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SUMMARY

Studies on the decomposition of organic substances in soil have

been reviewed with partícular emphasis on organic fractions defined

biologically rather than chemically. Methods avaifa-l¡le for the

determination of microbial biomass in soil were also reviewed. The

fumigation techni.que and the determination of ATP appear to be most

suital¡l-e. for estimating microbial biomass, especial-ly in studies

concerning the dynamics of organic carbon in soil- . Ho\^¡ever, the

application of the above two methods is limited by the conditions which

prevail in the fielcl , and during sampling and handfing in the la-boratory.

Seven soil samples coll-ected fresh from the fiel-d were examined

after various pretrea.tments in terms of content of ATP and. biomass

carbon. The ATP extracted was markedly and rapidly reduced by air-

drying. Hohrever a short wetting phase prior to freeze-drying of air-

dried soils increased the ATP content significantly. The increase in

the content of ATP extracted during wetting of air-dried soil-s occurred

in the presence of dinitrophenol and therefore was not due to synthesis

but to other reactions" The net effect of freeze-dryLng on the

extraction of ATP depended on the physiological state of tl're organisms.

F,Ioweverr the nature of the changes associated with freeze-drying of the

soils and their infl-uence on the extraction of ATP was not fully

understood. Storage of the freeze-dried soils at 25oC and -l-Soc led. to

substantial l-osses of ATP.

The effects of various pretreatments on the biomass carbon content

of the soils were compared based on the amounts of CO, evolved from the

fumigated and unfumigated soifs duríng the 0-10 day incubation period.

Biomass carbon content of the soil-s decreased after air-drying. The

concentration of ATP in the biomass of the field moist, air-dried -

freeze-dried, and soils incubated with water did not change significantly

and were simil-ar to the values reported by Jenkinson and coworkers. The
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wide biomass C/ATP ratios in the air-dried soifs were thought to be due

to incompl-ete extraction of ATP. By contrast the raÈios of biomass C/ATP

in the biomass of the field moist and the soils incubated with wate:: after

freeze-drying were much fower because more ATP was extracted.

Two soils, viz. the Urrbrae fine sandy loam and the Northfield clay

were fractionated b,ased on particle size and density after dispersions

using a Spex shaker or an ul-trasonic probe. The content of organic carbon,

nitrogen, ATP and the monosaccharide composition of the soil fractions

were determined. The ïecovery of ATP from the soil fractions obtained-

after dispersion usíng the Spex mixer \^/aS poor and ATP was evenly

distributed amongst the soil fractions. By contrast after ultrasonic

dispersion the' concentration of ATP \^Ias high for fractions of diarneter

5-2 pm and <I pm in the Urrbrae fsf and silt size particles of the

Northfield clay. Determinatíon of the ratios of the galactose + mannose/

aral¡j-nose + xylose indicated relative enrichment of microbiaf materials

but not necessarily the Iiving organisms in these fractions " A fraction-

ation scheme was formulated based on the amounts of ATP and the organic

mat-.eria] contained in the soil fractions obtained by physical means only

and was used to study the decomposition of I4c glucose in. the two soifs.

After incubatio¡ of f4c-glucose the proportion of f4c present as

biomass was much higher in the Northfield clay than the Urrbrae fine sandy

Ioam. A range of biomass C/ATP ratios for the labelled microbial

population in the soils jncubated *itl-rl4c glucose is reported. Most of the

1A'=C and ATP in the Urrbrae soil was located in tire <0.5 Um fraction duiing

early stages of the incubation but subsequently there appeared to be a

transfer of ATP trrd I4C, presumably as microbj-al biomass, to the 5.0-0"5 !m

fraction. The non-bioma="-tn" present in the <0.5 ym and the 2O-5 pm

L4
fraction was J-argely responsj.ble for the disappearance of - C from. the

14
Urrbrae fsl- as cornpared to tl-re rapid losses of biomass-- -C from the

5.0-0.5 Um and the 2O-5 Um fractions of the Northf-ield clay. Although
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I4the retention of C in the two soils was similar, considerabfe

differences were observed in the dynamics of biomass and non-biomass

materials.
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LIBP.ARY

ÏNTRODUCTION

The rofe of microbial biomass in soil is vital- in the transformation of

organic subsLances and nutrient cycling in soil. The biomass is also

considered as a relativel-y labile pool of soil organic matter. Esti-rnatio¡r

of microbial biomass in soil by direct microscopic observation is often

Iimited by technical problems, reliability and tíme. Al-ternatively indirect

method.s such as the fumigal-ion technigue and the determination of ATP offer

promise fc¡r the estimation of microbial- biomass, although Lhey are not

without limitations.

Over the last two decades the intensive application of isotopic tracer

technio,ues have allowed identification of artefacts arising from the use of

chemical reagents for extracting and fractionating soil organic matter.

These chemical fractions have proved of 1ittte vafue in studying the dynami.cs

of organic matter in soil. However, fractionation of so-il by physical means

only has been found to separate to some extent components of organic material

based on their bioJ-ogical origin. The chemical natur:e and the content of

organic material in these soil fractions has provided infonnation on bonding

mechanisms and nature of organo-mineral complexes in soiI. However limited

information is available on the abundance of microbial biomass in various

fractions obtained from soils by physical means and the range of stabilities

of organic materiafs in soils remains unexplained.

This thesis describes attempts to measure the microbiaf biomass in

various fractions of soil obtained using physical methods only.
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1. REVIEW OF LTTERATURE

t.t Dynamics of Organic Matter in Soil

1.1.1 D sition of o anic suJ¡strates in soil.s

Decomposition of an organic substrate in soil- is accompanied by

synthesis of microbial- material-s which are protected by vari-ous mechanisms,

against further rapid microbial- degradation (Sorensen, L969; Legg et af.,

I91 L¡ Fefbeck, L9'7I; Cheshire, L971). Studies with pure culbures have

shown that the efficiency of carbon assimifation by micr:obial celfs is

usually about 60 percent of the carbon met-abolized (Payne, 1970) .

Efficiencies l.ower than 40 percent have been reported for hydrocarbon-

util-izing organisms (Vary and Johnson, L96l). Theoretically the

efficiency of carbon assimilation may be as high as 70 percent for the

aerobic bacteria (Camp, f963).

Simple substances like glucose or other carbohydrates decompose in

soils at a rapid rate initj.ally, with a biological hal-f-Iife of a few

days (Sorensen and Paul, I97Li oades and Wagner, L97L¡ Ladd and Paul,

1973) . For plant residues, the calculated half-Iives are 3-6 nronths

(Jenkinson, 1965; Sauerbeck and Gonzalez , I9l7). More resistant components,

including microbial residues formed. in soifs decompose in soils with

half-Lives in the range of 4-8 years (Jenkinson, 1965¡ Sorensen , 1961 ¡

Shields et a7., L973¡ Ladd et aJ.., t98I). In the early stages of

decomposition, the rates are curvilinear indicating that a heterogeneous

group of material-s take part in the decomposition reactions. As the

decomposition process slows down, the reactions involve more resistant

homogeneous products of decomposition (Sorensen, L972) .

The proportions of the added carbon retained in the soils have been

simil-ar, irrespective of the source and climatic conditions (Jenkinson,

L97L). Fifteen to twenty percent of g]ucose carbon remained after 3 years

compared to 20 percent of straw carbon after 4 years of decomposition.
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Decomposition was faster in

i) a sandy soil than in a clay soil (Jenkinson. 1977¡ Ladd et a-1.,

L917Þ) ¡

ii) a cultivated soil compared with a soil under pasture (Martel

and Paul , L9'1 4) ¡

iii) a bare soil compared with a soil under plant cover (Fuhr and

Sauerbeck, 1968; Shields and Paul-, L973; Jenkinson, 1977) ¡

iv) a tropical soil compared with a soil under temperate cfj:nate

(Ayanaba et aL. tI9'76) .

L.I .2 Eval-uation of conventional methods to study organic matter dynamics

Most studíes of organic matter dynamics have been carried. out

accordíng to cl-assical methodsri-e.fr:actionation into humic acid, fufvic

acid and humin components (Kononova, I96f) or have involved isolaÈion and

characterizatj-on into groups of specific chemical compounds (Bremner,

1965, J-967 ; Fel-beck, 1965) .

Most of the organic mat-ter in soil exists in combination with mineral

particles. In order to study the nat-ure and -dynamics of organic matter,it is

often necessary to extract and then fractionate into groups of materials

based on solubíl-ities in acids, al-kalies or organic solvents. Strong

alkalies have extracted organic materials most efficiently but can create

conditions suitabfe for oxidation, polymerization, condensation and

hydrolysis reactions to take place (Sauerbeck and Frhr, f968). Classical

schemes of this kind may indicate the nature of organic matter already

present in the soil but have given limited information on organic matter

dynamics. Studies of transformations of organic substances \,¡ere aided by

the use of labelled compounds or labelled plant materials (Jansson, f958)

but the duration of these experiments has generally been short as compared

to the formation of organic matter in soil in the naturaf state.

Artefacts during extraction can create problems, where minor changes

amongst the conventional humus fractions are importanÈ (Sauerbeck and
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Fuhr, f968) .

Jenkinson (1971), Oades and Ladd (1911 ) and Persson (f968) reviewed

extensively the problems in applying the cfassicaf methods of soil

organic matter fractionation to studies on the transformation of organic

material-s in soil . According to them, the main problem was the JnabiJ-ity

to obtain biological-Iy discrete fractions. Cfassical fractions did not

permit discrimination between fresh, decomposing and stabilized organic

material and therefore could not be justified in terms of the microfforal

development and activity in the soíI (Jansson, 1958). Usíng a mifd

extractant like t.4n2O7 to isolate recently metabolized material-s al-so

proved unsuccessful- (McGiIl , I9'7I) .

From the work of Persson (1968), it is evident that hydrolysis of

soils by acíds of increasing concentrat-ions prior to afkali extraction

could produce fractions which were rel-ated to biological processes. Most

of the microbial- tissues were extracted by reflux in 0.28 MH.SOni

materials soÌuble in hot 6 M HCt were thought to be the products of

microbial- synthesis and the plant components resistant to 6 M HCI were

focated in the humic acid and tire humin fractions (Jansson and Persson,

1968) .

Short term experiments have revealed that acid hydrolyzable amino

acid components contributed to a greater extent than other fractíons to tl.e

avaif abl-e N pool (Stewart et al-. t 1963; Chu and Knowf es , 1966¡ lvliki and

Mori, 1968; Freney and Simpson, f969). However the dominance of the

amino acids on the labil-e pool of N was short-Iived and long term field

experiments did not indicate any prefi:rential degradation of amino acids

compared with other components (Keeney and Bremner, L964, L966¡ Broadbent,

1968a, 1968b) . rsirimah and Keeney (I913) reported the greatest- percent

decline in the amino sugar-N and unidentifiecl-N component, whereas McGil.l

(1971) found no difference j.n the percent decom¡rosition rates of the

amíno acid, amino sugar and the unidentified-N components of the soil acid.

hydrolysate. oades and Ladd (1977) after reviewing studies on soil
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organic matter dynamics concluded. that neither the classical fractions

nor the chemical fractions based on 6M HCI hydrolysis .t" ."p".ially

usefuf in tracing the biological transformations of organic cornpounds in

soil.

1.I.3 Biological concepts of organic matter

Persson (1968) considered soil organic matter as an ecological unit

and indicated that a study of the true humic substances al-one would not

reveal Èhe biologicaì- evolution of humus in soil. Jansson (f966)

considered that soil organic matter v/as composed of three groups of

materials:

i) Decomposable material - consisting of dead plants and animafs.

Under normal soil conditio-ns,this group constitutes only a small

proportion by weight of soil organic matter and may vary widely

depending on the soif management.

ii) Decomposing material - constituting the soif microffora. Percent

decline in the amount of organi"-ts* derived from microbiaL biomass

was greater than that of the total otgtrri.-Is* of the soils (Ladd

et aL., I977c) .

iii) Decomposed material - consisting of material resistant to further

decomposit-ion.

From the existing literature on radiocarbon dating of soil organic

matter, Clark and Paul (f970) indicated that the soil organic component

consists mainly of three types of materials:

i)- Decomposing plant residues and the associated soil biomass which

turn over at least once every fer¡I years.

ii) Microbial metabolites and cel-l- wa]l constituents that become

stabifized in soil and possess a half life of 5-25 years.

iii) Resistant fractions which in grassland soils are composed of hr.rmic

components ranging in age from 250-250O years.
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ft is clear from the decomposition of organic substrates in soil

that recently added. substrates are meta-bol-ized very rapidly. Even after

4 years of decomposition, the rate of d.ecrease of residues was several

times faster than that of the native soil organic matter (Jenkinson,

1965). Thus the average biological stability of such materiaL is inter-

mediate to that of the fresh plant residues and that of very old parts

of soil organic matter. Jenkinson (L91L) suggested that the organic

matter of intermediate sta-bility may consist of

i) Soil bionass - although under normal soil condition, biomass is

reasonably stable, appreciable mineral-ization of the zymogerlous

part of the soil population occurs due to conditions very similar

to partial sterifization (Jenkinson, L966). Tt was al-so observed

that the microbiaf polysaccharides decomposed faster than the plant

polysaccìrarides. The stability of microbial celf com¡ronents varied

widely (Mayaudon and Simonart, 1963) and the accumul-ation of cefl

wal-l- material in soil- from melanic fungi has been reported (Hurst

and Wagner, 1969).

ii) Material sorbed on soil col-Ioids. These are secondarily formed

substances due to microbial- metabolism.

iii) Mostly lígnin together with a smal-l proportion of cel-lulose" These

substances are relatively resistant to decomposition.

Oades and Ladd (1971) suggested that fractionation by physical methods

prior to chemical- analysis woul-d separate organic components into

f) soil biomass, separated according to organism size and its association

with their Larger plant fragments or with inorganic components of the soil,

2) extracellufar or lytic nitrogenous products separated as soluble

compounds of different molecular weights or as insofuble constituents,

either free or bonded to inorganic soil colloids.
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I.1.4 Physically defined fracl-ions and their characterization

It has been suggested that the partly hurnified organic material- j-s

a potentially minerafizal¡fe component of organic matter (Cfarke and

Marshall, 1947; Greenland, 1962¡ Saunder and Grant, 1962, Nye and

Greenland, 1964). It can be separated by density techniques (I(han,l-959)

Greenl-and and Ford (1964) and subseguently Ford et al-. (1969) developed

a method of separating the partly humified materíal from soil using

ultrasonic dispersion and floatation on a bromoform-petroleum spirit

mixture of density 2.O g cm 3 with an addition of a surfactant to the

suspension. Oades and Ladd (L977) indicated that physical fractionation

techniques involving particle size and density separation of organo-

mineral- complexes coul-d give biologically defined components. Important

classes of such materials are discussed under the following groups "

I.1"4.1 Liqht fraction

Ford (1968) made detailed investigations of the light fractions of

some South Austratian soils. Microscopic examination of the light fraction

showed recognízabl-e celfular structure in the size range of f00-250 Um"

This fraction may constitute 0.8-8"0 percent of soil- and may represent

20-85 and II-I00 percent of tJ:e carbon and nitrogen respectively" The

ash content of the ì-ight fraction was approximately 50 percent and included

amorphous phytoliths of varjous sizes and form (G::eenland and Ford, L964).

The chemical- nature and amounts of this fraction vrere governed by soil

management. Sometimes lower amounts of these fractions may be attributed

to higher biological activity and in clay soíl-s, the amount of this

fraction was greater in a sandy soil.

The CrlN ratio for tight fraction from most soils was lower than 25

and may be as low as l-f for clay soils. Khan (1959) andMonnieret a7"

(L962) however, obtained C/N ratios higher than 25" About 3-14 percent

of the mat-erial in this fraction was humified. Amino sugar and.



carbohydrate analysis indicated that the composition of this fraction

was intermediate between that of fresh plant residues and humic acids.

Gl-ucose was the dominant sugar (452) together with xylose and only small

proportions of galactose, mannose, fucose and rhamnose (Whitehead et al- .,

1975). Ford (f968) suggested that microorganisms may be present in the

J-ight fraction, but there \¡¡as no experimental evidence in this regard.

Light fraction \das correl-ated with the sta-bility of aggregates

(Oades, 1967 ) by acting as a substrate for the synthesis of ¡nlysaccharides

by soil microorganisms (Allison, 1968).

Ford (1968) showed that light fraction-Ñ was more la-bile and

mineral-izes 4-40 times faster than the remainder of the soif. Ile

concl-uded that.atthough lighL fraction may provide a better measure of

the avaifabl-e-N as compared to the chemical techniques, it did not fully

account for the availabl-e-N.

1"I.4.2 Silt and clay fractions

Use of uftrasonic dispersion techniques together with fractj-onation

of soil- based on particle size and density yielded comparatively less

heterogeneous organic components than the whole soil (Monnier and Turc,

L964¡ Greenfand, 1965; Bremuer, L967; Pokot-il-o, 1967¡ Chichester, L969¡

Turchenek and Oades, L974). Turchenek (I975) reviewed the literature on

the distrik¡ution of C and N in the particle size fractions and reveal-ed

two classes of soils : f) cal-careous clay soils rvith highest concentrations

of C and N content in the coarse clay and fine s'ift fractions; 2) Ieached

soil-s with highest concentrations of C and N in the finest particle size

fractions. Enrichment of carbon and nitrogen of the order of 2-3 times

that in the whole soil- was reported in the fine silt and colloidaf

fractions (Titova , 1976). Cameron and Posner

most of the micr:obial. materia-l- was located in

(I979) suspected that

these size ranges. McGill-

materials \^rere concentratcdet aJ-{1975) demonstrated Lhat fungal cel-I wall-
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in the >0.2 ¡rm fraction and tl-re cytoplasmic material-s were adsorbed in

the <0.04 ¡rm fraction. Material-s associated with the >0.2 pm fraction

were predictably more stable than the <0.04 pm fraction (Wagner, 1968).

C/N ratios \^rere higher for fow density fractions and varj-ed widely

within each particular size fraction for the acidíc soils, buL for the

clay soils, C/N ratios did not differ amongst density fractions of a

particular size fraction, ind,icating similarity in the composition of

organic materiaf. À relatively high concentration of carbonaceous

material-s \^/as reported to be present in the fine silt fraction separatecl

at density <J-.8 g.*-3 (satoh and Yamane, 1972¡ Turchenel<, itg75)"

Rel-ative enrichment of C and N occurred in coar:se sand, coarse silt and

fine sift fractions and at densil-ies <2.3O g cm 3 within each particular

size fractj,on (Turchenek, f975) .

Organic material-s in the clay size fractions are more aliphatic

(Turchenek, L975¡ Travnikova and Titova, f978), more hydrolyzable, Iess

humified, richer in nitrogen and are more susceptible to microbial attack

than organic materials in silt size fractions (Kyuma et a7. , L969) .

Organic materiafs in the fine silt fraction were more extractable (NanPrO,

foltowed by Na,P^O--I'laoH) than those in the clay fraction (Turchenek, L975)' 4¿/

but opposite trends were observed for clay soils (Gral-i et a7., f965;

Kyuma et al-. , 1969) . Factors responsible for the differential-

extractaJ¡ility of the fractions were ascribed by Arshad and Lowe (1966)

to differences in surface areas, type of clay minerals, nature of bonds,

physical accessibility and the extent of humification. Stepanov and

Vysotskaya (1975) indicated that fractionation based on particle size

and density will give dissimifar humic materials.

Rapid microbial- incorporation of fn" ,ro* glucose urrd 
l4c from dextran

into galactose and mannose was shown by Oades and Wagner (1971). Swincer

et aL. (1968) considered mannose, arabinose, rhamnose and ribose as

microbial polysaccharides" Bu't- the signi-ficance of the proportions of
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galactose, mannose, arabinose and xylose as markers of microbial or

plant origin is questionabl-e (Lowe, 1978). Lowe (1978) and ltforita and

Montgomery (1980) concl-uded that the use of arabinose/xylose and

rhamnose/glucose ratios provided better indication about the nature of

origin and the use of mannose/galactose ratios were unsatisfactory.

Cheshire et aL. (1971), .Morita and Montgomery (1980) obtained hexose/

pentose ratios of 3-4 and the higher hexose content was attributable due

to the synthesis of mícrobial polysaccharides and not due to physicat

protection. The amount of hexoses synthesized from the recently added

organic materiaf are very smalÌ as compared to the hexoses present in

the native soil organic matter and therefore often no cl'ranges in the

ratios of total poJ-ysaccharide sugars are observed (Cheshire et aI.,197I).

