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ABSTRACT
Studies were conducted on two soil types to determine whether variations

in level ot "ggr"g".i6i;i;;;J 
tt ;tdiitg *heat sDraw' -were.-accompanied^Ui-.1*rin.""i".ting.i-in ih. polyiacchariie content of the soils. . ."'Th?';edili;" 

"?f;""rv ei;tid *h""t straw to the soils' followed bv.vary-
inE neriods "f in."U"ii"F, -"rt"afv-i*proved the level.of aggregation in
to-.ti ioltr. Where nitrogen was added together with the straw' the per-

;;il;;] qdd''"a;^; 6;,"a-b J 
"1'^", ^ai':meteu: 

was re duce d si gnifi c andv
as comparecl to tne straw treatment alone' . The data indicate that maximal

structural i-p.orr"-".il-;;;-;G;; additions can only be attained where

N is maintained at a relatively low level'^ irr"G""f.f "sgi.g"iir" 
bf the,variously.treated soils was shown to be

,on-r*i-ri.ty 3i"pff;;; J.p."a-."t oq't1tt 'microbial. gum' content of
i[|^"jii r"-iif"i. t-fr'i.l"o* 1".:.f 

'of 
lot."lation was due in-part to the fact

;ii;. .ti;;;fi;. l.t.f-"i rigi.g",ion.*as attained at a different sampling

oeriod than maximum accumulatron ot 'mlcrobial gum'. Also. appreciable

ffi;;;;i i,l,ryi".iii"tiJ* iu"t. ro""a .in the hJmin and humic acid as

well as the fulvic ".iJ t"""aio", ofihe soil organic mafter. .It.is concluded
thar level of aggregation is a function, not only ot the -mlcro-Dllt, g"ry
conrenr of the soII,6ut also of rhe carbohydrate carbon content ot tne numlc
acid-humin fraction.

INTRODUCTIOII
The addition of bacterial polysaccharides to soil has been shown by a

numbef of workers (3. 6, 9, it;'to result in an increase of the level of

agsresation. Rennie 
'ti oi. 1tt7 demonstrated a marked aggregating effect

#f,'.r,"" bacterial polysaccharide was added to a silt-loam; the. percentage

aggfegates grearer th'an 0.1 millimeter was increased by app-roximately 100

o?? .?",. "ln addition, polysaccharide materials isolated from soil were

lho*t to be effective aggregatinq materials.

Halstead (7) sugge"sied"thatif the soil polysaccharide content is related

to aggregation, ih.rE"thould be a correlation 6f the Percentage exffactable

"o11i"*;fn 
the per cenr aggregarion; no correlation was obtained berween

Sxrractable goti fto- th;-ful:vjc acid fraction of the soil _and Percentage
aggreqates i o.t -illi.eter in diameter on a Spencel s.itt-tg.aq soil under

;?f;tE;; crops and lime levels. Mehta et dl..(10) similarly failed to confirm

the findings 6f earlier workers that polysaccharides_ Plul.d a significant role

i" "ger.gi* 
formation. However,'data reported by Too.good. and !yl*

ltZi'in8icared a definite relationship between toial soil polysaccharide

.orri..ra, measured colorimetrically, and mean weight diameter of aggregates

of roif samples taken from selected crop rotarional 
-sequenc€s.from the Breton

plors. Siririlarlv, Chesters et al. (4) cbncluded, aftei studying the influence

ii ore"ri. *"it"r, microbial gum, clay, and free iron'oxide content of

J...Ea aggfegate size ranges 
"of four Wisconsin soils' that the microbial

zu- .o"i"i"r "was the mdst important single factor affecting level of

fu%Ff,l"J;sent 
study was undertaken to evaluate the influence of fertiliqy

level (N ind p) on the level of aggregation, and 'microbial gum' and poly-
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l* p-.iiii"r-t^"a_tt_p*t q;;;dis;;;iftd-i" purii"l fottrt^.tt of the requirements ol the M.Sc.

d"o"fi".t"*:i*6h"t"1:ff":X"""8*31;tion, 
strkatoon Reserch st-ation.. cuada Deparrment of Agricultuo.
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Silt Clay

sacchadde contenr of straw amended soils. More specific relationships
were studied in that the level of aggregation of the soils was relared ro the
content of carbohydrares present inltre various fractions of the soil organic
matter.

