - S »
‘Alpine *
<1 52.3 4.4 11.9 8.4

Site 1~
Lol

&

*

)

+

N

Average value for all sites based on composite sample
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3.32 Total Carbon Content . -

3.33

wnitrogen content

Humic fractions showed regular and consistent analysis with

respect to carbon content (Tables 3.5 - 3.10). FR1l humic fractions

always had a relatively low carbon content, FR3 fractions an inter-

mediate carbon content and FR4 fractions the highest carbon content,

This general pattern of carbon distribution ‘among the humic fractions

-was'not affected by ‘the origin of FRO humic acids with respect to

soil series, or by the.extractant used to remove FRO humic acids

from soil.

Total Nitrogen Content - C ;
. S
o

Humic fractions soluble in phenolihadva'higher toﬁal)nitrogen

—_—

content .than phenol insoluble humic material (Tables 3.5 - 3.10).

. L : . !
Generally FR3 fractions showed the highest nitrogen content. In:

il/the highest nitrogen analysis was obtained

-

the case of Alpinei
for FR4 humic mater aliwhen'sodiumihydroxide was used to obtain'
FRO humic acid.

©

An examination of C/N ratios. (Tables 3.5 - 3.10)‘shows FR3

* humic fractions generally had‘the lowest ratios, consistent with

their relatively high total ;itrogen content. FR1 humic fractions

" had C/N ratios simllar to the FRO humlc acid of their origln FR4

H

humic fractlons often showed an 1ncrease in C/N ratid sometimes :
K : - ’

reaehing:values.which.were'greater than that of the'original FRO

l,humic acid. This reflects the hlgher carbon .content of . these

fractions relatlve ta the other humic fractions and shows ‘that .

phenol did not preferentially solublllze only material hlgh in t
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E4/E6 Ratios
Humic fractions_showed a regular and consistentfincreaée'in
E4/E6 ratios going_from FR1 to FR4 fractions (Tables 3.5 - 3.10).

This indicafes that phenol dissolved material of greater aliphatic

L3
o
’

content a'd,lowerllevela of condensation than materiazcyhichwas'
not SOlubilized. 'ThelEé/E6.ratio of FR1 humic fractions was

generaily'lower than the original FRO hunic acid indicating that.
FR1 humic fractions consisted mainly of relatively highiy condensed‘

and aromatic materialu The' EA/E6 ratios “of FR4 humic fractions

- were con31stentlyth1gher than those of any other humic fraction

.1ndicat1ng that this: manerial had a relatively high aliphatic

content and a structure characterized by much lower levels of .

condensation than other humic fractions.

Ultraviolet Spectra
Ultraviolet tUV) spectrz}were ohtained fot all.humic acids_'

and humic fractions. -Representatiye spectra‘aré reprodnced in.

Figure 3.1.'iSpectra of FRO humic ac}ds and FRl.hunic‘fractions

were teaturelessibhowing no‘well-re501Ved ahsorption maxima.

FR3 and FR4 humic fractions con31stently ‘showed a well-pronounced

absorption peak at about 280 nm,

Kononova (1973) obtained UV spectra similar to those .shown .

i

..for FR3 and FRA humic fractions Her spectra, hOWever were .

for humic acids extracted from 1ncompletely humified plant

residues. She attributedzniabsorptlon maxima at 280 nm to aromatic

.'compounds of 11gn1n origln and found that upon further humification»

-

fo.oﬁ the plant material the absorption peak disappeared Biederbeck

'iand Paul (1973) also noticed an absorption peak at about 280 nm

-
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FRO Humic Fraction
* FR1 Humic Fraction

FR4 Humic Fraction

FR3 Humic Fraction

- 200

300 . .
WAVELENGTH (nm)

400

FIGURE 3. 1 REPRESENTATIVE ULTRAVIOLET SPECTRA OF HUMIC ACIDS AND
’j HUMIC FRACTIOVS ' ' CoL s S
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'-thé'continuous UV;absorption“spectra typiCal_of soil humic acids.

lescussion _

103,

'

(continued)k

- in UV spectra of purified humic fractions which:ihad been obtained

by phenol extraction of humic acid. They attributed a failure to

- observe this peak in the original'unfractionated humic®acid to the

| existence of hydrogen bonding between humic components which had

acted to mask the absorption peak. When considered in the light

" of observations made by Kononova and by Biederbeck and Paul,b

% _ ‘ S o

3

results of UV analysis reported in the present ‘study suggest
that phénol extraction has.disrupted humic'complexes releasing -
structures of relatlvely 31mpler overall composl%&on These

structures could contain such groups ‘as slngle and polycycllc

. aromatie, 31ngle and_polynuclear quinone structures, or,aliphatic_

hydrocarbdn‘moeities,subStitured'with chromophoric’groupS. The

structural arrangement and/or proportlon of such compounds in

“FR3 and. FR4 humlc fractlons could be such as to produce defin1te '

,absorptxon maxima 1n.the,UV._cThe:lack of well—resolved‘individual |

absorption peaks:in UV spectra,of'FRO,andjERl humic material is
probably due to. both the diversity and corcentrétion of'chroma—ﬂg

‘phores'preSent-in these.materials;'the;netheffect being to produce_ o

BN

N

Haworth (1971) has postulated that humic acid consists of a

lcomplex largely aromatic core structure to which are attached

t . I

":.either chemically or through physical adsorptiOn processes (a)

o

o polysaccharldes, (b)" proteins, (c) simple phenols and (d) metals.'

.Much of this perlpheral" organic material c0uld be aSsociated withj': -

f aromatlc constltuents of. the humic nucleus by hydrogen bonding

1
. .
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-3.36‘ (continued)

Hydrogen bondrng within the aromatic. moiety of humic substances
and its function in joining phenolic and benzenecarboxylic
constituents was recently demonstrated by'Schnltzer (1971) through

ehhaustive methylatlon of humic substances
The‘exact mechanism.of hydrogen bonding;in,humicistructures

is Unknown, however it is reasonable to assume that such associations
. 1nvolve phenolic or carboxyl groups of humlc constituents and
:receptor groups ( VH— —CO-, or -OH) of protein residues or*other
polymers. Hydrogen bonds between peptlde chalns and polyphenols
.can be ruptured by'treatment with phenol solutions (Biederbeck

rgg al, l973). "The dissolution of - portions of . humic acids by
phenolfobserved‘in'the.present’study indicates the existence of

zj‘ a mixture of:hunic;components assoc1ated by hydrogen bondlng
'nechanisms' Theseiresults support work reported by Biederbeck | ;f
and Paul (1973) and Simonart et al (1967), who also obserVed the-’

: ablllty of phenol to’ dissolve portions‘of humlc acids , ,v' L tp
' Results of the present study show that phenol effected the
solublllzation of humic materlal rlch 1n nltrogenous components

: (FR3 and FR4 humic fractions, Tables 3 5 - 3. lO) relative to the
:residual phenol 1nsoluble FRl humic material Total carbon t
ana1y31s of humlc fractlons revealed a regular increase‘in carbon
‘content g01ng from FRl to FR4 fractions FRl humic fractions |

:fcontained from 30 to 45 percent carbon (Tables 3 5 and 3 8), which

,4is a much lower total carbon content than generally reported for nvj;"

»

"i.soil humic acids (KononOVa 1966 Lowe, 1969) but is typical of

"ianalysis reported for fulvic acids (Kononova, 1966) Biederbeek;‘
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3.36‘ (continued)
gg,gl (1973) noted a similar‘low:total carbon content, as Well as i
a high oxygen content of phenol 1nsoluble humic re31dues, suggesting

. e!'

- the humic re31due c0n51sted of highiy OX1d12ed substances The

high ash content observed for FR1 hlmic fractions which could
I
|

not ‘be removed by centrifugation at\31 000 X G may 1mply a high

carboxyl content of FRI1 materiai andythus a high state of ox1dation
similar to the humic’ fraction studi%d by Biederbeck et al (1973)
;CarbOXyl groups are strong complex1n% ligands for aluminum and
-iron Thus material w1th a high’ content of carboxyl groups |
could be expected to be intlmately assoc1atéd w1th soil mineral
- components such‘as hydrous aluminum and 1ron oxides; resulting.
inia hlgh ash.content. ‘ "‘h, ;ah o co ',.n U
| - The carbon content of FR3 fractions ranged from 44 l to
'50 9 percent (Tables 3 6 and 3 9) while the carbon content of J
.'FRQ fractions ranged from 52.3 to 59 1 percent The progres31vely»
higher carbon content shown by FR3 and FR4 humic fractions may
indicate that these fractions contain a high probortion.of.
- compounds whi{h are in relatively low states -of: ox1dation
4b;According to this criteria FR4 fractionsvwould contain the-;!.u
.greatest am0unt.of unonidized material | o
i'éﬁﬁr.”i. Phenol extraction of'FhO humic ac1ds resnlted in the - recovery.iii'
' of humic fractions which showed a consistent increase in E4/E6 |

' ratios going from FRl to FR4 fractions (Tables 3 5 - 3 10) inftev

iniadditiOn the EA/E6 ratlo of FRl humic fractions was generally
-”;;‘i{hlower than the original FRO humic acid from which the FRl materialt"

i ﬂdhad been obtained According to Kononova (1966) the EA/E6 ratio-'
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\(continued)
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’

of humic substances reflects the degree of aromatic condensation
of the humic structure, low ratios .indicating humic material with

a.relatively highly cohdenéeﬂ;etpmetic"structure. Campbell et al

(1967), using '4C dating teéhnioues;vf0und an inverse relationship
exlsted between the E4/h6 ratlo and the mean residence times of

various hum1C'fractions isolated from an Orthic Black Chernozem

. " ) S . . ‘ . R B .o . . - .
soil (Melfort) by 0.5N sodium hydroxide extraction. They found =

-

 (Butler and Lad.

the huiic fgactions with the lowest mean residence times -had the
widest E4/E6 ratio. . Campbell’etial also”found'that'humic“fractionsbx'

oo A S S o
isolated by the,same procedure from each of-a Chernozemic soil

.and a. PodZOllC soll displayed similar E4/E6 ratios,_but the o

humic fractions showed considerable variatlon between 30113

with respec to their mean-residence time. 'Other'workers

; Schnitzer and Skipnér, 1969) have noted

: thatfincreasesfin E4/E6-ratios'corresponded to"deCreases in,

- moleCuiar weight Butler and Ladd (1969) found that the ratio '

;of Optical den51ty measured at 470 nm to that measured at. 666 nm

(E470/E666) decrea ed from 9 0 for humlc fractions of nominal

' ’molecular welght < 5 000 to 3, 6 for humic fractions with nominal

‘-ﬁ»fmolecular welght >150 000. Molecular weights of the humlc .