However the use of hexose:pentose ratios may not always provide

information regarding microbial enrichment ',vhen deLermined on the soif ,

because of the possible presence of large quantities of free plant

resiclues in which glucose is the donrínant component. Significantlrlz lrigher

nannose * galactose: arabinose + xylose.ratios are observed for the coarse

clay and fine silt fractions. These fractions were thought to be

enriched with microbial bodies and pr:oducts which contributed to the

stability of these microaggregates towards ultrasonic dispersion (Turchenek,

L975). From the literature discussed so far it is evident that the

indirect chemical methods of biologicaf characterization did not af\^/ays

indicate the nature and origin of organic materials in soil. Therefore,

measurement of microbial biomass on soil fractions obtained using

physical methods may be usefuf in understanding the nature and origin

of the organic material present in the fractions.

1.I.5 Minerafization studies involving size and density fractions

Chichester (1969) shoived that the mineralization capacity of the

finer size particles was several- times greater than that of the coalîser'
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fractions. This difference in the nitrogen mineralization from various

particle stze fractions was attribut-ed to the differences in the

proportions of readily, versus difficultly, extractabfe chemical forms

of nitrogen.

Nitrogen immobilization and minerafization studies with l5r¡o.-
3

after addition of glucose and stravr in two calcareous soils of different

texture \{ere carried out by Ladd et al-. (L977a, I977b, L9'77c). Ladd and

Amato (1980) and Amato and Ladd (f980). The extent of decomposítion of

the immobilized t5* rur faster in sandy soif than in a clay soiJ-, and in

a glucose amended. soil compared with a straw amended soil. The

avaifability of recently immobil-izud l5N was greater than the native

soil--N. Organic materials from the soils were then fractionated into high

and low mol-ecufar weight compounds extracta-ble in NaHCO3 and into

different physical fractions based on particfe size and density. The

changes in label-l-ed and unlabelled N a::e discussed in the follorving l

sections.

I.1.5.I High and l-ow molecular weight conLpounds

I5During the immobil-ization phase of NO -ir-r soil-s amended with

either straw or gJ-ucose, rapid formation of NaHCOT-extractabte high

(>I0,000) and low (<10,000) mol-ecular weight compouuds resulted. These

were highly labelled extracetlul-ar compounds. The degree of labelling of

the high mol-ecular weight compounds in the clay soil was higher than in

the sandy soil. This difference was thought to be due to the differential

adsorption of both the labelled and untabel-Ied products by the clay soil

and, as well as to the differences ín the nature of microbial populations.

The nitrogen content of these high and l-ow mofecular weight compounds was

related to the specific absorbance al 260 nm and 400 nm, indicating that

these molecular weight fractions are foosely adsorbed humíc materia-ls.

During the early period of immobilj-zation (2 days), the low molecular

weight compounds had the hìghest degree of labelfing which declined rapidly

3
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and became the least label-led fraction which appeared stable by day 8 of

the incubation. Similarly the high moJ-ècular weight compounds also became

strongly tabell-ed at the beginning of the immobilization period but the

dectine in labet commencecl before the net mineralization period.. This

suggests that these compounds are utilized by the actively metabolizing

microflora and transferred to some other fractions (Ladd and PauI, L973¡

McGi]l et a7. , 1975) .

I.I.5.2 Light fraction

Light fraction separated. at density 1.59.9 cm 3 by Ladd et al-.(L977a)

represent--ed about 7 percent and 3 percent of the ur-rlabelfed N for a sandy

and a clay soil respectively. The weight of the fraction was highly

dependent on soil type, nature of carbon addition and the period of

incubation. A higher yield of this fraction was obtained if the separation

\das done on partic1e size fractions rather than the whole soil.

Approximately 20 percent of the org.rri.-l5N b".-*. associated with the

Iight fraction in straw amended soils whereas in glucose amended soilsvery

Iittle (<I.2 percent) h/as immobilized in the light fraction. Light

fraction of the straw amended soifs showed a decline in the weight

accompanied by significant increases in the percentage N content during

the early immobilization phase. In glucose amended soils neither the

weight of the fraction nor the percentage of unl-abel-.1-ed N varied with time.

Light fraction of the soils after fumigation showed a greater decline in

ttr" fSu-tal¡elfed material than the unfabelled N.

I.1.5.3 Silt and clay fractions

Distribution of immobilizu¿ f5l¡ and the pattern of changes amongst

soil fractions with time were dependent on the type of carbon amendment

and not on the soil type. Light fractions (sp.gr. <2"06) of the glucose

amended. soils at the end of the net immobil-ization phase represented 43-64
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t5percent of the total N of the silt, J--9 percent of the coarse clay

and 1,9-21- percent of that in the fine clay fraction. fn soils incubated

for trvo days with l5wo
, and amended with glucose, the fine clay fraction

of the sandy and clay soil-s contained 34 and 63 percent respecti-vely of

the total immobiliz"d-I5l¡. After two days there \{as a significant decline

in the tut o, the fine clay fraction (day 8) accompanied by increases in
tt* o, the sitt and coarse clay fractions" This was partly attributable

to the biomass. At the end of the net mineralization phase, the proportions

of the residual tU* in the fine clay and coarse clay fractions exceeded

. L4 _15that of native --N in these fractions. Thcre \^ras a net foss of --N from

the silt fraction in the glucose amended soj-l-s and the avaifabil-ities of
15 14--N and --N beóame similar. The sil-t fraction contained an increased

propo::tion of more stable nitroçJenous resi<1ues, resulting from ej-tl'rer

sfower rate of decomposition of l-he nitrogenous residues or transfer: of

inmobilized N from other fractions, or both.

The nature of the nitrogenous materials transferred from the fine clay

was not known. Three kinds of possibilities may exist. Firstly extra-

cellular and lytic products resernbling high molecular weight compounds

(NaHCO--extractabfe) were rnetabolized by microbial cell-s and were
J

associated with larger particle size fractions. Secondly, most of the

nitrogenous substances in the fine clay fraction were probably comprised

of microbial cell-s of low viabil-ity and were subsequently metabolized by

Iarger organisms. Thirdly, the population in the fine clay fraction on

day 2, r^/as rapidly growing and was more easily dispersed than the fairly

old stal:Ie microbial cells associated with the fater phase of the incubation

period.

At the end of the net mineral-ization phase (160 days), the proportion

of the labelled to unlabefled residues was higher in the fine clay

fraction than the coarse cl-ay and the silt fraction, but the amount of
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I5N biomass was less in the fine clay fraction. fn the long term as the

ratio of mineralization of labelled and unlabel-l-ed residues in the whole

soils decreased frorn approximately 5:Ì to 1:1, the labelled material-

continued to decompose clisproportionately faster in the fine clay

components. Because the labelled biomass material decomposed faster than

the non-biomass fractíon, at the end of the incubation the siLt and coarse

clay fractions contained the highest proportions of biomass.

The distribution of l5N in the light ancl heavy subfractions varied

with time. There was a gain in tu* ,., the light and heavy subfractions

between day 2 and 16 and then a decline followed by fumigation at 160 days'

indicating that biomass represented a significant proportion of the light

fraction nitroÇen in the recently immobilízed organic residues.

The distribution of organi"-tU* in the light and heavy subfractions

(sp.gr. 2.06) of the silt size particles were similar (a-bout 50 percent) .

Euring the period of net mineral-ization the overall decrease in the

l5organic--"N from silt size fractions was a-bout 65 and 50 percent for the

sandy and clay soils respectively. Àpproximately 80 percent of the

decrease in the org-.,i.-It* o, the fine clay fraction during the net

mineralization period was due to the decrease in the otgtni"-lt* o, *"

heavy subfractions, atthough the relative decline was less than in the

complementary light fraction. It was concluded that when smal,l proportions

of soil onganic N were associated with macroorganic debris amended w-i-th

_ _15glucose and *-No, 
, densimetric fractionation at a sp.gr. as high as 2"06

yielded light and heavy subfractions with nitrogenous components similarly

susceptible to biological attack" Use of lower density (e"g" 1"6 g "rli3¡rrs
thought to separate relatively higher proportions of macroorganic matter

and thereby enhanced metabol-ism of the light fraction was expected.
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I.2 Microbial Biomass in SoiI

I.2.L Methods for the deter:mination of microbial biomass

Microbial- biornass in soil plays a key role in the metabofism of organic

substances in soil and is invol-ved in almost al-I the biochemical reactions.

Biomass is involved in nutrient cycling and many aspects of nutrient

avail-abiIity.

It is therefore usefuf to be abl-e to deterrnine the size of this

important component of the ecosystem. Studies of microbial growth and

nutrient turnover by soil microorganisms coul-d be achieved by simultaneous

measurement of mícrobial bioniass by microscopic techniques, adenosine tri-

phosphate content (ATP), respiration and specific enzymic activity. Biomass

estimation from measurements of muramic acid, diaminopimefic acid (DAP)

and deoxyribonucleicacid t.-r. ul-"o been reported.

L.2.I.1. Microscopic techniques

To d-ate availal¡Ie microscopic techniques for the estimation of biomass

include the agar slide technique with either phenol anifine blue (Jones and

Mollison, L94B) or phase contrast microscopy (Frankfand, L914). Organic

dyes like acridine orange (TroIIdenie::, 1973), fluorescein isothiocyanate

(f,frc) (eabuick and Paul , 197O) or l-anuino-8-naphthafene sulphonic acid

(Mayfield, I915) are used ín fluorescent microscopic techniques which can

easily resolve microorganisms from the detrital material in soil. Peterson

and Frederick (1979) described a simpfe and rapid d.irect microscopic

countíng procedure using polystyrene beads as "ratio particles" to estimate

microbial- numbers and biomass in soil. Simifar estimat-es of biomass were

obtained with agar fil-m techniques and the bead ratio method, but gave 2 to

35 times greater numbers than obtained by plate count. Greaves et aL. (f973)

al-so observed that the bacteriaf counts by fl-uorescein isothiocyanate

(FrTC) method was about l-04 or lO5 times higher than the dilution plate

method. Þ<isting microscopic techniques for the estimation of microbial.

biomass such as direct microscopic counting and plate counting are extremely
J
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unreliable and not real-istic in terms of time and labour. Plate

counting greatly underestimates the biomass since not afl cl-asses of

organisms grow in a particular medium vrhereas direct microscopic exam-

ination prov.ides only the quantitaLive picture of the organisms but

cannot distinguish between inactive cel-Is, spores and metabolising

organisms. Baruik and Paul- (I97O) found no correfation between the

numbers of organisms obtained by direct microscopy and plate count

technique. Bacterial biomass in an agriculturally productive soil is

made up of several biflioncell-s per gram of soil- (Clark and Pauf , I9'lO¡

Torsvik , l-980). Clark and Paul- (1970) stated l-hat the approximate
..)

biomass (g/n'/3Ocm) of bacteria and actinomyctes was 57 g and 138 g

for fungi

I.2 .L. 2 Muramic acid

Bacterial biomass -in soil can be estimated from the measurement of

muramj-c acíd content, a cell wall component of bacteria. The content of
_1

muramic acid for 33 different soils ranged from 0-150 Ug g ' dty weight

of soil. The concentration of muramic acid in the bacterial cells in

soil-s was 100-1000 times greater than in pure cultures. Hov¿ever comparable

concentrations of muramic acid in the bacterial celfs of soi.l-s were

obtained when the total number of the bacterial population was determined

by some methods other than plate counts. It is therefore suggested that

the measurement of muramic acid j-n soil may provide a reasonable est-imate

of bacterial biomass (Mill-er and Casida, 1970) .

Moriarty (l-975) described a method for the determination of bacterial

biomass from the measurement'- of muramic acid. Later he (Moriarty, 197"7)

improved the sensitivity of the previous method in order to be abfe to

determine the muramic acid content of marine and terrestrial sediments.

Muramj-c acid was determined by assaying the reduced NAD (a product of the

oxidation of D-l-actate, derived from muramic acid), \,üith bacterial
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lucíferase. fn order to be abl-e to obtain rel-iable estimates of

bacterial biomass, it is necessary to determine the approximate

proportions of the main groups of bacteria, as the level of muramic acid

amongst different groups of bacteria was found to vary widely. Bacterial

biomass C can be calculated using the formula¡

C = 1000 MA,/(12n + 40p)

where n is the proportion of Gram negat-ive orweiakly @am positive bacteria

and p is the proportion of strongly Gram positive bacteria. For colloidal

material in surface marine waters, where strongly Gram positive organisms

(witfr a high content of muramic acid) are probably a-bundant, a value of

15, substituted for the denonrinator would accommodate some variation in

population composítion. Muramic acid in the cefl wall fragments degraded

rapidly, therefore it is unlikely that accumulation of muramic acid in

soil- would be the source of large errors in the estimation of bacterial

biomass.

L.2.I.3 Diaminopimelic acid

Diaminopimelic acid (DAP), a constituent of bacter:ial ceII wall

mucopeptide was used to estj:nate the proportion of bacteríal biomass in

rumen contents (Shazly and lJungate, L966). The variability in the level

of DAP limited its application as a criterion for biomass measuretnents

(Synge, l-9 53 ) .

L.2.L.4 Deoxyribonucfeic acid and chlorophyll

Torsvik (f980) found that the DNA content of soils ranged from
_l

90-187 US g - soil and the bacterial biomass could be estimated from the

DNA content. 8"4 fg (fO-Isn¡ per bacterial- cell r Hol-m-Hansen (1969)

reported that biomass estimation of the phytoplankton and microzooplankton

from measurement of chlorophylJ content were in good agreement with direct

observation. He considered that the use of DNA for biomass estimation
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of pure cultures was reliable but for ocean waters, DNA overestimated

the biomass due to the presence of DNA in the etrital fraction.

L.2.L.5 Fumigation technique

Jenkinson (1966) compared the amount of fabelled and unlabelled CO2

released after different stress treatments vrz. air-drying, irradiation,
.)

CHCI3 vapourr Cl{rBr vapour, oven-drying at I00-C and autoclaving, which

were known to partly or completely sterilize the soil. The irighest

amount of CO, was released from soil-s l-reated with CHCI-3 or CH3Br vapourr

prior to inoculation and incubation. He examinecl different theories for

the flush of decomposition and considered tha.L the flush largely, if not

completely, wa,s due to the decomposition of the organisms kil-led during

fumigatj-on. Fumigation fol-Iowed by incubation rendered a smal-l heavily

l-abelled fraction of soil organic matter decomposable. He also showed

that the C,/N ratio of this fraction was low compared with the rest of

the organic matter fraction and considered that Lhis fraction was the

soil biomass. Label-led C in the biomass dectined relatively faster than

the non-biomass C. He considered that the labelled part of the biomass

as zymogenic (wittr a haff l-ife of approximately 1."5 years) and the

unl.abelled biomass was largely autochthonous, stable part of the soil

population.

Jenkinson (1966) suggested that the size of the soil biomass could

be estimated from the ffush of decomposition which was defined as

fi'= (h' + b') - (h + b) where b' and b are the amounts of C in the biomass

mineral-ized in time At at the time of fumigation from the fumigated and

unfumigated soil-s respectively; h' and h are the corresponding amounts

of non-biomass C mineralized in time At from the fumigated and unfumigated

soils. Jenkinson and Powl-son (I916a) showed that the flush was caused by

the kifled or damaged organisms and the fumigation did not accelerate the

decomposition of non-biomass C. Shiel-ds et aL.(I974) suggested that ovelî-
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estj.mation of biomass C could. occur due to the accel-erated decomposition

of non-biomass C after fumigation. Subsequently Jenkinsou and Powlson

(1976a) applied a k value of 0.5 instead of 0.3 to the results of Shiel-ds

et a7.l9l 4) and the calculated biomass was 44"-" of the labelled residual

C. Similar estimates of biomass were reported by Jenkinson (1966) and

therefore Jenkinson and Powlson (1976a) disagreed with the possibility

of accelerated non-biomass C decomposition resulting from fumigation and

on this basis h'= h. Jenkinson (L976) also showed that the incubation

period was short as compared to the turnover time of soil biourass, then

b'>>b and therefore F = b'. If k is the fraction of biomass C minerafized

to CO^ in time At and B is the total- amount of C in the biomass, then
¿

approximately B = F/k.

Ayanaba et al-. (L916) showed that the arnount of CO, evolved was

closely correlated (r = 0.96) with amount of the nitrogen minerafized

after fumigation and suggested that a rough estimal-e of biomass also

could be obtained by multiplying the flush of minerat N by 8 -

L.2.I.5 .1 Measurement of CO from unfumi a,ted soil

Determination of the size of the flush (F) invofves the measurement

of CO^ evolved from the fumigated soil less that evofved from the un-
¿

fumigated soil, incubated over the same period of time, under the same

cond.itions. Jenkinson (1966) suggested that the amount of CO, evol-ved

from fresh unfumigated soifs should be measured during the 0-I0 day

incubation period. Increased respiration was observed for soil-s stored

frozen (Ivarson and Sowd.en, L9l0¡ Mack, 1963; Soulídes and Allison, L96l¡

Ross, L912¡ Jenkinson and Powlson, I976a) but the effects were short lived.

Jenkinson and Powlson (I976a) and Ayanaba et al-.(I976) suggested that the

amount of. CO, released from unfumigated soils which was treated in some

other way, should be measured over a 10-20 day incubation period in order

to overcome any sudden ffush due to handling and storage.
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L.2.L.5.2 The k factor

Jenkinson (1966) showed that 28 percent of the label]ed C j-n

Nitrosomonas cefls were rel-eased as CO, after fumigation, inoculation

and incubation for 10 days. He suggested that a provisional k value of

0.3 could be used roughly to estimate soil biomass until a better value

was established, based on the decomposition of a wide range of organisms.

Subsequently Jenkinson (1916) found the k val-ue (the fraction of C in the

killed organisms respi-red as COr) as 0.5, based on the deconiposition of a

rarlge of organisms. He considered, that the new vafue (k = 0.5) was a

tittle large probably for two reasons, firstly the indigenous soil

population had greater proportion of C in the cell- walls and secondly

the fumigation of the undried organisms renders fess biomass C decomposable

tban fumigation of the freezedried. organisms. Considering the existing

Iiterature on the decomposition of microbial cell components (Hurst and

Wagner, l-968; Meyer, L97O), Jenkinson (L976) suggested that a k vafue of

0.45 was the cl-osest approximation.

Anderson and Domsch (1978a) reported that the mineral-ization of 15

fungal and f2 bacterial species after fumigation and incubation for I0

days at 22oc was ß.7!5.3 and 33.319.9 percent respectively. rt is

interesting to note that these two groups of orgairisms differed

considerably i-n the extent of d.ecomposition in contrast to the finding of

Jenkinson (L976) who observed that the extent of decomposition of the

bacteria and fungi after fumigation rlras similar. However, Anderson and

Domsch (1978a) suggested that this difference r^ras due to the differences

in the chemical composition of the ceII wall-s as weII as in the proportion

of cel-l waII and cytoplasmic material-s in bacteria and fungi. Since cel-I

walIs hrere generally more resistant to degradation than cytoplasm, fungi

\,ùith higher proportions of cytoplasmic materia-ì- were considered to be

mineral-ized more than bacteria.

Anderson and Domsch (1975) showed that the biomass accounted for as
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bacteria and fungi was 25% and 75% respectively of the soif bj-ornass.

Anderson and Domsch (1978a) tlerefore suggested that instead of using the

mean value of the percent mineralization from bacteria and fungi, the

proportion of bacteria and fungi present in soil shoul-d J:e taken into

consideration when calculating the k value. On that basis bacterial

contribution to the k value was (O.25 x 33.3) 8.3 percent, for fungi

(0.75 x 43.1) 32.8 percent and the common value of 0.411- at 22oc.

L.2.1-.5.3 Vafidity of the fumigation technique

Jenl<inson and Powlson (1976b) indicated tlrat the cor::ectness of the

measure of biomass \i/as influenced by difficutties associated with the

determination Òf respiration from the unfumigated soil, apart from the

use of an arbitrary k value (Jenkinson, L916) " Jenl<inson and Powlson

(L976b) al-so stressed that soils should not be air-dried before

fumigation. Air-drying resulted in the death of a fraction of the

organisms ancl rendered a portion of the non-biomass C decomposable"

Analagous effects due to freezing and thawing and mechanical disturbance

\^/ere expected but the effects were thought to be much less than for air-

drying.

Jenkinson and Powfson (f976b) suggested that measurement of

respiratíon from the unfumigated soils during 0 -10 or 10-20 day period

would l-ead either to underestimation or overestimation of the biomass of

soils that had some kind of pretreatments. Also this method would not

provide accurate estimates of biomass of the soils with recent additions

of substrate" Additional- errors afso could arise from the decomposition

of bicarbonate in highly cafcareous soils.

Jenkinson and PowÌson (f976b) suggested that almost aII of the arte-

facts coufd be avoided if the fumiqation method was applied to a soil that

had 10 days preincubation period in the presence of alkali. However. he

indicated that the preincubation treatments may not be suitable under all

circumstances.
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L.2.L.6 Physiological methods

Anderson and Donisch (1978b) developed a'simple, rapid and objective

estj-rnation of the biomass carbon of non-resting livíng microbial

population in soil-. The method is based on the initial respiratory

response of microbial populations to amendment with an excess of carbon

or energy source.