soi.t MdTERIALS AND METHODS

The soil samples used in these investigations were obtained from the Aa
horizon of a Darli Brown solodized solonitz (Trossachs) and an Ae horizon
of a Low Humic Eluviated Glgysgl (oxbow) profife. Significant data
characterizing the soils are given ih Table t.
Measuretnent of Soil Aggregation

. ,, T!. procedure used for the measurement of soil aggregation is essen-
tially the method outlined by Rennie (il). AggregatS"ani'rysis was con-
ducted on both air-dry and spray-wetted sampler.-"t8" p.r.",itrg. of warer
stable aggregates ) o.ot and > 0.5 millimerir in diameter were"used as an
lnoex ot soll aggregauon.

Measurernent of Microbiwl Gonn and Polysacch,aride,s
Rennie's rnodificadon (11) of the procedure of Forsyth (5) was used

to determine the microbial gum content.^ The polysaccharide content of the
soils was measured as described in the precedin! p:aper ( f ).

pHSoil
assoc.

Trossachs

Oxbow

6.0

6.2 2.5

53.2

39.2

26.0

49.8

20.8

Average

+O.M.:7aCXL724

Tesr.p 2. - TnB TNFLUENcE oF srRAw, wrrrr AND wITHour NrrRocEN AND pEospHoRUS.
ON THE LEVEL OF AGGREGATION OF TROSSACES SOIL

Soil treatment Percentage aggregation as aggregates )0.5 mm. diameter
following the incubation period indicated (weeks)

None
Straw
Straw f P
Straw * P *

Low N
Straw * P *

Medium N
Straw * P *

High N

7.4
14.O
14.2

11.0

11.3

6.3
11 .9
Ll.l

15 .9

8.2

6.6

t.l
8.5

IU. J

,.J

7.2

6.9
10.4
10.6

10.4

9.1

8.9

10.4
8.2

IU.J

8.4

9.2

7.2
11.9
9.8

10.9

lt.2
8.3

7.1
It.2
10.8

Lt.6

9.2

8.6

L.S.D. (P : .05) - Soil treatment 1"8

Correlation with microbial gum, r : 0.616**
**Significant at the 0.01 probability level

TeerB 1. - Cnanacrenrsrrcs oF TrrE solr,s usED

Coarse I M"diu-
sand | fine sand

1-0.5 mm. | 0.5-0.1 mm.
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Soil treatment

ACTON, RENNIE AND PAUL-POLYSACCHARIDES

RESULTS
In an experiment designed to srudy the effect of the fertility level of

srraw-amend'jd soils on the aggregation of the soil, finely ground wheat
straw and solutions of KH,POI-and XFINOa wero added to the Trossachs

and Oxbow soil samples. Wheat straw was incorporated with,the soil at

a rate equivalent to )0 to.tr per acre, KH"PO* at i rate equivalent to 200

pounds P,O" p.t acre, and NHNO, at rates equivalent to 100, 300, and
tOO pounds oi' nitrogen per acre. The amendei and unamended samples

were incubated in a 
-constant tempelatule gfowth chamber as described in

the preceding paper (1). The pLrcentag{ of water stable aggregates was

determined each #eek for a period of 6 weeks.
The incorporation of stiaw into the Trossachs surface soil significantly

increased the percentage of both ) 0.1 and ) 0.5 millimeter aggregates

(Tables 2 and' 3). Phisphorus amendment, together with the straw, did
not change the fevel of iggregation, but nitrofen tended _to decrease the
level of b"oth 0.5 and 0.1 -IlTi-".t.t diameter agg:regates. This decrease was

significant at the highest rate of nitrogen used.- The percentage"of aggregares > OIS millimeter diamerer reached a maxi-
mum after I wee[ of inl"uba"tion and then declined. The maximum level

of the ) 0.1 millimeter diameter agglegates was not reached until the later
sampling periods. It should be nbted that -the- 

microbial gum content
t.".'h.d.""'-aximum ar approximately 1 week after incorporation of the

straw and then declined sdrirewhar (l j. The lag in maximu^m level of small

aggregerte formation in relation to the producti-on of rnicrobial guq i" iltg
s5ij iirefl".ted in the low correlation coeficient, O.221, between microbial
qum content of the soil and percentage agglegates ) 0.1 millimeter diameter.

in .orl.trrr., a highly significint correlatidn-coifficient of 0.616 was catrculated

between the gum-content of the soil and the percentage .aggregates ) 0'5

millimeter dia-meter. This would indicate that the microbial gum produced
during decomposition of the stlaw is partially responsible for the increase in
aggrelates > 0.5 millimeter diameter.