::fractions were based on the results of Sephadex gel permeation =

‘.Q

'chromatography Anderson (1972) found that high E4/E6 ratios o

o were often characteristic of 1ow molecular weight, relatively

' aromatlc humic acids with propertles transitional to fulvic acids ;.fi

When the data reported in the present study for EA/EG

«" : - &

lfratios of humic fractlons (Tables 3 S ~ 3 lO) are considered inv'{’”

B
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(continued)

¥

"~ the light of the work reported above, it.appears that FR1 humic -

fractions represent high molecular weight humic material, while

FR3 and FR4 humic fractions represent material of 1ncreasingly

L

'lower molecular weight, with FR4 fractions apparently having the'
. lowest.molecular welght. In addition 1f E4[E6 ratlos~of humic

substances dorbear»anrinverse relationShip to-their,meanvresidenCe
| ftime in soil (Campbell et al l967).then'FRl.humic fraCtions

"represent the component of FRO humic ac1ds most likely to persist R

- for the greatest length of time in soil while the FR3 and FR4

s fractions represent humic materlal characterized by progressively

'ﬂIf this is the case then FR3 and FR4 humic fractions may in turn

v djstructure (FRl fractions) through adsorption mechanisms such as‘

"*humic acids extracted from plant residues is the lew content

‘,hydrogen bonding._

of humic acid formation during plant residue humification
' They studied properties of these hu ic: ac1ds as a: function of

f.:wtime and’concluded that a common feature of all ﬂewly formed

‘flower mean r631dence times, w1 th FR4 fractlons being the most

labile These observations suggest that humic components which

/

"are 1nsolub1e in phenol (FRl humic fractlons) may represent the v

"core" or ‘nucleus of humic ac1ds proposed by Haworth (197l)

represent-the peripheral" material associated W1th the core f

~~ .

Kononova and Alexandrova (1973) have studied the process ,

-

Z;Q'of carboxyl gr0ups and a weak condensation of aromatic nucleii :-"
'.f(highega/E6 ratio) In addition UV Spectra of newly formed ? nil

'V'thmic acids sh :Eg a well-defined absorption maximum at 280 m

!

R

'“t;characteristic of aromatic compounds probably of lignin origin.'fv“ L
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3.36  ( thinued), .

. /,his absorbtion mfximum disappeared as‘humificacgon proceded to
'“‘b_be reblaced by the'featureless,absorbtion curve/tvbical of, "
: P S ‘ ‘
-purified‘de?ashed soil humic acid. Ekamination’of ultra-yiolet
Spectra (Figure 3.1) ogha3ned from fRO_humic acids usediin the o
present study shous the spectra‘to_belfeatureiess and'identical

in form to those reported by Kononova et al (1973) for "matured"
hsoil‘humic acids. However, phenol solubiliZed humic material‘
. , : ‘
j(FR3 FR& fractions) had UV spectra whlch dlsplayed well-
‘.resolved absorption maX1ma at 280 nm, whereas the phenol :
insoluble humic fraction (FRl)showed only a featureless
o :absotption,spectra,'81milar to that of the»FRO humic acid from'
{‘whichtitfuas deriVed " These results suggest that phenol° B
. solubillzes hum1c material (fR3 FR& fractions) which is' in a
relatively early stage of humlflcation Apparently association -
:of these fractions w1th FRI1. humlc matter results in a complex.
U(FRO humic acld) 1n which the absorption maximum at 280 nm is «:i_“.

';masked in the overall high absorbance of the FRO humlc ac1d

complex.

¥

The yield of humic fractions varied between soil series and

was dependent on whleh extractant (i e. sodium hydfoxide vs

S + :
- Na - Chelex) had been used to remove FRO humic nacerialvfrem soil

"'(v:"_‘samples (’l‘ables 3 3 and 3 4) The variation ip yield o;"!yumc ‘ -
£ .

v

!ﬁaf. fractions“between soil series indicates differences in the intensity

u #

of humification processes occurrlng in the soils._ A detailed discuss1on

9
°

of some factors 1ikely to account for these differences v111 be .
.cfdeferred until data for amino acid analy31s and results of pr0nase “f\;7li

B hydroly51s have been discussed ;5_fl o
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3.36 (continued) . . . . .

~The vatiation in yleld of humic fractlons from sodlum hydroxide
FRO hum1cac1ds Vs that from Va+—Chelex‘FRO humic acids (Tables 3.3 and
3.4, respectively) is consistent w1th the idea" that sodium hydroxlde’
dblubilizes a mixture of humic components thr0ugh the;disruption of
- mineral-organic aggregates whereas Va+—Chelex solubilizes malnly
,ea51ly peptized COllOldal material and 1s not effectlve 1n attackingvv
‘more;complex m1neralforgan1c aggregates. Na —Chelex FRO humlc acids
conslst almost entirely of ‘FR1 materlal (Table 3 4) of low E4/E6
ratio 1nd1cat1ng a relatively hlgh content of condensed aromatlc_
'material Total carbon content of Chelex FRl hum1c fractions was.
“also 10w; These results suggest ‘that Na+-Chelex extracted primarily
"01d" or well- -Hamified organic matter from the 50115 studied.
3.4 Amino.Acid Analysis oT HumiclAcids and Humic Ffactions
| Amlno acid analy51s of humic materlal ‘was performed using.a gas’
”chromatographic technique._ Am1no acids obtained by 6N hydrochloric acid
1hydrolysis of the varlous humic ac1ds were separated from ocher ComponenLS;
‘of the hydrolysate by ion exchange chromatography u31ng Dowex 50 X 8H
g ‘resln. The ‘amino ac1ds were determlned as their n—butyl este; N—tri— .
"fluoroacetyl derlvatives u31ng ornlthlne as’ an internal standard
The gas chromatographlc‘procedure was chosen because thev
comblnation of N- trlfluoroacetyl n-butyl ester derivitlzation with
:Agas chromatography dn ethylene glycol adlpate supported an Chromosorb
;-ll;w gives excellent separation and peak shape One disadvantage S
t‘-ghowever, is that the derlvatives of arginine; cysteine histidine
h‘and tryptophan decompose under these chromatographic conditions
‘vsTAlthough the problem has been under study by a'number of researchers

(Gehrke et al 1968 196? 1970 Coulter and Hann 1968 Moss et al

1971 Hardy et al 1972) there is at present no combination of o

&
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'*Athreonine, serlne phenylalanine aspartlc acid, glutamic acid,

110.

(continued)
R r

derivitization procedure and conventional packed G.C. column

' conditions which can give rife to a complete peak separation

of all protein amino acids on a single column. However,
for the amino acids which can be. determined, the quantitative

results. compare very favorably with results'ohtained from an = .

amino acid analyaer (Pereira et al; 1974).

Qﬂ U91ng the gas chromatographic procedure it was possible to
quantify the follOW1ng thirteen amino ac1ds present in humic acid

o

hydrolysates, alanine Jaline, glyc1ne, -isoleucine, leucine, proline,

Al

i:tyrosine and ly51ne. ~Since’ ornithine occurs in SOll hydrolysates

e

(Khan and Sowden, 1971) and because ornithine was used as an

’1nternal standard for quantification of amino acid chromatograms,A.

.o

several different humic acid and humic fraction hydrolysates were

- derivitized and analyzed without the addition of ornithlne to’ the~;

,reaction mixture “In general thESe chromatograms d1d not produce
| any . readable peaks at the point where ornithine was normally |
_eluted Occas&onally a FR3 humic fraction hydrolysate would show;“
la trace indication of ornithine, but the peak area in such instancesi

'.,was negligible compared to the peak area normally produced by

3¥standard additions of ornithlne. }:v» L e

| Table 3 11 shows amino acid determinations for a mixture of
pure standard I~ amino acids.l One millilitreeof the amino acid

mixture containing the amount of each amino ac1d shown was derivitized

-

ﬂand the analytical procedure was carried through to determine

o

tthecovery of‘amino acids. _The results in Table 3 ll are the means



TABLE 3.11»

RECOVERY OF STANDARD L = AMINO ACI
 LIQUID CHROMATOGRAPHY

T

111.

DS AS DETERMINED BY GAS

S ' . Added Four.id: " r’e Recovery: %tanda'rd'
- Amino Acid . . -y moles/ml-. moles/ml = % . Deviation
B Alénine ‘ 12;637' AzLézé.z | 199.6. 008

Valine 1707 1.751 11025 *0.09,
Glycine = - (9"” 3.117. | 3;190;. | 102.3 £0.15
Léucine 2 1}569“ J 1.680 f 100.6  ’0.03“,'
Proline | 2{301:' ',2.346‘ "‘101.9 £0.12
PhehYlalaniné“ v.‘- 14319  1.249 \ 94..6 +0.06

| Aiférﬁic A¢id n 2.028 ?‘1.954{-v‘ 97.3 ©£0.07 :
Clutamic Actd 2,270 2108 96.8 - t0.07 .
Lysing SRS 1.092 ©95.0 | £6.02

s

(9}
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- and sgandard deviation of four separate independent analysis. The~ -

' Fractions

"of 0.5N sodidm hydroxideé extracted FRO humic acids and the distri-

n3.12). This-variation in amino acid cOntedt reflects'thefdifference :

: total nitrogen ‘content of FRO humic ac1ds. In the case of Maleb

ﬂ'acid nltrogen (Table 3. 12) “._ o - ;“ ; 'dlo B o _;.é

(continued)

) T T ' ' , N

overall precision shown by the technique is very good; in,ali
cases the standard deviations are 1essfthan 5.2 percent of the

mean, Recovery of amino acids is also very good ' C . s
\ . -
Dlstribution of Aman Ac1d Content of FRO Humic: AClds AmOng Humic
/ L .t
4

- Table 3.12 cont#hs data thch shows the amino acid content
. o ' \

bation of this amino acid content among humic fractions recovered

~from FRO humic acids. Data for aminO“acid content’ is based on thsa

sum of umoles of each of 13 amino acids present in FRO humic ac1ds

and humic fractlons, and represents average ‘values obtained from

£ e ¢

at ldﬁst trlpllcate 1ndependent analy31s
The amino acid content of FRO humic ac1d3 varied considerably
between humic ac1ds obtained from different soil series (Table

.

in total nltrogen content that ,exists between FRO humlc acids

: from different 3011 gseries (Table 3. 12) - In general the 13 amino

K *

acids determined accounte%>for a relatively small part of the

humlc acid the ‘amino ac1ds determined accounted for 20 0- percent
poo w

.of the total FRO humic ac1d nitrogen For Beaverhllls, Waterton

and Alpine FRO humlc ac1ds the amino acids determined accounted for n} |

. S S .