As a preliminary step, four substrates rvere tested to determine the

substrate induced maximaf rate of soil respiration. Of them glucose

and casamino acid produced the highest respiration rate. Because of its

wide application in microbiological studies, glucose was considered the

most suitabl-e substrate. Measurement of the rate of release of CO, one

hour after gJ-úcose addition yielded zero slope on the respiration rate

curve and v/as considered to be representative of tl-e original population.

Quantification of the values of the substrate induced maximal initial

respiration \4/ere done from the measurement of biomass carbon by a sì-ight

nodification of the fumigation technique (Jenkinson and Powlson, L976b)

where CO, for the fumigated soíls \^ias measured for periods starting at a

time when respiration was greater than the controf soil to the period

approaching unity. A significant correlation (r : 0.96) existed between

the values of the initial maximal respiration rate induced by the substrate

and. the biomass C. AE 22oC 1 ml of CO2 h-l represented 40 mg biomass C"

It was suggested. that the method coufd be successfully applied to find.

out the biomass of different groups of organisms by selective inhibition

techniques.

L.2.L.7 Adenosine triphosphate

The ubiquitous nature of ATP (Lehinger , L965; Atkinson, L91L), its

absence in dead celfs (Holm-Hansen and Booth, f966), rapid disappearance

of extracelfutar ATP (Conklin and MacGregor, I91 2), relative constanr'y

of concentration under most endogenous conditions and sensitivity towards
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metabolic activity (patterson et aL.,1970) arong with the analytical

simplicity and rapidity of determination make it a very useful tool for

estimating microbial biomass (Bancroft et af .,J.9'16).

Determination of ATP involves the measurement of light emitted from

the interaction of ATp with Luciferin (LHr), Luciferase (E) and

atmospheric oxygen. The amount of light is proportionat to the

concentration of the ATP present, as long as other constituents of the

reaction are present in excess. Representation of the biol-uminescence

reaction are described. as folLows (McEIroy et al_.,L969) .

ATP+LH2+E Mg++ E - LH2 - Aì4P + P - P

E-LH2-AMP+02 neutral pH E + product + CO2 + AMP + Iight

The amount of light emitted is usually measured with liquid scintil-Iation

spectrometers (Stanley and l,üilliams, 1969¡ Jenkinson and Oades, L979).

L.2.I.7.I Factors affectinq the determination of ATp

The reliability of the determination of ATp depends on the

completeneJs of extraction which is dependent on the retention of ATp,

or destructive hydrolysis during extraction, or the presence of higher

concentrations of inhibitory solutes in the extract (Bancroft et al. ,L976) .

For marine \^rater samples, the yierd of ATp was ro\^rered by 10-50 percent

due to the adsorption phenomena associated with the sediments and the

yierd was considera-bry improved. by extracting smalr sample volumes

(Bancroft et a1,,I976) .

Lee et aL.(I97La) explained the poor recovery of added ATP due to

the adsorption of ATP on the positively charged. sites of the Fe and. AI

hydroxideg at neutral pH or to the adsorption of ATP to the negatively

charged. sites after protonation of the -NH, group on the adenine part of

the molecule.

The yield of ATP was lower for the soils with higher clay content

(Anderson and Davies, 1973¡ Ausmus', 1973), but Lee et af .(L9'tLa) reported
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that ATP recovery was not related to any sediment property and was a

characteristic' reprod.ucible property of a given sediment.

I.2.I.7.2 Eflíciency of various extractants on the recovery of ATp

Jenkinson and Oades (1979) consid.ered that col-d O"3I{ H2SO4, butanol-

octanol. boiling Tris buffer and cord o.5M NaHcotcHcr3 \,{ere more

satisfactory reagents for the extraction of ATP. Karl and La Rock (1975)

showed. that ATP extraction with Tris buffer yielded very low (3-6%)

recovery of add.ed. ATP as compared to the H2SO4-EDTA extraction procedure.

EDTA complexed the Ca*+ ions from sol-ution and reduced ionic effects and

interferences by the bacterial enzl.mes present in the extract and improved

light emission, (Lundin and Thore, I9j5) .

Paul and Johnson (L977) pointed out that the use of acidic reagents

coul-d create problems l-ike neutral-ization by the carbonates, reactions with

organic matter and coextracting large concentrationsof sesquioxid.es.

Their extraction procedure includ.ed vortexing with CHC13 which lysed i-he

cell-s and the inclusion of NaHCO, to the extractant to compete with ATp

for the adsorption sites. Dhople and Hanks (1973) also used CHCI, to tyse

the cells followed by the removal of CHCI, by heat and evacuation and then

reconstituted the cel-l material- in O.O5M N-tris(hydroxymethyl)-methyl-2-

aminoethane (TES) buffer ir,rnediately beforg assay.

Jenkinson and Oades (1919) devised a method for the extract-ion and

measurement of ATP from soil. They showed that the recovery \¡¡as greater

using an extractant containing trichloroacetic acid, orthophosphate and

paraquat than trichloroacetic acid alone or with sulphuric acid. Soil

extractant ratio of 1:I0 and ultrasonification v¡ere recommended. trrrider

soil:extractant ratios were shown to improve the recovery of ATp added

from highly calcareous soils. The assay procedure íncluded a buffer

sorution (o.rM arsenate, O.oorM Mg2+ and o.oo2M EDTA and pH 7.4) and an

addition of 12 Ug of l-uciferin per vial. Light emission was monitored in
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the Liquid Scintillation Spectrometer with the gain set at 100 percent

and with a narro\Á/ window setting (50-90). The vials v¡ere counted for 0.1

minute one hour after addition of the enz)¡me.

Jenkinson, Davidson and Powlson (L979) demonstrated that the

recovery of added ATP vras greater by the NaHCOT-CHC1, nethod (PauI and

Johnson, 1917) but the extraction of native ATP was only a third of that

by TCA-phosphate paraquat method.

. 
Eilanä (I919) showed that extraction with HrSOn or dimethylsulphoxide

(DMSO) followed by clean up step with Na+ resin and then adjustíng to pH

9.8 with ethanolamine improved the recovery of added ATP and were

sensitive enough to detect as l-ow as 5 ng Afe g-1 soil.

I.2.2 ATP content of soils

Jenkinson and Oades (L979) reported that the ATP content of 13

different Australian soils ranged from 0.64 to 9.03 Ug g-I soit and

subsequently Jenkinson et a7.(1919) reported the ATP content of 6 Engtish

soils, ranged from I .22 to 8.74 ltg g'I soit. ATP content of the soils

were highly correlated with the organic carbon and nitrogen content of

the soils. ft was also indicated that the management practices that

improved the l-evel of organic matter gave higher ATP contents. Grassland

and forest soiLs had the highest ATP contents and arabl-e soils feast.

I.2.3 Concentration of ATP in the biomass

Lee et a7.(I91l-b) stated that und.er most growth conditions ATP

represented I to 4 ug *g-I biomass (dry wt basis). Ausmus (1973)

studied the ATP concentration of bacteria, actinomycetes, fungi and algae

at different growth phases, using H2SO4 as an extractant. Mean ATP fevels

of the six species of the four different groups at 1og growth phase hrere:

bacteria 1.8I pmoJ-es, fungi 3.98 ¡lmoles, actinomycetes 4.14 ymoles and

algae 6.34 ymoles g I dry wt of biomass. The concentration of ATP in
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these organisms fell- to 35 percent at the lag phase. He indicated that

ttre biomass estimated. from ATP data was significantly higher than the

biomass estimated from d.ilution plating and direct counting. He indicated

that 73-95 percent of the ATP content of the soil and litter ATP could be

preäicted from the regression equation between ATP and CO, evolution from

soil.

In spite of the above variations in the level of ATP, D'Eustachio

and Johnsoh (1968) suggested that bacterial- biomass could be estimated

from the mean value of 4.7 x IO-I0 ¡rg are/cell.

Bancroft et aL.(L976 ) reported that the biomass C/ATP ratios at

the stationary phase of the Aerobacter Aerogenes and a marine isolate

were 132:I and, 2922L respectively. Nannipieri- et aL.(1978) observed that

the biomass/ATP ratios (biomass determined by microscopic techniques)

ranged from 3l-3 for the soifs after prolonged storage and could be as low

as 49 for soils after 30 hours of C + N + P treatment and stabilized at

82 during 12-22 days incubation period.

Cavari (L916) reported that the biomass C/AIP ratios determined for

lake water ranged from 200:I to 5000:I and the variation was ascribed to

P deficiency. However he regarded the biomass estimation from ATP

measurements as more reliabfe than counting procedures. He stressed that

under most conditions the ATP conÈent of the biomass would not be expected.

to vary more than 10 times as compared to the colony counting in which case

the varia.bility could rise up to 104.

Oades and Jenkinson (1979) observed a linear relationship between the

ATP content and the biomass C content, as measured by the fumigation

technique. The ATP content of the biomass (based on k value as 0.45) \¡¡as

-l7 .49 mg ATP g - biomass C or biomass C/ATP ratio of I33. In glucose

incubated soils, ATP content of the biomass was a little higher than the

native soil biomass.
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Subseguently Jenkinson et aL.,(L979) reported the biomass C/AIP ratio

as I38 or 7.25 mg ere g-1 biomass C, based on the combined data on

Australian and English soils under different climatic conditions. They

observed that the ATP content of the biomass was unaffected by P status

(NaHCo. extractabl-e P) which is contradictory to the findings of
J

Nannipíerí et aJ-. (1978) . They considered that under the conditions of

Nannipieri's et aL.(1978), the organisms were fresh and rapidly changing

and therefore were more susceptible to environmental stress in contrast

to the population normally existing in the soil.

L.2.4. Implications of ATP data

Metabolii states of the organisms could be assessed from the

calculation of energy char.ge (Atkinson and Vüalton, 1967), which is

defined by the following equation:

Bnergy charge (EC)
(aæ¡ + (àaoe¡
(are¡+(ADP)+(AMP)

Chapman et a7., (197f) observed that organisms in their active phase of

growth had EC greater than 0.8, at stationary phase 0.8-0.5 and below

0.5 either death occurs or the organisms survive in dormant forms of life.

The amount of different nutrient elements immobilized in the

microbial tissues could be estimated from the ATP data and hence would be

useful in terrestrial- decomposition and irnmobil-ization studies (Ausrn:s,,

1973). By applying the ATPlc/N/P/s ratios of l:25O:4O2822.6, Bautista

(1973) estimated that microbial biomass in the Pa\,¡nee grassland soil
)

contained (S/n') 2.8-15 carbon , O.47-2.6 nitrogen, 0.10-0.53 phosphorus

and 0.03-0.16 sulphur.

L.2.5 Effect of storage on the ATP content of soils

The ATP content of the biomass was altered in the soils stored at

lOoc (oades and Jenkinson, IgTg). Bautista (1973) showed that soils stored,
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at 5oC for 5 days did not show any change in the ATP content,and then Èhe

ATP content declined to 77 percent after 16 days,and to 8.8 percent of

the value for freshly collected soils after 29 days of storage. ATP in

the soíl extracts was stable up to 30 days when stored at -20oC then the

ATP decfined very rapidly. Holms et al..(L972) stated that ATP in the

perchloric acid extract was not stable even at -IOoC and decayed with a

half-Iife of 30 days but ATP in the aqueous solution when stored frozen

waq fairly stable.

Oades and Jenkinson (L979) suggested that their value of biomass C/ATP

ratios may not be valid for the soils receiving large recent additions of

fresh substrate or subjecÈed to any form of stress treatments like

freezing and thawing, drying etc.

I.2.6 Biomass content of soils
-1Biomass in soil can range from 170-1180 pg C g soil and constitute

I.I to 3.7 percent of soil organic carbon (Jenkinson and Powfson, L976b¡

Lynch and Panting 1980; Sorensen, L979). These biomass estimates in

general are much higher than the val-ues reported by Clarke and PauI (1970).

The amounl- of biomass present in soil is greatly influenced by the soil

management and is related to the cropping history (Powlson and Jenkinson,

L976). More biomass exists in uncultivated soils than arable soils

,(Jenkinson and Powlson, I976b; Lynch and Panting, 1980) and soils with a

standing crop contained more biomass than fallow soils (Powfson and

Jenkinson , L976). Jenkinson and Powlson (f976b) considered that the

biomass in the fallowed soil comprised three groups of organisms:

(a) organisms decomposing the ol-der and more stable parts of organic

matter, (b) new biomass synthesized during the decomposition of small

quantities of plant materiat left from the previous years crop and

(c) the dormant organisms.
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The amount of biomass synthesized in an acid soil was only half

that in a comparable neutral soil, although the amount of I4C retained

in both the soirs did not differ greatly. Liming increased the con-

centration of the biomass in acid soil-s (Powlson and Jenkinson, L976).

, Biomass in soir is subject to seasonal fl-uctuations. During the

winter season more biomass was sustaíned by the decomposing roots and

crop residues whereas in d.rier seasons, the amounts of nutrients supplied

as root exud.ates failed to meet the energy requirements of the organisms

for maintenance (Lynch and panting, I9BO).

Clarholm and Rosswall (1980) observed that the bacterial biomass in

forest soil doubled after each rainfal-l occurrence and afÈer two days,

the biomass declined with subsequenL grazj.ng by the amoeba and protozoa.

Higher biomass after the rainfal] was probably associated with the

additional supply of nutrients washed down from the forest canopy (T\rkey,

re?o).

Jenkinson (1966) reported that the biomass (calculated using k value

of 0.3) in the soil incubated for 1 year in tfr" fiefa with labelled ptant

material represented I0-I2 percent of the l-abetled C originally added to

the soil- and 3I-39 percent of the residual C which then declined to 19

percent after 4 years.

Ladd et al.. (198I) showed that bioma"" t4" accounted for 4-7 percent
1Aof the plant -'C input at 4 to 8 weeks from the incorporation of the plant

residues and the amount of l-abetl-ed C in the biomass h/as higher for the

clay soils (18% of the residual C) than the sandy soils (8% of the residual

C). These estimates are comparatively lower than the value reported by

Jenkinson (1966).

Sorensen (L979) showed that the amount of biomass r,{as higher for

soil-s incubated in the fierd than soil incubated under J-a-boratory

conditions, probalrly due to the higher temperature in the l-a-boratory.

The amount of the biomass was greatly inc::eased (2.6e" of the soil orqanic
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C) after two additions of straw but was reduced (I.42 of the soil

organic C) with 4 successive additions. Biomass in the soils receiving

successive additions of straw, experienced unfavourable conditions or

stress due to the increase in the proportion of biostable compounos

derived from the lignin fraction of the straw and consequently resting

organisms died. Resting organisms are believed to make up the bul-k of

the soil biomass.

L.2.7 Effect of storage on the microbiat population

Storage of soil samples altered the microbiology of soil (Mclaren

and Skuj,ins, L967) and spore forming organisms were present in greater

quantities than in a fresh soil (Stotzky et af. ,L962). Sparling and

Cheshire (7979) showed that air-drying decreased the microbial counts.

At the initial stage of air-drying numbers of yeasts declined relatively

faster than bacteria and fungi. Ho\n/ever with water contents below I.5

percent, the yeast population remained fairly sta-ble but the population

of bacteria and fungi continued to decline. So after a certain period

of storage, the soil population contained dominantly yeasts. Although

the total microbial population increased several fold, the proportion

of the different microbial groups remained unaffected, probably due to

the conditions created by air-drying which prevented bacterial recol-on-

ization.

Freezing at low temperatures reduced the number of viable fungi but

the number of bacteria v¡as increased (Mack, 1963). Drying was more harm-

fut to the young population in the incubated soil (Soulides and Allison,

196r).

Soderstrom (I979) reported that the fluorescein diacetate (FDA) -

active fungal biomass dropped to 40% i:nmediately after storage at -2OoC.

and declined to 20% after storage at -2OoC for 3 weeks. The reduction



31

in the FDA active biomass was due to the d.estruction of fungal hyphae

resultíng from freezj-ng. However the FDA active fungal biomass was

stabl-e for up to a week at either l2oc or 5oC.
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2. AIMS AND OBJECTIVES

It is evident from the literature that physical fractionation

schemes based on the separation of biological entiÈies have provided some

ínformation on the mineralizabl-e pool of soil organic matter. The optimum

input of energy for dispersing the soil before fractionation is not known.

The main aims of the present study were:

I) To determine a method for dispersing soils efficiently with minÍmum

damage to the microbial cells followed by fractionation based on

biological criteria.

2) To determine the microbial biomass in soíI using a fumigation technigue

and determ:-nation of ÀTP. The use of ATP to determine microbiaf biomass

has the advantage that it can be used on fractions of soils to which the

fumigation technique is difficult to apply. Because the extraction of

ATP from soils is a relatively ner^z procedure, considera,ble effort was

expended in studying the influence of soil pretreatments on the amount

of ATP extracted.

3) To follow the synthesis and stability of microbial biomass in soifs

incubated ritf, l4c-glucose using the techniques developed in 1 and 2

above.
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3. THE EFFECT OF SOIL PRETR-EATMENTS ON THE DETERMINATION

OF MTCROBTAL BfOMASS

3.1 fntroduction

Among the indirect methods for determining microbial biomass, the

fumigation technique (Jenkinson, L966) has received a great deal of

attention (Shields et al-, I9'13; Jenkinson, I976¡ Jenkinson and Powlson,

L976a,b¡ Jenkinson et a7., L976¡ Powlson and Jenkinson, L916¡ Anderson and

Domsch, 1978a,b). It is based on the flush of decomposition as the tissue

of the organisms killed by the fumigation is utilized by a new population. l

The amount of adenosine triphosphate (ÀTP) has been used as a measure

of biomass in marine sediments (Holm-Hansen, f969), and Strickland, et a7.,

(1969) and Spector (1956) proposed that the biomass C/ATP ratio was 25O.

However the ATP concentration may vary in the microbial population by a

factor of 7 depending on the availability of nutrients and energy source

(Narrnipieri et aL. 1978) and a range of biomass C,/ATP ratios has been

reported.

Jenkinson and oades (L919) introduced a method for the determination

of ATP in soils using trichl-oroacetic acid-phosphate-paraquat as an

extractant. The biomass C (determined by the fumigation technique) to ATP

ratio was 120 for a range of Il Australian soils based on a regression

equation. Subseguently Jenkinson, Davidson and Powlson (1919) obtained a

ratio of L26 for 6 English soils based on a regression through the origin.

The ratio obtained from the combined data (If Austrafian and 6 English soils)

was L24.

To obtain reproducible values for the ATP contents of soifs by the

method of Jenkinson and Oades (L979) it is necessary to sample the soils

moist, and to incubate the soils for several days at about 50% of the water

holding capacity. The aim of the work reported here was to determine the

effects of different storage conditions and pretreatments of soil on the

amount of ATP extracted and the resultant biomass C/AIP ratio
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3.2 Materials and Methods

3 .2.1 Soils

The seven soil samples used. in the present study (Table I) were

collected in August (winter) from the same sites as described by Jenkinson

and Oades (1979). Soils were moist at the ti¡ne of samplíng.' Roots,

earthworms and soil animals were removed from the soils by hand before

passing through a 5 mm sieve. These soils are referred to as field moist

soils., The content of organíc carbon, inorganic carbon and. total nitrogen

of the Urrbrae fine sandy loam and the Norttrfield clay were d.eÈermined.

The properties of other soils are quoted from ienkinson and. Oades (1979).

3.2.2 Pretreatment and. incubation of the soils

Portions of the field moist soils were aflowed to dry in air at 25oC

for 3 days. Freeze-drying was done by suspending the reguired amount of

soil in distilled water for up to 30 minutes in a I d.m3 round bottom

flask and rapidly freezing in liquid N, before connecting to the freeze-

drying assembly

Soils which ha¿ been air-dried for one year were preincubated with

distilled water, or distilled water plus gfucose, at 25oC for four days

in 600 "*3 i.r= containing 5 "*3 of distilled water. Soils, air-dried'

for one year (equivalent of 2.5 g oven dry soil) were placed in 40 cm3

centrifuge tu.bes for ATP determination. The eguivalent of 20 g oven

dry soil- was placed in a 40 cm3 vial for the determination of biomass.