Teer-B 3. 
- 

TnB TNFLUENCE OF STRAW, WrTrI AND WTTHOUT NTTROGEN AND PITOSPIIORUS,

Percentage aggregation as aggregates )0.1 rym. diameter
foilo#iniihe"incubation period indicated (weeks)

Average

None
Straw
Straw * P
Straw * P *

Low N
Straw * P *

Medium N
Straw * P *

High N

.l+.J
63.1
o-t.o

64.9

59.4

59.2

64.8
67.8

68.2

60.1

55 .2

5+.7
62.2
68.0

63 .8

64.8

60.4

54.9
o/.J
64.3

68.0

68.1

62.4

5/.O
68 .9
60 .9

63.9

69.0

6r.3

<4 1

7L.r
68 .9

66.2

68 .8

56 .5

55.9
66.2
65 .3

65 .8

65.0

59.2

L.S.D. (P : .05) - Soil treatment

ON TIIE LEVEL OF AGGREGATION OF TROSSACHS SOIL

Correlation with microbial gum, r : 0.22L
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PERIOD OF INCUBATION (DAYS)

FIcuno 1. The effect of soil treatment and period of incubation on the oer cent
aggregates ) 0.5 millimeter in diameter-Trossachs soil,

The aggregation data obrained where the dry soil samples were suddenly
immersed jito"the water (no pre-wetrinq procedure f<jllowed) have not
been included since the data v-^ere very v-ariable. while the same general
conclusions, as outlined above, could have been reached, it was mucfr more
dificult to establish any definite trends due to trearments or time. cor-
relation coefficients calculated benveen level of aggregation and gum content
were v-ery low and nor significant. The spray-wettlng pre-treatment is to
be preferred- in experimenri u here small variatiirns in thE li:vel of aggregation
are expected.

- Spray-wetting increased the measurable per cent aggregation for all size
of.aggregates; thi; increase in level of aggregation due"?o ilow pre-wetting
prior to wet-sieving was much more marrkid For the larger aggregates. Thi"s
increase in measured level of aggregarion has been expliined"6'y f.ennie (11)
as being due to the shattering 6I afg..grtes by entrairped air ivhen they are
suddenly wetted. spray-wdrring-t-he -sample"s prior'to wet sieving eriables
the air .in the _soil rbrei to be -gradrally'replaced by water, in ihis way
preventing 

.und-ue disruption of ihe rggiegrtbs by th'e entrapped air.
since the data obtained from thelOxbow soii samples foiiowed similar

trends to those discussed above for the Trossachs sbil, these have been
omitted from this paper.

, Approximately.20_ pe-r cent of the microbial gum precipitate has been
shown to be comprised-of p-olysaccharide material-(1).- The reratively low
correlation betwien microniit gum presenr and 

'percentage 
aggregation

could well be due ro the impuriti*es preient in the pr6cipitatei guriira'ction.
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PERIOD OF INCUBATION (DAYS)

Frcunr, 2. The effect of soil treatment and oeriod of incubation on the pen cent
aggregates ) 0.5 millimeter in diameter-Trossachi soil.

Also, it is possible that other carbohydrate carbon present in the organic
matter fraition may be of importailce in aggregate formation. Li the
further experiment described beiow the polysiichiride content of the soil
was determined using the colorimetric 

^anthrone procedure outlined by
Brink er al. (2).

A second incubation experiment was set up using the two soils described
previously. Ammonium nitrate and potassium di-hydrogen phosphate were
added to the straw amended (20 tons per acre) and unamended soils at a
rate of 400 pounds N and 200 pounds P,O, per acre. Sufficient replicates
were prepared to permit samplin$ 

^t 
10,42 and 84 days. The polysaccharide

contents of the incubated soil samples were determined on the complete
soil and on various fractions of the organic matter.