12, 7 7 5 and 6 9 percent, respectlvely, of . the total FRO gumic

e < . AN -

The FRl componeht of FRO hum?c ac1ds was the maJor frattion S
S : B
. il ‘
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41 (continued)

rQCovered from all -humic acids (Table 3.12) and generally con~
stituted about 50 percent by weight of FRO humic acid:  The
proportion of FRO amiho acid content recovered~1n FR1 humic
fractions depended on the soil series from\whiCh the hRQ‘humic
»acid originated. /Thus for example, ‘Beaverhills.FRl'fractions
contained 49 0 percent of the FRO humic acid amino ac1d content
while Maleb FR1 fractions accounted for only 34. 4 percent. of the
amino ac1d content of‘Maleb FRO humiC'acid. Waterton FRl.fractions
‘contained the highest proportion of. FRO humic ac1d.am1no acid

content, namely 65.6 percent. In the case of Alpine humic ac1d

the FRl fraction accounted for. 52.8 percent of the FRO humic ac1d

.amino ac1d content ﬂ'v,
A relatively\high proportion of the amino acid content\of

FRO humic acids was _found to be assoc1ated w1th the FR3 component

of the ‘humic acids. ‘Thus Beaverhills FRO humic acids contained

- 22.3 percent FR3 material which'in tnrn contained 44.§ percentfof'

‘ the amlno ac1d content originally determined to be present in _the,
FRO humic ac1d (Table 3 12) In the case of Maleb FRO humic acids

- the FR3 fraction. accounted for 35 8 percent of the FRO humic ac1d

'and contained 58. 4 percent of the amino acids. Waterton FRO humic
acids contained only 7.8. percent by weight -of FR3 materiﬁl yet
thls fraction accounted for 19 1 percent of the FRO humic acid
ﬂamino acid content. Alpine FRO humlc pcids contained the smallest
amount of FR3 material ' This fraction made up 6 9 perceni ot Alpine
humic acid, ‘but containedfonly g 8. percent of the amino acid content

-

of the FRO humit ac1d (Table 3 12)
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41 (continued)
- . Oniy a relativelf small amount of FR4 humic material was 
;ecoqsred from soil FRO humic.aé}dé (T%Ble.3l12). For Beaveéhills
 ' humic acids the yield of FR4 mséeriai'waé less.than 25 pércent of -
( the yield obtainéd'for the'fR3 fractiqn‘énd amounted to only 6.2
'»tpercént-by_weighf of the FRO humic acid. MalebuFRO humic acids.
contained no FR4 material._ wAté:ton;huﬁic acidsfyiélded 4.1
percent of FRQ’material, an amount equgl to about 50,petcént of
the yield of FR3'humic~haterial that could ‘be removed frbﬁ these -
fA humiec acidshi Alpine FRO humic acids contained only:l.S'pe:cent
of FR4 maferiall In_contrést té FR3 humic fractiéns; FR4 frac;ions
”.accountéd fof less than 9 percent of the amino acid content 6f ény\
'FRO humic acid which hadlbeen‘extraqﬁed.from sbil'witﬂ.O;SN '
‘sédium hydfﬁxide:-> | |
“Extraction_of SOilglﬁith Né+;>Ch¢léx re;iﬁ yielded FROHﬁumic:
agids in which FR1 humic‘méteridl.Waé.thé;major pompohent'présens
(Table 3.13). “Aﬁpuﬁﬁs qf this gémponent brésent.in_humic gcidé~.
dépéﬁdédjon:which‘éoil.se?iésfthe hﬁmié"aéid?Was qbﬁaiﬁe&»from..
‘Maleb hUmic aéidé were}cbmposed of almost 100 peréenp.FRilméﬁeriél
(data not;shbwn); thle.BéaQerhiils, Waferton‘and Albiﬁe ﬁuﬁic
acids“cqhtained 65.6, 83;2fénd 7Q;O'pércgnt of FRi ﬁaterial,;
respectively. | | | '
In‘gener;l the . amino acidé>deté:ﬁiﬁed-for ﬁa+- Chelex

~/extracted FRO humic acids represented 11 perceﬁt,of less of the .

Pl

" total nitrogen content of the FRO humic acid (Table 3.13). Phenol .

fractionation pf Na - Chelex humic acids showed that FR1 humic

material accounted for 61.7 percent of the amino acid content of

°
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-
(continued)
Beaverhills humic acid,‘]I.Z percent of the amino acid content

of Waterton humic acid and 81.5 percent of the amino acid

content'of:Alpine humic|aeid; Na+— Chelex humic acids generallyA

" contained less than 4.5 percent of either FR3 or FR4 humic fractions.

As a conseqoence of their small yteld, FR3 and FR4 humic fractions

accounted for only a few percent of the amino acid content

~of Na'~ Chelex extracted FRO humic acids.

Relative Mole Percent Amino Acid Composition:of Humic Acids and
Humic Fractions
 The complete results of amino acid analysis of-humic”naterial

are quite extensive when considered. on an individual soil site and

humic(fraetion basis.; Conseqnently the results'for relative mole'

. : . *
amino acid percent composition have been averaged and compiled

- in Tables 3. 14 to’ 3. 21 for discussion purposes In the case of

. Beaverhills and ‘Maleb soils (Tables 3. 14 3 15 and 3 18 3. 19

respectively) the - data represent means and standard deviations

...of results obtained from all soil 51tes sampled for each soil

‘series. For Waterton and Alpine 50115 (Tables 3 16 3 20 and

3. 17 3 21, respectively) data reported 1s the mean of duplicate

’ i

independent analysis for each 5011 site. In this case standard

ldeViations are not . reported since only single soil sites were

.‘.

h'sampled duplicate analysis for each soil were con51stent.- Complete _

N AR

~ Relative mole amino acid - percent = um01es amino acid . < 100

_ ‘lBUmoles amino ac1ds Lo
- '31'> , S
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(continued)

data on an individual soil site and fraction basis can be found -

'in the appendix.

Amino acid analysis|of Beaverhills hnmic‘aeids-and humic
fractions from O.Sleodium hydroxide extraction (Table 3. 14)'3howt
there is llttle varlation in amino ac1d composutlon between similar
humic fractions obtained from different 5011 31tes of the thirteen

amino acids determined, alanine, glyc1ne and aspartic acid were'

~ipresent in greatest prdportion vallne, leucine, proline glutamlc

e were next most abundant with isoleucine, threonine,

v'serlne, ph/x;l’lanlne and tyr031ne present in smaller amounts

frends w%re notedﬂfongall humic«acids and_hﬁmic‘.

N

fractions btalned from Beaverhills sorl samples

Amlno ac1d analy31s of -0.5N sodlum hydrox1de derlved humic

.acids’ and agsociated fractlons of Maleb soil samples (Table 3. 15)

f show that alanlne, glyc1ne, leucine and aspartic acid are present

. ' l
in greatest proportlon Valine, proline and glutamlc acid are R

-also present in hlgh proportion relative ‘to. the remalning amino

ac1ds Slmilar humlc fractions obtained from dlfferent soil sites

- showed little varlation in composition, however the data indicates L

(Table 3 lS) that Maleb FRl and FR3 humic fractions were character—'f:.vf

I’

. : : A ’
: .ized by greater varlation in,alanine,'valine, isoleucine and leucine

'Qcontent than was the case for=analogous Beaverhills fractions

I ‘, -

'}(Table 3 14) This was especially true of Maleb FRl humic fractions...

3 Data in Tables 3. 16 and 3 17 show amino aqed analysis of

)f

Jisodlum hydrox1de derived humic aflds of Waterton and Alpine 50115,,‘

,respectively The data 1n these tables 1s generally similar to i;«ff

5
. \__ S



TABLE 3.14

-~ LOAM HUMIG ACID AND HUMIC FRACTIOVS

RELATIVE MQLE PERCENT AMINO ACID COMPOSITION OF 6N ACID
HYDROLYSATES OF “0.5N SODIUM HYDROXIDE EXTRACTED BEAVERHILLS

119.,

Amino Acid |

FRO

‘Humic‘FréctiGﬁ |

" - FRL

FR3

" FR4 -

. Aléhine
Valiné ‘
:.Glycipe.
"iséléucine
Léucihel
M-Pro%igé’A

.

“Thréonineg

~Serine

_ Phenylalanine -
Aspartic Acid .

©'Glutamic Acid .-

:ﬁiyLOSiqém

Lysine.

4.2

137 ¢
8.2 t

16.3

46t
V407
4.6t

‘13f3f1

S 8.7 ¢

6.0 %

N 2 SN

e

0.5

0.8
l}6l
0.2
0§4fn
0.8

0.3

'

0.2

0.2 -
0.6
0,3 "

1.4

- 13.5

17.3

7.9

4.3

7.3

. 6.5

© 9.0,

4.7
3.7

1420

ll,d

6.9

I+

i+ + - T+

Tk

W

1.0

0.3

1.4

0.4

0.3
0.4 ;
0.4 7 &,
0.2

0.i
iq;6.7

6.3 -

51?5; 

13.9

5.0

N

13.6'¢

O
I~
e

s

10'3;1;

:  8?2~i

5.0t

_615
 .0;3
1.6

.Of 2 . ‘.."
0.6
i;d?'
o1
01
0.6
1.0
0:F,
’,io;af

0.8 -

8.1

- 12,9 *

8.7

H

2

6.1 %

11.2 ¢

Kid

4.2t
5.9¢
10:2

8.0 %

5.1

I+

0.2

}0.6.

2.3 -

1.0

fo;g'
0.2
0.5

0.6

0.5. - °

0.7
0.2 .

11}4»"7 S




TABLE 3.15°

i

o

'RELATIVE MOLE PERCENT AMINO ACID COMPOSITION OF 6N ACID

'HYDROLYSATES OF 0.5N SODIUM HYDROXIDE EXTRACTED MALEB
~ LOAM HUMIC/ACID AND HUMIC FRACTIONS

" Amino Acid-

FRO

!