' Appropriate volumes of water were added to bring the final water

content of the soils to 558 water holding capacity (wHC). fn the case of

the glucose pretreatment, glucose solution was added to the soil t¡ give

a final gJ-ucose C content of 0.258. Additional volumes of water were

added to bring the final water content of the soil to 558 VüHC. The
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Table I Properties of soils

Series or
association

Great soil group Vegetational cover
or land use

!{ater holding
capacity,

(q 1OO g-'soil)

co -C Total N

(%) (%)

0 0.2L7

0

0 0.164

0 .200

0 0.5r5

0.16 0.083

1-89 0"465

0.61 0.I70

SoiI
Key

pH
(H2o)

Clay
<2um
(%)

Organic C

(å)

3

Penola Terra-rossa

Urrbrae fine
sandy Ioam

Red-brown earth

Shepparton Red-brown earth
fine sandy loa.n

Mount Schank Andosol

Longerenong
clay

Grey clay

Furner clay Ground water
rendzina

Northfield
clay

Black earth

Uf 5.3I Permanent pasture

Dr 2.23 Permanent pasture

Dr 12.33 Peaches with straw
mulch

Rough pasture with
bracken

vg 5.2 Alternate wheat
fallow rotation

Ug 5.11 Wheat

Ug 5.16 Pasture

7.2

5.0

4.8

7.L

8.4

8-2

8.4

4.9

44

40

72

7L

88

76,

L2

2L 2.2I

L7 r .85

L7 I .83

5.95

57 0.73

48 3 -42

54 1.50

(,
(¡
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centrifuge tubes or the viafs were placed inside the íncubation jars

whiöh were stoppered with rubber bungs. Occasionally the incubation jars

were opened temporarily to ensure optimum oxygen supply.

Northfietd. cJ-ay, air-dried for 3 days, was used to study (a) the

effect of wetting under CHCI3, (b) incubation of chloroform treated soil

samples and (c) freezing and thawing, on the ATP content of the soil.

Wetting under CHCI3 was performed in a desiccator l-ined with moist filter

paper and a vial containing 20 cm3 of pure, redistifled chl-oroform. ATP

was extracted from soil (the equivalent of 2.5 g oven dry soil) after

wetting (with water to bring the moisture content of the soil to 55e"

water holdíng capacity) with or without chloroform treatment. Freezing

of the soil samples was carried out by placing the centrifuge tubes in

Iiquid N, and then immediately transferring to the deep l-.teeze (-lsoc)

until required. For al-l the treatments ATP was extracted immediately

er<cept for the frozen sampJ-es where a maximum period of one hour was

all-owed for thawing.

Northfield clay stored at -2OoC for about 2 years and then air-dried

for 3 days was used. to study ttre effect of an ATP-uncoupling agent on the

ATP content of soil. An aliquot of 0.4 mI of 0.0I M dinitrophenol was

added to duplicate samples (2.5 S oven dry equivalent soil) and then

appropriate amounts of water were added to bring the soil to 55"< water

holcling capacity. trtlater only was added to control- soif s. ATP was

extracted from soils sampled after 0, f0, 20, 4Or 60 minutes, 2,4 hours,

I, 2t 3 and 4 days of incubation at 2OoC. The ATP assay was performed

within one week of extraction.

3.2.3 Analytícaf methods

ATP was determined on duplicate samples of soil according to the

metllod of Jenkinson and Oades (L919) using TCA-phosphate-paraquaL as an

extractant. Biomass C was determined on the soil-s after appropríate

pretreatments of the soil by t he fumigation technique of Jenkinson and'
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and Powlson (1976b).

3.3 Results and Discussion

3.3.1 Effect of air-dryinq

The ATP contents of the field moist soils ranged from I .43 to 6.44

-t
U S S oven dry soiJ- (Table 2) . Nine determinations of the ATP content

of the Urrbrae and Northfield soils showed that the standard deviations

for the ATP contents were 9.3 and 7.63 respectively. This confirms the

variability quoted for the method by Jenkinson and oades (1979), i.e.

a standard deviation of <I0%.

Jenkinson and oades (L979) stressed that during the pretreatment of

the soil-s I'no part of the soil- ever became air dry". The i:nportance of

air-drying on the ATP content is itlustrated in Tabl-e 2. Air-drying for

3 days at 25oC resulted in a marked drop in the Apparent ATP content of

soils; to less than 30e¿ and about l-O% of the values obtained for field

moist soils in the case of, loams and clays respectively.

The speed with which air-drying affected the extraction of ATp is

shown in Fig.I. Within 6 hours the apparent Àtp content dropped to an

almost constant level- which then changed very little for up to one year

(ra¡te z) .

3.3.2 Effect of freeze-dryínq

The ATP content of the field moist - freeze-dried soil samples (Ta-ble

2) showed a slight decline for most soil samples except Urrbrae fine sand.y,

loam. The apparent drop in ATP content of the field moist - freeze-dried

soil samples may be attributed to the rapid decay of extracell-ular ATP

from roots, soil animal-s and the soil microflora. In contrast, there were

marked increases in the amounts of ATP extracted from freeze-dried soils

which had been air-dried, and even soil-s air-dried for one year, yieJ-ded

ATP contents approaching those of field moist soils. The smal-l differences



-1lable 2 Effect of air-drying and freeze-drying on the ATP content (US S ) of soils

-IATP Content (US S

SoiI Samples

Penola loam

Urrbrae fine sand.y Ioam

Shepparton fine sandy loam

Mount Schank loam

Longerenong clay
Furner clay
Northfield clay

0 .48

o.54

o -29

o.78 ',

0.35

o.l7
0-48

Freeze-dried

Air-dried
noÈ determined

Field moist
soil

t .68

I.43
I .98

3.18

2.94

6 -44

6.05

Field moist
soil- AD**
for 3 days

Field moist
soil FD

I .58

L.94

L.7 4

2.80

2.06

6 .06

5 -82

Field moist
soil- AD for
3 days + FÐ

t -54

L.69

1.65

I .84

L.27

4.75

4 "20

One year
AD

0 .65

n.d.
o.25

0 .19

o -47

o -76

o -4e

One year
AD+FD

t .65

r-94

1.93

3 .08

r-28
4.30

4.34

*FD
** AD

n.d-

(,
o
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in the ATP content between air-dried - freeze-dried goils and. field moist

- freeze-dried soils is probalrly due to the death of a smafl fraction

of the biomass and resultant enzymatic degradation of ATP.

It was considered that the additional ATP extracted from air-dried

soils after freeze-drying might be due to better extraction of organic

materials caused by the increased díspersion of the soil by some part of

the freeze-drying procedure. Hov¡ever particle size analysis did not show

any significant increase in fine particles due to freeze-drying and the

extraction of saccharides as determined by anthrone was not increased by

freeze-drying.

It is suggested that at tÌ¡e onset of air-drying most of the soil

organisms prepare themsel-ves for dormancy (Stotzt<y et aL.r 1962) and that

the ATP extracted from air dry soil comes from active organisms or those

not protected by encapsulation.

The most important part of the freeze-drying procedure is in fact the

wetting of the air-dry soil prior to freezing in liquid nitrogen, although

this alone is not sufficient to explain all of the increase in the ATP

extracted from soils wetted just prior to freeze-drying. The ATP extracted

from an air-dried soil incubated after water was added increased rapidly

with time (Fig. 2), but even after one day was stil-l marginally less than

the ATP extracted after 2 Lo 2L days incubation and less than the value

obtained after freeze-drying.

3.3.3 Effect of wettinq and addition of substrate

The results in Fig, 2 show that soils which have been air-dried must

be wetted and preincubated for at least two days before the amount of ATP

extracted becomes reasonably constant and similar to the amounts obtained

from field moist samples. For the two soils examined it appeared that

ATP extracted after wetting and 14 days incubation was significantly more
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than that obtained from field moist soils. Biomass C,/ATP ratios of the

air-dried Northfield clay and Urrbrae fine sandy loam incubated with

water are illustrated in Fig .3. Biornass C was cal-cul-ated using CO,

released from the unfumigated soil during I0-20 day incubation period.

It appears that the two soils had similar biomass C/ATP ratios to start

with, then the ratio declined initially and at the end of two days, the

biomass C/A:IP ratio of tJle NorthfieLd clay soil tended to be reasonably

constant whereas the ratio for the Urrbrae soil dropped further for two

days. At the end of 4 days the two soils behaved almost similarly. The

rise and fall of the ratios for the soils may be due to a succession of

microbial populations .

It was observe<l that the Northfield clay soil had always a higher

biomass C/A'IP ratio than Urrbrae fine sandy loam. Analysis of the data

of Oades and Jenkinson Q.979), revealed that the soils with high clay

contents had a mean ratio of 142 whereas in the case of the soils with

lower amounts of clay the ratio was 100. Therefore the value of biomass

C/ATP ratio for the Northfiel-d clay of l-62 and 105 for the Urrbrae fine

sandy loam are in reasonable agreement with ttre vaÌues of oades and

Jenkinson (1979'). The use of a single value for the biomass C/A\P ratio

for soils of different texture appears questionable and needs further

attention.

The ATP content of soils air-dried for one year and incubated for

4 days with water or 'r¡ith glucose was high (Ta-ble 3 ) . The ATP content of

the air-dried samples after 4 days incubation with water increased 5 to

t0 fold for six soil samples and 20 fol"d for the soil from Mount Schank.

The ATP content of the samples incubated and then freeze-dried was aÌmost

twice (Table 3) that of air-d.ried and freeze-dried samples (Tab1e 2) and

the values are higher than those obtained for field moist soils. The

additionat ATP released from the incubated soils after freeze-drying may

indicate that a longer incubation period is required before alI organisms

become "active'r .
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Table 3 ATP content of the soils after incubation wittr water and glucose

ATP content of soil (US S

Soil Samples

Penola l-oam

Urrbrae fine sandy loan

Shepparton fine sandy loam

Mount Schanlc loam

Longerenong clay

Furner clay

Northfield clay

fncubated with
water at 55%

lrlHC for 4 days

Incubated vrith
water at 55%

VüHC for 4 days
and tiren FD

3-74

2.35

2.52

5.O2

4.62

7 -OL

6 -20

-1

Incubated with
glucose at 55%

lfHC for 4 days

5.47

3 .17

4.O3

3 .4I

4 -54

8.81

6.40

Incubated with
glucosa at 55%

I¡iHC for 4 days
and then FD

4.59

3 -74

5 -73

5.5r

5.50

8.19

9.45

One year
air dried

o.25 3.45

n.d 1.69

o.25 2 -32

0 .19 7.06

o.47 3.32

o -76 4.95

0.48 4.59

WHC = waÈer holding capacity
FD = freeze-dried

rÞ
È
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fncubation of the air-dried soits with water (Table 3) increased

the ATP content by a factor of 3 and freeze-drying of the samples released

further ATP. The increase in the ATP content.of the samples incubated

!'/ith vrater may be due to the release of more l-abite constituents of organic

matËer from the air-dried soil by wetting of the soil which enhances the

growth and activity of the microbial population (Birch 1960; Stevenson,

1956; Soulides and Allison, 1961). The ATP content of the soils was even

greater when glucose was added to the soil samples (llannipierí et a7. ,

L978¡ Oades and Jenkinson,I9l9) and high values were obtained after

freeze-drying.

3.3.4 Understanding the freeze-drying process

During the freeze-drying procedure, it was necessary to freeze the

soil suspension in tiquid nitrogen before attaching to the freeze-dryer.

The soil- samples usually remained frozen under vacuum for a period of L2-

48 hours depending on the aJnount of water to be removed. It is evident

from Table 4 that the ATP content of the air-dried soils, moistened,

quickly f.rozen in liquid nitrogen and, stored at -l5oC for l-2 hours

resulted in a loss of half the ATP content and thereafter storage up to

48 hours did not cause any appreciable change in the ATP content.

Freezing of the moist soils probably resulted in the death of cel-l-s and

a thawing perj-od. of up to one hour was sufficient for enzl'mic degradation

of ATP in the killed organisms (Conkfin and Macgregor,L9T2; Jenkinson and

Oades, 1979) . Two cycles of freezing and. thawing presumably resulted in

the death of more cells and lowered the ATP content almost to that in the

air-dried soil.

ft was hoped that wetting of the soil- under chloroform would kiII and

Iyse the organisms and that ATP-ase ín the soil would be inactivated; thus

the effect of wetting not includ.ing neosynthesis of ATP coufd be isol-ated.

Chl-oroform certainly killed the majority of the organisms (Jenkinson and

Powlson, 1976a),and yet the ATP content of the wetted soils under
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Tab1e 4 Effect of freezing and thawing and storing of soil on the

ATP content

TreatmenÈ no. Treatment details ATP
(us s-1

I

2

3

AD soil

V'tetted for 10 minutes

Wetted for l0 minutes and immedíately frozen
in liquid N and then stored at -15oC for
12 ho-urs

Wetted for 1O minutes, immediately frozen
in liquid N and stored at -l5oC for 48 hours

V'Ietted for 10 minutes , f.rozen in liquid N

and stored at -ISoC for 48 hours, then thawed,,
frozen in liquid N and then freeze-dried

o.72

2.42

1.31_

L.22

0.78

4

5
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chloroform was very low (Table 5), indicating that the ATP-ase enzyme

was active in the presence of chloroform, so no further insight into

the freeze-drying procedure was obtained.

Addition of an uncoupling agent like dinitrophenol (Dl{P) has been

found to be effective in inhibiting the synthesis of ATP for most pure

cultures. However it has been pointed out that these uncoupling agents

have very litt1e effect on the synthesis of ATP by growing cells but were

most effective for resting cells (Brodie and Gutnick, L912). The effect

of wetting with water and dinitrophenol on tire ATP conÈent of the North-

field clay are reported in Table 6. Addition of DNP to the soil and sub-

seguent measurements of its concentration indicated that adsorption

was negligible. Therefore it may be assumedthat the DNP concentration

was in excess of that needed to prevent ATP synthesis, and the ATP

extracted from the soils immediately after wetting with water must be

due to other processes. The increase in the ATP content of the air-dried

samples treated with dinitrophenol was entirely due to the effects of

wetting (A,ATP). The extra ATP in the samples wetted with water with-L

respect to the samples treated with dinitrophenol is accounted for by

synthesis of ATP (A2ATP). It is evident that wetting the soils with

dinitrophenol resulted in a linear increase in the ATP (AIATP) content of

the air-dried soil for a period of up to one hour and thereafter there was

no further increase in ATP extracted. !{etting with water for up to one

hour resulted in Iittle synthesis of ATP (A2ATP) but thereafter there was

a gradual increase in the ATP synthesised for a period of up Lo 24 hours

before the content became stable. Thus it appeared that during the

initial phase of wetting, chemical or physical processes were largely

responsible for the improved extraction of ATP in the air-dried soils,

but synthesis also became important during extended periods of incubation.

The ATP content of soils incubated with water and with DNP decfined aftei

several days.

The ATP content of soils in which the soil population deveJ-oped after

fumigation and incubation (Table 5) was about one fifth of the fiel-d moist
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Table 5 Effect of chloroform on the ATPase activity and various

pretreatments on the newly developed soil population

Treatments ATP
(us s-1

Wetted for 6 hours under chloroform

lVetted for 12 hours under chloroform

Wetted for 48 hours under chloroform

V'letted for 48 hours under chloroform, inoculated with
fresh soil and incubated for IO days

!ùetted for 48 hours under chloroform, inoculated,
incubated for l-0 days and then freeze-dried

Wetted for 48 hours under chl-oroform, inoculated,
incubated for 10 days and then air-dried for 3 days

Wetted for 48 hours under chloroform, inoculated,
incubated for 10 days and then air-dried for 3 days
followed by freeze-drying

o.15

0 .07

o.07

r.23

0.98

0.33

o.29
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Table 6 Effect of dinitrophenol and water on the ATP content of - soil

-1ATP content (us s

Time of
incubation

Wetted with
water

!{etted with
dinitrophenol

AIATP
^2ATP

0

l0 min

20 min

40 min.

60 min.

2 hours

4 hours

24 hours

2 days

3 days

4 days

o.97

2.99

4.06

5.37

5.01

5 -73

5.0r

6.2r

6 -2r

5 .01

4.66

0.96

2.5L

3.70

4.78

4.73

3.94

4 .06

4.54

4. 30

3.;I0

3. 58

0 .00

r.55

2.74

3.82

3.77

2.94

3 .10

3 .58

3.34

2.L4

2.62

0.0r

0.48

o.36

0.59

0.28

L.79

0 .95

L.67

1.9r

I .9I

I .08

A ATP = Increase in the content of ATP in the air-dried
soil after addition of dinitrophenol

TP = ATP content of the air-dried soil after wetting
with water minus the ATP content of the air-dried
soil after wetting with dinitrophenol

I

aro
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soil. (Oades and Jenkinson, 1979) and the organisms were sensitive

to air-drying (Table 5 ) . Freeze-drying of the fumigated and incubated

soil caused a d.ecline in the ATP content and even in the fumigated,

incubated, air-dried soils (TabIe 5) the population which developed after

fumigation and incubation was sensitive to air-drying which caused the

death of a large pro¡nrtion of cell-s, probably because they were in a

youthful active phase. By contrast, a large majority of the organisms

normally present in the soil exist as spores or survive in a dormant fo:i¡n.

Apparently in the freeze-drying procedure two conflicting processes

operate simultaneously; one, the positive wetting effect, which results in

greater extraction of ATP and, two, a negative process resulting from tJ.e

death of some cells followed by enzymatic degradation and an absolute loss

of ATP.

3.3.5 Stability of ATP in freeze-dried soils

ft was hoped that the ATP would be stable in freeze-dried soils

particularly if these were stored at low temperatures. If the ATP content

remained constant it would enable samples to be prepared and then stored

for extraction and determination of ATP. Hov/ever, the results (rable 7)

show that freeze-dr.ied soils lost almost hatf of their ATP contents on

storage at 25oC for 45 days. Nash eÈ al.(1963) observed 553 death of

Aerobacter aerogenes after freeze-drying. The cause" of t¡" disapnearance

of ATp in killed organisms have already been discussed (section 3.3.4).

Storage of freeze-dried soil-s at -I5oC for lOO days also 1ed to

substantial losses of ATP (Table 8).

3.3.6 Measurement of biomass carbon

The determination of biomass carbon requires the measurement of CO,

released from the fumigated and unfumigated soiIs. Evolution of CO, from

the fumigated soil is usually measured over a period of 0-10 days. The

measurement of the amount of co, released during 0-10 day incubation



Ta-b1e 7 Stability of ATP in freeze-dried soils at 25oC

ATP content of soil -1(us s -)Soil samples

Penola loam

Urrbrae fine sandy loam

Shepparton fine sandy loam

ivlount Schank loam

Longerenong clay

Furner clay

Northfield clay

One vear AD + FD
storå¿ at 25oc
for 45 days

4 days glucose
incubation
+FD

4 -59

3 -74

5.73

5. 5r

5.50

8.19

9 -4s

4 days glucose incubaÈion
+ FD stored at 25oC f.or
45 days

One year
AD+FD

I .65 1.15

L.94 r .07

1.93 o.73

3 .08 I .3t

L.28 o.79

4 .30 n.d

4.37 r .65

AD = air-dried

FD = freeze-dried

2.99

2.47

5-16

I .80

4.66

4.50

5.34

(¡
H



Table 8 SÈa-bilíty of ATP in freeze-dried soils sÈored at -I5oC

ATP content (US S

SoiI samples

Penola l-oam

Urrbrae fine sandy loam

Shepparton fine sandy loam

Mount Schank loam

Longerenong clay

Furner clay

Northfield clay

r.58

L.94

L.7 4

2.80

2 -06

6.06

5.82

AD = air-dried

Field moist
soil FD

Field moist soil
FD stored at -I5oC
for I00 days

0.86

r. 06

t. 08

1.95

I.T2

3 .38

3.L7

-1

Field moist soil
AD for 3 days FD

t. 54

1.69

1- 65

r "84

r.27

L1\

4.20

Fie1d moist soil AD

for 3 days and stored.
at 15oC for 100 days

n.d

o.78

0-?3

L-28

o.72

2 -20

n-d

(¡
N)

FD = freeze-dried
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period is recommended for fresh unstored and unfumigated soil (Ayanaba

et aL., L976). For soils pretreated in some way, the measurement of

CO^ from the unfumigated soil is a problem (Jenkinson and Powlson, L976b) .
¿

The mean values of the amount of CO, released from all the soils

for each pretreatment and incubation period (0-10 or 10-20 day) are

presented in Table 9. The amounts of CO, released during the 0-10 day

incubation period were much higher than the lO-20 day incubation period

for the pretreatments that included the freeze-drying procedure. By

contrast for pretreatments which did not include freeze-drying, the

amounts of CO, released from the unfumigated soil either during 0-10 day

or 10-20 day incubation period were similar.

Jenkinson,and Powlson (1976b) suggested that for soifs having

similar kinds of pretreatments, the measurement of CO, from the unfumigated

soil during l-O-20 day incubation period may compensate for the l-ower vafues

of biomass carbon that may resul-t due to the death of some organisms.

Ho\^¡ever in ord.er to be able to assess the extent of damaqe of these pre-

treatments on the soil biomass, it seems more appropriate to measure the

evolution of CO^ from the unfumigated soil durinq 0-10 day incubation
2

period.

Biomass carbon of the soils after various preÈreatments (calculated

using the amounL of CO, released from the unfumigated soils during 0-IO

day incubation period) are presented in Table IO. Biomass carbon in the

field moist soils ranged Îrom 267 to 713 Ug g I soil. Biomass carbon

decreased significantly after freeze-drying and air-drying and the greatest

decline occurred in the field moist soifs followed by freeze-drying

(Table lI). These declines in the biomass carbon may be due to the rapid

formation of intracellular ice crystals in the cells causing death of a

portion of the soil population. However the possiJcility of underestimation

of biomass C to some extent d.ue to the increased. decomposition of non-

biomass C resulting from these pretreatments is also possible (Jenkinson

and Powlson, 1976b) .