The influence of the wheat straw amendments, with and without nitro-
gen and phosphorus fertilization for the three sampling periods is illustrated
in Figur6s I ind 2 for the percentage aggregation > b.i and 0.1 millimeter
diameter respectivelv. Similar conclusions can be drawn using either
aggregate size as "o i.rd"* of the efiect of various amendments- on soil
structure. The addition of straw alone resulted in a maximum level of
aggregation at all sampling times. The addition of nitrogen and phosphorus
to the straw treated samples resulted in a decrease in aggregation as'com-
pared to the straw treatment alone. This decrease in aggregation was highly
significant after the 42- and 84-day sampling period. The addition of
nitrogen or phosphorus to the soil alone did not change the level of aggre-
gation significantly.

-tr- ----1"t:ktl[6 L"' P"ot
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PERTOD OF TNTCUBATION (DAYS)

Frcuru 3. The effect of soil treatment and period of incubation in the total poly-
aggregates ) 0.1 millimeter in diameter-Trossachs soil.

The polysaccharide content of the samPles incubated- for- 10, 42, md
84 days rdached a maximum at the first sampfing period and did not change
significantly during the remainder of the experirnent (Figure 3). There
tip."tt to "b" 

" sli[ht decrease in the polysaclharide contelnt for the straw
aione - treatment ifter 4z or 84 days r6sp6ctively as compared to the 

-10-day
sampling period. It is also evident thad the straw plus nitrogen and phos-
phoius "tr."t-.ttt resulted in maximum polysacchaiide forniition as com-

fared to the straw alone treatment. It is inieresting to note that these data
ho ttot conform to the aggregation data. Maximui-r polysaccharide forma-
tion was recorded after 10 days' incubation, while maximum aggregate
formation was not realized until after 42 days'incubation. In addition, the
soil receiving sffaw alone was much better aggregated than the soil receiving
stra\M plus trit"og"tr and phosphorus. Maximuiri p6lysaccharide formation wai
recorded in the latter treatment.

Again, the data obtained on the Oxbow soil samples showed similar
trendslo those noted above for the Trossachs soil. Consequentlv. for sake

of brevity, these were not included in this paper.
Since the anthrone determined polysaccharide content of the complete

soil resulted in distinctly different trends with time than that obtained with
aggregate analysis, it might be concluded that the polysaccharide content
of the soil is not directly related to the level of aggregation. To determine
the significance of these rather conflicting data, a fractionation of the organic
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Frcunn 4. The effect of soil treatment and period of incubation on the polysac-

;lrftd" 
(carbohyd,rate carbon) content of the precipitated gum fraction of the Tnossachs

fraction of the soil was carried out and the anthrone determined poly-
saccharide content of the various fractions w'as measured. It may be of
significance that the polysaccharide content of the precipitated gum fraction
of"the fulvic acid (Filuie 4) fraction followed the tiendin aggrJgation much
more specifically than did the polysaccharide contents of the complete soil.
This r6lationship was confirm'ed by calculation of correlation coefficients
befween the peicentage aggregation and the polysaccharide content of the
complete soil, and the various fractions of the organic matter (Table a).
The polysaccharide content of the precipitated gum fraction correlated
significantly with the percentage of water stable aggregates greater than 0.5
millimeter in diameter as well as the aggregates greater than 0.1 millimeter
in diameter. In addition, the highly significant correlation between the
polysaccharide content of the complete soil and that of the fulvic acid
fraction with the percentage of water stable aggregates greater than 0.1
millimeter in diameter indicates a close relationship between the polysac-
charide content of these systems and the level of aggregation of the soil.
The poor correlation with the aggregares greater than 0.5 millimeter in
diameter possibly indicates that the polysaccharides measured in the complete
soil and 6ther fractions of organi6 matter are contributing mainly to' the
formation of the smaller sized aggregates.