FR1

Humic Fraction

© FR3

. Alaniné
" Valine

Glycine

Isoreuciqg"

Leucine

‘"%‘Prolfhe‘;¥f'

* Threonine.

Serine

_‘Phénylalaninef.. o0 5.3

13.4

8.7 ¢

15.4 ¢

1+

9:9

WA

47

"+

. Aspartic Acid. | 1L.4 *

Tyrosine

CL Lysine.'

1.9

R

5.3 ¢ 0.

‘Ofaf'.
0.2

:_Clutamic A§id -.;f_ _ ‘sfozf;i;b B
. e 04

2,0 -

12.5

8.4

[

16,7 ¢

5.2t

L1240t

4.3

4.0t

gLt

 :¥56 *

5.7t 1.

R S

1.2

0.7

1.8
1.3
1.1
0.8
0;5;
40,3

02 -

0;91'] R
0.5

f0;4 

8.9

12,3 %

[

13.0 *

" 24 *

48t

0.7

1.4
0.5
0.3

-16{4';,

0.6,

0.4

z}bf”_;.."‘.

1.2

on

;0m3v:A.A



1Ll

| TABLE 3.16 . RELATIVE MOLE PERCENT AMIVO ACID COVPOSITION OF 6N ACID
. HYDROLYSATES OF 0. 5N SODIUM HYDROXIDE EXTRACTED WATERTON
HUMIC ACID AND HUMIC FRACTIONS _ '

 Amino Acid-

FRO

Humic Fraction

" FR1

'FR3

FR4

Alanine -
- Véline

‘Glycine

Isoleucine

. Leucine

R prliqé-k

'beéﬁnine;j
.15?Yiné';_ r:
Phgﬁfialaﬁiﬁé
.iAséartic.Acid:..h.
 ¢lutaﬁichAeid;.7
C Tyfos1ne'.- ‘

S Lysine

11.9

9.1

16.2

.53;8- 

23
fi3;7»
- 6.78 .

- 31 |

5.5

12.1

8.8
| 15.7
33
X
8.8
5;2A

| 20
160
. ;7.6 = -_

5.8

Alll.-'_s'

1.8
132

.4};1:‘-
,)9.91
s
.-",_r‘sﬁd

| 2.8 3
B4 |

124;5 f">#.

4

9.6
13.7

4.5

1o
- 11.4

-

he

,;.:354{.

1‘: 6.7 ‘, |

s
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TABLE 3.17 RELATIVE MOLE PERCENT AMINO. ACID COMPOSITION OF 6N ACID
YDROLYSATES OF 0.5N SODIUM HYDROXIDE EXTRACTED ALPINE

IC ACID AND HUMIC FRACTIOVS :

122.

d

Amino Acid

rrv

FRO

Humic Fraction

" FR3

- FR4

Alanine
Valine
-'Glyq&pe
.iéoléuéiﬁe‘v
Léuéin¢,~

_ Proline
Tﬁreohiﬁe

'Serine

' Phenylalanlne -

,Aspartlc Acid
>G1utam1c Acid
| Tyr031ne .‘ ‘”

Lysine

- 12.3

- 711 ‘

13 ..9

"*’14;4.vf‘

115

0.8

C10.2

14.0

3.8
T4

5.5

4.7

5.1
' 2;1’1_‘
15.6 ,'i
1.0
'l?;~1§4

8.8,

13.1

7.4

'égi':-

7.4

6.3
R
sl
2.2
‘»jlé{é)
1.4

SR S A

12.6

12.9

6.2

9.1

. 12,7

6.9

4,8 . -

:'4§33

j 390

10.4
ae

HI>;5;1 ‘




TABLE 3,18’ RELATIVE MOLE PERCEVT AMINO ACID COMPOSITION OF 6N ACID .
HYDROLYSATES - OF Va -CHELEX EhTRACTED BEAVERHILLS LOAM
HUMIC ACID AND HUMIC FRACTIONS

Humic Fraction

Amino Actd - - FRO . . . Rl . FR3 FR4

Alanine S 13.1 0.3 14.2 . 11.3°

I+
[T

0.6 - 13.1

0.9° 6.5 - 1.2

.
~J
-

 Valine .’ : 7.5 % 0.4

T

’_‘ . .
o P

Glycine . 17.7 * 1.4 23,0 163 146

12
W

Isdleuciﬁe( - 4.5 :0.5 _ 4.5 0.4,17  TV 6.4 ..

H

0.4 - 6.

+

Leucine - = 7.1 0.1 5.7 10.5

12 S
[ S

 Prolide . 6.8+0.1 6605 - 63 . 84
CThreonine . 5.3 % 0.4 5.4 0.2 5.7 4.8
Serime’ - 5.4%0.6 -  6.2:0.5 7.6 56

| Phenylalanine . 3.8 :.0.2 3.4+ 01 3.7 5.8

+

Aspartic Acid ©  13.0°* 0.3 © 12.8 ¢ 1.2 . 11.3 - . 12.8

e

Glutamfc Acid 7.9 £ 0.8, 7.0 1.4 . 63 7.6
© Tyrosine . 0.2+0.1 . 0.1% 0.05° - o

Clysine - . 1%2.7 0 7.5:3.3 8. 0.8




TABLE 3.19

124,

RELATIVE MOLE PERCENT AMINO ACID COMPOSITION OF 6N ACID
LHYDROLYSATES OF Nat- CHELEX EXTRACTED MALEB LOAM ‘HUMIC

ACID

Amino Acid

Humic Fraction
: % P T C '_ *
FRO . FRl - FR3- - - FR4

“ Alanine
~Valine

Glycine

~ Isoleucine

. Leucine
Proline
Threonine

o
| Serine

fPhéqyialanihé' ,,'4.1'*‘0.3:

12,207 x0T ko L
8.1 % 0.7

14.3 * 0l5

.

4.5 0.3 IR

T

- 8.2 * 0.1

6.5t 04 . <o

H+

12,5 % 3.0

10.9 0.8
1:4 * 0,05

b
dm

1d_§btaiﬁe&4for these fractlons from Maleb Na Chelex humic acids
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TABLE 3.20 RELATIVE MOLE PERCENTGAMINO ACID COMPOSITION OF 6N ACID .
HYDROLYSATES OF Na*- CHELEX LXTRACTED WATERTON HUMIC ACID?

4

AND HUMIC ‘FRACTIONS

&

Amino Acid

!
£

FRO

, Humic Fractjon

CRRL o F

FR3

FRG

' Alaﬁine '

Valinel

| Glycine- .
? <@

ks

- Leucine

Proline

Threonine -

Serine

Phenyléianine"
“'Aspaftié Acidf-
~GIU£aﬁic Acid . &
'i&yrosine

"_Lysine .

15.5
7.5
S 17.5-

N
N

- Isoleucine - 3.8

H

- 6.3

3;3:'

=

7.3
0.5

5.2

13.6

41

14.7 . >

7.0

¢ B
.

18.6

6.4
5.6
5.9
7.d
2.9

"13;9.-

702

0.5

1.2

‘11.4

6.6
6.0«

5.0

11.9

13.8 -

5.6+

10.6

[

7.5,

R

Ll
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TABLE 3. 21 RELATIVE MOLE PERCENT AMINO ACID COMPOSITION OF 6N ACID’
HYDROLYSATES OF Na™ —CHELEX EXTRACTED ALPINE HUMIC ACID

AND HUMIC FRACTIOVS

126\,

Amino ‘Acid

FRO

"Humic Fraction

_FR1 FR3 FR4
‘

 Alanine 115 12,3 11.5 9.2
'Vaiihé' 6.9 6.8 8.1 7.2
Glycine 13.8 - 13.3 1.5 9.3
Isoleucine & 4.6 4.2 5.5 5.7
*.Leucine 7.2 . 6.5 - -9.2 ,10.3
'proline? o 5.6 5:4 6.6 6.8.

" “Fhreonine ) 5.8 5.6 6.2 b4
Serine 6.7 6.8 o 5.6 4.0
Phenyié;aniﬁé}Q\ 3.2 3.5 51 4.9

AAspargic Acid 14.2 146 1.7 117

. .Clutamic Acid o g 10.2 ._fﬁf":510.4
.}\ﬁTWﬁﬁhé .06 0.6 Y, 0.8
. Lysine 8.9 8.7 " ) 7.7 - 7.9.
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127,

~

- data presented Jjor corresponding'Beaverhills and Maleb samples.

However a careful omparison of the data of all four tables (3 14
to 3.17) indicates that there are small differences in quantitative
amino acid composition among the four soils studied. Generally!

these differences are observed for leuoine, isoleucine, proline,

.phenylalanine,‘glutamic acid and'lysine. ‘Thus for example in

FRO humic acids) Haleb samples contain relatively greater amounts

.. of leucine and isoleucine than'the other soils; Prolineicontent "
.appears_to be high in Waterton samples, low in‘Alpine hnmic‘acid;

.and intermediate for both Beaverhills and Maleb samples. Phenyla-

lanine content is low for‘bothwﬁagerfon and Alpine.soils compared'
to Maleb ~and Beaverhills. Glutaé%e acid cbntent is high in Alpine
humic acid; Waterton humic acld had the lowest content. Flnally,
lysine was. found to constitute a very high proportlon of the amino'
ac1d‘content of Alpine humic acid, almost twice as high as~for the
other soil hnmic acids. : | |

Resnlts of amino ac1d analysis of humic ac1ds obtained by

Na - Chelex extraction of soil samples (Tables 3. 18 to™ 3 21) were

T

-generally more uniform-among.soils for  FRO humic acids than'wasithe

‘case dﬁen sodium hydroxide was the extractant Differences between'i

LA

soil humic acids do not become apparent until FR3“h?Tic frattions d

- are examined These fractions show variations “in- valine glycine,

leuc1ne, serine, phenylalanine and glutamic acid content (Tables ,uA;

- 3.18 *to 3. 21) In addition the amino acid composition of Waterton

andtéiaine FR4 humi ¢ fractions (Tables 3. 16 and 3 17 respectively)

appears to be diffqrent relative to corresponding fractions from

/
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3.42 (continued) - ‘- L “ﬁ?‘d.

| sodium hydroxide extracted'humic acids (Tables 3.20 and 3.21,
respectively)a |

hata in Tables 3.14 and 3.21 indicates_there are variations'

Sj in thé.quantitative amino:acidicomposition of hnmic‘fractions. o
Thus, for example, humic components which are‘solnhle‘in phenol -
(FR3, FR&4 fractions) contain greater'nroportions ofﬁproline, leucine
and isoleucine than humic comnonents-insolnble in phenol (FRl~
fractions). ASpartic acid, glutamlc acid and glycine; on the other

. hand, oftQp occur in greater proportion in FRl fractions than in :
FR3 or FR4 . fractions. Other amino acids, notably dlanine, threonine,
.serine .and tyrosine show.relatively littlelgariation in the proportion
fof each present in different humic fractions." Taken asxa whole ,
these résults*indicate there is some‘fractionation of amino acids

between humic cbmpbunds.,
3.43 - Discussion . L . '[“ o
" Lowe’(l9%3) has«reported réSults of anstudy of amino acid dis= -
v tribution in forest humus - layers in British Columbia aimed at -

Sy .
‘determining whether or not " increa31ng decomp091tion of forest floor

:Amaterials was._ associated‘with changes in amino acid disgribution.