Ta-]¡le 9 Mean values of the amount of CO

each pretreatment

-1,fuscs soil) released from aII the unfumigeted soils after

Pretreatments

AD+FD 4d .Vf .Inc. 4d.V[.Inc.+FD LSD at 5? Ievel

Incubation
time

(days) FM+FD ADFD

0-r0 L25 2'76 L34 245 L2L l-96 27

r0-20 84 lr0. 103 L23 89 LI4 27

Fllt = freshly collected soils from the field

FM+FD = freshly collected. soils from the field and. then freeze-dried

AD = freshly collected, soils air-dried for 3 days

AD+FD = freshly collected soils air-dried for 3 days and then freeze-dried

4d.W.Inc. = freshly collected. soils air-dried for 3 days and then incubated with water for 4 days

4d.vI.Inc.+FD = freshly collected soils air-dried for 3 days and then incubated wittr water for 4 days and

then freeze-dried

UlÀ



-lTable l0 Biomass carbon* content (Ug C S soil) of the soils

Pretreatments
Soil samples

FM FM+FD AD AD+FD 4d.lf .Inc . 4d .W. Inc . +FD

435Penola loam

Urrbrae fine
sandy loam

Shepparton fine
sandy loam

Mount Schank loam

Longerenong clay

Furner clay

Northfield clay

L64 252 330

169 L7L 233

r53 184 246

303 287 296

2LL 24L 229

422 490 548

623 301 469

267

205

220

3r0

264

705

7L3

2L3

288

46L

437

573

6L2

372

L49

264

358

375

49L

458

*Biomass carbon was calsulated using the amount of CO, released from the
unfumigated soils during O-IO day incubation period.-

(¡
('l
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Table 11 Mean values of the amount of biomass carbon (US C S

after each pretreatmenÈ
soil) for all the soils

Pretreatments

FM FM+FD AD AD+FD 4d.Vù.Inc . 4d -Vü.Inc.+FD LSD at 59" level

292 275 336 43r 352 34

609 342 582 496 544 34

45L 308 459 464 448 22

Incubation time used
for the measurement of
C0^ from the unfumigatedz-
SO]-IS

Biomass carbon calcul-
ated using the amount of
CO, released from the un- 392
fumigated soils d.uring
0-10 day incubation period

Biomass carbon calcul-
ated using the amount of
CO, released, from tl:e un- 473
fuñigated soil-s d.uring
IO20 day incubation period.

Biomass carbon calcul.ated
using mean value of CO,
released from the unfumi- 433
gated. soils during 0-10 ancl
t0-20 day incubation periods

Ul
oì
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Alternatively the use of the value of the amount of CO, released

from the unfumigated soil during 10-20 day incubation period, wil] over-

estimate the biomass carbon (Tabte 1I). Biomass carbon calculated using

the mean value of the CO, released from the unfumigated soils during

0-10 and LO-2O day may offer a compromise. Estimation of biomass carbon

using the mean value resulted in similar amounts of biomass C for the

field moist, field moist - freeze-dried and the soils incubated for 4 days

with water. Biomass carbon in the air-d.ried soíls decreased significantJ-y,

whereas the biomass carbon increased for the air-dried - freeze-dried and

the soils incubated for 4 days with \4rater, but the increases were only

marginally significant (p<0.05) .

None of the above suggestions can be fully justified. However it is

necessary to obtain estimates of biomass carbon in soil after these pre-

treatments in order to be able to convert the ATP data to biomass carbon.

ft appeared from the above results that the biomass carbon estimation

using the amount of CO, refeased from the unfumigated soils auring O -tO

day incubation period seems more appropriate until a more reliable period.

for the measurements of CO from the unfumigated soils can be esta,bfished.
2

3.3.7 ATP content of the biomass

Biomass C/AIP ratios of the soils were obtained from linear

regressions through the origin (Table I2). The relationship between

biomass carbon and ATP were good for all the pretreatments except air-

drying. The concentrations of ATP in the biomass of the field-moist

soils air-dried, f.reeze-dried and the soils incubated with water f.or 4

days were similar. However the concentrations of ATP in the biomass

increased after freeze-drying of the field moist soifs and the soils

incubated. for 4 days with water. This increase in the ATP concentration

of the biomass in the soils after freeze-drying may be due to i) under-

estimation of the biomass carbon; ii) the death of some cells but very

little degradation of ATP due to low temperature.
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Table 12 Relationship between ATp and biomass

Pretreatments Regression equation forcing
through the origin
(takinq k as 0.50

-Irng ATP g biomass C

(taking k as 0.45)
)

FM

AD

FM+FD

AD+FD

4d.w.Inc

4d.!{.Inc . +FD

(II2.34!4.52)X**; r

(9o.5815.06)x , r

(505.70!39.56)X i r

(126.35!7.27)x ì r

(124.491I.95)x ì r

(76.37!3.37)x ¡ r

Y*=

y=

y=

y=

v-
y=

0.96

o.92

0.66

o.95

0 .99

0 .89

I .01

9.94

r.78

7 .L2

7 .26

11.78

-1*Biomass carbon (US C S soil) was cal-culated using the value of

CO, released from the unfumigated soils d.uring O-10 day incubation period..

**ATP content (uS s-I soil)
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4. CHARACTERIZATION OF SOTL PHYSICAL FRÀCT]ONS

AND DEVELOPMENT OF A FRACTTONATION SCHEME

4.I Introduction

Chemical fractionation techniques are commonly used to study soil

organic matter and considerable progress has been made in understanding

the nature and properties of the humus fractions (Schnitzer and Khan, L972).

However application of chemical fractionation procedures have faiLed to

provide information on the mineralizable pool of soil organic matter

(Section 1.2; Oades and Ladd, L917). It h/as suggested. that a fractionation

procedure involving direct analysis of the recognizable biological entities

may define the available pool of organic materials in soil. Appropriate
t

components may include intact p1ant, animal and microbial cells together

wii.h extracellular and 1ytíc compounds. These components may either be

present in a free state or combined with the mineral part of the soil with

various degrees of tenacity (Jansson and Persson, 1968). Densimetric

fractionation techniques separated. a more readily availabte component of

soiì- organic matter, called the "light fraction,' comprised mostly of

intact plant, animal and microbial- cells (Ford, 1968). Ultrasonic

dispersion followed by fractionation based on particle size separated

relatively unaltered and more homogeneous groups of organic material

(Chichester, L969¡ Cameron and posner, 1979).

Particle size fractions have been studied extensivefy ilterms of their

chemical nature (Kyuma et af.11969; Chichester, L969¡ T\rrchenek and Oades,

L974) but so far there has been no report on the direct measurement of

microbial biomass in the fractions. The main objectives of this section

were to (i) compare the effectiveness of different dispersion treatments;

(ii) characteríze the particle size fractions chemically by determining the

amounts of carbon, nitrogen and monosaccharide composition;

(iii) characterize the fractions biologically by measuring the ATP content

in these particle size fractions and. (iv) eventually to formulate a suitable
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fractionation scheme based on particle size for t-he subsequenÈ studies

on the decomposition of In"-ntr.r.ose in soils.

4.2 Materials and Methods

4.2.I Soils

Soils used in this study \^¡ere the 0-15 cm layers of the Urrbrae fine

sandy loarn (fsl) under an old pasture and Northfield clay (cI). About 50-

60 . cores were collecÈed from each soil and then thoroughly mixed. Roots

and soil animals were picked out by hand. Soils were then passed through

a 5 mm sieve and stored frozen (-tsoc) untif required.

4. 2.2 Dispersicin treatments

To obtain adequate material for the subsequent characterization of

each of the particle size fractions, 500 g (oven dry equivalent) of each of

the soils \¡/ere processed. Dispersion of the soils included shaking in a

Spex mixer, ultrasonic vibration and a standard. chemical treatment.

4.2.2.1 Spex shaker

SoiI (2O g) was shaken as a thick paste (soil : water raÈio of I:1)

in a plastic vial (tOO crn3) for IO minutes in a Spex mixer.

4.2.2.2 Ultrasonic vibration

50 g of soil was weighed in a tall 14OO cm3) beaker and then 150 cm3

of distilled water was added. The beaker with its contents was placed

inside a large plastic beaker containing crushed ice. The soil suspension

was then stirred magnetically using a Teflon coated flea. At the same time

soil was ultrasonically vibrated for 5 minutes by a Branson Bl2 (l5O watts,

20 kKz) with the meter reading at 80 amps. The probe tip was 1.5 cm below

the surface of the suspension and was halfway frorn the centre and the side

of the beaker in order to avoid the vortex caused by the magnetic stirrer.
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4.2.2.3 Chemical treatment

SoiI samptes (100 g) were treated with hydrogen peroxide (30 percent

w/v) to destroy qrganic matter. The carbonate in the Northfield clay was

removed by addition of 2M HCt. The soil suspension was then centrifuged

at jOOo rpm in 1.25 dm3 plastic bottles for one hour in a MSE Major

centrifuge and the supernatant was discarded. Soil residue was then

transferred to a 4OO .^t ..nu.rity beaker and 250 cm3 water and 10 .*3 of

tM NH4OH were added. The soil was then ultrasonically vibrated for 5

minutes in a manner similar to tl:at described in section 4.2.2.2.

4.2.3 Fractionation

After the.appropriate dispersion treatments, soil suspension was

passed through a 300 mesh sieve (53 Um) and was agitated in a tray of

distilled vrater. The sieve with its contents was then placed on a large

funnef and washed with a fine jet' of distirled hTater until the suspension

passing through the sieve was clear.

4.2.3.1 Separation of liqht and heavy subfractions >53 pm

The materials on the sieve after drying at 3Ooc were shaken in a

-3centrifuge tube with a solution of ZnBr, (density 1.6 g cm ) and allowed

to stand for 15 minutes and centrifuged at 1000 rpm for 5 minutes. The

suspended material was carefully decanted on a funnel fitted with a

Millipore-fj-Iter and washed several times with distilled water. fLre

whol-e process was repeated three times to recover most of the light

fraction. The Millipore prefilter was dried at 3OoC and the materials were

collected from the prefilter using a camel hair brush. The weight of the

Iight fraction was calculated from the difference in the initial and final

weight of the prefitter after drying at 3Ooc.

The heavy materiaf (>53 Um) remaining in the centrj-fuge tube was

washed several times with distilled \Á/ater and weighed after fueeze-d.rying.
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4 .2.3. 2 Separation and .'fractionation . of <2 Um size fractions

Separation of the <2 Um particles was done by centrifuging ß2O q)

the <53 um suspension collected after sieving in four 1.25 drn3 plastic

bottles in a MSE Major centrifuge, For complete separation, centrifug-

ation up to 15 times i was necessary and approximately 100 dm3 of the

<2 Um suspension \^Ias collected for each soil sample. Flrrther sub-

fractionation into smaller sized fractions \^Ias done by centrifuging the

<2 Um suspension in a MSE High Speed 18 centrifuge, fítted with a

continuous action rotor. FIow rates and centrifug.e speeds for various size

fractions were calculated according to the fórmula used by Turchenek

(1975). Centrifugation was repeated up to four times to obtain complete

separation of the individual size fractíons. A schematic represent.tiot

of the particle size fractionation is described in Fig.4.

4.2.3.3 Fractionation of the 2-53 um material

Fractionation of the 2-53 pm materials was done by gravity

sedimentation (sedimentation time for each size fraction was cal-culated

using Stokes Law) in lO dm3 glass beakers. The sediment was collected

by siphoning at l-O cm depth of the suspension. Simultaneous separation

from six beakers \^¡as conveniently handled by using two Venturi water

pumps. During the whole part of the fractíonation procedure, all the

samples were stored at 2oc.

4.2.4 Removal of water from the suspended material

Each of the partícfe size fractions obtained as a suspension either

by gravity sedimentation or centrifugation, \^/as again centrifuged to

collect most of the materials in each of the size fractions. The super-

natant was concentrated by cyclone and rotary evaporatÍon under vacuum to

300 mI and was mixed with the sediment and then fueeze-dried.Freeze-dried

size fractions were weighed and expressed as a percent of the whole soil.

Freeze-dried soil fractions were stored. at -I5oC in seal-ed glass víals.
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4.2.5 Carbon and nitrogen

Total carbon was determined by dry combustion us-ing a Fisher carbon

induction apparatus (Young and LindbeckrIg64). Inorganic carbon was

determined by a. volurnetric calcimetric method (ellison and Moodier1965).

Organic carbon was calculated from the difference between total and

inorganic carbon.

4.2.6 Determination of ATP

Þ<traction of ATP was done immediately after freeze-drying of the

particle size fractions using TCA-phosphate-paraquat as an extractant.

The extracts were stored at -I5oc for a maximum period of two weeks before

the ATP assay was performed according to the procedure outlined by

Jenkinson and Oades (1979).

4.2.7 Monosaccharide composition

Monosaccharide composition of the particle size fractions you:" ir" I ''

determined by gas-Iiquid chromatography of the aLditol acetates derived

from sugars in hydrolysates obtained by refluxing in 0.25 M H2SOo for

20 minutes (Oades et a7.,1970) .

4.3 Results and Discussion

4.3.1 Effectiveness of different dispersion treatments

The effects of ultrasonic vibration and shaking as a paste in a

Spex shaker on the stability of different size fractions \4¡ere compared

with respect to a standard chemical treatment, i.e. HCl, HrO, and

NH4OH (fig. 5 and 6). It is apparent that the pattern of particle size

dístribution by the three different methods of dispersion was very similar

for particles up Eo 20 Um for the Urrbrae fsl. In the case of the North-

field cl particles >5 Um \¡rere not stable to disruption by the action of

the Spex mixer and ultrasonic vibration. I\¡rchenek and Oades (1978)

showed that microaggregates >250 pm \Àrere destroyed by ultrasonic vibration.
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Particle size fractions with diameters t-5 pm showed high stability and

were comprised of consideral¡le amounts of particles <0.5 um.

4.3.2 Carbon and nitroqen

The contents of organic carbon and nitrogen in the particl-e size

fractions of the Urrbrae and Northfield soils obtained after Spex shaking

and ultrasonic dispersion treatments are plotted against the mean diameter

of the particle size fractions on a log scale (nig.7 and 8). The pattern

of distrilcution of nitrogen in the particle size fractions obtained by

both methods of dispersion was similar, but considerabfe variation in the

content of organic carbon was observed. In the Urrbrae fsl the small-er

particles contáíned the highest concentrations of carbon and nitrogen

(Turchenek, 1975) but the size fracÈions wíth diameter 5.0-0.5 pm obtained

after ultrasonic dispersion were relatively enriched in organic carbon.

This confirms the proposal of Turchenek and Oades (1979) that micro-

aggregates with diameter 5.0-O.5 Um were comprised of a substantial

proportions of fine clay particles with high contents of organic maÈter,

which accounts for the greater stability and relative enrichment of

organic matter in the microaggregates of the Urrbrae soil.

The contents of organic carbon and nitrogen were highest in the

particle size fractions with diameter 15-5 pm in the Northfield cI. Finer

particles containedless organic carbon and nitrogen. The contents of

organic carbon and nitrogen in the <O.I Um particle size fraction

obtained after treatment in the Spex shaker \¡¡as high.

The inorganic carbon contents (Table t3) of the particle size

fractions of the Northfiel-d cI with diameter I0.O-0.5 Um were high and

their cementing effect together with organic matter probably contributed

to the stability of these microaggregates

The C/N ratios of the particle size fractions in both the soils

(Tabte 14) were high for the particles >20 pm and showed a decline from
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TaJ¡Ie 13 Inorganic carbon conÈent in the particle size fractions

of the Northfield cl

Fractions
(um)

Spex Ultrasonic

>53 0.04 0.06

53-20 0.08 o.09

20-L5 o.23 0 .18

15-10 o.o2 o.o2

r0-5 o.62 0.45

5J2 1.85 2.OL

2-I r .85 L -75

t-0. 5 o.62 o.54

0'; 5=0 .I, 0 .07 0 .07

<0 .l 2.24 0 .08



7L

Table 14 C/N ratios of the particle size fractions in the Urrbrae

fsl and the Northfield cI

I{orthfiel-d cl
Fractions Spex Ultras

)

Light Fraction (LF)

>53

53-20

20-t5

I5-10

IO-5

5-2

2-L

I .0-0. 5

0 .5-0 .1

<0.1

22.O

L4.5

14.0

9.0

10 .0

14.O

7.7

8.1

4.7

4.6

9.2

22.L

I5 .5

rt.2

15.0

12.a

L2.L

8.6

8.9

9.6

7.O

9.2

22.9

rt.0

1r .0

9.6

10.5

10.6

IO.5

7.6

10.3

8.6

8.6

22.5

10.8

r1.0

7;4

9.2

L2.6

16 .0

6.4

6.3

6.4

8.2

Urrbrae fsl
UltrasonicSpex
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light fraction to the 15-20 pm fraction. Turchenek (1975) indicated

that the wide CrlN ratios in the coarser size fractions may originate from

the contamination by the plant fragments. The decreasé in the CrlN ratios

from the coarser to finer fractions may be assumed due to the increased

degradation of plant material. In case of Urrbrae fsl, the C/N ratios

were wide for the fractions with diameter 2-I5 pm. In the Northfield cI

although the C/N ratios were wide for the fractions with diameter 5-I5 pm,

however, the trends were less pronounced. Such wide ratios may be due to

the presence of extraceflular carbon rich materials and perhaps of fungal

hyphae. The C,/N ratios of the fractions <2 Um were relatively low

¡nssibty because of the contribution of protein rich materials from the

cytoplasmic materials released and adsorbed by the fine colloids and also

due to the concentration of a large proportion of bacterial cells because

of their ce]I size.

4 -3.3 ATP content

The significance and relia.bility of the ATP data as an indicator of

microbial biomass is well recognized. (Section I.2.3, Holm-Hansen' 1969¡

Jenkinson and Oades, 1919) . The ATP content of the particle size fractions

of the Urrbrae and Northfield soils after Spex and ultrasonic d.ispersion

treatments are presented in Fig. 9. The ATP content in the particle

size fractions obtained after Spex dispersion of the Urrbrae soil were

evenly distributed. Dispersion of soil by the Spex mill invol-ves the

process of wet grinding (trituration) which presumably damaged or killed

high proportions of the microorganisms present in the soil and consequently

Ioss of ATP from the dead cells occurred (Conkl-in and MacGregor' L972).

The ATP \^ras presumably smeared across many soil fractions in the sarne way

as chemical extraction. The content of ATP in the particle size fractions

of the Urrbrae soil obtained. after ultrasonic dispersion was very high

for the fractions with diameter <l ym and the fraction 2-5 ym.
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In ttre case of the Northfield cI particle size fractions in the

silt size range contained the highest quantities of ATP, irrespective

of the dispersion treatments used.

The concentratione. of microbial biomass (proportion . of organic C

present as microbiaì- biomass, expressed as percent organic C) present in

the particle size fractions "l-; "rf.rtated from the ATP data, using the

biomass C/AIP ratio of 90.6 (see section 3.3.7¡ Ta-bte 12) and are

presented in Table 15. The concentration of biomass in the light

fractíon vfas very low in both the soils but was slightly higher in the

Northfield cL than the Urrbrae fsl. The proportion¡of organic carbon

present as biomass in the particle size fractions obtained after Spex

dispersion treatment \n/ere low and the reason for this has already been

discussed. Alttrough no consistent trend could be isol-ated in the

proportion of organic carbon in the biomass amongst the particÌe size

fractions, it appeared that 5-2 ym fraction contained the largest

concentration of biomass. Nevertheless it was observed that the mean

value of the concentrations of biomass in the silt size fractions was

consistently higher than either the clay or sand size fractions.

4.3 .4 Monosaccharide composition

The monosaccharide composition.. of Èhe particle size fractions of

the Urrbrae and Northfield soils are presented in Tables 16 and 17.

