
\\tålI'[ ií'r'. !ÌILr lit,
{-¿r.13
LIBI{AI{Y

Polyphosphates and microbial uptake of phosphorus:

Studies with soil and solution culture

A thesis presented in fulfilment of the requirements for the

Degree of Master of Agricultural Science, Faculty of Agricultural

and Natural Resource Sciences, The University of Adelaide.

by

Nigel Kevin Fleming

Department of Soil Science

Waite Agricultural Research Institute

The University of Adelaide

February,1992



IT

Table of Contents

CHAPTER ONE: INTRODUCTION...

CHAPTER TIWO: LITERATURE REVIEV/

Phosphorus in microbial ce11s.....

Organic phosphates.....

Polyphosphates ...........

Polyphosphates in soil

Micro-organisms in soil............

Micro-organisms and the soil P cycle...

Uptake of P by soil micro-organisms...

Death of the biomass.....

Release of P from micro-organisms......

9

1

9

t2

15

T7

t7

18

t9
t9
2T

22

24

25

26

27

28

28

29

4

4

4

5

8

Types of micro-organisms in soil........

Distribution of micro-organisms in soil........

Quantity of micro-organisms in soil

Survival of micro-organisms in soil

Microbial grazing......

Effect of 'Water Stress........

Effect of Soil Structure.. ..................... 19

Immobilization of P by soil micro-organisms.........

Mineralization of soil P by micro-organisms..

Whole cells..........

Cytoplasm and cell walls.........

Mineralization of specific compounds................

Availability of microbial phosphorus to plants.

Measurement of microbial P.

Summary 33



ILT

CHAPTER THREE: Effect of amendment of soil with root material on microbial

biomass 35

..35

Materials and Methods..............

Results.

Discussion

Conclusions......

36

38

40

42

CHAPTER FOUR: Effect of P nutrition on P uptake and polyphosphate contenl........

Methods and Materials.............

Experimental Design.

Bacteria....

Analyses.

Results....

43

43

44

44

45

46

48

49

49

52

56

56

57

58

Bacteria....

Fungi

Discussion..

Bacteria....

General discussion and conclusions

CHAPTER FIVE: Polyphosphate content of soil with different plant types and

extractable P concentrations

Methods and Materials.............

Results......

Discussion

60

60

6l
63

66

69



tv

CHAPTER SD(: GENERAL DISCUSSION...... ........71

Relation of previous P nutrition to polyphosphate concentratiorl............. .....7L

Relation of previous P nutrition to subsequent P uptake 72

Relation of P nutrition to subsequent P uptake and polyphosphate concentration..........73

Amendment of soil with wheat and medic roots 74

Examination of wheat and medic soil for polyphosphates over a range of
extractable P concentrations ..........,74

Sequential fractionation of soil containing polyphosphates........... ........,.......75

Further work......... 77

77Summary..



v

Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 10.

Figure 11.

Figure 12.

Figure 13.

Figure 14.

List of Figures

A phospholipid compound..............

Techoic acid compounds..........

A polyphosphate compound of chain length n+4............

Substrate induced respiration of amended soil sampled at peak CO2

evolution (average substrate induced respiration from two until five

hours after substrate addition)................ ..................39

Microbial P of amended soil sampled at peak CO2 evo1ution....................39

Dry weight of a) Aerobacter aerogenes and b) Enterobacter sp

4

5

6

pretreated in low P or high P nutrient solution.... .....................49

Figure 7. Phosphorus uptake by A. aerogenes andEnterobaüer sp from

intermediate P solution after transfer from low P or high P nutrient

solution.............

51

................... 51

Figure 8. Polyphosphate concentration of A. aerogenes and Enteroba.cter sp

grown in low P or high P nutrient solution, sampled before transfer to

intermediate P nutrient solution........

