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Abstract The response of the soil microbial biomass tKey words Seasonal responses - Microbial biomass C -
seasonal changes was investigated in the field under pisléerobial biomass P - Microbial biomass S -
tures. These studies showed that over a 9-month peridlitrient cycling - Pasture
microbial biomass carbon, phosphorus and sulphur (bio-
mass C, P, S), and their ratios (C:P, C:S, and P:S) re-
sponded differently to changes in soil moisture and to the -
input of fresh organic materials. From October to Decerlfiroduction
ber (1993), when plant residues were largely incorporated
into the soils, biomass C and S increased by 150-210%he microbial biomass not only contains a labile pool of
Biomass P did not increase over this time, having dautrients but also drives the cycling of organic matter and
creased by 22-64% over the dry summer (July to Septemutrients in soil (Jenkinson and Ladd 1981). McGill et al.
ber). There was no obvious correlation between biomg4986) proposed that seasonal changes in soil microbial
C, P, and S and air temperature. The largest amountsbadmass are directly involved in the turnover of organic
biomass C and P (2100-2306 and 150-19Q,g g* soil, matter and the cycling of nutrients in soil, thereby affect-
respectively) were found in those soils receiving farmyaidg their availability. Previous studies (Lynch and Panting
manure (FYM or FYM+NPK) and P fertilizer, whereas thd982; Biederbeck et al. 1984; McGill et al. 1986; Bristow
use of ammonium sulphate decreased biomass C andari®l Jarvis 1991; Kaiser and Heinemeyer 1993; Joergensen
The C:P, C:S, and P:S ratios of the biomass varied cat-al. 1994; Franzluebbers et al. 1994; Ross et al. 1995)
siderably (9-276:1; 50-149:1; and 0.3-14:1, respectivelydve compared seasonal responses of microbial biomass C
with season and fertilizer regime. This reflected the poteand N under different managements (soil and crop) or dif-
tial for the biomass to release (when ratios were narrovérent temperature and moisture regimes and have pro-
or to immobilize (wide ratios) P and S at different timesided valuable insights into the relationship between bio-
of the year. Thus, seasonal responses in biomass C, P, mragds C and N and the impacts of their seasonal dynamics
S are important in controlling the cycling of C, P, and S ion the cycling and availability of N in soil. However, data
pasture and ultimately in regulating plant availability of For other major plant nutrients such as P and S which, like
and S. The uptake of P in the pasture was well correlatiid are also subject to microbial transformations are lim-
with the sum of P in the biomass and soil available poolsed, except for a few trials in New Zealand and India
Thus, the simultaneous measurement of microbial biomgS®rn-Srivichai et al. 1988; Ghani et al. 1990; Perrott et al.
P and available P provide useful information on the poteh992; Srivastava 1992). Additional studies are therefore
tial plant availability of P. needed to improve our understanding of the role of the mi-
crobial biomass in controlling the availability of P and S
in soil.

In the work reported here, the amounts of microbial
biomass C, P, and S and available P and S in soils under
pastures subject to different managements were measured

Z L Hel - J.Wu - AG. OoDonmell - J.K. Sver over a 9-month period (March-December 1993), together
Department of Agricultural and Environmen};alisjgi)ence, with the dry matter, and the a}mounts of P and S in the
University of Newcastle, Newcastle Upon Tyne, NE1 7RU, UK harvested herbage. The objective was to extend our under-
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Table 1 Plots selected and basic soil propefigsthe Palace Leas Meadow Hay experiment

Plot No.  Treatments Farmyard manure Mineral fertilifers pH Organic C Total P Total S
(t hat year?) (kg ha' year?)
(%)
N P K S