"His results showed that espite some variation between sites, there

; nevertheless was a copsistent change in//he proportion of certain .d

B amino acids with increa31ng humification. The prOportions of -
.glutamic acid, proline and leuc1ne were found to consistently
”decrease on passing from L to F to H or Ah horizons, regardless of T

.vegetation.~ A similar trend, although less consistent was

' exhibited by'agpartic Jhid alanine valine and isoleucine nt‘i

. . . B
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3,43 (continued)

addition howe.observedrthat increased humification‘resulted in
material with decreased levels of acid hydrolyzablefsmino'acid
content} These results are'donsistent'with those reported‘in the
present study.. It was proposed that phenol solubilizes humlc
'components (FR3 FR4 fractions) which are 1n relatively early
stages of hUmification, and‘that phenol insolublephumic residues
(FRl fractionsfnrepresent Jolder" more-h/gh;y humified’material
Results of amino ac1d analy51s (Tables 3.14 to 3.21) have shownv? -
that FR3 and- FR4 humic fractions contain greater proportions of '
proline, leucine and 1soleucine than FRl humic fractions' According
to observations made by Lowe this would indicate hR3 and FRA
material is not 'as highly humified as. related FRl fractions. ‘InA

addition FR3 and FR4 fractlons contained considffégly greater‘amounts
| A '

of acid hydrolyzable amino acids (Tables 3.12 and 3.13) than :

4

'ased on Lowe s work this also indicates FR3 -
relatively less humified than FRl fractions

and thus lends'further ,PPort to the contention that phenol

N

' separates humic components which are in different stages of humi—.
7 -

N

ficatlon.

4
s

The reSults oanmino acid analysis.reported here are also R
con51stent with current theories on the incorporation of amino acid
'nitrogen into humic ac1d type structures during humification processes.f
- Accordlng to - these theories amino ac1ds,peither in‘the free state, d_,'4
or more likely as peptides or protein residues, react with poly~
/- .

"phenols of plant or microbial origin to produce polymeric material

‘which serves as the precursor of soil humic acid (Flaig, 1964 1966
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1968; Kononova, 1966). It haslbeen proposed that many of these = ; -

reactions 1nvolve active quinones derived from various or%anic
residues through microbial activ1ty (Flaig, 1964 1966 1968)

Work by Mason (1955a 1955b) ‘and Haider et al, (1965) has shown .

,that peptides and proteins show covalent bonding with quinones

v

‘In general peptide reactions with qu1nones are primarily dependent-

on the nature of the N- termlnal amino acid,. although secondary
reactions may- dlffer according to the particular peptide Thus

for example, Mason and Peterson (1965) indicate that N—terminal

- proline is particularly reactive with bonding occurring through :

the secondary amino group apparently more readily than is the

~ case foithe primary amino groups associated with other amino acids.

" Reactions between proteins and qu1nones involve e—amino groups of

‘. RN

L’lysine and N-terminal amino groups of residues such as aSpartic ;

“-acid as well as sulfhydral groups Acid hydrolysis of peptides |

' or, protein covalently bound to aromatic constituents such asu_'y

‘ phenols has been shown to release all the amino acids except for o

'*;the N-terminal amino ac1d and those amino acids that have a free

A‘.'humification of soil organic matter which result in the incorporation[ff‘ :

: amino group. when 1ncorporated into the protein (e g. lysine) (Haider :

‘

.vet al 1965)

It is reasonable to assume that if reactions do occur during -

v

:g'of amino acids or: peptides in humic components through N-phenyl type .?:

: linkages, then as humificagion prQCeeds amino acids most susceptible .

\

' to these type of reactions, such as proline, should constitute an

":1_increasingly greater proportion of bound amino acids compared ‘to fff'*

'i'.v". v ‘..._ ""'“.
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other relatively less reactive amino acids. - Consequently, separation:
| Eof soil humic components at different relative stages of humification

‘and subsequent acid hydrolysis of these fractions should produce‘”

hydrolysates Wthh show differences in amino acid compOSition Thus

material at advanced stages of humification should yield acid .
"hydrolysates w1th lower proportions of proline, lysine, aspartic ’

acid, glutamic acid and possibly other amino acids, relative to o

material at less advanced stages of humiflcation L

In the present study ac1d hydrolysates of FR3 and FR4 humic g

1'fract10ns contained greater prOportions of proline and generally

, also of leucine, isoleuc1ne and phenylalanine than did acid hydroly-

sates of FRl humic fractions. In view of the preceedi?g discussion

.these observations are. consistent with the concept that FRS and

BN

_FR4 humic fractions represent material in relatively earlw stages

of humification compared to corresponding FRl fractions. Thé@e

results also suggest that different reactivities of amino acids

“.with respect to the formation of Nephenyl bonds might lead to
'1preferential fractionation of amino acids during humification

”-processes.. Thus certain amino acids such as proline may bec0me ;””

' '~*relative1y less susceptible to immediate microbial attack than

'1x;other -amino acids,,due to differences among the amino aCids ip’

'ﬁ,ttheir relative ease of bonding covalently to aromatic substances

'f”ggsg»

~which are 1ikely to be incorporated into humic acid structures
fPronase Hydrolysis of Humic Acids and Humic Fractions

' Perhaps of more importance than the similarities or differenceer’.."'

,,.‘_

'”jin amino acid c0mpositi°n of humic acids, is the susceptibility of



3.5

132,

(continued)

this amino acid nitrogen to microbial utilization Amino acids

.‘bound to humic acids -as peptides or proteinaceous material can :

be released by the actlon of extra—cellular proteolytic enzymes :

produced by soil microorganisms (Ladd and: Brisbane 1967) ‘One

I3

. -of the most powerful enzymes of this type is pronase, .a proteolytiC'

L

~enzyme produced by Streptomyces grisensb Pronase hydrolyses a.
:.wide range of peptides and, unlike most proteases converts proteins .f’}
ialmost quantitatively to their‘amino acid compOnents (Nomoto et al ;

- 1960) . Ladd et al (1967) and Brisbane et al (1972) showed that h~}h

' j'pronase could release about one—third of the acid-hydrolysable

R vamino acid content of soil humic acids. Sowden (1970) also found

~that pronase could release amino acids from soil humic acids 'HEl‘

found that lysine,psome neutral amino aCldS and the ac1dic amino ffV
ac1ds were released in relatively low yields Ladd et al Brisbane'"

et al and Sowden studied the action of pronase on humic fractions»f

~which had been extensively treated with a number of reagents and R

7..iprocedures in: attempts to reduce the ash content._ It was decided

w"‘t;(FRl FRB), which had not been subjected to any procedurhs aimed

'“vvkﬂat reduc1ng their ash contents other than high speed centrifugat’;' :

j'in the Present study to. examine the ability oﬁ pronase to release xifl

Af'amino acids from FRl humic acids, and associated humic fractions filj”

Prior to preparation for enzyme hydrolysis, all humic acids orr'y

i?_’humic fractions from a giVen soil were pooled with all similar Hf.lf

”fractions Which had originated from the same soil. This procedure ;;g“;i_f:@
”‘1gave a composite sample for all FRO FRl and FR3 humic acids-for

reach soil studied All enzyme hydrolyses were done in triplicate
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onntinued)

,‘including triplicate blanks. The exact conditions under which

VI

‘ rh hydrolysis was performed have been described earlier (Section 2.5).

",Tfrom the humiT acids Ihis procedure provides a relative measure f

lvarious humic acids to hydr01ysis by pronase. f‘l

" :After hydrolysiS'had proceeded for the allotted time (24 hours) the11~‘ o

[

o amino acid compositlon of all hydrolysates was- determined and- these o

"values corrected for any amino acids found in blank supernatantsv

.-‘.

by subtracting the blank values. Pronase produces free amino acids\

through autolysis (Ladd et al 1967 Sowden, 1970) which would be

vpincluded in the humic ac1d hydrolysates. In order to correct-for .

. the pronase contribution it was decided to subtract the total amount -

of each amino acid which could be produced by the weight pf pronase fu

added for enzyme hydrolysis.f This is a 1arge over—correction, and

wproduces amino acid results which are minimum numbers however 1t

‘.‘leaves no doubt ‘as to the origin of the remalning amino acids, i e.

§

of the susceptibility of the amino acid containing components of

The results of pronase hydrolysis of 0 5N sodium hydroxide

| 'yextracted humic acids and their associated humic fractions are shown

'i;in Table 3 22 » Results reported are means of triplicate independent f’“""

n';f analysis after all appropriate blank corrections. f'i*

' :t'lamino acid content of BeaVerhills FRO humic acid Although the

"7ifigure of 7 8 percent is low because of blank over-corrections

Examination of the data in Table 3 22 shows Beaverhills FRO

;.humic acid exhibited a very high resistance to pronase hydrolysis. n

’f‘Pronase released only abOut 7 8 percent of the total acid hydrolysable»ff

= f;’discussed earlier, it is considerably lower thah figures shown for
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Maleb Waterton or Alpine FRO humic acids, and thus cannot be

135.