Figure 9 Change in orthophosphate a) and total phosphorus b) concenuation of
intermediate P nutrient solution due to P uptake by Thanatophoruss

cucumeris after transfer from low P or high P nutrient so1ution.................54

Change in orthophosphate a) and total phosphorus b) concentration of

intermediate P nutrient solution due to P uptake by Mucor racemostts

after transfer from low P or high P nutrient solution.... 55

Polyphosphate in 0.5 M perchloric acid extracts of field soil of low,

medium or high P status under wheat or medic plants... 63

Polyphosphate in 0.5 M sodium bicarbonate extracts of medic high P

soil and wheat low P soil....

Polyphosphate and orthophosphate in sodium hydroxide, sonicated

sodium hydroxide and hydrochloric acid extracts of wheat low P OW-)

and medic high P (I\ftI) field soil........

Effect of storage at 4"C on polyphosphate concentration of air-dry soil

of high P status from under wheat or medic plants........ ...........66



vt.

evolution curves)...... .............38

Table 5. Gram positive:Gram negative ratios of bacteria in amended soil (Gram

negative = 10)... 40

45

Table 1.

Table 2.

Table 3.

Table 4.

Table 6.

Table 7.

Table 8.

Table 9.

Table 10.

Table 11.

List of Tables

Microbial C and P under various systems of soil management..................11

Potential inorganic P (PÐ uptake rate of the soil flora (from Beever and

Burns 1977)........ 20

36Description of soil

Peak CO2 evolution times of amended soils (estimated from CO2

Phosphorus and carbon analyses of bacterial nutrient solutions...

Phosphorus and carbon analyses of fungal nutrient solutions..

Total P concentrations of A. aerogenes and Enterobacter sp gtown in

nutrient solution of low or high P concentration............. ...........50

Dry weight and P concentration of M. racemosus and T. cucumeris

hyphae during P uptake from solution of intermediate P concentration

(DBI) after transfer from solution of low and high P concentration...........61

Description of soil.... ............61

Chain length of soil polyphosphates found by Pepper et al (1976)............ 68

47



vlt

Summary

Micro-organisms play a major role in phosphorus (P) cycling in most soils. They are

involved in the concrurent processes of mineralization and immobilization of P in soil.

Micro-organisms mineralize organic P in plant tissues and other soil organic matter to

orthophosphate. This orthophosphate is then available for uptake by plants or micro-

organisms orreaction with other components of the soil system. However, micro-

organisms may also compete with plants for added P in fertilized soil.

Currently there is no measure of the potential P uptake of the soil biomass. The

presence of polyphosphates was investigated as an indicator of the the phosphorus status

andpotential P uptake of some micro-organisms. Micro-organisms can grow without

accumulating polyphosphates, but this accumulation is a result of adequate or luxury P

uptake. Polyphosphate is a P- and energy-storage compound which accumulates in most

micro-organisms when phosphorus does not limit microbial $owth.

The aim of this project was to investigate microbial P uptake and polyphosphate content

with a view to using microbial polyphosphate content as a measure of potential P uptake

by micro-organisms. Three experiments were conducted with the following objectives:

Ð to determine if the addition of wheat or annual medic root material to soil had

differing effects on soil microbial C and P;

to investigate the effect of previous P nutrition on P uptake of two bacteria and

two fungi in single solution culture and relate this to the presence or absence of

polyphosphates in these micro-organisms; and

iÐ
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iü) to investigate the presence of polyphosphates in freld soil over a range of P status

as estimated by extractable P concentration and to determine whether these

polyphosphates are present in the microbial biomass.

Annual medic (Medicago tunculata cv Paraggio) and wheat (Triticum a.estívum cv

Molineux) plants were grown in a glasshouse and their finely chopped roots mixed with
at 20oC and 60o/a water holding capacity, for 2l days

soil at similar rates of carbon addition. SorI was rncubate%*d microbial carbon (C) and

P measured at the time of peak carbon dioxide evolution (determined in a preliminary

experiment). Soil microbial respiration was measured by addition of glucose solution

measurement of the initial peak of CØ evolution. Glucose is an immediately

metabolisable microbial substrate and the (immediate) maximum CO2 evolution of soil

treated with glucose solution is considered to be a measure of the size of the initial soil

biomass. Microbial P was measured by fumigation with hexanol and extraction with 0.5

M sodium bicarbonate solution.

