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ABSTRACT
The polvsaccharide content of two soils' measured by precipitating and

weiehine ihe microbial gums from the fulvic acid fraction of soil organic

-tii"., "and by colorime"tric analyses using anthrone, was..increascd.appre-
ciably during the incubation of samples with_ srraw. Appltcatrons ot nrtfo-
gen 'and ph6sphorus altered only slightly the amount..of. polysaccharides
i..r.rrr. The'oolvsaccharide content of the amended soils increased rapidly
durins the 6rsi #eek of incubation and then levelled ofi'

pepiization of the soil with dilute alkali prior_to acid hydrolysis substan-
tially increased the carbohydrateq measured with anthrone. The anthrone
oe"gent which measures primarily hexoses indicated _a soil carbohydrate
con"tent of 10-15 per cent oicurring in a range of Saskatchewan soils. Thirty-
five per ."nt m6re carbohydrate*carbon ivas found using the less specific
phenol-sulphuric acid reagent.

The acetone precipitatid fraction from the fulvic acids accounted for
only 10 p". .".tt of the soil carbohydrates and contained. a large pr.o-portion
of ish aird other non-carbohydrate materials. The total acid-soluble base-
soluble fraction, fuh'ic acids,'contained 15-25 per cent; the rem,ainder was
distributed in the alkali insotuble humin - 55-70 per cent and the humic acid
fraction 4-12 per cent.

INTRODUCTION
The iso,lation and quantitative nreasurement of polysaccharides from

soils has been reported 6v several wolkers using a gravimetric Procedure
(5, 18, 19). Thii usually'involved precipitation 5f tn". microbial gum from
an acidified fulvic acid fiaction of oiganib matter by the addition of acetone
followed by drying and weighing of the dehydrated gum.

Polysaccharide materials in soils also have been determined quantitatively
employing colorimetric techniques. Maclean and Delong (16) first ap-

pti6d itre inthrone reagent (6) tb the measurement of carb_ohydrate material
in a soil system. Brink, Dubach and Lynch (4) concluded that a 0.2 per
cent solution of anthrone gave a relative measure of the total polysaccharide
content present in acid h"ydrolysates of soil. Lynch and. co-wbrkers (11,
l+, 22) have used this techniqu6 plus carbazole and orcinol reagents for the
estimation of total polysacclrarides, uronides. and pentoses' respectively. in
a number of soils. 'In'addition, the soil amino sugars have be6n quanlita-
tively measured colorimetrically in soils by workers such as Sowden (20),
Bremner (3) and Stevenson (21).

Chromatographic separation and identification o{ the soil polysaccharide
constituents by workers-such as Bernier (1) and Whistler-and Kirby (23)
has indicated'that these substances contain primarily galactose, glucose,
mannose, arabinose, thamnose, and ribose, plus lmino sugars and methylated
sugars. Interpretation of the role of polysaccharide substances as con-
stiiuents of soil organic matter and as aggregating agents is, however'
difficult because of variations in methods employed in their estimation by
both colorimetric and gravimetric techniques.

lContribution from the Department of SoiI Science, University of Smkatchewan, Srokatoon, Sask,
This paper is based in part on a thesis submitted in putial fulfilment of the requirements of the M.Sc.
desree. Universitv of Saskatchewan.- {Research Officer, Pedology Section (Saskatoon Research Station); and Assistant md Associate
Profesors, respectively.
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The quantitative estinration of soil polysaccharides generally' has dealt
u'ith the filvic acid portion of soil orgairic'nratter (10, ir, ts, il;. Poly-
saccharide materials har-e, hc,rvevcr', alsil been leported in the acid insoluble
portion, humic acids (73, 1+), and in the alkali-lnsoluble humin (9). The
relative distribution of polvsaccharides in these fractions of soil organic
matter: in amended and non-hmended soils is, hor'vever, unknolvn. This studrt
was therefore initiated to measu.re the effect of organic amendments on
calbohvdrate constituents in the soil and in various-fractions thereof, bY
both giavimetric and colorirnetric techniques.

soils 
MATERIALS AND METHODS

Soil samoles u-ere obtained fron.r the Aa horizon of the Orthic Black
sub-group profile of the Oxborv and r\'{elfort associations, the Calcareous
Blac-k profiie of the Yorkton association, the Orthic Dark Brorvn profile of
the Elitor,v association, and the Dark Bror.vn Solodized Solonetz profile of
the Trossachs association. A sanrple also was taken from the eluviated Ae
horizon of an uncultivated Lor.v ilumic Eluviated Glevsol (blufi podzol)
profile belonging to the Oxbou' rrssociation. 'fhcse ioil associrtions are
further described in the Saskatcheu'an Soil Survey Report No. l2 (17).