1 FYM+NPK 20 17 13 28 6 5.3 5.3 0.22 0.072

2 FYM® 20 0 0 0 0 5.4 5.3 0.19 0.066

6 Control 0 0 0 0 0 5.2 33 0.035 0.035

7 N 0 35 0 0 19 3.7 6.3 0.075 0.075

8 P 0 0 26 0 2 5.7 4.3 0.12 0.037
13 NPK 0 35 26 46 21 5.5 3.7 0.082 0.046

& Organic C and total S cited from Wu et al. (1994). Total P was determined by vanadophosphate color photometry following wet digestion
(MAFF 1986), and pH determined in OMs KCI at a water:soil ratio of 2:1

b Calculated from data provided by Pawson (1960)

¢ Farmyard manure

as temperature, moisture, plant growth, and fertilizer apph:01M CaClb, respectively, for measuring biomass C, P, and S (Wu et
cation and in doing so to assess the importance of the #i-1990, 1994, in press). Prior to analysis, all extracts were filtered

. - . - ol sing Whatman No. 42 filter paper and stored at %18 minimize
crobial biomass in regulating the plant availability of B/ ¢, anges due to microbial activity.

and S in soil. Extracts of 0.8V K,SQ, were analysed for organic C content in
an automated carbon analyser (Dohrman DC 90, modified for UV
oxidation) and biomass C was calculated as described by Wu et al.
(1990). Extracts of 0.081 NH4F—0.025M HCI were analysed for P
by spectrophotometry (Wu et al., in press). Biomass P was calculated
from the increase in extractable P in the fumigated soil over that in
the control using a conversion factdesf of 0.4 (Hedley and Stewart
Soils and sampling 1982). Extracts of 0.0M CaCh were analysed for total extractable S
by ion chromatography following digestion with 30%®, (Wu et

The investigation was carried out with soils and herbage collectefl 1994). Biomass S was calculated from the increase in total extract-
from the Palace Leas Meadow Hay Trial at Cockle Park Farm, Northble S in the fumigated soil over that in the unfumigated soil using a
umberland, UK. Soil at this site is a clay loam belonging to the Wigonversion factorks) of 0.31 (Wu et al. 1994). The values of avail-
ton Moor Series (Payton and Palmer 1990). The long-term hay me#le P and S were taken from the amounts of extractable P and S de-
dow trial at Palace Leas was established in 1897 with plots subjectiégmined in the unfumigated soil as extracted in QVDBIH,F—
different fertilizer management since that time (Pawson 1960). S»025M HCI and 0.01M CaClb, respectively.
plots were selected for this study; the management and basic soil
properties are described in Table 1. Farmyard manure (FYM) and
most NPK fertilizers were applied in early spring. Soil from the plots
was sampled 3 weeks after the use of spring fertilizers and approxj: :
mately 2 weeks from the start and end of the dry season, onoﬁlsgint yield and P and S contents
March, 22 July, and 2 October 1993, respectively. These dates, to-
gether with those chosen for 22 June and 9 December 1993, wBrg weight of harvested herbage was calculated from total fresh
considered to provide a good representation of the main seasomaight of two to three cuts and the dry matter content determined by
changes in biomass and nutrient availability in the pasture. drying samples for 2 h at 8€ and an additional 48 h at 8C. Dry

For each time of sampling, ten cores were taken from the surfas@mples (three replicates) were ground to pass 1.0-mm mesh and di-
soil (0—15 cm) using an auger sampler (5 cm diameter) and pooledgested with HCIQ and HNQ (MAFF 1986). Saturated Mgglsolu-
provide one replicate sample. This was repeated twice more for egidm was added to prevent the loss of P during digestion (Brookes and
plot to give triplicate soil samples. Plant debris and roots were rRewlson 1981). The contents of P and S were determined by vanado-
moved and the fresh soil sieved moist (<2 mm) and mixed thamolybdate spectrophotometry (MAFF 1986) and inductively coupled
oughly. To reduce interference from remaining living plant tissueplasma spectrometry (ARL-Fisons 34000; Zhao et al. 1994), respec-
such as small pieces of roots, soil samples were storedGitid the tively.
dark for a maximum of 5 days. Biomass C, P, and S, and available P
and S were measured in the moist soil and soil pH, organic C, total P,
and total S analysed using air-dry samples.