Medic roots mixed with soil at a rate of 43 mg C g-1 soil and 0.40 mg P g-1 soil

stimulated peak soil respiration of 3.0 þg COz g-1 soil h-l and a soil microbial P increase

of 8.3 Lrg P g-1 soil. Wheat roots mixed with soil at a.rate of 37 mg C g-1 soil and}.21

mg P g-1 soil stimulated peak soil respiration of 2.7 þg COzg-l soil h-l and a soil

microbial P increase of 0.6 pg P g-1 soil. Medic roots stimulated a larger relative increase

in microbial P than wheat roots for a given rate of addition. This implied that, for a

similar quantity of biomass, the P content of micro-organisms stimulated by medic roots was

about three times that of micro-organisms stimulated by wheat roots. It was concluded

that plant species affects the chemical composition of the soil biomass.

The effect of previous P nutrition on orthophosphate uptake and poþhosphate

accumulation by two species of bacteria (Aerobacter aerogenes andEnterobacter sp) and

two species of fungi (Mucor racemosis andThanatophorw cucumeris) was measured.
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Bacteria and fungi were grown in nutrient solution of low or high P concentration (0.15

and 0.70 mM P respectively for bacteria, and 0.40 and 0.94 mM P for fungi). P uptake

from solution of intermediate P concentration was measured and subsamples of cultures

were analysed for polyphosphates. Bacterial polyphosphate content was measured by

extraction with sodium hypochlorite and hydrolysis for 10 minutes with lN HCl. Fungal

polyphosphate content was measured by extraction with ethanol and water and analysis

by 3tp n.m.r. All micro-organisms pretreated with high P took up less orthophosphate

from solution than those pretreated with low P. Polyphosphates were found in bacteria

pretreated with high P (A. aerogenes 6.3 mg polyphosphate g-l dry weight and

Enterobacter sp 2.3 mg polyphosphate g-1 dry weight), but not in fungal hyphae.

Field soil of low, medium or high P status (2.8,5.6, and 14.0 ¡tg NaHCO3-extractable P

g-1 soil) from under wheat or medic plants was analyzed for poþhosphates. Samples

were extracted with perchloric acid and activated charcoal. Extracts were hydrolyzedto

determine polyphosphate content. Soil polyphosphate content ranged from 0 to 13.9 pg

g-1 soil. Polyphosphates were present in all soil under medic, and in soil of medium and

high P under wheat. Soil poþhosphate content increased with extractable P. Soil

containing polyphosphates'was sequentially fractionated with 0.5 M sodium bicarbonate,

0.1 M NaOH, ultrasonic dispersion, extraction again with 0.1 M NaOH and with 1 M

HCl. Soil polyphosphates (up to 13.0 pg polyphosphates g-1 soil) were present in the

microbial biomass. No polyphosphates were present in other soil extracts. Changes in

soil effected by wheat growth appear to be less suitable for the synthesis and

accumulation of soil poþhosphates than those effected by medic g¡owth.

Micro-organisms containing polyphosphates took up less P from solution than those not

containing polyphosphates. The polyphosphate concentration of field soil increased with

extractable soil P. The presence, quantity and persistence of soil polyphosphates

differered between soil under wheat and under medic plants.
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All objectives of this project were achieved. Amendment of soil with medic or wheat

roots had different effects on microbial C and P. Pretreaünent of micro-organisms with

low P solution increased subsequent P uptake. Pretreatrnent of micro-organisms with high P solution

decreased subsequent P uptake. This was accompanied by the presence of

polyphosphates in bacteria pretreated with high P, but not in fungi Poþhosphates in

soil were shown to be present in the soil microbial biomass, and to increase with

extractable soil P.

Polyphosphates can be used as a measure of microbial P uptake in solution. It remains to

be seen if polyphosphates can be used as a measure of P uptake by the microbial

biomass.
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