,Measarewent of Mic'robial Gunt
Wheat straw at a rate equivalent to 20 tons per acre, and NH,NO" at

rates equivalent to 100. 300 ind oOO por.rnds N per acre \\ere mixed rrith
Trossachs clay loarn, sieved to 2 rnillimeters in size. The soil samples r,vere
incubated in the dark in 50 x 100-millimeter crystallization dishes in a

constant tempelature growth cl'ramber at 63 -L 2'F., and the moisture content
maintained at field capacitv. Glass t'ool u'as placed over the surface of the
soil to prevent crrlsting on watering and to reduce evaporation.

The method used for the extraction and gravimetric rneasureurent of
nricrobial gum is essentiallv the procedure desciibed by Rennie et at. (18).
The nitrosen content of the microbial [Jum was determined by the micro-
I(jeldahl riiethod. Total ash s'as deteririned bv heating a clriid sample of
the gum in a mufrle furnace for 60 minutes at 550'C.

The carbohydrate content of the rnicrobial qull \\'as measr.tred by
adding 5 milliliters of 0.5 N NaOH to 0.05 gttrt r nT dried gum ground ti,
0.1 millimeter in size. The susoension r,vas zrllorved to stand for t hour and
then titlated u'ith 3 N H"SO, to the equivalence point, and an ercess of
5 milliliters 3 l/ H"SO, added. The solution u-as hvdrolyzed f or 24 hours
at 85'C. and carbohydrates determined by the anthrone nrethod.

Coloritmetric lleann'ernert of the Carbohydrn.te Cortent of Soil
Ten grams of soil rvere dispersed in ,10 milliliters of 0.5 -A/ NaOH for

10 ninutes in a Waring blendor, transferred to Erlenmeyer flasks by means
of an additional 60-milliliter NaOH, and shaken for 3 hours. The suspension
u'as then adjusted r.vith concentrated HCI to a pH value of 2-3 and the
fulvic acids separated from the humic acids * soil colloids by centrifuging.
The humic acids * soil colioids -ren-raining in the centrifuge tube rvere
r'vashed with acidified u'ater (10 milliliters concentrated HCI in 400 milli-
liters H,O), the centrifugation repeated and the supernatant added to the
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February, 19631 ACTON ET AL.-POLYSACCHARIDES

T,tsLB 1. 
- 

Errrcr oF SoIL TREATMENT AND PERIOD OF INCUBATION oN THE GUM CONTENT

OF TROSSACI{S SOIL

(gm./100 gm. soil)

C:N
ratio of
straw

Tirne in t'ecks

None 0.20 0.21

Straw 0.31 o.26

Straw * PzO; 0.28 0.24

I +)

Strarv * PrOa
*lowN
Straw * PzO;
* medium N

0.28

0.29

0.2s

0.23

previous extract. The supernatant (fulvic acids) was diluted to voLume
'and two volumes of acetdne wer.e added ro one volume of an aliquot of
the solution. The supelnatant solution, after centrifYg!.g, comPdsed the
acetone soluble fracti,on. The acetone was removed by evaporation to
dryness on a steam bath, and the residue dissolved in watel. The flocculent
precipitate designated as microbial gum was re-dissolved in 0.5 A/ NaOH
and also adjusted to volume.

Organic matter fractions u'ere hydrolyzed using sufllcient H_,SO,-to give
a soluti"on equivalent to 100 milliliiers j ll H,SO,. Polysaccharide con-
stituents r,r'ere then estimated with anthrone (4). The carbohydrate-carbon
content of hvdrolyzed fractions of humin, humic acids, and fulvic acids

were also determined using the phenol-sulphuric acid rnethod outlined bv
Dubois et ttl. (7).

The sugars in the hydrolyzed humin fraction were purified by removing
the H,SO, i'itn n"1Ofi), and desalted by' passing the-hydrolysate through
an anion exchange resin, Dowex 2-x8 (aci:tale cycle) then the cationic resin
Amberlite 1R-120 (H+ cycle). Paper chromatograms were developed
with l-butanol : acetic acid : water:40: 10:22 v/v and l-butanol : pyridine :

water : 125:40:725 v/t,. The spots v,erc detected with aniline'phthalate
(2).