Glucose constituted 20-78 percent of the polysaccharide material and

the proportion was higher ín the silt size fractions than in the clay size

fractions of the Urrbrae soil, but in the case of Northfield soil, no

definite trend was observed. The relatíve abundance of glucose in both

plant and microbial materiaLs does not allow, any observations on the

nature and origin of the organic materials associated with these particle

size fractions (Cheshire et a7. ,1969) .
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LF

Table 15

Fractions
(um)

>53

53-20

20-l_5

15-r0

10-5

5-2

2-L

1. O-0. 5

0.5-o.r

<0. r

The concentration of microbial biomass (proportion of organic

carbon present as microbial biomass, expressed as percent of

organic carbon) in the particle size fractions of Urrbrae fsl

and Northfield cl

Northfield cI
Spex Ultrasonic

0. r0 0.03

0.5

1.3
0 .95

0.95

60
]

:.;Ï

3

lI0. .66 0.47 1.90

0 r.47

0.8

)

.79 0.4 0 .75

0.9

3.42

r.0
.33

)0.8

*Microbial biomass carbon was calculated from ATP data

I.12r

o.e6)
1.04o.26

o.3

r.310.40

r.010.48

o.52

o.52

0 .93

:.:)

o.440 .09

o.7

o -32
0 .480. 38

o.64o.2

o.o2o.02

:)

I

))

o.2

o.5

o .47 0.33

Ultrasonic
Urrbrae fsl

Spex



Tabte 16 Monosaccharide composition (expressed as p g C S

obÈained after dispersion r using a Spex shaker

Fractions
(um)

fraction) of tl:e particle size fractions of the Urrbrae fsl

Carbohydrate
Cas%of

'orî an ultrasonic probe

Rhamnose Fucose Ribose Arabinose Xylose Mannose Galactose Glucose Total

-l

2382
63

365
L78
342

zó
86
8I

72L

ULTRASONTC

54L
78

r58
I28
500
L40

89
235
420

anic C

LF
20-L5
l5-r0
IÜ-5
5-2
2-I

I.0-0 .5
0.s-Q.l

<o.t

LF
20-r5
I5-10
10-5'

5-2
2zL

r.0-0.5
0.5-0.1

<0. r

4L5
45

223
98

315

124
250

l-295

478
68

156
77

506
L28

76
369

tr87

892
37

161
44

L49
69

123
8l

4A2

527
29
73
35

230
64
6I

190
474

54
319

1309
18
46
2L

1r8
49
64

L92
234

L727
95

45L
2L2
433
45
52

¿LZ
L329

473
ri7
¿5 I
L97
686
Lt4
150
516
775

19 76
I3
86
24
63
27

1063
ro4
5L4
170
422

80
105
200
7L9

305
r19
250
r63
5s5
148
2TI
4L6
489

1099
60

382
273
556
138
265
2L3
657

381
L52
L69
254

LL2I
258
269
609

I300

L725L
850

3L67
735

1899
3L4
328
388

L772

26805
L267
5349
L734
4L19
70L

1083
L479
7294

L8232
L294
32L6
205r
70c9
256L
L442
3332
82L6

ro.47
10. 13
28 .15
8.14

16.58
2.50
r -99
3.73

11 .34

L42L8
7L3

2LO7
LL7,6
3293
1600

522
805

3247

7.29
13.48
27 .O2
10 .15
r8.99
73-21
4.25

I0 .85
L4.27

\¡
ol

- traces



-1Ta-ble 17 Monosaccharide composition (expressed as pg C g fraction) of the particle size fractions of the

NorÈhfield c1 obtained after dispersion using a Spex shaker or an ultrasonic probe.

Fractions
(um)

Rhamnose F\rcose Ribose Arabinose Xylose Mannose Galactose Glucose Total

LF
20-15
I5-10
r0-5

5-2
2-L

l_ .0-0 . 5
0.5-0.1

<0 .1

395
LL2

87
¿25
L79
178
436
43
54

866
88
73

396
7L

206
L24
36
26

570
93
84

193
185

45
32
20

L57

1089
88
84

394
38

205
8I
28

958
LO2

75
L42
125

33
35
2L

Il0

1043
185
tr9
54L
220
223
297

47
56

294
L72
13r
494
L40
100

78
48

269

1288
309
273

LO44
25L
528
379

59
78

608
269
2L6
830
150
L46

72
88

420

53 34
397
24L

1324
345
693
432

82
42

536
346
256
777
200
223

62
58

239

15382
707
542

I553
700
982
729
133
L45

L27eO
r502
1655
1708

380
460

96
t0I
625

27 4L8
2069
1535
6039
2000
3t79
2689

456
45822

SPEX

202L
183
rl6
562
196
l-82
2LL

28
35

ULTRASONTC

530
r61
L27
464
1r5

70
43
37

242

1657I
2723
2637
4978
L495
IT24

480.
4r8

2330

Carbohydrate
as?of
organic C

10.7I
10.35
5.L2

L7.25
10.81
L4.27
20.68
5.36
1.43

6.7 6
13 .6I
8.79

L4.64
.L2
.89
.00
q)

.64

LF
20-15
l_5-r0
l0-5
5-2
.2-L

1.0-0. 5

0.5-0. r
<0.1

295
78
93

370
200

47
62
45

268

7
4
3
4

18

{\t
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Significant amounts of galactose, mannose, xylose, arabinose and

rhannose were also present in the particle size fractions. Þ<periments
1¿"

with *'C-Labelled plant material-s have indicated that microorganisms

synthesize greater proportions of the hexoses, galactose and mannose

thair the pentoses, aralcinose and xylose (Cheshire et al-.,I969i Oades,

L974). Thus the particl-e size fractions with diameLer 2.0-0.5 Um

fractions obtained after Spex díspersion and the fractions with 1.O-0.5 pm

obtained after ul-trasonic dispersion had the highest galactose + mannose/

.arabinose + xylose ratíos in the Urrbrae fsl (fable 18) .

In the case of Northfield cI these ratios were higher'in the particle

size fractions greater than 1 ¡.rm. Turchenek (f975) reported high ratios

for the fine silt and coarse clay fractions. Ho\^¡ever the correlation

between these ratios and the ATP content (r2 = O.O5) or the concentration
)

of biomass (r- = 0.Ol-) in the particle size fractions r¿as found to be

very poor. The reason for the poor correlation may be due to the fact

that the living organisms may be separated into a particular size and the

microbially produced sugars were separated into some other fraction.

4.3.5 Relationship between chemical and biological properties of the soil

fractions

It has been establ-ished that the ATP content \^7as highly dependent on

the content of organic carbon and nitrogen status of the soils (Jenkinson

and Oades, 1979). The pattern of dístribution of ATP, organic carbon and

nitrogen of the fractions up to <5 Um in the Urrbrae fsl obtained after

ultrasonic dispersion are very similar. Also the similarity between the

galactose + mannose/arabinose + xyfose ratios and the ATP of these

fractions confirmed the useful-ness of these ratios to locate the relative

abundance of microbiaf materiafs. On the other hand the ATP content of

the particle size fractions obtained after Spex dispersion did not fol-Iow

either organic carbon or nitrogerr. However the galactose + mannose,/arab-
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Table I8 Ratios of galactose + mannose/arabinose + xylose in the

particle size fractions

Fractions
(um)

Northfiefd cl
Spex Ultrasonic

I,F 2.16 I .39

20-L5 r.92 r .85

15-10 2.L9 I .83

10-5 2.L5 1.68

5-2 1.43 L.37

2-L 3 .0r 2.I7

I .0-0.5 r.59 1. r1

0.5-0. r I .88 r-72

<0.1 L.32 r.29

0. s3

1 .04

1. r0

r.14

r.26

2.98

2.68

I.4I

o.67 r.50

r.44

2.OL

r.29

I.4I

1.28

I.OI

r .39

0 .68

Ultrasonic
Urrbraê fsl

Spex
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inose + xylose ratios and the CrlN ratios of the fractions with diameter

2.O-O.5 Um indicated that these fractions were relatj.vely enriched with

microbial materials. It may thus be assumed that the energy utilized

during the process of dispersion by Spex shaker, probably killed a large

proportion of the organisms but the microbial debris was still present

in these fractions as shown by the galactose + mannose,/ara-binose + xylose

ratios.

The results presented in Fig. 7 and 8 reveal that the fractions with

diameter 20-1 pm obtained by both methods of dispersion in the Northfield

c1 contained the highest contents of organic carbon and nitrogen and were

relatively rich in ATP. The galactose + mannose/arabinose + xylose ratios

were afso higl¡ for the particl-e size fractions >I Um. The observed

inconsistency between these ratios and the content of ATP in some of these

particle size fractions may be attributed to the large proportion of

microbial and extracellular materials partitioned into different fractions.

4.3.6 A fractionation scheme

The development of a sensible fractionation scheme'based. on particle

síze, requires an understanding of the chemical and biological naturc of

the organic compounds presenÈ in these size fractions. Such a physical

fractionation technique should be able to identify the major pools of

carbon and nitrogen and the biological entities normally present in

association with the mineral part of the soil in a natural state. Tt was

evident that dispersion by Spex shaking was more detrimental to the

biomass than the ultrasonic treatment, although dispersion was more

complete by Spex shaking than the ultrasonic vibration. Thus it appeared

that fractionation following dispersion with the Spex shaker yielded

physical fractions which suffered from similar artefacts of cross

contamination as fractionations by chemical extraction. Large scale

separation^of particl-e size fractions after ultrasonic dispersion of the



8I

soil with very little al-teration in the chemical nature \^rere reported

by Genrich (L972) and Kyuma et aI., (1969) . It is clear from the

preceding sections that the application of the ultrasonic treatment

followed. by particle size separation yielded dissimilar soil organic

components in terms of their chemical and biological composition

(Turchenek, 1975). A particle size fractionation scheme involving so

many different fractions is too demanding in an investigation of the

transformation of organic substances in soil. ft was therefore decided

to combine some of these size fractions based on the contents of organic

carbon, nitrogen and the biomass. The amounts of organic carbon and

nitrogen in the combined size fractions are presented in Table 19. Light

fraction separated at the density of I.6 g "*-3 represented 10.4-I1.8

percent of the soil organic carbon and 4.2-4.7 percent nitrogen. These

estimates of the light fraction carbon and nitrogen are much lower than

the values reported by Ford (1968) for fractions <2.0 g.*-3. The term

"light fraction" as used in this study applies to fractions <I.6 g "*-3
whereas other workers have used a density of. 2.O g cm 3 (Khran, 1959¡

Mo4nier et, a7.,1962; Vthiteheadet aJ .,L975). Another procedural difference

in the current work is that the light fraction was separated from >53 pm

material obtained by sieving the soil after the appropriate dispersion

treatments. Visual observation indicated that the light fraction

consisted mainly of coarse plant fragments. Separation of the Iight

fraction \47as not performed on the whole soil because the effect of ZnBr,

on the soil organisms and the estimation of ATP is not known.

It was observed that the highest contents of organic carbon (31-54%)

and nitrogen (40-58e") were located in the 5.0-0.5 Um size fraction.

Contributions of other particle size fractions towards soil organic carbon

and nitrogen were rel-atively smalI with each size fraction containing

similar quantities of organic carbon and. nitrogen.



a2

Ta-ble 19 The amounts of organic carbon and nitrogen (expressed as percent

of whole soil) in the Urrbrae fsl and the Northfield cI

Urrbrae fsl Northfiefd cI
Fractions

(um)

N

I0 .40 4.L6 LL.16 4.70

>53 5.01 7.6L 5 .26 5.99

53-20 2.55 2.68 2.99 4. 11

Spex

Org. C

Ultrasonic
Org.C N

SPex

Org.C.

Ultrasonic
Org .C. NN

LF

20-15

r5-10

10-5

5-2

2-I

1. 0-0 .5

0.5-0 . r

<0.1

3.1r 3.05 2.L5 L.27

3.47 3.O2 4.45 3.O7

8 . 19 5.18 8.95 6.sI

2.51 2.96 4.3L 4.44

26 .37 26.89 36.43 36.34

14.38 27 .L9 L2.73 r1.71

9.93 L9.22 8.30 LO.46

2 .6'1 2.57 r.9l 4 .18

II. 08

2.78

6.48

L.23

2.95

11.36

44.O8

4.92

5.50

6.64

4.45 5.05

9 .60

8.10

7.r0

25.O4

8.20

3 .00

r.55

10 .90

3 .00

4.55

5.18 5. 60

15.32 L6.40

8.49 7.65

20.99 25.65

7 .39 6.50

r0.69 9.30

7.38 6.50

4.24 3 .90

3 .09 6 .50

3.46 3.90

I0.38 4.30
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The amounts of ATP in the particle size fractions are presented in

Ta-ble 20. It is evident that 5.0-0.5 m size fractions obtained after

ultrasonic dispersion of soils contained more than 60 percent of soil ATP.

On the other hand this size fraction represented only about 42-50 percent

of the soif obtained after dispersion using the Spex shaker. The amount

of ATP recovered in these particle size fractions dispersed by ultrasonic

treatment for the Urrbrae soil was almost complete (90 percent) but was

only a third using Spex dispersion. The recovery of soil ATP from the

particle size fractions of Northfield clay was similar by both methods of

dispersion and was only 30 percent.

Although the recoveries of soil ATP from tJle particle size fractions

rçds not complete, it was clearly esta-blished that ultrasonic treatment

foll-owed by particle size fractionation identified some components of

organic matter wj-th high proportions of microbial biomass and organic

compounds. r : ;

Thus it seemed appropriate to investigate the decomposítion of 14c-

glucose j-n soils after ultrasonic d.ispersion and fractionation into the

following fractions:

i) Light fraction (>53 Um) separated at density 1.6 g cm 
3

ii) > 20 pm

iii) 20-5 ¡rm

iv) 5-0.5 pn

v) <0.5 ¡.rm.
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Table 20 Amounts of ATP (expressed as percent of the total amount'

of ATP récovered from the fractions) in thé particle

size fractions of the Urrbrae fsl and the Northfiel-d cl

Urrbrae fsl
Ultrasonic

o.22

1.86

)
4 .05

L.64

64 .13

Northfield cl
Spex Ultrasonic

0.40

3 .64r

4.ss|
8.59

5.49

LF

Fractions

>53

53-20

20-15

15-10

10-5

5c2

2-I

2.4U,

4.s0)

Spex

0.63

8

I.r0

3.9
6.94

)
o.29

2.19

I 5.88 3.35 lo.3r

r_5. 5.32

II

'=r^¡r^ 
ro 

,'lo::Ï

,rr\,
6.3

2.

11.

I0.

:ï f.

9.O4 20.47

29. 50.09 1.71 73.44 2r.48 2.I7 18.56 2.44

I.0-0.5 9.

0.5-0. r 13.2

<0 .1 3.rï 4.4
L6.46 12.30

7 .60

7.8

)

19.t

2.L

l_1.65 23.4r

II.2h

,.rrjt]
3 .092L.28



85

T45. BTOMÄSS TN REI,AT]ON TO THE DECOMPOSITTON OF C-GLUCOSE

IN SOTLS

5.1 Introduction

, In recent years, physical- fractionation of soil has been applied

in studies of the decomposition of organic materials. Such procedures

have provided a better understanding of the nature of organic materiafs

in terms of their biological origin. In this chapter the decomposition
1¿.

of -'C-glucose in the Urrbrae fsl- and the Northfield cI was studied in

terms of the stability of biomass and non-biomass materials. Biomass

C/AIP ratios of the newly developed population of the two soils were also

considered. Soils sampled aE 2,30 and 120 days after addition of glucose

were fractionated according to the scheme as outfined in section 4.3.6.

Carbon-I4 and ATP were determined on the soil fractions obtained

physically to follow the flux of l4c .rrd the labelled microbial biomass

in soiLs. Arso an evaluatíon of the biomass crlATP ratios was made to

study the changes in the proportions of biomass in the soil fractions

obtained using physicaÌ methods only.

5.2 Materiafs and Methods

5.2.ISolutions added to the soils

A series of three experiments were conducted. after addition of L4c-

gJ-ucose and water to the Urrbrae fsl- and. the Northfield cl. The solutions

added to the soils were:

L4A. An aliquot of 300 pl of uniformly labelled C-glucose with a

specific activity of 37 ueq,/cm3 (suppÌied by the Radio Chemical

Centre, Amersham, England) was diluted in l-OO cm3 wa'ter.containingL2g

of unlabelled glucose. so the resulting solution had 11I tsq of l4c

and I2O.mg glucose per .rn3 of the sol-ution.
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B. An aliquot of 3OO ¡.rI of tn" 
nr,r"ose, having a specific activity of

37 MBq/cm' r." diluted with 45 g unlabelled glucose and made up to

200 cm3. The resulting solution had 55.5 kBq I4c 
^nd 225 mg of

glucose put .*3 of the solution.

C. 8.29 of NaNO, and 3.5 g of KHTPO, were dissolved in water and made up

resulting solutíon had 82 mg of NaNO, and 35 mg3to l-00 cm The

3
PO per cm

4

5.2.2 Soil- pretreatments

Fietd moist soils, after passing through a 5mm sieve, \^Iere air-dried

for 3 days. Eleven fots of 80 g and 24 l.ol-s of L2O g (oven-dry equivalent)

of each of the soils were weighed into 200 cm3 capacity glass vials and

wetted to 40% water holding capacity and incubated for 14 days. Soils

receiving the above pretreatments, henceforth are described as being at

day zero of the incubation period.

5.2.3 Experiment l: Decomposition of tn"-otrl.ose in soirs

To two of the vials containinS 80 S (oven-dry equivalent) of each of

the soils, 5 .*3 of soluÈion A (555 kBq of. 
L4c and 24O mg glucose C) and

I 
"*3 

of solution C were added. Appropriate amounts of distilled water

were added to bring the soils to 55% water holding capacity and then the

contents of the vials were mixed thoroughly with a spatula. Each vial-

was placed in a 5 dm3 confectionary jar provided with screw top sealed

lid. Ten cubic centimetres of distilled water was placed in the

confectionary jar to maintain humidity. Released CO, was absorbed in

20 cm3 of LM NaOH which was replaced every f2 hours for a period of up to

3 days. The absorbing vials were then replaced daily up to two weeks and

then at the 3rd, 4th, 9th and ITth week of incubation.

KH
2
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5.2.4 Experiment II: Determinat.ion of biomass and ATP after add.ition of

glucose and water

To sixteen lots of I20g (O.O. eguivalent) of each of the soils 4 .*3

of solution B (222 kBc¡ of I4c and 360 mg of glucose C) and I.5 cm3 of

solution C were added. To another I lots of I2O g of each of the soils
:

5.5 cm- of distilled water was added. In both cases, appropriate

amounts of distilled water were added Èo bring the soil to 55% water

holding capacity and the contents were mixed. thoroughly with a spatula.

The vials were pÌaced inside large desiccators which were connected to

each other by plastic tubing. The tids of the desiccators v¡ere greased

and cramps \^/ere used to ensure maximum sealing. From one end of the

desiccators, CÒ, free moist air was continuously passed from a compressed.

air cyllnder and finally bubbled through a solution of 1M NaOH to collect
1¿.all the -'CO.. Determinations included in this experiment were ATP,

¿

la-bel-led (lac) and totar unla-berred ¿2+r4q biomass carbon for the soirs
1¿"incubatedwitht'C-glucose; and ATP only for the soils incubated vrith water,

affer 2,4,8, L2,24,72,92 and 120 days of incubation.

The procedure for determination of ATP and biomass has been described

in section 3.2.3. Biomass was calculated from the .*oona of COrreleased

from the fumigated and incubated soils minus the amount of CO, evolved

from the unfumigated soils during the 0-I0 day incubation period.

Similarly the label-Ied biomass was calculated by counting 0.1.*3 of the

NaOH solution.

5.2.4.I Determination of totaf unla_bel-Ied CO -c

The amount of cor-c a-bsorbed in NaoH was carcul-ated by titrating 2 cm3

of the absorbant (lM NaoH) against 1M Hcr to bring the pH from 8.30 to

3.70 less the amount required for the blank. Titrations were done with

an automatic titrator (Radiometer, copenhagen, pHM62 standard pH meter,

TTT 60 Titrator and Autoburette ABUI2).
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5.2.4.2 Determination of l4co

An aliquot of 0.1.*3 of the absorbant was added to 10 cm3 of the

Triton X-IOO scintillant in vials of known background counts and then
?

0.9 cm- of distilled water was added. The contents of the vial-s were

shajcen vigorously until a clear solution was obtained. Vials were then

kept in the scintittation counter (I{ewlett Packard Model 3375) and equil-

ibrated for 24 hours to eliminate any effects resulting from chemi-

luminescence. Samples rl/ere counted at 6% gain with 20-100 and 20-1000

1¿.
window settings (Adu and Oades, L974). 10 pl of *'C benzoic acid of known

counts were added as the j-nternal standards to six vials and the average

recovery of the tn"-irra.rnal standard was used to calculate the amount of
L4coz'

i

5.2.5 Experiment III: Incubation of the soils before fractionation

To six vials containing 80 g (oven-dry equivalent) of each of the

soils, 5 .*3 of solution A (555 kBq of L4C and 240 mg glucose-C) and I cm3

of solution C were added. Simultaneously to another 3 vials containing

the same amount of each of the soils 6 .*3 of water was added. To all

these samples appropriate amounts of distilled water were added to bring

the soils to 55? water holding capacity. The soil samples were then

incubated. in a manner similar to that described in section 5.2.4.

At 2,30 and I20 days of incubation, duplicate samples incubatedwith

glucose and single replicate of the samples incubated with rvater were

dispersed in water by ultrasonic vibration and fractionated according to

particle size and density. The procedure and the basis for obtaining

these physical fractions were discussed in detail in the preceding chapter.