-(continued).

entirely due to blank over-correction. This implies that amino
acids associated w1th Beaverhills FRO humic acid\as peptidic or

protein material are complexed or masked by humic c0mponents in

some way which protects them from pronase hydrolysis ‘much. more:""

_effectively than is_the case for the other soil FRO humic acids

Extraction of Beaverhills FRO humic acid with phenol produced_}

_b 'fractions (FRl FR3) which showed 1ncreased susceptibility to B

: pronase hydrolysis (Table 3 22) In the case of Beaverhills FR3

- Uhumic fraction the extent of pronase hydrolysis compared favorablyf e

with levels.shown by FR3 fractions from the other soil humic acids@.'jvjy‘;:

':'Thus it appears that phenol can disrupt the original BeaVerhills'

/

f,’ERO humic acid complex in a manner which exposes more of the amino.?.ll'”m

'acid c0ntaining component to enzyme hydrolysis.:'ftlzu

The results for Beaverhills FRO humic acid contrast greatly

b

; _:with those obtagned for Maleb FRO humic acid Pronase hydrolysis

':g; cwith Maleb FRO humic acid is not nearly as intimately complexed
v'“l'.with humic constituents ‘as is the case for similar material in

' ‘,‘:f<Beaverhills humic acid

"';pronase hydrolysis than Maleb FRO humic acid but were coy“ide‘ bly

“fqnmore susceptible than Beaverhills humic acid (Table 3 22), Pronqse “7"?A

- of Maleb FRO humic ac1d released 60 percent of the acid hydrolyzable

‘fvamino acid content of the humic acid This is about eight times:f:;,';

_ FRO humic acid Evidently the amino acid rich material ass0ciated

fﬁiﬁgreater than the amount which could be released from Beaverhills lh'.“..

b N

.

Waterton and Alpine FRO humic acids were less susceptible '°,;Af

e - IR R

s 1_ .‘ L
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‘ 3{5‘ i(continuedj
released 39, 1 and 44, 2 percent respectively of the total aC1d
hydrolyzable amino acid content of Waterton and Alpine humic acids

| "| Prongse generally released a greater proportion of ‘the acid ,d
o hydrolyza 1e content of valine, 1soleuc1ne and - leucine amlnobacids e

j from humic fractlons than of the acid hydrolyzable content of other.:'

:-amino ac1ds present in the humic fractions (Tables 3. 22 3. 23) |

'There were also varlations in the amount of the same amino acid

v:reléased by pronase from corresponding humic fractions of different;'

.soils.. These variations‘could be quite large as for exanple, |
-;.threonine and serine 1n FRl humic fractions (Table 3 22) Other
"'amino acids which showed variations 1n the amount of each‘releasedf

_ by pronase from_different soil humic acids were/aSpartic acid £

'iif glutamic acid leucine and proline.lfﬁfiffj;fisff~filt}jl1gd‘;

A greater proportion of the acid hydrolyzable amino acid

: .;content c0uld be released by pronase from l‘
' ~'from corresponding FRl humic fractionsfdeuﬁ:f\ ';';, 3. 23) | This vl
-”was.trdejforlFR3$andifklf¥!aotionslfron7ﬁea‘“rhill‘, Maleb and

"s",:Waterton'hunic.acids | For Alpine humic acid t:ere: ppeared to |
,H’ft“be 1itt1e difference between FRl and FR3 fractions in this respect.“]i‘i‘;

'f;:The greater susceptibility of FR3 fractious to pronase hydrolysis ;,}:

.3ﬁh' ic fractions than f;;-“f‘ﬁ

bfﬁﬁseemed to be reflected mainly in increases in the yield of proline;le\”'

?f valine, isoleucine, leucine, aSpartic acid and glutamic acid amiuolﬁllfﬁ et

' “;‘acids detected in hydrolysates of FR3 humic fractions.u Pronase
_1._fhydrolysates of FRl fractions generally contained jmaller-proportions

'Tflﬁ'of these amino acids.jiigffi'thﬂlju

a‘é Results of pronase hydrolysis of Na = Chelex derived humic _f,_ﬂ;j{fﬂffﬂﬂ
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: 3;5. (continued). K

" acids and associated humic fractions_are reportedbin'Tahle-3.23,

?lracting mainly FRl humic material from soil Comparison l
, - FRO humic acids tn Table 3.23 with data for FR1 =~
;able 3.22 indicates that for the same soil the total

‘uino acids released by pronase from Na - Chelex FRD -

> s 5

;ds was nearly 1dentical to total amounts released from

rium hydrox1de derived FRl humic fractions., Extracting
;elex FRO humic acids with phenol did not. produce any change =
total amount of amino acids subsequently released from the

)fic fractlon by pronase., These results support the idea that

felex extracts humic mdterial from soil which is similar in

amounts of FR3 humic fractions.: Pronase released

corresponding FRl humic fractions (Table 3 23) Thus FR3 humic
fractions appear to be consistent in containing amino/acids combined

.‘”7ﬂ: in forms which are relatively easily attacked by pronase. jjﬁ.@ifjif'

3 51 Disqussion _ ‘ , o . :
i The differences between FRO humic acids in their susceptibility
to hydrolysis by pronase suggests that considerable‘variability ;;f dfiil
?xists in the manner of combinatiOn oﬁ humic components present in

the different humic acids.~ Phenol extraction of FRO humic acids :iﬂfi“’
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f3'5l (continued)-
separated FRO humic material into severaivindividual components
which based onkcomparisons of E4/E6 ratios, apparently differ
'in their relat1Ve aromatic contents and degree of structural

complexity Thus FRl humic fractions appear to cons1st primarily

- ﬂof condensed aromatic material 'whereas FR3 humlc fractions consisty

Eliphatic materlal and have a less condensed structure.
,Pronase released a greater proportion of the amino aclds contained
:iin FR3 humic fractions than of. the amino acids‘contained in FRl
i'humic fractions Ladd and Brisbane (1967) found that 1ncorporation
:'of casein into a benzoquinone—casein polymer caused the casein to'f
1‘become resistant to pronase attack They found that variations 1n :
'the nature, distribution or proportion ‘of aromatic compounds presenthy"
could lead to variatlons in the extentvof enzyme hydrqu51s of the
_protein‘constituents _ The observations of Ladd and Brisbane, together

‘fw1th results reported in the present study, imply that the greater

. L,, i

aromatic content of FRl fractions compared to that of FR3 fnactions
. may be the cause of the relatively low hydrolysis of FRl fractions ,”

: by pronase . S o
- . { “.'.‘. K . ’ N - ity . . .‘ ‘Qa ) . " B
Beaverhills FRO humic acids resisted pronase hydrolysis much
S .\
Jl:more than did other soil FRO humic acids,\and in addition contained
Ay ": . ﬁ : e . ';‘ R
By 1arge amounts of FRl humic materialq% Thus it might be argued that ¢ﬁ

ﬁthe greater content of aromatic con:hituentSQin Beaverhills FRO o

L humic acid resulted in a closer aSSOCiation of proteinaceous or e

0

- peptide containing components with aromatic moieties through

:VLmechanisms such as hydrogen bonding Such associations couldffhj
hheffectively protect adsorbé@*components from. enzyme attack byt:e_11.?7':d
L T _ : _,.-(/\\,_-.,M : = o ’

Lo
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causing steric hindrance, and mayithus be at least partially -
sponsible.for'the"inability.of‘pronase to release amino acids
from the amino acid containing components o; Beavérhills FRO humic

acids The fact that phenol removed humic components from Beaverhills
0-

' FRO humic acid which subsequently showed a susceptibility to pronase
hydroly31s comparable to. levels shown by ‘gimilar fractions frdm
.other soil FRO humic ac1ds lends ﬁurther support to the 1dea that
. steric hindrance is the mechanism.responsible for inhibiting pronase
vhydroly51s of Beaverhills humic components complexed in FRO humic
acid Waterton and Alpine FRO humic acids, howeVer, also contained
‘.llarge amounts of FRl humic material yet the- amino acid containing
tcompohent of - these humic acids showed a high susceptibility to -
"hydroly51s by pronase Thus 1t appears,that a variety of factors |
. are” involved in determining the extent of pronase hydrolysis of i
humic acids N ) R .H | .. | |
Results have shownl(Tables 3. 22 and 3 23) that pronase is S
more effective 1n releasing valine isoleucine and leucine amino
acids than other amino acids from humic acids and humic fractions.
.:-In addition there nere.variations in the amounts ofggspartic acid 3?;*“f“
.'glutamic acid! and proline amino acids that could be released by

/."

pronase from corresponding humic fractions of differe t soil humic

o

o acids Generally the prOportion of these litter amin acids released.li*c
\1. . N e

on released
_.-0. : ..(v .ﬂ .
:f;from FRl fractions A number of factors could explain these ob erw- e
ivations. For instance pronase may hydrolyze leucine d isoleucine j.5f 5

"43&

Lo peptide bonds more readily than those involving other amﬁno acids

F"
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‘

and this~%oupled with the progressive inactivation of pronase by

incubation with humic acids (Ladd and Brisbane l967)~could account

v

for the observed resultS. However, Nomoto et al (l960a, 1960b) have

shown_thatfpronase liberates leuc1ne and’ other amino ac1ds in
similar proportlons frd; proteins within a 24-hour period the same
length of time allowed for enzyme hydrolysis in the present study
Alternatively, the‘observed apparent spec1ficity of pronase may

indicate a closer association of amino. acids such as proline and

lysine with aromatic humic constituents in a manner that resists’

. disruption .by. pronase. Results previously reported in this study

support the latter-prOposal. In Section 3. 42 it was shown that
. N ,

~phenol extraction of FRO humic acids produced FR3 fractions in which

“the prOportions of certain amino . acids, notably glycine isoleucine,
leucine, proline, phenylalanine, valine and aspartic acid were:

increased relative to the,proportlon of these amino acids present

in phenol insoluble FR1 humic fractipns It waSmsuggested'that i' i
. this difference .Was due to a greaier proportion of N-phenyl bound o

-amino acids 1n FRl humic material than in FR3 humic material N—'

'phenyl bound amino aCldS have been shown to resist ACid hydrolysis

‘(Piper and Posner, 1972 Ladd and Butler, 1966 Haider et al 1965)

‘ and certainly would also resist pronaSe hydrolysis The fact that

b"ps%nase generally released a grsater proportion of proline, aspartic

. . o
’ ~gﬂcorresponding FRl fractions lends further support to the idea dis- o

‘ acid leucine and glutamic acid from FR3 humic fractions than from '

-vcussed in Section 3 43 that FRl material is more strongly humified

» and thus contains a high pr0portion of amino acids intimately

]fassociated with aromatic constituents through N-phenyl covalent bonds

«
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4. GENERAL bISCUSSlON AND CONCLUSIONS