RESULTS

Amendment of the soil 'ivith r'r'heat stra\\', and incubation resulted in
substantial accumulations of rnicrobial gurn (Table 1). The gum concentra-
tions rvere at a maxilnum level after 1 week of incubation regardless of the
soil treatment, with the gum content varying randomly withlime after the
first week. A similar trend u'as reported by Rennie et dl. (18) where the
gunr content of a Spencer silt troam soil increased during the first 6 days of in-

TT[,.."* | ^, ;].-El l,'i ','l ,,,
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Tanlp 2. - CoupenrsoN oF THE MrcRoBrAr, cuM AND poLys-{ccHARrDE coNTENT oF soILS
AND TIIE EFFECT OF SODIUM HYDROXIDE PRE.TREATMENT ON THE POLYSACCHARIDES

ExrRAcrED FRoM soME S,tsxlrcHBlv-A.N soILS

(Carboh-vdrates as glucose 
- 

gm./100 gm. soil)

Percentage of polysaccharides in the soil
Ratio-soil: 3iy' H:SOa

Percentage
organlc
matter

Percentage of
microbial gum

irr the soil
1:10

Peptized
Not

peptized

Yorkton
Oxbow
Melfort
Trossachs

0.74
0.49
0 .98
0 .61

cubation after addition of organic materials, and then declined for the re-
mainder of the exDeriment. Addition of inorsanic fertilizer to the strau/
slightly decreased the microbial gum content 6f th" soil from that of the
straw amendment alone.

The acetone precipitation of materials designated as microbial gums
from a NaOH or water extract of soil, although it has been used by a fairly
large number of investigators (5, 18, 19), has the disadvantages that it is

time-consuming and does not lend itself to routine analyses. The precipitate
varies in chemical composition and does not lend itself to chromatographic
identification of the sugar consriruenrs. The results, obtained by this tech-
nique were, therefore, iompared to some of the colorimetric data obtained
in investigating the effect of NaOH peptization of soils before hydrolysis
(Table 2).

The concentration of polysaccharides in the Yorkton soil was similar
when measured gravimetrically and colorimetrically. This was, however,
not uue for the Melfort, Trossachs and Oxbow soils. This suggests that
the amount of non-carbohydrate material present in the microbial gum pre-
cipitate varied with the soil type. The microbial gums were found to contain
an average of 67.5 per cent ash. The flocculent precipitate obtained in this
detelmination was no! purified, which possibly accounts for this exception-
ally high value. Halstead (12) purified the flocculent precipitate by
washing with distilled water, reflocculating with acetone and centrifuging
until the precipitate was free of chlorides. The gum isolated from a Wis-
consin soil contained up to 24 per cent ash even after this purification.

Nitrogenous compounds were also present in the microbial gum, as the
average of four determinations of the total nitrogen content rvas 1.24 per
cent. The polysaccharide content of the precipitate, measured using the
colorinretric anthrone technique, was found to be only 18.8 per cent.

Peptized I peptized

s .6 i 0.78 | 0.87 | 0.784.4 | 0.14 I 0.s5 I 0.49
9.8 | 0.48 | 1.07 | 0.86
4.4 10.21 10.72 10.56
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February, 19631 ACTON ET .4.L.-POLYSACCHARIDES

Coloriwetric Detennination of the Carbohydrate Content of the
Cornplete SoiI and Fractions of the Organic Mafter

Peptizarion of the soil samples prior to hydrolysis substantially increased
the qua'ntity of polysaccharidd extiacted from ..6h of the four soi'ls at the
1:10-and l:20 soil:'acid ratios (Table 2). This increase was attributed to
improved separation of the soil and organic materials such that the poly-
sacicharides ir" -or. likelv to be hvdroii.zed on addition of the acid. 

^ The
procedure of Brink et at.'(4) was, iherefore, modified for succeeding deter-
minations of the carbohydrate content of complete soil hydrolysates. Ten
srams of soil were dispeised in 40 rniliiliters of b.5 N NaCiH for to minutes
in a Waring blendor, iransferred to Erlenmeyer flasks and hydrolysed with
ten parts of 3 A/ H"SO, per gram of soil.

An experiment was designed to study the effects of soil amendments and
incubation-on the polysacchalide concentration of the complete soil and on
fractions of the oisanic matter of the tu'o soils. One soil was a surface
sample from the Dirk Brorvn Solonetz sub-group profile of the Trossachs
catena, and the other an eluviated Ae horizon from the Low Humic
Eluviated Gleysol sub-group profile of the Oxbow catena. Finely ground
wheat stra$' and solutions of ammonium nitrate and potassium di-hydroqen
phosphate were incorporated with portions of the ioil at rates equinaiettt
to 20 tons straw, 200 pounds P,O", and 400 pounds N per acre.