Therefore the fractions used in this study are described only briefly.

I) Light fraction (>53 prn), separated at density I.6 g cm-3 with a

solution of ZnBrr.

2) 20 trn fraction, obtained after combining the >53 pm mineral particles

(having densities greater than 1.6 g.*-3) with the >20 pm particles
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left after the separation of the <2O ¡-rm particles by gravity

sedimentation.

3) 2O-5 pm, separated by gravity sedimentation.

4) 5.0-0.5 um, also separated by gravity sedimentation.

5) <0.5 pryseparated from the <5 Um fraction by centrifuging in a l"lSF

Hígh Speed 18 cenÈrifuge, fitted with a continuous action rotor. The

flow raÈe was I34 "*3 *it-l at 4OOo rpm.

Fractions thus separated were obtained as suspensions \n/hich were

concentrated at low temperatures and finally freeze-dried. The following

determinations were made on the fractions.

5.2.5.I ATP ,

ExtractiorÊ of ATP were performed immediately after freeze-drying

of the fractions and assayed within a maximum of two weeks.

5.2.5.2 Organic carbon

Organic carbon \^tas d,etermined by dry combustion using a high

frequency Fisher Carbon Induction Apparatus (Young and Lindbeck, 1964).

5.2.s. ¡ r4c

1L--C in the soil and soil fractions was determined by suspension

counting (adu and Oades, L974). Soil and soil fractions were dried at

4OoC for 24 hours and then ground in a Siebteknik mill and passed through

53 ¡rm sieve. An aliquot of SOOal-O mg of CAB-O-SIL was weighed into

scintillation vials and tO cm3 of toluene-PPO-dimethyl POPOP scintillant

(0.5å w/v PPO and O.O3ø" w/v dimethyl POPOP in toluene) was added. The

vials were closed rvith caps and shaken for 2 minutes on a vortex mixer.

Vials were equilibrated at 4oC for 24 hours and then equitibrated with

the temperature of the counter for one hour before counting. Window

settings were 20-1000 in the wider channef (red) and 20-I0O in the narrow

channel (green) ancl the gain settings were 2Ov" for both t-he channels.
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The machine was operating aE 92.7% effíciency. After counting the

1A
sampfes, tO Ul of -=C-benzoic acid having 391887 dpm was added to each vial

which was counted again for quenching correction. The recovery of IAC

for each of the samples was cafculated.

5.3 Results and Discussion

L4
5.3 .1 Decompositi-on of C-qlucose

The resurts of experiment r, dealing wíth the decomposition of r4c

glucose and experiment ïr, concerning the dynamics of tna-Oio*tss in the

Urrbrae fsL and the Northfield cI are presented in Figs - I0 and 11. The

pattèrn of deconrposition of glucose in both the soils was similar.

The curves shgwing the residrr.f I4C with time' were thought to consist

mainly of three phases (Sorensen and PauI,197L), (i) rapid phase (less

than 3 days) involving the oxidation of tn"-nt...o"", (ii) relatively

slow phase (3-50 days), consisting of heterogene:gus metabolic products

decaying at different rates and (iii) the slowest phase (more than 50

days), with decomposition of more or less homogeneous and stable products

of decomposition. The rapid phase in the Northfield cl was shorter (Z

days) than for the Urrbrae fsl (3 days) probably because the latter soil

supported a relatively smaller microbial population (as shown by the

measurement of ATP in these two soilsi section 3.3.1, Table 2) and

therefore a much longer time was necessary to metabolize the t^a-ntrr"o"u.

During the rapid mineralization phase the decomposition of the added

1¿.'=C-gI,r.ose stimufated the disappearence of the native soil organic

carbon in both the soils but the effects were more pronounced and long

Iived in the 1íght textured than the heavy clay soil (table 2I). Ladd

and paul (1973) have also reported that for a Canadian foam in the early

part of the incubation, there was positive priming effect for a period

of up to 5 days and then at the later part of tìre incubatíon a strong

negative priming effect was observed.
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T2Table 21 Rate of release of unlabelled ( c) co (mg C,/dayrl$Og soif)
2

from the Urrbrae fsl and Northfield cl after addition of
r4"-nrrr.o".

Incubation period,
(days)

Urrbrae fsl Northfield cl

I
2

3

4

5

6

7

I
9

10

I1
T2

13

I4
2L

2A

63

105

120

-9.63
I .08

26.45

7 .23

o.54

I.04
3 .07

1.65

t.41
0.33

1.06

o.94

2.49

L.42

o .56

o.52

0.35

o.27

0 .30

14 .30

6.39

3 .51

3 .08

1.16

-0.03

-0.98
-o.26

-1.58
-0.86
-o.62
0.10

1.06

2.O2

I .03

o.73

0.63

0.25

o.23
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After I20 days of incubation, only 30 and 38 percent of the

added initially could be located in the Urrbrae fsl and Northfield cl

respectively. Sorensen (1975) also demonstrated increased stability

of organic materials in soils due to high clay content.

' The residual 14c t.tuined in the soils was thought to exist as

microbial bio¡nass and metabolic products. In the Urrbrae fs1 the 14C

content in the microbial biomass (Fig.I0) was maximal after 4 days

1^ 'l 4
(15.5S of --C input), biomass-*'C then decreased relatively quickly up

to 50 days of incubation and then became relatively stable. Similarly

in the clay soit the proportion of the initial-Iy added tn" ir, an"

biomass attained a maximum value of. 43 percent at 4 day and then

decl-ined until, the SOth day of incubation before the newly synthesized

biomass became fairly stable.

It was also evident that the non-biomass tn" in the urrbrae fsl

during the slower phase of decomposition was decomposing at a faster

rate than the biomass. On the other hand the decay of biomass accounted

for most of the disappearance of tn" ,to* Northfield cI. However 120

1^ 14
days after --C-glucose addition, -'C in the biomass of Urrbrae fsl and

Northfield cl represented 7.5 and 10.O percent respectively of the

original addition. Jenkinson (L976) showed that 10? of the originalllz

added C was present in the soil biomass after 52 days incubation.

of the residual 14c t.t.ined after 120 days in the soil-s, the

proportíon of the tn" in the biomass was higher (33%) in the Northfietd

cI than the Urrbrae fsl (24"ø). These results are in good agreement with

the findings of Ladd et aI. (I98I) who reported that the residual carbon

present in the non-biomass as microbial metabofites was three times

higher than the biomass. They al-so pointed out that although the

1L
proportion of --C-fabelled plant material- remaining in a soil was not

influenced by soil texture and climate, the proportion of the l4c

remaining as bíomass was higher in a clay than a sandy soil On the

I4
c
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L4other hand Sorensen (1975) showed that tJ.e proportion of residual c

remaining in the soil as biomass was not correfated with the silt plus

clay content of the soils.

5.3.2 Efficiencies of carbon utilization

Payne (1970) studied the efficiency of utilization of glucose for

pure cultures of bacteria under aerobic conditions and concluded that at

the exponential phase, the carbon assimilation efficiency was 60 percent.

Consideration of the results in Fig.I0 and 11, in terms of the çfficiency

of carbon utilization (taking efficiency as 60 percent) show that ín the

Urrbrae fsl at day 4 | 432 and, 2.5% of the initi.t l4C-gtucose added were

present as meLabolic products and unmeta.boli""d l4c-glucose respectively.

In the Northfietd cI, such a calculation yieJ-ded a negligible proportion

of the initialty added 
tna u." metabotic products and a high proportion

'tL
(26.252) as unmetabofized '-C-glucose. A]though no determination or

1A
original --C-glucose was made after each incubation period, very little

of the original l4"-glrr"ose was expected to be present in soils after a

few days (Ladd and Pauf, L973; Persson' 1968, Cheshire et aL.11969).

Therefore it seems unlikely that such a high proportion of the original

glucose would remain after 4 days and the negligible proportion of the

metabolic produôts leads to the proposal that the efficiency factor was

probably higher than 60% for the Northfield cI. Taking the proportion of
'tL--C retained as the efficiency of carbon utilization, i.e. 7O.5e", then

in the Northfield cl the glucose carbon was completely meta-bolized and

tlre metabolites constituted, 27% of the r"sidual I4c. carnp (1963) has

shown that theoretically carbon assimifation efficiencies of up to'7Oea

are possible. ït is líkely that in a complex system such as soil, an

array of products may be synthesized reguiring low energy and therefore.

higher efficiency of carbon utifization may occur.



96

5.3.3 Assessment of microbiaL activities in soils

It has been established that a sequential change in microbial

population occuré after addition of glucose (Adu 1975; McGifI, L9'7l-)

and therefore any estimate of biomass based on a síngle críterion may

Lead to serious errors (Nannipieri et a7. ,l-978). ft was decided to

compare some of the indices of microbial activity such as ATP, biomass

14 14
carbon and the ""OZ evolution rate in soils incubatedwith- C-glucose.

The resufts obtained are presented in Fig.12 and l-3" Both biomass and

the ATP contents increased to maximum values two days after glucose

addition. The values were almost twice as lärge in the l{orthfiefd cI

compared with the Urrbrae fsI. The rate of decline of the biomass-C

and the ATP was slower in the Northfiel-d cI than in the Urrbrae fs1

(Ladd et aL.,L97''lc). It was also evident that afthough the amounts of

both biomass and ATP \n/ere reduced considerably, nevertheless at the end

of I2O days, the vaLues were stitl higher than at the beginning of the

incubation.

The rate of release of 'n"o, predictably increased at the beginning

of the incubation and the pattern of changes in ATP, biomass carbon and

T4--COZ were very similar for the Urrbrae fsl. However in the case of
L4Northfield cl, the CO, evolution rates \^/ere in good agreement with ATP

and the biomass carbon contents until day 2 and thereafter the respiration

rate declined disproportionately faster than either ATP or biomass carbon

contents. The ATP content of the Urrbrae fsl reached a maximum value

24 hours ear]ier than the tn"o^ evolution rate reached its maximum rate,
¿

but in the case of Northfield cl aII three indices reached maximum va-lues

simultaneousJ-y at the end of two d.ays, By contrast NannipierL et a7.

(1978) showecl that the ATP and biomass contents reached maximum values

24 hours later than the maximum CO, evolution. In spite of the poor

correlation between CO, and ATP or biomass carbon during the early part

of the incubation period it became apparent that with the concurrent

stabil-ization of the easily metabolized substances, both ATP and the
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biomass also became reasonal¡Iy stable. The observed sirnilarity in the

pattern of changes in the respiration rate, ATP and the biomass carbon

indicated that ATP could be used to provide a measure of biomass in the

glucose amended soils.

I4
5.3.4 Biomass C/ATP ratios of the soil-s after addition of C-qlucose

The effect of glucose addition on the concentration of ATP in the

newly formed microbial population was determined. by calculating the

amount of labelled carbon in the biomass divided by the increase in the

content of ATP after glucose addition (Table 22). Biomass C/ATP ratios

\^rere very low for both the soil-s at day 2, although the reliabitity of

the biomass carbon data was questionable (Jenkinson and Powlson, L976b).

Some errors were inevitable in the deÈermination of bíomass by the

fumigation technique, especially during the early phase of incubation due

to the use of the amount of 14co, released during the O-IO day period

of the incubation of unfumigated soils. Hohrever at day 4 the amount of
1^-=CO^ released after fumigation \¡ras much higher in the Northfield cl

¿

than the Urrbrae fsl, indicating that a higher proportion of the I4C

material became susceptible after fumigation, i.e. Northfield cl

supported a much larger la.belled microbial population than the Urrbrae

fsl.

Biomass C/ATP ratios of the two soifs increased more than two fold

at the end of 2 days. fn the case of Urrbrae fsl there was a gradual

increasè at the end of 2 days but in the Northfield cl the ratios remained

fairly stable for a period of up to L2 days.Tv¡o different trends could

be observed for the two soils, (i) in the early phase of incubation

the ratios in the Urrbrae fsl were wider than the Northfield cl, and (ii) at

the later part of the incubation the trend was reversed.. In spite of

these differences, the striking sinilarity \Á/as that the ratio became

very wide 24 d,ays after addition of glucose. The biomass C/ATP ratios



Tab1.e 22 Biomass C/ATP ratios of the newly developed labelled microbial ¡npulation in the Urrbrae fsl and

the Northfield cl after addition of glucose

Urúbrae fsl Northfield cl
Incubation
period
(days)

762 l7 .38 43 .8

L302 t6.75 77 .7

948 13 .36 71.0

762 11.60 65.7

624 133 .3

402 368.8

360 359.0

378 0 .96 393 .8

Calculated labelled AATP*
biomass_Ç
(uscs-soil)

Bionass C

ATP
ratio

¿

I

T2

24

72

92

L20

4.68

I

0

09

96

*Increase in the value of ATP as compared to control with no

Po
O

CalcuLated labelLed
biomass C

(us c A-1 soil)

AATP* Biomass C

ATP
ratio

324

378

420

456

336

228

L.32

3.27

3.r7

5 .98

II.68

]-93 -2

L66.2

L86.2

r19.8

246

246

3 .69

t.r8

L.48

99.2

1r3 .8

76 -3

28 -8

L4C glucose addition
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of the soil population (Table 23) as a whole afso reflected the

influence of the biomass C/A'IP ratios of the ]abelled population-

The biomass C/ATP ratios of the labelted biomass could be compared

with the results of Nannipieri eË aL. (L978) who reported that the ratio

was 49, 30 hours after addition of glucose and then increased and

finally stabilized at 82 f.rom L2-22 days of the incubation period. It

may be assumed that the wider biomass C/ATP ratios after 24 days of

glucose addition were due to the fact that the organisms were faced with

conditions similar to starvation and r^rere preparing for dormant forms of

Iife. Such wide biomass C/ATP ratios may result from eíther the

concentration of ATP in the cells dropping considerably during incubation

(Lee et a¿f97lb) or inefficient extraction of ATP from the soil

population (see section 3.3.2) or both.

5.3.5 Fractionation of the soils

5.3.5.1 Fraction weights

The distribution of the weight of the fractions (e" by weight) in the

Urrbrae fsl and the Northfield cl incubated withglucose and water are

presented in Fig. 14 and 15. The recovery of the weight of the fractions

varied between 95.2 and,99.2e". It was evident that there \¡Ias no

significant change in the distribution of the weight of the fractions in

both the soils, irrespective of the additions and the period of incubation.

Although in the soils j¡rcubated with glucose some degree of aggregation

vras expected due to the synthesis of microbial polysaccharides the effects

would have been transient or temporary (TisdaII and Oades, I98I). In

addition the energy of dispersion of the ultrasonic probe is hígh

(Edwards and Bremner, L967) enough to resul-t in efficient dispersion.

5.3 .5.2 ATP content

Although the defeterious effects of freezing and thawing were

recognized (section 3.3.4), soils after appropriate periods of -incubation

I



Ta-ble 23 Biomass C/ATP raÈios of the soil population of the Urrbrae fsl and the Northfield cI after addition of
1L-'c-grucose

Northfield cI

Incubation
period

Biomass carbon calculated
usíng the value of COr-C
rel-eased from unfumigãted
soil during 10-20 day

iod

Biomass C Biomass C

soil
.. ATP
ratio

2582 r15

2528 II6

23LT L2T

2087 L26

L687 L74

1i56 L96

974 162

943 L75

-I
s)(da

2

4

8

L2

24

72

92

L20

Ho
N)

Biomass C

(uq q-Isoil)

Biomass C

ATP
ratio

Biomass carbon calculated
using the value of COr-C
released from unfunigãtea
soil during 0-10 day
period

L247

538

500

562

86r

769

82L

508

r04

161-

155

15r

r70

94

r08

135

Biomass C

(uq q-lsoil)

Biomass C

ATP
ratio

Biomass carbon calculated
using the value of CO

released from unfumig
soil during 10-20 day
period

2
ated

Urrbrae fsl

I02l

L247

997

2037

516

584

556

193

L79

r56

r53

163

168

L67

601 II4

Biomass C

(uq q-lsoil)

Biomass C

ATP

Biomass carbon calcufated
using the vaLue of COr-C
released from unfumigãted
soil during 0-10 day
period

I03 6

L464

r801

2011

22I7

l-902

944

838

L76

r52

109

106

r04

l-75

85

L62
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were stored at -2}oc until required since it was not possible to

fractíonate the soils immediately after incubation due to the time

consuming operations involved in fractionation. Substantial losses in

the content of ATP from the soifs occurred due to storage at -2OoC as

wefl as during fractionation (Tabl-e 24). During storage and fractionation

presumably a large proportion of the organisms died due to the action

of freezing and thawing, rupture of the cells due to uLtrasonic

vibration, centrifugation antl drying procedures. The distributíon of

ATP in the soit fractíons (not corrected for all these losses) of tlle

Urrbrae fsl and the Northfield cl j¡cubated with glucose and water are

presented in Figs. 16-19. In the Urrbrae fslrincubated withwater, the

concentration,of ATP in the fractions was in general inversely related

to the size of the soil fractions and did not change significantly with

time. There v¡as a consistent decfine with time in the content of ATP

in the light fraction and the 20-5 pm fraction, but changes were not

statistically significant' (P<O.05) .

fn the glucose amended samples, the ATP concentration (pg aTe g-I

of the fractions) increased approximately three times in the <0.5 pm

fraction and then declined significantly with time accompanied, by a

concomittant increase in the concentration of ATP in the 5.0-0.5 Um

fraction. The concentration of ATP in the light fraction and the

20-5 pm were also increased considerably but no significant change was

observed. with time. As the fraction weights did not change significantly

during incubation the amounts of ATP in the fractions (I.ig.17) al-so

showed similar trends to the concentration of ATP in the soil fractions.

In the case of Northfield cI incubatedwithwater at day 2 the highest

concentration of ATP was located in the 5.O-0.5 Um fraction and fractions

with diameter 20-5 ¡lm and the <0.5 Um fraction had lower concentrations.

of ATP (fig. 18) . The ATP concentration of the light fraction in this

soil was much higher than the light fractions of the Urrbrae fsL " With



TùLe 24 Recovery of ATP from Èhe . fractions

ATP contenÈ (US S
-t

Incubation
period
(days) Determined

immediately
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After storing
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*IFracÈions

Urrbrae fsl

13 .31 5 .60 2.46

4.90 3.95 2.40

l-20 3.20 2.7 4 L.92

Northfield cl

22.30 18 -27 4 .35

30 8.70 6 -49 3.03

L20 5.70 4.06 50

-1*IATP contenÈ (US) of the fractions g soil fractionated

V'later amended

Determi After storing *IFractions
immediately at -2Ooc

63 t .33 L.42

63 I .03 0 .89

2.O2 L -44 1.r3
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4 "02 3.37 I .80

4-74 4.r4 r.68
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the exception of the >20 ¡.rm fraction where there \^ras a significant

decline in the concentration of ATP, all other fractions showed no

change in the concentration of ATP with time. But when the amounts of

ATp (FiS. t9) in the fractions were considered there \das a loss in the

amounts of ATP in the light fraction, >2O ilm and the 20-5 pm fraction

although for the Iatter fraction, the decline was not statistically

significant. The amounts of ATP in the 5.0-0.5 pm and <0.5 pm fractions

remained stabte thnoughout the incubation period-

Two days after glucose addition, the ATP concentration of afl the

fractions in the Northfield cl increased approximately twice that of the

soils incubated.witrwater, with the exception of the >20 pm size fraction.

Thereafter the ATP concentration gradually declined in these fractions

during incubation. Simifar trends in the amounts of ATP in the fractions

were also observed with time. These resuÌts are in agreement with the
I4

report of Amato and Lad.d (1980) who observed a gradual decline in the C

biomass of silt, coarse clay and the fine clay fraction although the

decline was statistically significant only for the latter fraction.

During the slower phase (2-3O days) of d.ecomposition of glucose in

the Urrbrae fsl, the rapid decline in the concentration and the amount

of ATp in the <0.5 pm fraction greatty infl-uenced the decfine of the

1A'*C-bio*-ss from the Urrbrae fsl. On the other hand in the later phase

(30-120 days) the 5.0-0.5 pm and the 2O-5 ¡lm fractions became enriched

with microbial biomass which remained sta-bl-e during the period of

incubation. Moreover, it was observed that at the end oî. I2O days of

incubation, the concentrations and the amounts of ATP in these two

fractions were higher than the comparable fractions of the soils incubated

with water.

By contrast the decline of I4c in the biomass of the Northfield cl

was rapid and was associated with the decline in the content of ATP from

all- the fractions e>lcept the >20 pm fraction-



II2

5.3.5.3
I4 -1C in various soil fractíons (expressed as pg C g fraction) of

the Urrbrae fs1 and Northfield cl- are presented in Fig.2O. The recovery
1L

of *'C from the fractions varied between 't2.4 and gg.gZ of the unfumigated

soil (Table 25). Such variable recoveries of I4c from the fractions

might h.rro re"rrlted due to the ross of tn" ." tnao^ due to metabol-isrn
¿

during the time of storing the fractions as suspensions at 2oc for

more than a week or during the process of fractionation or perhaps some

of the materials l-ost were heavily Ìabel_led fractions.