Materials and methods

Data analysis

Soil biomass C, P, S, and available P and S

Data were analysed using ANOVA and the means tested for signifi-
Procedures for measuring biomass C and S were as described bydaft differences using tatest at 5% probability. Except for the devia-
et al. (1990, 1994) and for biomass P as in Wu et al. (in press). Sefian between replicates, which could be evaluated statistically, the ma-
rate portions of fresh soil (25, 5, and 10 g on an oven-dried basis, for source of experimental error was likely to arise from variations in
biomass C, P, and S measurements, respectively) were placed ffield sampling at different times and in the pre-treatment of samples
vacuum desiccator and exposed to alcohol-free GH@pour at (Patra et al. 1990). Under these circumstances, a coefficient of varia-
room temperature for 24 h (Jenkinson and Powlson 1976). Portiditn of 10-20% was considered acceptable, given the accuracy of the
were then transferred to a clean desiccator and residual £HElI methods (Jenkinson 1988; Wu et al. 1994, in press). Therefore, differ-
moved by evacuation for 20 min. Fumigated portions, together widémces of <20% of the measured values of microbial biomass C, P,
equivalent unfumigated portions, were extracted with 100 mand S were not regarded as significant. Similarly, it was considered
0.5MK.SQ;, 20ml  0.03M NH4F-0.025M HCI, and 20 ml that differences >20% were unlikely to be due to experimental error.
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Results and discussion a FYM

30004 Z\F(’[\(MNPK

Seasonal changes in biomass C, P, and S P

and the effects of fertilizers

-1 Control

2000- N

From March to October, soil microbial biomass C in the
control plot (plot 6) and those receiving farmyard manure
(FYM and FYM+NPK) remained relatively constant with
variations (<20%, see above) considered to be non-signifi-
cant (Fig. 1a). However, where mineral fertilizers (N, P,
and NPK) were used, biomass C decreased significantly
(23-34%) between either June and July, or July and Octo- 2 4 6 8 10 12
ber. These changes were consistent with the decline in soll

water contents during the dry season (July—September;

Fig. 2a). It is interesting that biomass C in the soils from 7 b

the control plot and those receiving FYM and FYM+NPK
did not respond significantly to the moisture deficit over 2004 FYM
this period (Fig. 1a). Although for the manured plots this FYM+NPK

Biomass C (ug g~ soil)

1000

soil)

1

may be due to better moisture retention, it may also sug- > 450 '//\/./‘ P
gest that the microbial populations in these soils (including 2

the control soil) are better able to survive the effects of o 4404 NPK
moisture deficit than the biomass in those treated with & /\/’{
mineral fertilizers (N, P, and NPK). In support of this hy- § |

pothesis, the control site contained the lowest amount of © R contrel
water over the dry season (17 ml 100,gFig. 2a) but o — . ——%N
showed no significant changes in biomass C. From Octo- 3 1 6 8 10 R

ber to December, biomass C in all plots increased by 150—
210% (Fig. 1a). These increases are most likely related to

the incorporations of plant residues and dead roots, which 50— c
provided substantial energy for the growth of the micro- FYM
bial biomass (Perrott et al. 1990). Over this period, water T  40-
availability would no longer limit the growth of the micro- 3K
bial biomass (Fig. 2a). It might be expected that as the '= | S
fresh inputs were consumed, the microbial biomass main- §
tained in the soil would decline in late winter and early «» | N
spring. This is indicated by the fact that the amounts of %
biomass C in all plots measured in March were much less g
than those found in December (Fig. 1a). o 107