Substantial increases in the polysaccharide content of the "complete
soil" occurred due to the straw ainendment (Table 3). The soils 

"*e.tdedwith straw * inorganic nitrogen and phosphorus contained slightly higher
concentrations of polysaccharides than the soils amended with straw alone.
Slightly higher p<ilyJaccharide concentrations were observed in the soils
amended with nitrogen and phosphorus compared to the unamended soils.

There rvas a slight decline in the polysaccharide content of the un-
ferdlized Trossachs soils in the latter period of the experiments. This trend
was not evident in the Trossachs soils amended with inorganic nitrogen and
phosphorus; hence, it appears that inorganic fertilizers had a stabilizing effect
on polysaccharides produced in the soil.

In the fractionation technique utilized, the complete soi'l was divided
into two fractions, the humic t.idt + soil colloids fiaction and the fulvic
acid fraction. The fulvic acid fraction r'r'as again separated into the acetone
soluble and precipitated gum fractions. Approximately 75-85 per cent of
the total carbohydrate content of these soils r'vas found to be present in
the humic acid * non-dispersed soil colloids fraction. This may indicate
incomplete separation of the constituents on dispersion of the soil sample

prior to hydrolysis.
It was reported by Forsyth (9) that significant portions of the .sodium

hydroxide insoluble fraction may be composed of carbohydrate materials
containing glucose, xylose and glucosamine residues. The carbohydrate
constituents in this fraction are probablv associated rvith non-sugar com-
ponents and the name polysaccharides must be applied with reser-vation to
the carbohvdrate carbon measured in the hydrolysates.
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The fulr.ic acid fraction contained 15-25'per cent of the total soil carbo-
hvdrates. Fractionation of the fulvic acid bn the basis of the solubility
o'f irs co-ponents in acetone indicated that the acetone soluble Poltion
contained gr"rt.. concentrations of polvsaccharides than the PfeciPitated
gLlm porti&; the latter accounted for leis than 10 PeI cent of the total soil
carbohydrates.

I,,Iaximun production of carbohydlate calbon in all the soil fractions
was associated ;'ith an abtlndant enelgv soulce and an adequate nutlient
level for tl-re soil micro-organisms. One-erception was aPPalent in the pre-
cipitated gum fraction of ;he Trossachs soil (Table 3) rvhere the strarv plus
fertilizer ir.atttr.ttt contained less carbohydrate carbon than the straw only
rreatment. This lyas also obsen'ed u.hen'the poh'saccharides in this fraction
\\rere measurecl gravimetrically (Table 1).

l)ue to the unexpected distribution of the polysaccharides in the various
fractions of the soil,'the organic matter c,f foirr ioils r'vas fractionated into
the hurnin, humic acid and- fulvic acid fractions' Adequate washing and

reprecipitation of the fractions ensufed that contaminating agents wele at a

minimum. After hvdrolvsis the polvsaccharide concentration of each of
these fractions \\/as ldeterinined coiorimetrically v'ith anthrone and phenol-
sulphuric reagents.- 

The results (Table 4) complement the previous obselvations that the

NaOH insoluble (humin) fraction of the organic mattef contained con-
siderable quantitie; of polysaccharide substanies.. -A.t"ng". of 55-70 per

cent of thi total soil p6lyiaccharide, lneasuled rvith the anth.rone reagent'
u,as found in this fraction of the organic matter. When the pheno-l-sul-
phuric reagent was used, the per cent of the total soil polvsaccharides found
in the huriin increased to 68-83 pef cent. In rnost cases, the fulvic acid

fraction comprised approximatelr,: t5-25 per cent of the total .soil poly-
saccharide cohtent, as'determined s'ith boih anthrone and phenol-sulphuric
acid reagents. Similar pefcentages \\'ele lePolted in- the previous fractiona-
tion stu?v. The contribution-of the humic acid fraitioll to the total
oo,lvsacchalide content of the soil $'as the los'est of the three fractions. It
ianged from -1 to 12 per cent for both n-rethods.