The correlation coeflcients calculated between level of aggregation,
and the polysaccharide content of the complete soil, and various organic
matter fractions for the low orqanic matter gleysoiic Oxbow soil are
given in Table 5. The sample r,vas characterizid by a very platy struc-
ture, and initially contained approximately one-third as much poly-
saccharide material as the Trossachs soil. The hish correlations between

ACTON, RENNIE AND PAUL-POLYSACCHARIDES 207

fo42
PERTOD 0F INCUBATION (DAYS)
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borh size of aggregates and the polysaccharide content in the complete 
-soil

and various fr:aitidns of the oreini.; matter undoubtedly reffect the marked
changes in stmcture and poljrsaccharide content br6ught about by the
various straw and fertilizer ireitments. It can be concluded that the poly-
saccharide content in all the fractions separated is likely responsible for or
closely associated with the agg'regation phenomena.

rhe a d d itio" 
" 
t ?tj# 

t;i3* 
f Yt #.f,#it."J ?'o s s a chs an d oxb ow

soil samples, followed by ihcibation, increased both the level of aggryga.t-1-on

and microbial gum (and polysaccharide) content of the soils. High fenility
(addition of N and P) reduced the percentage of aggregates ) 0.5 and
) 0.1 millimeter diameter, and the gum and polysaccharide content. The
addition of nitrogen and phosphoruslo the striw imended soils undoubtedly
increased the ratt of decbmpbsition of the straw (8); the'gum' content of
the soils, an oxidative assimilation product of diverse soil micro-organisms,
decreased accordingly. It can be concluded that the addition of straw to
soils will result in maximum structural improvement only where N and F
are maintained ac relatively low levels.

The microbial gum or polysaccharide precipitated from the fulvic acid
fraction of the soil orsanic matter of the amended and non-amended
Trossachs and Oxbow s6il samples correlated significantly but not higtrly
(approximately 35 per cent dependent) with the level of aggregation. This

Taer,n 4. - Connpr-ertoN CoEFFIcTENTS oF TnE poLysAccHARIDE CoNTENT oF vARrous
FRACTIONS OF TIIE SOIL WITII PERCENTAGE AGGREGATION OF TROSSACIIS SOIL

Per cent aggregation
)0.5 mm. diameter

Per cent aggregation
)0.1 mm. diameter

Complete
soil

Humic acids
* humin

Fulvic
acids

0 .565

0.7r5**

Acetone
soluble

0.488

0.6124

Precip-
itated
gum

0.423

0 .7 31**

0 .516

0.645t 0.694+

*+Significant at 0.01 probability leyel
*Sisnificant at 0.05 probability level

Tesle 5, - ContBr,a:rroN coEFFrcrENTS oF THE polysAccrrARrDE coNTENT oF vARrous
FRAcrroNs oF Tr{E sorl- wrrg pERcENTAGE AGGREGATToN oF TEE AE HoRrzoN oF A Low

Per cent aggregation
)0.5 mm. diameter

Per cent aggregation
)0.1 mm. diameter

Complete
soil

Humic acids
* humin

Fulvic
acids

Precip-
itated
gum

0.671*

0.664*

0.946+*

0.926**

0.9L7**

o.912**

0 .954**

0.913**

0 .7 52**

0.740**

rruMrc ELUvTATED GLEysoL (oxnow sorr-)

**Significant at 0.01 probability level
*Significant at 0.05 probability level
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conclusion is substantiated eithel from data obtained where the microbial
gum content of the fulvic acid fraction was measuled gravimetrically, or
ivith the anthrone reagent. \,Vhile it can be concluded that the 'gum' con-
tent of this fraction oT the soil organic matter is associated with the-aggre-
gation phenomena, the level of aggiegation is also dependent on other factors.

It is significanr that appreciable contents of polysaccharides were found
in the hum'in and humic iiia 

"r 
well as rhe fulvic icid fractions of the soil

organic matter (1), and that, in the case of the poorly structu'red, .trighfl
lea'ched Oxbow soil, the polysaccharide content of the humic acid - humin
fraction correlated more highly f ith level of aqgregation than that found in
the precipitated gum fractidn.' Ir can be concl[dedthat level of aggregation
is a^funciion, nit only of the'microbial gum'content of the soil (precipi-
tated from the fulvic'acid fraction), but aiso of the carbohydrate coi.tent-of
the humic acid and humin fraction. These latter fractions were formerly
considered to contribute little towards aggregate stabiliqy.
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