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SUMMARY

Transformations of phosphorus (F) within the
sail-plant—animal syestem are complex and are aftected by a
combination af physical, chemical and biclogical reactions. To
date, a large proportion of the research into reactions
invoclving scil P has focusced on the inorganic components of
the P cycle, despite the knowledge that biclogical reactions in
the =oil can have overriding influences on the transformation
of P from one form to another. There is a need to study the
influence of the microbixal biomass on P cycling in soils, and
this has been aided by the development ﬁf new methode ta
measure P held in soil microorganisms. In Australia this need
is particularly important, as P is the major nutrient applied
to agricultural soils., The objectives of the research reported
in this thecis were therefore
(1) to develap a suitable proacedure for measurement of P held
in the microbial biomase in soils under arable rotations,

(2) to assecs the importance of the micrabial biomasze in the
aseimilation of fertiliser P,

{3 to determine the role of the microbial biomase in the
turnover and decomposition of cereal root and pasture plant
residues and,

(4) to azsecs the importance of pasture residues in the P
nutrition of the encsuing cereal crop.

The literature pertxining tc the role of microorganisme in P
crcling in soil is reviewed. Factors affecting microbial

activity in scil are considered in relaticon to the uptake of F
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by microorganisms, and the turnover aof P from plant roots and
recidues is discussed. Methods of studying P cycling are
reviewed in relation to the techniques required to study P
transformations in field soils.

An impraved method for measuring microbial P in field soils
was developed. @& range cf gas, ligquid and vapour biccides was
tested, in combination with ceven extractants, ftor their
ability to release P from scil micrcorganiems in situ. The
biocides tested were chloroform (CHClgz), ethanol (CoH0OHY,
praopan—i-ol (CgH>0H), hexan-i-ol {C H,x0H), F-propiclactane
(CoHaOgx2, formaldehyde (CHz0), glutaraldehryde (CxHgOx?Y,
ethylene oxide (CoHa0? and methyl braomide (CHzBr). The
extractants tected were 0.95M MNaHCOL(pH2.5), 0.1M NaHCOaTpHE2.5),
0.05M NaQH, 0.01HM CaClg, 0.03M HzS04, 0.03M MHLF + 0.1 HCY and
an anion exchange resin in the bicarbonate form. An incubation
technique using 2=F encured only microbial P was measured.

Chlargform and hexanol were the most efficient biccides: the

latter waz preferred because of 1tes le

n

¢ hazardous nature. The
bect extractant was 0.35M NaHCOg (pH 8.%3). Mixed populaticons of
=oil microorganims were uced for calibration purposes, and K,

factores cobtained were 0.33, 0.40 and 0.57 for the three coil

imn

studied. Since microflora differ from <cil to eoil, as does
the proportion of P released as inorganic P, calibration is
necescsary ftor each =cil. Incubation is rnot recommended as &
pretreatment for samples used to measure microbial F: scilszs

should be treated with hexancl or extracted immediately after

sampling to aveoid quantitative aor qualitative changes in the

biomacss. Errcors associated with the inclusion of plant rocot
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material in the sample can be minimiced by removing the bulk of
the roots before fumigating the scil.

The caompetition between scil micrcocorganisme and plants for
fertiliser P is likely to be qgreatest in the rhizosphere, where
root dencities are high and substrates for micraobial growth are
available. This poses problems for the measurement of
microbial P in €0il adjacent to plant roots. Accordingly, a
new technigque was adopted to separate the rootse from scil with
& poroue membrane. This techrnique also allowed an ascessment
aof the loss from the root of P in diffusible exudates. Ullheat
plants labelled with ®3F were grown 1in thin laverz of <cil
amended with ®2P-]labelled fertiliser. Quer a 22-day growth
periqq, net movement of 2P out of healthy growing rcoote varied
from 0.9 - 4.94 aof the total 32P translocated to the rooct.

Over the same period, the plants took up 12.0¥ and the
microbial biomass 14.14 of the fertiliser 32P. (n drying and
rewetting of the soil after the plants were harvested, a large
proportion of root P maved into scil fracticons while 22
appeared to accumulate in the biomass and stable formes of P.

The contribution of pasture residues and fertilicer to the P
nutrition of wheat was studied in laboratory and field

experiments. Wheat plante (Triticum aestivum cv. Warigal) were

grown in a Soloniced brown scil (Calcixercllic xerachrept)
which had been previcusly cropped with medic (Medicago

truncatula cv. Paraggio?. In a laboratory experiment,

33pP-Jabelled medic recsidues and ®2FP-~labelled morncocalcium
phosphate were added tc the secil in factorial combination.

Amounte of 21P, 32P, and ®9F in the wheat plantes and in the
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zoil microbial biomass were determined. Addition of residues
depressed dry weight of wheat, 2'P, and 2P uptake, while

simul taneously increasing amountse of 2P and ®2P incorporated
intc the microbial biomass. Addition of fertiliszer had nao
effect on the proparticon of plant P taken up from the residues,
but significantly increased the proportion of micrabial P
derived from thie scurce. =!F held in the microbial biomass
wae significantly increased by addition of both residue and
fertilicer F, with the former having the larger effect. UOf the
total P applied to the soil, medic residues contributed
approximately one guarter of that csupplied by the fertilizer.
0f the total P in the wheat plant, medic residues supplied
approximately cone fifth of that supplied by the fertiliser.

In & field experiment, ®3P-labelled medic recsidues and
22p~1abelled fertilicer were added to cpen ended pats driven
intae the scil. Residues were mixed throughout the coil while
tertiliser was banded with the seed Jjust below the surtace.
Dynamice of P uptake by the wheat plants and the microbial
biomas= in the =s0il were measured over a 95 day period. 23F
from the recsidues was rapidly incorporated into the micrcochial
biomase with more than 23¥ of the applied radicizotope being
found in the microbial pocl after only 7 days. Little af the
32F from the fertilicer was taken up by the microorganiesms
presumably becaucse of ite locaticn in & band, but the wheat”
plants were able to aszimilate a significant proportion of the
fertilicer 2P, The microbial biomass immobilized a smaller
praporticon of the P releacsed from the recidues under field

compared with laboratory conditions, and the recsidues proved to



KT I

be a less effective source of P for the plants in the field.
Thies fact, coupled with the observation that a large proportion
¢50%) of the reszidue F was quickly converted to organic forms
suqgests that the turnover of the microbial population was
facster in the field than in the laboratory studies. The
implications of the resulte in terms of fertiliser management

and soil P cycling are discussed.