Seasonal responses in biomass P showed a different
pattern from those seen for biomass C (Fig.1a,b). Be- 0 ; B : : 5 A

tween March and June, biomass P increased consistently
in all plots, whereas it decreased markedly (22-64%) be- Sampling time (months in 1993)

tween July and October. These decreases mirrored the Fig-1a—c Changes in soil microbial biomass @)(P (), and S ¢)
cline in soil water content (Fig. 2a). Since moisture defici selected plots at the Palace Leas Meadow Hay experirierur
had no significant effect on the size of the microbial bic#)__ars shovxll_ th?_ standard deviations of the means averaged over the
mass in the control, FYM, and FYM+NPK plots (as indi- © ooPing imes

cated by biomass C, Fig. 1a), the decline in biomass P in

these plots over this period demonstrates a marked lossrofrobial biomass would lead to a lower biomass P level.
P from the biomass. Given that the microbial biomass This is supported by previous studies (Sparling et al.
turning over but not decreasing in size, this loss might d®87; Perrott et al. 1990, 1992) and explains why the
explained by the limited diffusion of phosphate to microamounts of extractable P in all plots remained essentially
organisms due to moisture deficit in the soil or by the reonstant or even increased (Fig. 3a) in response to plant
placement of one microbial community by another with aptake and moisture deficit over the dry season (July to
more limited capacity for immobilizing P. The formerSeptember); i.e. it was being supplied by microbial bio-
would be accelerated by the vigorous growth of plantsass turnover. When the moisture deficit was eliminated
which would not only increase soil moisture deficit byn October 1993, the decline in biomass P ceased in all
evapotranspiration but compete with the microbial biomaptots (Fig. 1b) although subsequent increases in microbial
for P, thereby decreasing P concentration in the soil soliomass P lagged markedly, compared with the rapid in-
tion. Under these circumstances, the turnover of the sorfkases in biomass C (Fig. 1a,b). Changes in biomass S in
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Fig. 3a,b Changes in available R and S b) in the selected plots at the Palace Leas Meadow Hay experifeat.bars are as in Fig. 1

the earlier phase of the trial period (March—July) were imaicroorganisms but by the different chemical characteris-
significant, except for an increase in the plot receivintics of C, P, and S. This is seen in the different seasonal
FYM+NPK and a decrease in the control plot (Fig. 1cyesponses in biomass C, P, and S under pasture, which
Unlike the significant effect on biomass C and P, moistureake it inadvisable to use measurements of biomass C to
deficit during the dry season had little measurable effgatedict (possibly through modelling) the effects of micro-
on biomass S. Throughout the latter phase of the trial, bioial biomass turnover on the plant availability of P and S.
mass S increased consistently in all plots (Fig. 1c). This From the data presented in Fig. 1, it can be seen that
might be due to increases in both the size of the soil nuhanges in biomass C, P, and S showed little relationship
crobial biomass and the availability of S over this periotb temperature over the observed range (daily average of
(September-December; Figs. 1a, 3b). As with biomass &;15°C; Fig. 2b). This is in agreement with previous stud-
it is likely that biomass S in all plots would decline inies (Wardle and Parkinson 1990; Joergensen et al. 1994).
spring, due to the turnover of the biomass, coupled wiMcGill et al. (1986) have suggested that temperature af-
leaching losses of S during a wet winter. The pattern dcts only the activity, and not the size, of the soil micro-
seasonal changes in biomass S seen here compared hiallbiomass.
with those obtained for New Zealand pasture by Ghani et The amounts of biomass C and P, averaged over the
al. (1990). trial period, differed significantly with fertilizer regime
The data reported here show clearly that the respong&able 2); this is consistent with previous studies (Lynch
of microbial biomass C, P and S to seasonal changes anel Panting 1982; Anderson and Domsch 1989). The larg-
complicated and influenced not only by the growth of thest increases in biomass C and P were seen in plots treat-
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Table 2 Annual average amounts of biomass C, P, and S, and available P and S contents in surface soil (0—15 cm) in the selected plots of the
Palace Leas Meadow Hay experimeént

