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, Bray— 1 (0.03 mol L™! NHsF— 0.025 mol L™ 'HCl) Potter !
Wu 7 (pH 3.6~ 5 9,KCl) Olsen
s Bray- 1 1. 4 s (P
K, 0.4

( Brookes' ! ) ,

, ( Buwookes [ Hedley 131y

1
11
5 12 ,
1 33
0~ 20 em , (5~ 6 ) , 1 kg
1
Table 1 Sources and characteristics of the soils
Soil No.  Site Soil type Crops Fertﬂize,:w (1?21) (}fz}(l)) 0-C. fouk Bl
(%) (mgkg™")  (mgkg™')

1 + 33 3.8 1.4 240 273
2 / NPK 36 4.5 0.7 400 28
3 NPK+ M 4.0 5.3 0.7 260 247
4 4.1 5.2 1.0 710 2%
5 NP 4.2 5.6 0.6 400 211
6 NPK 4.6 5.6 0.4 260 150
7 NPK+ M 50 5.6 0.9 710 223
8 NPK 55 7.0 1.7 950 249
9 6.8 7.8 1.0 870 290
10 / NP 7.0 8.1 0.8 840 258
1 / NPK 73 8.0 0.8 770 241
12 / NPK 7.4 7.8 1.1 960 231
1) (N, P, K and farmyard manure are applied at bcal rates)

12

4C , ( )
) ( 2mm), )
) ( 40% )
40% ( )
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7~ 15 , 1 mol L™ ! NaOH
CO,, 25C ,
4C , 24
13
M cLaughlin o wy 7 (g L~ h:
10 3 NaCl 5, ( ) 1L
300ml, 1 1kgem? 0.5 , 107 * 0.5ml, 25C ,
5 (15 ,2500r min” ) ; 0. 85% NaCl( W/ V) 6
(mg L™'): NaNO3 660 KH,PO4 330 MgSO4° 7TH,0 165 FeSO4 6. 6 165
10 000 1L 300 ml, 30 mg
1.5 mg, 107" 0.5 ml, (150 rmin™ )  25C 5
. 0.85% NaCl 6 0. 85%NaCl
, 4C (<3 )
4 6(W/W, ) ,
, P 029 mgml ' 2
2 (46 W/ W
Table2 Main constituent of the cultured bacterial and fungal biomass and their mixture
C P
Microbial suspension  Dry matter{ mg ml- 1) (mg ml- 1) (mgml- 1) cre
30.8 9.73 0.289 34 1
28.8 8.82 0.173 511
29.6 9.17 0.231 40 1
14
R Williamss [
L2A WY , 1 ,
3 \ (4°C)
15
40g  20.0g( ) 6 25 ml ,
(200 ml) (25 ml) , 25 ml
(0.5 em , ) 1I~3 , - 0.07MPa 3~5 , 25C
24 , 3,
100 ml \ 80 ml NaH CO3 (0.5mol L', 1mol L™ 'NaOH pH85)
NH4EHCl ( 0.03mol L™ 1,0.025mol L™ 1), 30 (300 rmin™ ),
, (3500 r min ') 8 , 6
4.0g 20.0g 100 ml ( )
, 12 , 1~ 2 ( 4C ),
16
Brookes ¥ 6 40g 20.0g , 2
\ KH,PO, P25 mg kg™ (1 20 ) 10mg kg™ '(1: 4 )
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9%% (1 4) 61%~127% (L 20),
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3 ,Olsen  Bray1l L4 T200W/V) (mg kg 1)
Table 3 Increases in P folloving chlorofomsfumigation and extraction in Olsen and Bray-1

extradants at soil solution ratios of I 4 and I 200 W/ V)