l,'Ieasuring polvsaccharides tx' the phenol-s-ulphuric acid- method re-
sulted in slighill: higher values foi rhe fulvic and hun'ric acid fractions, and

substantialll: hiil-rer-r'alues for the humin Poftion.of organic matter' The
higher values aie attributed to the difference in the specificity of the ts'o
..ig.ntr. The phenol-sulphulic acid reagellt rn addjtion to hexoses.

rtreisures pentosea, methyl petttot.t and p-keio ncids. aldehydes.and ketones

u.hich at. nnt lreasu.red by rhe anthrone r-eagent at the wave'length. used,

tncl thus sorte non-carbohidrate constituents 
"are probably includJd in this

estimation.
Lynch arld co-\\rorkers (11, 1-t) found that interfering substances did

not inr.alidate the soil polysaccharide measu.rements obtained with the

anrhrone reagenr. IJou.6vei', because of the high..values obtained for the

h.rnin fractid'rvith both reagents' and the possibilitv that this may be due

to non-carboh\.drate nrateriali a portion of ihe hr-drolvsed humin irorn the
L,lstorr An ancl C)rhou' \t soil ianrples .t ls purified- trr- passage through
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February, 19631 ACTON ET AL.-POLYSACCHARIDES

anion and cation exchange fesins, and the carbohydlate content again deter-
mined. This would reliove any ionized non-cafbohydrate subsrances that
affected the intensity of color developed with either the anthrone or phenol-
sulphuric reagents.' There was no reduction of the carbohydrate calbon
content of th; de-salted humin from the Elstow soil, and oniy a small loss

from the Oxbor,v Ae soil r,vhen measured with anthrone reagent (see

Table 4). A 50 per cent reduction of the compounds reaciing with
phenol-sulphuric acid was, hor'vever, noted after de-salting.

Portions of the de-salted humin were spotted on paPer chromatograms
to identify the sugars present in this fractio'n of the otg*i. matter. iJsing
butanol-pyridine,-burahol-acetic acid and phenol-water systems as solvents,
glucose, 

^galactose, xylose, arabinose and mannose wele identified. The
humin frlcdon thus had a composition not essentiallv different from that
found in the water soluble or dilirte alkali soluble fraciion of organic matter
(8,23).

DISCUSSION AND CONCLUSIONS

The use of an acetone precipitated fraction from the fulvic acids (de-
signated as microbial gum) has been shown to have serious limitations as an

in?ication of the polyiaccharide content of Chernozemic soils. It has a h-igh

non-carbohydrate content and measures only a fraction of the total carbo-
hydrate constituents

The colorimetric anthrone method, if preceded by peptization of the
soil with NaOH in a Waring blendor, was fbund suitableTor measuring-th'e
polysaccharides of the soil ai well as the disrribution of carbohydrate carbon
in iractions of the soil organic matter. All the fractions of the organic
matter contained carbohvdlates; however.75-85 per cent of the measured

soil carbohydrate carbon *'ts present in the huinic acids * soil colloids
fraction. Upon further fractionation approximaygl.y Sl-l! Per cent of the
carbohydrate carbon rvas found to be iri the alkali-insoluble humin Portion'
15-25'fier cent in the acid-soluble fulvic acid fraction, and 4-12 Per cent in
the acid-insoluble humic acid fraction of organic matter.

In the studies reported, the organic matter insoluble in repeated ex-

tractiolls with 0.5 N NaOH rvas deiisnated as the humin fraction. How-
ever, this widely gsed fractionationf since the conclusion of the above
studies, has been sholvn to have limitations rl'"hen used on the Black
Chernozemic soils such as the Melfort. Campbell* has demonstrated that
repeated ext-ractions r,vith dilute alkali remove only one-thifd of the soil
organic matter, the other tu,'o-thirds remaining in the humin fraction' Pre-
liriinarv treatment rvith 0.1 N HCI followe-d by 0.5 N NaOH results in
Iorveririg of this figure so that only one-third of the organic matter js not
removed by dilute alkali. This type of extraction procedure could signi-
ficantly alter the reported distribution of carbohydrates,

The colorimetric techniques are fairlv rapid and have been found in
this study to give 

"n 
rc.or"te estimation-of Carbohydrates Present in soil

organic irattei. The anthrone technique has previously been applied to
soil analvses (+. 11. 16). This techni{o. o.". ?ound to measure^from 45
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to 65 pei: cent of the carboht.drate carbon detcrnrined t'ith the phenol-
sulphuric acid reagent. This agrees rvith the theoretical distribution of
the hexose carbon by u'orkers such as I-ynch et oI. (15) arrd bv Whistler:
and Kirbv (23).

lVol. +i
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