Plot No.? Biomass C Biomass P Available P Biomass S Available S

pg glsoil  kgha® pggtsoil kghal pggtsoil kghal pggtsoil  kghal pgglsoil kg hat

1 2104 3160 178 267 172 257 18 27 6.3 9.5
2 2283 3420 193 290 129 193 27 41 5.7 8.6
6 1826 2740 37 56 0.4 0.7 19 29 2.8 4.2
7 1504 2250 11 17 0.7 1.0 17 26 15.5 23.2
8 2070 3100 154 231 10.6 16 24 36 51 7.7
13 1877 2710 88 132 155 23 25 37 6.9 10.3
LSDp-0.05 144 216 23 34 6.3 9.5 7.0 105 15 2.3

& Values are the mean of the five sampling times
b For treatments see Table 1

ed with FYM and FYM+NPK. This is not too surprising,Ratios of C, P, and S in soil microbial biomass
given that farmyard manure not only provides the neces: . ) ] - A o
sary energy and nutrients to support an increase in micepsdq-e ratio of C:P, C:S, and P:S in the soil microbial bio-

bial biomass, but also improves soil aeration and water fgass can be used to indicate the likely impact of the mi-

tention. However, there were marked differences betweghpPial biomass on the availability of P and S in soil. With

the responses of biomass C and P to farmyard manufdrow C:P and C:S ratios, the biomass in enriched in P
(Table 2). Compared with the values measured in the ¢ id S and In wrn ha§ a high potential to release these nu-
frients by mineralization or turnover. Where the C:P and

trol plot and that treated with NPK, the amounts of bio=" ) . ; . .
mass P in plots receiving FYM and FYM+NPK increaseff > ratios are wide, the tendency is for the biomass to im-
by 200-520%. This is in contrast to much smaller ir{pobmze more available P and S from soil. Previous stud-
creases (12—25%) in biomass C in these plots. In addititss have proposed that C:P ratio of the soil microbial bio-

. s . [ lly in the range 10-35:1, whereas the C:S
to the large increases in biomass P (200-520%), usi 1SS 1S genera ; ’ )
farmyard manure is particularly effective at increasing'© 1S between 50 and 100:1 (Brookes et al. 1985; Chap-

both total P and available P in these soils (Tables 1, 2). an 1987, Sarathchandra et al. 1984; _Srivastava 1992; Wu
The effects of mineral fertilizers on biomass C and al. 1994). Under the pasture investigated in this study,

were dependent upon the fertilizer composition. In the plg'fese. ratios varleq from 9 to 276:1. anq 20 to 200:1, re-
receiving only P fertilizer, the amounts of biomass C arﬁPeCt'VeIY' according to the sampling time and manage-
P accounted for 90-98% and 80-87%, respectively, of gt regime (Taple_ 3)' . ) ) ) .
microbial biomass C and P measured in the plots recejy- S¢asonal variability in the C:P, C:S, and P:S ratios of
ing FYM and FYM+NPK. In contrast, the amount ofine biomass reflected the seasonal responses seen in bio-

available P in those plots receiving mineral P fertilizer a nass C, P, .and S (Fig. 1, Table 3).'Between March and
counted for only a small proportion (6-8%) of the avai June, the C:P ratios of the biomass in all plots decreased,

able P in the manured plots. In the plot treated with arfilthough the extent of these decreases was small in plots

monium sulphate (N) only, the amounts of both biomasstﬁeateﬂ with Fle\]/_I, FYMBNF;KJ and P.b_IT_he(sjedresults Sug-
and P decreased significantly. This was most likely due ggst that over this period, P is immobilized due to an in-

- . . . i icrobial activity during the warmer spring
the effect of strong acidity (pH 3.7) in this soil, due to th rease in micro ) .
continuous use of ammonium sulphate without liming. Fig. 1b). As shown by the data for July, the C:P ratio of