Olsen Bray-1
Soil No. L4 120 L4 I 20
1 P, 1.2%0.3"" 3.3%x0.5" 0.6%0.1"" 1.9%0.6™
Py 0.9%0.4" 2.0%0.5" 0.4%0.1"" 1.4%0. 8
P, 0.3%0.2 1.3%x0.5" 0.2+0.1°* 0.4%0.5
2 P, 1.3%0.7 2.1%0. 8" 0.5%0.03*" 2.240.7*
P, 0.8%0.1"" 1.4%0.6 0.5%0. 1" 2.240.9
P, 0.5%0.6 0.6%0.4 0.0%0.1 0.0%0.6
3 P, 1.0%0. 4 2.0%0.2" 1.4%0.5" 2.4%0.7"
P, 0.81+0. 03" 1.6%0.2" 1.5%0.1"" 2.5%0.4™
p, 0.1x0.4 0.5%03 - 0.1%0. 4 0.0%0.6
4 P, 3.3%0.6" 5.8%+0.7" 4.3%0.6" 3.7%1.7°
Py 2.4%0.5" 5.3X0.7" 4.3%0.5" 3.3%0.7"
P, 0.9%0. 4 0.5%1.0 0.0%0.5 0.5%£1.3
5 P, 2.4%0.7" 2.2%0.4™ 4.0%0.3" 4.2%+1.8"
P, 2.3%0.2°" 2.8%0.8" 4.2%0.2"" 5.0%1.6™
P, 0.1£0.5 -0.6%X06 -0.3%0.4 -0.7%1.5
6 P, 1.0%x0.2"" 1.2%0 3" 0.4%0.1°" 2.0%0.7"
P, 0.6%£0.6" 1.0x0 2" 0.4%0.04"" 2.1%0. 8"
P, 0.5%£0.2°" 0.2%0. 1 0.0%0. 03 - 0.1%0.2
7 P, 3.0%0.7" 4.8%1.6™ 3.9%0.2°" 3.2%0.9™
Py 2.4%0. 1** 4.3%£1.0" 3.9%0.3* 3.1E1. 1%
P, 0.6%0.7 0.4%0.8 0.0%0.2 0.2%0.5
8 P, 2.7%0.1°" 9.1%0.6" 0.4%0.1"" 1.7%0. 4™
Py 1.9Fo.1"" 6.4%X0.6" 0.3F0.@"" 1.9%0.2™
P, 0.8%0.2"" 2.7%0.8" 0.1%0. 1 - 0.2%0.2
9 P, 4.2%0.2"" 5.3%0.8" 3.3f0.1°" 4.6%1.4"
Py 4.0%0.2"" 5.0%£0.5" 3.4%0.1°" 4.7%10.9"
P, 0.2%0.1 0.3%0.8 - 0.1%0.1 -0.1%0.5
10 Py 2.5%0.4" 2.6%0.7 0.7%2.8 3.8%2.4
Py 1.9%0. 1** 2.1%0.6* 0.7%3.9 3.3%2.3
P, 0.6%0.3 0.5%0.2° 0.0%0.4 0.4%1.4
11 P, 3.0%£0.3" 4.1%0.9" 0.4%0.2"" - 0.3%0.1
Py 2.8%0.2°" 4.5%0.6™ 0.5%0.1"" 0.0%0.06
P, 0.2%0.1 -0.4%0.4 - 0.1%0.1 - 0.3%0.1
12 Py 3.4%0.6" 5.9%1.9" 3.1%0.4" - 4.3%5.4
P 3.2%0.7" 5.6t21% 2.8%0.3°" - 4.3%5.6
P, 0.3%0.2 0.2%0.9 0.3%0.2 - 0.2%0.4
* (p< 0.05), ** (p< 0.0l) Symbols * and * * in parentheses represent

stat stical significance at 5% and 1% ( #tests), respectively
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Fig. 1

Relations between the recoveries of added inorganic P (a) or that of added microbial biomass P (b) and soil pH(KCI),

and relation between the recoveries of the two forms of P ( ¢)
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MEASUREMENT OF MICROBIAL BIOMASS-P IN UPLAND
SOILS IN CHINA

Wu Jigr shui  Xiao He-ai  Chen Gut qiu Huang Min
(The Institwte o Subir@icd Agriaulture, Chinese Acadeny ¢ Sciences, Changsha 410125 China )

Summary

This paper reviews previous methods for measuring the microbial biomass P in soil, with camments on
their problems and limitations in the use for different soil types, and desaribed main procedures involved
in the measurement. A study was carried out to validate the methods for upland soils in China. Resulis
show that for the 45 soils used, the flush of inorganic P (P;) extracted in 0.5 mol L~ ' NaHCO4( pHS. 5)
a a soil solution ratio of 1: 20 following gaseous chlorofoms fumigation, as proposed by Brookes et al. ',
provided a better indication of the amount of the biomass P than that extracted a a lower soil solution ratio
(1:4), or in 0.03 mol L™ ' NH,F= 0.025 mol L~ "HCI a bhoth the ratios (1: 4 and 1: 20). In most of
the soils, the size of the flush of P;was not significantly different from that of the flush of total P extracted
(P, suggesting that the measurement of P, was not necessary.

Follow ing fumigation and extraction in the NaHCOj solution at 1: 20, the percentage of cultured m+
crobial biomass P added into the soils and recovered as P; varied largely (16% ~ 61%), and had no sig-
nificant correlation with soil pH(KCI) or the percentage recovery of added Pi( closely ce-related with soil
) . This suggests tha the percentage of soil biomass P extracted after fumigation was underestimated by
previous methods (Brookes et al. 1, Hedley et al. lSJ) . Therefore, the amount of biomass P in the 45
soils calculated as previous methods was 1. 3 folds larger than that calculated using the recovery of cultured
microbial biomass P. We believe that the later method provide more reliable estimate for the amount of
biomass P in the soils. This study demonsiraied that P in soils from south China had generally low avait
ability (< 1.5% of total P) to the microbial biomass.

Key words Soil microbial biomass P, Measuring method