" The present study was initiated in order to compare somF prpperties

of humic acids formed in soils which have\developed under different
v ) A

conditions of climate and vegetative cover. It was hoped that comparing
properties of humic acids obtalned from the soils might 1ndicate the |
manner in which_different environmental conditions affectshumic acid
formationa- v-A.;' ’ ' ot

Humic acids for study were extracted from samples of Ah horizon
_obtained from sites representative of several different soils _ The
* solls used wereBeaverhills loam, Maleb loam, an Orthic Black Chernozem -
Jlocated in Waterton National Park, and a Dystric Alpine Brunisol located
near Luscar Alberta. Each of. these soils has developed under different
environmental conditions. o l |

Humic acids were obtained’by extracting separate soil Ah samples
~with 0.5N sodium hydroxide and w1th the sodium form of Dowex A-1, a ) .'
chelating resin (Na -Chelex) The humic acids (FRO humic acids) obtained.-.
by these extractions were characterized with respect to ash content

carbon content, nitrogen content optical properties, amino acid composition -

;~and susceptibility to enzymatic hydrolysis by the proteolytic enzyme gL:f

'f‘pronase

FRO humic acids entracted from soil samples obtained from different..”
'vsites of the same soil series showed only small differences in ash |
h‘(mineral) content However ‘FRO humic acids originating with different
'soils contained different amounts of ash In some cases these differenceshjf"}
.“in ash content were quite larger The ash content of FRO humic acids also ;

depended on whether the humic acids were obtained from soil by extraction
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withYO.;;hsodium hydroxide or by extraction with Na'- Chelex resin, FRQ
'humic ac1d\\§btained by Na - Chelex extraction generally had twice the, -
ash content of related. sodium hydrox1de derived FRO humic ac1ds ~ However
this latter effect was not observed for FRO humic acids of all soil
series, althoughblt was consistent for humic»acids from the same soil
series: From these results it wasfconcludedithat FRG humic<acids
icontained greater or lesser amounts of humic—mineral complexes dhpending
on which soil- series.the humlc acids were obtained from. . It was‘also
concluded that the high ash content of FRO humic acids obtained by Na -
.Chelex extraction was due to the 1nability of the resin to break mineral—
‘organic bonds, with thelresult that the resin extraction procedure yielded‘
mainly’ colloidal humic—mineral complexes |
Extracting soil samples with 0.5N sodium hydroxide yielded FRO -
humic aclds which had a higher carbon content than humic material obtalned
from separate samples of the same soil by Na e-Chelex extraction. This

-

Aobservation was attributed to a greater proportion of highly oxidized
:}humic material present in Na+- Chelex extracted humic acids, than was
A*the case for:0, SN sodium hydroxide extracted humic acids This would : ;'

result in a lowev'overall carbon content for Na - Chelex extracted humic

‘acids Comparison of the carbon content of FRO humic acids from different B

'.3011 series showed there were only small.variations between the humic .
acids when the same primary extractant (i e. sodium hydroxide solution '
fdpvs Na+— Chelex) was. used.to obtain them from soil samples
| Extraction of soil samples with 0. 5N sodium hydroxide yielded FRO
k humic acids which contained greater amounts of nitrogen than did FRO
S _ S
| fhumic acids extracted from samples of the same soil by Na-— Chelex
:"In addition the total nitrogen content of FRO humic acids also depended;;m

o

T
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on which soil series they had been extracted from. 'Maleb FRQ hnmic acids
consistently'contained mdre total nitrogen than did Beaverhills,~Waterton
orAAlpine FRO humic acids. These latter.three soils yielded FRO humic _:
“acids which all‘contained similar‘amounts of total'nitrogen.

Amino acid analysis'of FRO humic acids showed that_total amino’
_acid content (based‘on‘determination of 13 amino acids)~varied considerahly\
)between humic'acids of different soil‘series} Comparison of data.from;
‘ amino ac1d analysis also showed there were small differenCes in the .

n ]

quantitative amino acid comp081tion of FRO humic acids obtained from

.e different.Soil series. Generally these-differences were observed for
leucine, 1soleuc1ne,.proline, phenylalanine, glutamic acid and lysine
| amino ac1ds . Thus Maleb loam FRO humic acids contained relatively
‘greater amounts of leucine and isoleucine than did FRO humic acids'
btainedufrom'the other'soils studied.f Proline content appeared to be ;'.‘
relatiyely hiéh in Waterton FRO humic acids,_low in Alpine humic acid
and intermediate for both Beaverhills and- Maleb samples.; Phenylalanine
pontent was low for both Waterton and Alpine humic acids compared to -
‘Maleb and Beaverhills humic acids . Alpine FRO humic acid was characterizedd'y
h,‘by a relatively high content of glutamic acid and contained aimost twice |

as much lysine as the other soil humic acids.i'

Pronase hydrolysis of FRO humic acids from different soil series J_A‘

o I
Y

indicated there Were maJor différences between humic acids in their
.i*susceptibility to enzyme Sydrolysis.. Beaverhills FRO humic acid was }vbirgi‘i;
..:¥lparticularly resistantito hydroly.is by pronase,_whereas Maleb FRO humic o
fiacid was readily hydrolyzed Watfrton and Alpine FRO humic acids showed

'levels of suspeptibility to enzyme hydrolysis which were intermediate :T

to those shown_by:Beaverhills‘and:Maleb(humic‘acidsﬁ."
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In order to further characterize FRO humic acids an attempt 'was -
. made to separate the humic acids into\individual humic components A
"fractionation procedure using phenol»and acetoneias~fractionating
solvents was developed which was able to separate FRO humic acids into
-three relatively distlnct humic components.b'Two of these humic |
components GRS and FR4 fkactions) were soluble in phenol while the :
‘third component (FRI fraction) was . insoluble 1n phenol Yield data

showed that the proportion in which these components were, present in

‘iFRO humic acid depended on the soil series from which the FRO humic

ac1d originated Comparison of optical and chemical properties of |

- humic componepts recovered from: different FRO humic acids indicated

that 51milar components were obtained from all FRO humic acids regardless
’of soil series or soil site from which the humic acid was ohtained o
fThe properties of: humic components whlch wére soluble in phenol (FR3

" and FR4 fractions) were different from properties of phenol 1nsolub1e-
;humic components (FRl fractions) Phenol soluble humic fractions_“d:’" B
.appeared to have a.lower. aromatic content and a less condensed p:pn =

T

.,.structure than phenqé insoluble humic fractions,‘and in addition-17fij'

.contained greater quantities of total nitrogen._ The quantitative amino {l L

'_ac1d comp051tion of phenol soluble humic components differed from that

’.')of the insoluble humic bomponents Phenol soluble humic material

?-consmter”ly contained greater proportions of proline, phenylalanine

‘;and somewhat less consistent1y3 of aspartic acid isoleucine and leucinere_“_ .

'

'famlno acids than did the related phenol insoluble humic fraction Humic
! .

:fractions obtained from different FRO humic acids were all consistent

-

‘in showing the same kind of differences in quantitative amino acid

".composition between the phenol soluble and phenor insoluble humic components..7



'phenol fractionation procedure used in this study separates humic

‘Hhumificatlon;*

‘Kononova considers the process of humification to include both the
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On the baSis of variations in.optical properties, total carbon

and nitrogen content, and variations in quantitative amino’ acid

E comp051t10n it was concluded that phenol fractionation of soil humic
" acids affected the separation of humic compgsents which are in

.‘different relative stages of humification. It was doncluded that

0

1phenol insoluble humic constituents (FRl fractions) represent highly
humified and thus highly oxidized material wh enol soluble :

jhumic components (FR3 FR4 fractions) represent less humified less

y

oxidized material.

Pronase-hydrolysistof‘humic fractions indicate that phenol

: soluble fractions (FR3 FR4 humic material) were generally more sus—CQ

ceptible to enzyme hydrolysis than were- phenol insoluble fractions

Differences in ylelds of certain amino acids obtained from phenol
r,:.'

C soluble and phenol 1nsolub1e humic fractions when these were?sub ected
¥

- L i«

ﬁ N

to enzyme hydrolysis Ient furtherfsupport to the conclusion]that the

acids into humic components which are in different relative stages of

£ According'to“Kononova (i968)ﬁihé transformationlof-soil'organic‘- R Mif

_5matter involves three principle stages | (a) the accumulation of organic

“f-residues, (b) their humification, and (c) the breakdown of humic substances.!g*

L

'“'“;decomposition of the initial organic residues with the resultant

u':

‘*ahfformation of intermediate and final products of mineralization, and

‘the new formation of humic substances It is generally accepted that‘ﬁgf:‘

in the formation of humic substances the’ following events occur either:_“g’%'.;

77successive1y or simultaneously (a) the formation of structural units,'i o

Lo
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(b) their condensation, and (c) polymerization of\the condensation L
:‘products. The result is a multi—component system of humic substances
' showing the same patterns but different details of structure and |
chemical’ nature and containing molecules of different sizesr In
~this system theisubstances grouped as fulvic acids represent humic
'_substances ‘with a less condensed aromatic nucleus and a. more highly
.developed peripheral component, they can ‘be’ considered as precursors d
or as products of the destruction of numerous members of the humic
“g:ac1d group (Kononova, 1968) The 1ntensity of the humification
process ‘and the nature of the resulting humic aC1dS formed is strongly e

» dependent on soil environmental conditions.' Thus a moderate moisture

- :regime, a neutral pH and a falrly 1ntense microbiological activity are v

'_hthe main factors favoring the formation of complex humic ac1ds Excess

m01sture, an ac1d pH and weak m1crobiolog1cal activity suspend the :bhhv
"formation of humus substances at the stage of fulvic acids and fulvic fh'
'_ acid like humic acids (KOnonova, 1966) - . :

In the present study 1t has been shown that FRO humic acids

‘;'contained different amounts of FR3 and FR4 humic fracthons depending

']nion which of four soil series the FRO humic acid had been obtained
: ffrom However, FRO hdmic acids from different sites wdthin the s%

xl_soil series contained FRl FR3 and FR4 humic material in approximately -

i-ff:the same proportions In addition results have shown that FRl FR3

) ;:and FR4 humlc fractions possess properties which imply that they each j_o

‘.Vrepresent humic material which is at ‘a different stage of humification. i
;It was postulated that FRl fractions represent more highly humified or f
'j_“older" humic matter whereas FR3 and FR4 fractions represent less

o

‘-n:humified or: younger" humic matter.-":t
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If 1eft undisturbed the amount of organic matter in. mineral _

' soils soon reaches an equilibrium level, thus implying that the
. . b .
rate of formation of humic substances is equal to the ratefof

"~degradation If this is 50 then ’he results obtained in this

/a% study suggest that the FR3 and F humic fractions isolated from
FRO humic acids by phenol extract on represent intermediates in the f

: equilibrium system involv1ng the formation and degradation of soil

| humus. If we accept the hypothesis that FR3 and FR4 humic fractions :l
are indeed intermediates in humification processes and can undergo
further humification reactions,to become.either more complex humic o
acids, or conversely, simpler lower molecular weight humic substances
such as’ fulvic acids, then the variation in yields of the fractions‘;}f
.observed when FRO humic acids from different soils were fractionated

i

h- may be a reflection of the manner in which particular soil conditions ;.?

| have affected the humificationkprocesses.l fhus, for example, Maleb .