The data presented in Table 2 show no consistent tr Mbilo:r\r;l\a/ls;sNiFr)thhe O(l:ol\llwt_rol and (';hgse_ ploas t(;eated with
in the effects of fertilizers on biomass S. The measurem ’ ,an Increased during the dry season

of biomass S was less reproducible (greater standard _Iy—September). Th? ratio then declined in Qctober. In
viation) than the measurement of biomass C and P, m ntrast, in plots receiving P and NPK, the ratio chqngeq
' ttle throughout the dry season, due to the decrease in soil

ing differences between treatments less significant. It is i hich aff d v th lability of P
teresting, however, that the lowest value of biomassi&ter content, which aitected not only the availability o
but also the size of the microbial biomass (Fig.1a,b).

(17pg g* soil) was found in the plot receiving ammo- - : | . .
nium sulphate fertilizers (plot 7). This suggests that th(gver the remaining period, the C:P ratios of the biomass

amount of S immobilized by the microbial biomass igpcreased consistently in all plots (Table_ 3)- Thes_e data
more dependent on the size of the biomass and soil conﬂ?—o.w cl_ear_ly that the P content of the_ microbial biomass
tions such as pH than on the S supply since here biom led significantly throughout the growing season.

- : ; _ Throughout the trial period, the C:S ratio of the micro-
gleag)d_ PH were lowest whilst available S was highest (T%ial biomass decreased in all plots except that treated with

N (Table 3). Similar tends were also found in the P:S ratio
of the biomass. This supports our previous hypothesis that



426

Table 3 C:P, C:S, and P:S ratios of soil microbial biomass in the selected plots of the Palace Leas Meadow Hay experiment

Plot No?  C:P ratios C:S ratios P:S ratios

March June  July Oct. Dec. March June  July Oct. Dec. March June  July Oct. Dec.

1 11:1 9:1 13:1 10:1 17:1  147:1 135:1 122:1 97:1 99:1 14:1 15:1 9:1 10:1 6:1

2 11:1 9:1 13:1 11:1 16:1 14911 1141 82:1 64:1 68:1 14:1 13:1 6:1 6:1 4:1

6 48:1 43:1 76:1 37:1 55:1 125:1 200:1 11411 631 69:1 26:1 51 1.5:1 1.71 121
7 276:1 79:1 263:1 100:1 128:1 96:1 88:1 112:1 50:1 95:1 0.3:1 1.1:1 0.4:1 0.5:1 0.7:1
8 16:1 12:1 12:1 11:1 16:1 127:1 111:1 78:1 59:1 89:1 8:1 9:1 6:1 5:1 5:1
13 25:1 18:1 17:1 16:1 30:1 90:1 94:1 65:1 54:1 80:1 4:1 5:1 4:1 4:1 2.6:1

@ For treatments see Table 1

Table 4 Dry weights, amounts and contents of P and S of herba@oil microbial biomass as a reservoir of available nutrients
harvested from the selected plots of the Palace Leas Meadow Hay

experiment In the soils investigated here, soil microbial biomass C,
shown as the mean of five sampling times, ranged be-

oo atter) e hebage - Snthe hebage yyeen 1500 and 2288 g (Table 2). Assuming it con-
(t ha?) (%) (kghad) (%) (kgha?) tained 47% C (Jenkinson and Ladd 1981), this is equiva-
lent to 4.8-7.3thd total dry biota assuming a soil bulk
1 3.61 0.31 9.6 019 60 density of 1 g cm®. The amounts of P and S held in the
g ‘1"(1)2 8'31 12'? 8'55 Z'g biomass were substantial, with an average of 11-+iPB
7 1.30 0.22 24 025 28 and 17-27g S g~ soil. This is equivalent to 17-290 kg P
8 2.54 0.33 7.2 0.22 4.8 and 26-41 kg S ha in the 0- to 15-cm layer. These val-
13 2.17 031 5.9 0.22 41 ues are considerably greater than those found for available