ït was observed that the I4C ret.ined in both the soi.l-s was

distriJcuted rapidly in aII the soil- fractions. However during the early

phase of deconiposition (day 2), most of the rn" r." contained in the

<0.5 pm fraction of the Urrbrae fsl and. the amount declined significantly

throughout the incubation period. Al-though the concentrations of 14c

(Fig.2O) in the light fraction of both the soils were very high, it

represented onry a small poot of the immobilizea r4c (Fig.21) which

decl-ined inítially rapidly and then became fairly stable after 30 days

of incubation. After 2 days incubation of the Northfiel-d cr, the

concentration of tn" ru.= simirar for the 5.0-0.5 um and <0.5 um f::actions

and declined significantly during the incubation period. After 30 days

incubation there r^ras a significant gain in the amount of 14c in the

20-5 pm fraction of the Northfiel-d. cl- and the 20-5 Um and 5.0-0.5 Um

fractions of the Urrbrae fsl (fig.Zf¡. The amountsof I4c in these

fractions declined significantly during the latter part of the incubation

period (30-120 days) . These resul-ts are similar to the findings of

Amato and Ladd (1980) who reported loss of f4c from most soil- fractions,

with greatest losses from the fine cray and light fraction. They a]so

reported a considerable gain of tn" ,r, the coarse clay fraction of a clay

soil, but the results presented in Fig. 20 and 21 reveal- that a comparable

fraction (5,0-0.5 um) of the worthfield cl showed a continued decline

1L*'C in the fractions
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Tab1e 25 Recovery of 14c (expressed as yg c g-1 soil fractionated)

from the fractions:

-1Labelled C (US Sfncubation
period *IFractionsUnfractionated soil

Urrbrae fsl

2 r858

L252

898

r857

1058

894

30

L20

Northfield cl

2

30

2]-63

L573

l-209L20

r566

r258

938
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L4as compared to the Urrbrae fsl where both gains and losses of

occurred throughout the incubation.

5.3.5.4 Organic carbon

The content and the amount of organic carbon (
L2

U + C) in theT4

soil fractions are presented in Figs. 22-25. In both the soils incubated

hTith water the organic carbon in all but the >20 pm fraction did not

change significantly (P<0.05) during incubation. Addition of f4c-

glucose increased considerably the content and the amount of organic

carbon in the >20 ym, 5.0-0.5 Um and the <0.5 pm fractions of the Urrbrae

fsl and in the >20 ¡rm. 5.0-0.5 Um and the <0.5 ym fractions of the

Northfield cl,
L4The la-belfed carbon ( C) represented considera-bfe proportions

of organic carbon in the 5.0-0.5 Um and the <0.5 ¡rm fractions of the

Urrbrae fsl. As the native organic carbon (12") in these fractions

remain unchanged and the concentration and the amount of labelled carbon

in the <0.5 pm fraction decfined significantly (P<0.05) as compared to

an increase ín the 5.0-0.5 pm fraction during incubation, the latter

fraction accumulated refatively more of resistant products of microbial

metabolism (¡,a¿A et al. ,I977b). In contrast to other fractions where the

native organic carbon (I2c) r.= unaffected by gJ-ucose addition, the

decomposition of the >20 pm and the 20-5 pm fractions vtere infl-uenced

significantly.

In the Northfield cI relatively high proportions of Èhe labelled C

in the organic carbon h¡ere present in the 5.0-0.5 ym and the <0.5 Un

fractions but the amounts decl-ined significantly during incubation. On

the other hand the proportion of labelled C in the 20-5 ¡rm fraction was

considerably smaller and remain unchanged during incubation. Therefore.

it may be assumed that the 20-5 pm fraction hTas enriched with resistant

materials (r.aaA et al-. ,L977b). The native organic carbon of the >20 pm

fraction also decreased sj-mílarly as in the Urrbrae fsf.

c
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5.3.5.5 Relial¡ility of ATP data in carbon metabolism studies

An appropriate estimate of the Iabelted biomass C in the fractions

may be calculated from the net gain of ATP recovered in the fractions

after glucose addition by assuming that the biomass CrlATP ratios of the

label1ed population in the unfractionated soil (Table 26) are applicable

to the fractions for the same soil sampled. at the samc time. To

compensate for the losses of ATP during fractionation (which usually took

abo.ut a week) of the soils sampled aL d.ay 2, the average value of the

l-abelled biomass C present in the unfractionated soil (Tabl-e 22) for

a period of up to I days of incubation was considered to be a better

controf.

On this basis. after 2 days inculcation 86% of the labelled biomass

(as calculated from ATP data) of ttre unfractionated Urrbrae fsl was

present in the <0.5 pm fraction and with continued incubat-ion, there

was a shift in the proportion of the ta-belled biomass to the 5.0-0.5 Um

fraction (TaJrle 27) . At 120 days of incubation the labelled biomass in

the 5.0-0.5 pm fraction was impossibly high. This was probably due to

errors in the estimation of ATP at this time due to some unavoida-bfe

technicaf problems,. It may be possibte that the organisms developecl

after 2 days of incubation were separated into the <0.5 pm fraction

based on the density and size. Later in the incubation the dominant

microbial- population chanqed considerably and was found in the 5.O-0-5¡-rm

fraction. After 2 days the proportion of the labelled C present as

biomass in the fractions >20 pm were simifar and the 5-0-0.5 pm

L4
fraction showed a consistent increase in the proportion of - -C biomass

it contained as the incubation procee<led. It was pointed out earlier
1¿.

that in the Urrbrae fsl the decline of -=C in the biomass did not lead

to more mineralizatj-on of f4C from this soil, especially fater in. the

-incubation peri.od. This was probably due to the greater cumulative

effects of immobilization into larger organisms in the soil fracÈions "
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Table 26 Biomass C/AIP ratios used in calculating the amounts of

labelled-C in the fractiotrs

fncubation period' (days)
Urrbrae fsl Northfield cl

2 29

193

44

133

394

30

L20

99
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There is evidence in the literature on the change in the population

dynamics after glucose addition to soil (Nannipier:- et al-.,1978; Shields

et aL,1973) . The consistent increase in the proportion of the l-abetled

biomass C and. the proportion of the labelled C present as biomass in the

5.0-0.5 Um fraction also suggests that the organisms might have moved

to this fraction from some other fractions (amato and Ladd' l-980) '

However it appears that the net decomposition of the labelled C in the

Urr:brae fsl was mainly accounted by losses of labelled C present as non-

biomass from the <0.5 pm and the 20-5 prn fractions.

The proportion of the labeLled biomass bf the unfractionated

Northfieltl c1 present in the <0.5 Um fraction increased while the

proportions iq 5.0-0.5 um, 2o-5 pm and >2O pm fractions decreased

markedly (Table 28). The decrease in the amounts of labelled biomass

of the unfractionated soil may be due to the large reductions in the

proportions of labelled C present as biomass in the 20-5 Um and 5,0-

0.5 pm fractions. Al-so the possibility of shift to some extent from

the a.bove two fractions to the <0.5 Um fraction could not be ignored.

However it is apparent from TabI e 27 f)taL the recover{r' of labelted

C in the biomass of the fractions (cal-culated from ATP data) were

reasonabfy good, indicating that the biomass G,/ATP ratios of the newry

developed population were not in serious errol' Application of such

ratios made it possible to trace the dynamics of the biomass carbon

during the metabol-ism of the added carbon in soil. It was also possible

to recognize some la-bile pools of newly synthesized organic materials

immobil-ized in the soil fractions.
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6. DISCUSSTON AND CONCLUSTONS

Microbial- biomass in soil is recognized as one of the important labile

pools of soil organic matter (Persson, 1968; Jenkinson, 197I) . Estimationi

of microbj-al biomass by indirect methods such as the determination of ATP or

the fumigation technique v¡ere considered suitable for studying the metabofism

of carbon in soils. However it was necessary to determj.ne the effect of

various pretreatments associated with sampling soils in the field and handling

in the l-aboratory, before the ATP data coufd be interpreted with any

confidence.

6.1 Determination of ATP

Soils used in this study weïe the same samples of from the same sites

as those used by Jenkinson and oades (L979). Soils coflected from the fiefd

were moist and ATP and biomass C were determined immediately without any

preincrrbation. The contents of ATP in the field moist soils were similar to

the values reported by Jenkinson and Oades (1979). The same soifs subjected

to air-drying yielded less ATP and the effect- was evident shortly after the

commencemen't of air-drying. The effect of air-drying occurred wil-hin 6 hours

and thereafter no appreciable change in ATP content took place irrespective

of time. A significant d.ecrease in the biomass carbon in the air-dried

soil-s indicated that the large decl-ine in the ATP content of the air.-dried

soil-s was partly due to the deat-h of some cells resulting from air-drying.

Freeze-drying of the field moist soils resulted in a small drop in the

ATP content but increased the ATP content of the air-dried soils almost

to the ATP contents in the field moist soifs - Freezing of the soíls was

found to be lethal to the living cell-s and therefore substantial l-osses of

ATP occurred. The observed increase in the con'tent of ATP in the air-dried

soil-s subjected to freeze-drying could not be explained by any change in the

dispersion of the soils due to freeze-drying. Freeze-drying of the soils

included a short rvetting phase and thus the effect of the length of the
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wetting period. on the content of ATP was investigated. The ATP content of

the soil increased about two-fold within f0 minutes of wetting. During

this short space of time little synthesis of ATP took place and the reactions

associated with wetting were largely responsibte for the improved extraction

of ATP from the air-dried - freeze-dried soifs. Synthesis of ATP in the

air-dried soits did not start until one hour after wetting and thereafter the

increases in the content of ATP in the air-dried soils were due to synthesis

as well as other reactions caused by wetting.

Air-drying of soil results in an immediate decrease in the total number

of organisms and an increase in the proportion of spore forming organisms

(Stotzky et al-., 1962¡ Birch, 1960; Mclaren and Slc.rjins, 1961 ). The rapid

decline of ATP in'the air-dried, soils and concomittant increase after

wetting rnay indicate that the ATP extracted from the air-dried soifs

represented only the non-resting soil population. Freeze-drying of the air-

dried soils increased the ATP content partly because of the reactions which

render the cefl materíal of the resting organisms susceptible to dis-

integration by the ul-trasonic vibration. By contrast the ATP content of the

newly deveJ-oped population developed in a soil subjected to two cycles of

fumigation, inocufation and incubation did not increase after freeze-drying

but decreased instead. Such differences in the content of ATP after freeze-

drying may be explained by the reactions caused by wetting of tJ-re air-dried

soils. fn other words the efficiency of extraction of ATP from tl-re organisms

depends on their physiologícaf state.

It has been a common practice to freeze-dry vaccines and pure cultures

to preserve longevity during transportation and storage (l'tajer et af -,1976) .

The ATP in the freeze-ð,ried soils however was not stable irrespective of tire

temperature used for storage "
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6.2 Determination of Biomass Carbon bv the Furniqation Technique

The determination of biomass carbon by the fumigation technique involves

the measurement of CO, released from the unfurnigated and fumigated soils

over an equal period of time. Soils collected fresh from the fiel-d or which

had a preincubation treatment, gave reliable esÈimates of biomass carbon,

by measurement of the COr-evolved from the unfumigated soil from 0 to I0

days of the incubation. However soifs pretreated otherwise may show

d.ifferences in the evol-ution of CO, (Singh and Gupta , L977) . The results

presented in this thesis (section 3.3.6) showed that there may be vast

differences in the estimates of biomass carbon, especially for the pretreat-

ments such as freeze-drying if the determination of biomass C is based on

the measurement of CO, from the unfumigated soil-s during either 0-I0 or f0-

20 day incubation periods. There may be death of a portion of the soj-t

organisms resulting from freeze-drying. Jenkinson and Powl-son (I916b)

suggested that the measurement of the amount of CO, refeased from the

unfumigated soil-s during 10-20 day incubation period may compensate such

l-osses to some extent but was not entirely satisfactory. However the use of

the 0-10 day íncubation period for the measurement of the amount of CO,

released from the unfumigated soils may underestimate the biomass carbon to

some extent.

Biomass carbon of the soils decreased significantly after air-dryíng and.

freeze-drying. The decline in the biomass C after air-drying was probably

due to the death of some cells (Jackson et aL. ,L967) " Rapid formation of

intracel-lufar ice crystals in the cells probably were responsibl-e for the

death of a portion of the organisms. Powl-son and Jenkinson (1976) suggested

that difficulties may be encountered in the estimation of biomass C of the

soils after air-drying because of the enhanced decomposition of the physically

protected non-biomass C. Although the nature of the changes brought about by

freeze-drying of the soil is not known, similar factors may also contribute

to tire errors in the estimation of biomass carbon in the freeze-dried soils.
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6.3 Soit Pretreatments and the Concentration of ATP in the Biomass

The concentration of ATP in the biomass of the field-moist, air-dried -

freeze-dried and the soil-s incubated for 4 days with water dj-d not differ

greatly from the value reported by Oades and Jenkinson (1919) and subsequently

by Jenkinson et a1.(L919). The concentration of ATP in the soils after air-

drying resulted in an apparent decrease because of the incomplete extractior-t

of ATP from the air-dried soils. Hovrever íncreases in the concentrations of

ATP were observed after freeze-drying of the field moist soil and the soils

incubated with water. Such increases in the concentration of ATP in the

biomass of the soils after freeze-drying may either be due to the errors

from the measurement of the amount of CO, refeased from the unfumígated

soils or due to the death of a ¡rcrtion of biomass. but the ATP in the dead

cells did not degrade due to the l-ow temperature used in the freeze-drying

procedure.

6.4 Chemical- and Biological Properties of the Fractions

Detailed fractionations following dispersion with a Spex shaker or the

ul-trasonic probe yielded fractions with organic matter concentrated in finer

fractions for the Urrbrae fsl. Particles with diameter 5.0-0.5 pm in the

Urrbrae fsl were stabl-e against the dj,sruptive action of the ul-trasonic

vibration. These microaggregates contained significant proportions of fine

clay rich in organic matter which probably contributed towards the

greater structural stabilities in these microaggregates "

For the Northfiel-d cI particles with diameter 15-5 Um had the highest

concentration of organic materials. The greater structural- sta-biLitíes

of these particles with diameter I5-5 pm in the Northfiefd cI were probably

infl-uenced by the cementing action of the carbonates and the organic matter

present in particfes JO.0-0.5pm diameter. These trends in t-he distribution

of organic carbon and nitrogen are in good agreement with the report of

Turchenek (1975) 
"

Of the two methods of dispersion examined., dispersion was more cornplete
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after shaking on the Spex mixer than after ultrasonic 'treatment but the

poor recovery of soil ATP and simil-arity

various soif fractions indicated that the

in the content of ATP amongst

amount of energy input from the

a-brasive action ofSpex shaker was excessíve. It was al-so observed that the

the Spex shaker not only killed the celfs but also separated the disrupted

cell-s from some of the soil fractions and distributed them evenly amongst

the soil fractions causing an undesiralcl-e smearing effect. On the other

hand higher recovery of soíI ATP and dissimilarity in the contents of ATP in

the soil fractions obtained after ultrasonic dispersion made it more suitabl-e

and desirabfe for a fractíonation scherne.

The observed similarity in the trends of C/N ratios. galactose *

mannose/arábinose'+ xylose ratios and the content of ATP in the fractíons

with diameter <5 ¡.rm in the Urrbr:ae fsl and the fractions >f Um in Lhe

Northfield c1 may indicate the origin of the materials. I{ov¡ever, Iiving

cells and meta-bolic products may be separated as shown by the inconsistencies

between ATP and other criteria of microbial activity.

It v¡as necessary to consider the amounts of ATP, organic carbon and

nitrogen corrtained in various soil fractions in order to obtain fractions

enriched with plant or microbial materials" Organic matei:ials in the J-ight

fraction were dominated by plant-fike material-s as indicated by fow ATP

contents and wide C/N ratios. Fractions with díameter 5.0-0.5 pm were a

major source of ATP and organíc materials. Fractions with díameters 20-5 pm

and <5 Um were characterized by smafler amounts of ATP and organic materials "

It is suggested that the coarse clay and fine silt fractions contain living

cell-s and microbial debris (Turchenel< and Oades ,I979'¡Cameron and Posner ,1979) .

L46.5 Metabolism of C-gfucose in soil-

L4Decomposition of C-gluco se in the two soils under consideration

yielded results characteristic of the decomposition of simple substrates ín

soil (section I.f.I). Tire effj-ciency of carbon utilization by the microbial

population in the Urrbrae fsl was similar to that reportecl for pure cultures
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payne tI97O) but higher efficiencies may have occurred in the Northfíeld cI.

AlÈhough the proportion of l4C retained by the two soils did not differ

greatly, more bioma""-tn" was synthesized in the clay soil than in the Ioam

(Ladd et aI.,I98I). The relatively high rate of decay of the bio*u.rs-I4C

compared with the non-bioma""-tn" was largely responsible for the dis-

I4
appearance of '-C from the Northfiel-d cI On the contrary the non-biomass-

1a L4'-'C contributed almost entirely to the disappearance of - -C from the Urrbrae

fsl especialty during the Iater phases of incubation.

The simil-arities in the trends of biomass C and the ATP of the two soils

incubate.d'with glucose, indicated that determination of ATP in the soil-

fractions may provide a reasonable estjmate of the biomass. AIso the biomass

C/AIIP ratios of the labelled population provided. information about their

physiological state and enabled calcul-ations of the amount of biomass carbon

in the soil fractions. The ATP data for the soils íncubated with glucose

should be j-nterpreted with caution due to the succession of microbial

populations (Nannipieri et a7. ,L9'78) .

It has already been pointed out that the ATP contents of the soils

were greatly influenced by pretreatment of the soif resulting from storage

and handling in the faboratory. However. due to the volume of work involved

in short time, the soil samples had to be stored until reguired. This along

with other procedures inherent i.n the fractionation probalely \¡¡ere responsibfe

for the poor recoveries of ATP from the soif fractions. However the

fractionations vrere carríed out as carefully as possible to reduce the loss

of ATP.

Fractionation of the soils into various particle size fractions

indicated that the additional ATP synthesized in the soil-s after addition of

glucose was rapidly distributed in all- the fractions and was related to

the ATP content before gfu.*u addition- Tt may thus be assumed that the

ready availabil-ity of the substrate led to multiplication of the existing

organisms and an increase in the ATP content of the fractions. Thus at day

2 in the Urrbrae fsl- incubated withtn"-nt.t"ose, both ATP and t4" t.t.
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conientrated in the <0.5 Um fraction. The contents of this fraction

declined rapidly (Amato and Ladd, l-980) and a concomittant increase in ATP

1Ã 14
and'=c was observed in the 5.0-0.5 pm fraction. The proportion of the -'C

in the biomass as calculated from the ATP data may also suggest a gradual

shift of the living microbial bodies to the coarser soil fractions. This

shift in the mícrobial population was probably due to the development of

Iarger organisms later in the incubation or perhaps the development of

colonies and associated mucilages. However, mineralization of the tn" i.,

the Urrbrae fsl was fargely due to the loss of non-bioma=t-tn" from the

<0.5 pm and 2O-5 pm size fractions. In both the soils there I^Ias a significant

reduction in the concentration of tn" in the light fraction, but this

pool was small compared to other fractions.

rn the Northfield cI most of th. 14c at the beginning of the

incubation period was immobilized in the soil- fractions in the form of

microbial biomass which then declined significantly during incubation.

Calcul-ation of the proportion of the tna in the biomass of the soil fractions

(from ATP data) as for the label-l-ed C in the biomass of the unfractionated

soil, indicated that the reductíon of the fabeLled biomass carbon in the

unfractionated soil was attributable to the Ioss of the labelled biomass C

from the 5.0-0.5 Um and the 20-5 ¡-rm size fractions.

Determination of the labelled biomass together with ATP made it

possibl-e to compute the concentration of ATP in the newly developed la-bell-ed

segment of the microbial population. Subsequent application to the soil

physical fractions enabled examínation of the flux of the added 
I4c tnd

identification of some components of mineralizable organic carbon.
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6.6 Suqqestions for Further Study

It has been recognized that the estimation of biomass carbon of

the soils after various pretreatments by the fumigation technique is

not reliable because of the difficulties in the determination of CO,

from the unfumigated soils. Therefore it would be d.esira,ble to compare

the effects of such pretreatments on the biomass carbon content of the

soils by some other method where such difficulties are not encounÈered,

i.e. the physiological method of Anderson and Domsch (f978b). Such

measurements may help to estabtish the biomass C/ATP ratios of the soils

after pretreatments. The ratios derived from such studies may be used

to estimate the biomass carbon content of soil fractions and coufd be

used in studies of the dynamics of carbon in soil.
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