'blf‘ soils have developed in a climate which is semi—arid and characterized,;~?"l
by a high frequency of dry desiccating winds.. These conditions resultgff
in an average water defic1t for Maleb soils of about 25 cm (Bowser,'f%" B
w E X T w Peters, and A A, Kjearsgaard 1963) The dry droughty |
condition common to Maleb soils is capable of supporting only a sparseh?fﬁp’ji
grass vegetation and the dry conditions do not favor a very high leveljf;-? -
of microbial activity (Kononova 1966) As a consequence it is not
unreasonable to expect that a. major part of the humus associated with
Maleb soils may be in some intermediate state of humification characterized."
by a relatively open poorly condensed structure and a’ high content of i

vi? peripheral aliphatic material This postulate receives support from 3flﬁ*5f’

data reported earlier (Table 3 3 Section 3 21) which showed that Maleb

o
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. FRO humic acids contain a high prOportion of FR3 humic material, a |
'.traction which previous results have indicated is characterized by a-
;relatively poorly condensed structure. Thus the prolonged dry periods
Icommon to Maleb soils and the resultant depressid% effec__sych conditions t

' have on the intensity»of microbial activity appears to favor the
".<:2,accumulation of humic substaeces which are transitional between complex '

highly aromatic humic acids and simpler less condensed fulvic acids."
_ 7 .

Jd: FRO humic acids from Beaverhills soils contained smaller amounts i

. ,of FR3 material than did Maleb FRO humic acid. In addition Beaverhills L

, -/\

.humic acid was not as eas_

'; hydrolyzed by pronase ad”was the case for %

‘L‘Q;Maleb humic acid This suggests that Beaverhills humic acids possess"__ﬂ"
;fa more complex structure than do Maleb humic acids Beaverhills soiIS‘“ﬂth
:jfare located in a sub-humid climatic region (Bowser w E. A A Kjearsgaafd |

T w Peters and R w. Wells, 1962) and have formed under a grass cover

- 'Lof the rough fescue (Festuca scabrella) association.~ The Ah horizon
:of these soils contain .on the average of about 5 6 percent total organiclff;
;7jcarb0n and" have a slightly acidic pH On the whole the properties and Jgﬁtf
.'{;conditions common to Beaverhills soils are such rs to encourage a fh
:"relativelyshigh level of microbial activity As a: result humification
:;hprOCesses should be at a: fairly intense level, resulting in a rapid |
ﬂ‘7f_turnover'of organic matter.i Under these conditions humic components in
.(.;gintermediate stages of humification, such as perhaps FR3 fractions may

; Lzhhbe rapidly modified, either undergoing degradation to simpler substances o

R

'ﬁ;'i?such as fulvic acids,'or becoming/involved in’ reactions with products of—/ ;h
l'}vmineral weathering to produce more’complex structures which may be 'yujhéf-W
uﬁ';resistant to,further microbial attack., Reactions such as these may-}
."J:IjEXPlaln why the yield of FR3 material obtained from Beaverhills soils
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- was lower than the yield of similar material obtained from Maleb soils
| Such reactions may also explain why Beaverhills FRO humic acids are
pimore resistant to pronase hydrolysis than. -are Maleb FRO humic acids
Both Waterton and Alpine hRO humic acids contained only smallu'
ﬁ'amounts of FR3 and FR4 humic fractions FRO humic acids from thesé
'“soils were moderately susceptible to. pronase hydrolysis. The Wat rtonva'
v'\_ soil sampled for extraction of FRO humic acid is classified asian.ﬁiﬁ'.
:'Orthic Black Chernozem The Ah horizon of this soil contains 8 7
p rcentorganic matter and has an’ acid pH of 5;2 Waterton Black |
hernozemic solls haVe developed in an areadof Alberta (Waterton
. National Park) characterized by a. summer—dry, winter-wet climate with
'.fslightly higHer total precipitation and milder temperatures than otherlh
' i-wparts of the province (Coen, G M.; and W D Holland 1974) The Alpine ?;A,f;
;,5011 used as a. source of Alpine FRO humic acid is classified as’ an R
fAlpine Dystric Brunisol The general area in whidh the soil is located
”l(Luscar, Alberta) experiences a sub—humid, continental climate with long
lij’cold winters_ and moderately mild‘summers. The area is subject to warm
-dchinook winds during the winter (Dumanski J.,-T M Macyk C’F Veauvy,
gliand J. D Lindsay, 1972) The Ah horizon of the Brunisol sampled had an hi‘; -
itorganic matter content of about 10 percent £ )]gi i, _ L

Waterton and Alpine soils have developed under environmental

‘rilconditions which favor the accumulation of large amounts of organic

“u}matter.. The relatively low yield of FR3 and FR4 humic fractions which -:;

:fcan be Separated from the FRO humic acid of these soils suggests that

-is'the environmental conditions are also such as. to favor a rapid turnover f;jV-f

. '

"j'of humic componencs resulting in a situation 1n which humic fractions in@

t(iintermediate stages of humification do not accumulate, but rather are k;"
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. : "\
rapidly converted to either more complex humic substances or to simpler

‘humic substances 3uch as fglvic acids. The observalion that the maJor
component of all ng humic acids was FRl material (Tables 3 3 and 3.4,
Section 3 21) and that ‘the yield of this component was’ generally gbout

the same from all FRO humic ac1ds extracted by 0 SN sodium hydroxide

";regardless of the soil series from which the humic acids were obtained

.suggests that for Waterton and Alpine SOllS ‘the low yield of FR3 and

“ FR4 fractions is due .to conversion to fulvic acids and simpler humic ’

'Jcomponents Thus it appears that differences between humic acids »5-
g . :

A'obtained from soils characterized by different conditions of climate

! .

" and- vegetation are. associated mainly with differences iJ the mannér

of combination and relative distribution of individual humic components .
.which make up the humic acids ' ' I
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-grams of Chromasorb W

APPENDIX I

‘Procedure for Preparation of
Ethylene Glycol Adipate
‘Gas ChrOmatographic'Columns

. Q.
Heat. 20 grams acid washed 80 100 mesh Chromasorb W at 140 C for

/

;After 12 hours, transfer heat treated Chromasorb W to a 1000 ml
$24/40 round bottom flask Stopper flask and allow Chromasorb to cool.

;Add 99 mole percent acetonitrite to the~1000 nl flask until the liquid‘fh

level is about l cm above the surface of the cooled Chromasorb W.

'Dissolve ll 0 gram% ethylene glycol adipate (EGA) in 100 ml of 99 mole
'percent acetonitrite. Add 10 ml of this solution to the Chromasorb W—h '
N acetonitrite suspensiOn prepared in Step (3) This procedure adds

“-f”sufficient EGA to produce a. O 65 percent w/w loading of EGA on 20 -

~

Remove all acetonitrite solvent from the EGA—Chromasorb W mixture by

rotary evaporation at 65—70 C. Use an all glass system and continue‘j.usfﬁ

',fotary evaporation for at least 4 hours

When rotary evaporation has removed all acetonitrite from the EGA- \f

;-Chromasorb W 1mmediately prepare fwo 1 5m x 4 mm I D glass GLC COlumns;h_*h’

Condition EGA—Chromasorb W columns at 250 C with the columns connéCted

o -i,to a stream ovae gas (20 cc/minute flow rate) Continue conditioning

fﬁffor at least 24 hours. _;f;f
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APPENDIX; I . . ; T
» Procedure For Derivitization of'Amiho Acids -

-

'An.aqueous aliquot containing 0.1 mgm to-lOVmgm total amino acids
- plus internal standard (ornithine) is placed in a 12 ml glass vial

and the sample is evaporated just to dryness by. placing the tube 1n

a 100°¢ sand bath while directing a stream of dry, purified nltrogen T

., gas into the heated tube. To ensure complete removal of H 20, 0 5 ml

3)

' added CH.CL: This latter procedure Temoves all traces “of HZO from

‘ temperature‘

cal sand bath as outlined in Step (l)

‘ .(4)

e

of CH 012 is added to the: glass vial immediately after the contents

_first read dryness and the drying procedure i§ repeated to remove the -

T
l

272"

cthe sample by azeotropic distillation.
. Add 2. 0 ml of CH OH HCl (22 8 gms HCl/SOO ml CH OH) to the vial
'containing the dried sample, -cap- the vial with a teflon cap and mix

ffor 30 seconds Allow the mixture to stand for 30 minutes at room 17

f*.

Evaporate the CH3OH HCl solution at lOO C using nitrogen gas and A ,‘

N

Add 2 o ml of n=C H90H HCl (22 8 gns HCl/SOO mlson- oa) to, the'“"

4 4“9

"\'methyl esters remaining 1n the vial after Step (3) Cap the vial"with

v

‘ ,a teflon 1ined cap and mix for 30 seconds After mixing heat the vial

. at 100 C for 2 1/2 hours using a sand bath After 2 1/2 hours evaporate 3f

flthe n—C H OH HCl reaction mixture to dryness using a stream of dry

479

- 'nitrogen gas directed into the reaction vial while maintaining the

'-C:vial at 1oo°c in a sand bath...jffl ,,'ft:ﬁ“

‘{Acylate the dried n-butyl esters by adding 0 8 ml of CH2C12 and 0 2 ml R

“7'fi:trif1uoroacetic anhydride to the reaction vial Cap ‘the. vial with ‘a -

"'fv'teflon cap and place the capped vial in a’ 150 C constant temperature

PPEN R
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APPENDIX II (continued) -
(5)! (continued)
sand bath for 5 minutes. After 5 miﬁu;es'the vial is cooled and the :
'trifipqroacetyi;nrbutyl amino acid esteré are ready for gas chroma-

togfaphié;analysis.
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