P and S except in those plots receiving FYM and
FYM+NPK, where there was a marked accumulation of P,
and in the plot receiving ammonium sulphate, where the
the ability of the soil microbial biomass to supply P and 8vailability of S increased. Jenkinson and Parry (1989)
differs. The decrease in the C:S and P:S ratios indicateaposed that in the United Kingdom the turnover time of
the high S status of the microbial biomass over the triabil microbial biomass was about 1.5 years: equivalent to
period. However, it is likely that with the turnover of thean annual turnover rate of 0.67. Based on this rate, P and
biomass the following spring this S would be released. S cycled through the microbial pool are estimated for
Different fertilizer regimes have resulted in marked dithese plots to be 11-190 kg P and 17-27 kg'S ppar an-
ferences in the C:P, C:S and P:S ratios of the microbialm. These values were several times greater than the
biomass (Table 3). In the plot treated with NPK, the C:@mounts of P and S recovered in the harvested herbage
and C:S ratios of the biomass (16-30:1 and 54-90:1) fé#-11 kg P and 1.8-6 kg STia Table 4). Thus, the data
in the middle of the ranges reported previously (10-35show that the soil microbial biomass represents a substan-
and 50-100:1). In the plots receiving FYM, FYM+NPKt{ial reserve of P and S in pasture. This is in agreement
and P, the C:P ratio of the biomass (9-17:1) was lowavjth the hypotheses proposed by Perrott and Sarathchan-
indicating that the microbial biomass in these plots waka (1989) and Srivastava and Singh (1991).
significantly enriched in P. Between March and June, the The result of this work indicated that the role of the
C:S ratios of the biomass in the plots receiving FYMnicrobial biomass in controlling the availability of P and
FYM+NPK, and P were relatively wide (>100:1). ThisS was different between plots. From the data presented in
suggests that, at this time, S availability in the soil was ré@ables 1,2, and 4, it is seen that in plots receiving FYM,
latively low, although it was unlikely that the soil wouldFYM+NPK, P and NPK, the availability of P was more
become S deficient. In the control plot and that treatd¢ldan sufficient for plant demand, with the microbial bio-
with N, the microbial biomass had a wide C:P ratio (37mass serving as a reservoir preventing P from being fixed
76:1 and 79-276:1, respectively) but a narrow P:S raiio soil or incorporated into the soil organic matter. It is ex-
(1.2-5:1 and 0.3-1.1:1, respectively). These data indicgected that the microbial biomass has an important role in
that the P status of the microbial biomass was extremétgproving the efficiency of P fertilizer applied to the plots
poor, which, together with the very low available Peceiving P and NPK where available P (11-28055 7+
(<1pg g™, Table 2), is likely to have resulted in P defisoil) accounted for only a small proportion (6-18%) of
ciency in these soils. that held in the microbial biomass. In the control plot and
that receiving N, the availability of P was extremely low
(<1pg g soil) and was possibly insufficient for plant de-
mand (2.1-2.4 kg P hain harvested herbage, excluding P
in the roots and remaining tops; Table 4). However, the
amounts of available P were shown to increase slightly

@ For treatments see Table 1
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over the trial period (Fig. 3a). These measurements defnanzluebbers AJ, Hons FN, Zuberer (1994) Seasonal changes in soil
onstrate that in those plots P supply to the pasture was pri_mlcroblal biomass and mineralizable C and N in wheat manage-

. : ment systems. Soil Biol Biochem 26:1469-1475
marily dependent upon the turnover of biomass P and tE‘ﬁani A, McLaren RG, Swift RS (1990) Seasonal fluctuation of sul-

microbially m_ediatEd miner.a.-lization of organic_ P. phate and soil microbial biomass-S in the surface of a Wakanui
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