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?éﬂj&l, %‘1 b 1,2,5*’ i);] WI‘P, #3];»%;%-4,5’ jljj:}é\l’z’s, ]’;],%}# 1,2,5

(1 EMVREI B SR T, TRESERE 5326005 2 ) TU AT CERMAE S RGBS S, S AR AT S R
G PEEPANRLFULING AT NG, PSR 5326005 3 BTG KFIAEE SA M RAFRE, BT 5320005 4 PRI A 1A X A AR W
Uy, BT 5320005 5 RS FRLES WIS (7P AESEH), TPEERE 532600)

W OE: AU BRSNS (SB)E . ST E AL SRR SR AFHC)E DL L ST E AR R -BR IR IR (HASA)E
22 AV R - S v sk 2 B (MBP) B Bl A T R L b, B 7E R TE 58 MBP B & & A0 E Jr ik LA BRI
SERRN] . Bk 3 RhOT IR CHIREIIRR B RIS 21.62% ., 27.39% . 43.48%, FRVE LSRRt JCHUBR e AN IS E MR ISR Z, 3 Fh
JIEYIARFE MR B A TEHLBE . SB R MBI 2/ N T 51N R TR, BHEEBURTE Y AFHC A HASA RS RAHY

BEPRIGSR RAT . 3 AR TA M E 451 2 B M2 R (P<0.05), Hirr, SB ILMIEIREI AT YR, 5 RE(CV)H 17.50%, K%
BERZFRT I3PIF I AFHC ¥:19 CV 2y 8.81%, K& EE AT, HAR/ IRV TR IR B, 52 E R AL ; HASA %
1) CV 2 8.76%, FHERE RAF, Mtk HHOR IR, WTH, SRR, o T W Rt 13 MBP & H e .

KPR TR BUEWA RS SOTTEAE R A AR IR ST IR L SRR 2
By TOHUBEINFR RIS i i

RESES: S151.93 NHEFRERD: A

Selection of Methods for Determining Microbial Biomass Phosphorus in South Subtropical

Acid Forest Soils

LI Zhaoying', ZHENG Lu"**", HU Gang®, YANG Haiju*®, LIU Shiling"*°, MING Huilin'??

(1 Tropical Forestry Experimental Center, Chinese Academy of Forestry Sciences, Pingxiang, Guangxi 532600, China; 2 Guangxi
Youyiguan Forest Ecosystem National Observation and Research Station, Youyiguan Forest Ecosystem Observation and Research
Station of Guangxi, Pingxiang, Guangxi 532600, China; 3 College of Environment and Life Science, Nanning Normal
University, Nanning 532000, China; 4 Guangxi Zhuang Autonomous Region Environmental Monitoring Center, Nanning
532000, China; 5 National Comprehensive Ecological Quality Monitoring Station (Guangxi Youyiguan Station), Pingxiang,
Guangxi 532600, China)

Abstract: In order to provide a scientific basis for optimizing the selection of determination methods for microbial biomass
phosphorus (MBP) content in acidic soils, this study conducted a systematic comparison of three methods for determining the
content of MBP in south subtropical acidic soils: the chloroform fumigation-sodium bicarbonate extraction method (SB method),
the chloroform fumigation-ammonium fluoride-hydrochloric acid extraction method (AFHC method), and the chloroform
fumigation-hydrochloric acid-sulfuric acid extraction method (HASA method). The results showed that the spiked recovery rates
of inorganic phosphorus for the three methods were 21.62%, 27.39%, and 43.48%, respectively. Acidic soils exhibited strong
adsorption and fixation of inorganic phosphorus, and none of the three methods fully extracted inorganic phosphorus from the soil.
The phosphorus increment of SB method was significantly lower than that of the other two methods, indicating insufficient
phosphorus extraction. The phosphorus increments of AFHC and HASA methods were comparable, with good phosphorus
extraction efficiency. The determination results of the three methods showed significant differences (P<0.05). The filtrate color of

SB method interfered with detection, with a coefficient of variation (CV) of 17.50%, and its precision was significantly lower
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than that of the other two methods. AFHC method had a CV of 8.81%, indicating good precision, but turbid filtrates occurred in

some acidic soil extracts, affecting normal detection. HASA method had a CV of 8.76%, showing good precision, with clear

acidic soil extraction filtrates and minimal detection interference, and this method has obvious detection advantages and can be

used for the determination of MBP content in south subtropical acidic soils.

Key words: Acid forest soil; Microbial biomass phosphorus; Chloroform fumigation-sodium bicarbonate extraction method;

Chloroform fumigation-ammonium fluoride-hydrochloric acid extraction method; Chloroform fumigation-hydrochloric acid-

sulfuric acid extraction method; Spike recovery rate of inorganic phosphorus; Phosphorus increment

IR WA ] A LSRN 32 2554 (0
Wi, HA B R B IE IR0 , AE 3R
WA IR SR h R B OCERMER, +
A YRR A BES R E TR BT
R RGEYFIGINGE S . HHEE S R AT, R
P oy A U T8 R BV TR AR A R
Febro R, WERRIE B R Y A i R A Bk A
WA SRk . A BV AR ILERIBEE . LA
M W A X R AR A 1 X SN ) RS
O RO R e SR oY BT S

TERTNBRSE T, 3Gl Y AR W) 5 W (MBP) &
W EA 2ROk, BAATEAHEM, BT, A5
AR —BR A AR U 2 B3 MBP & R 9 &
Ty kU DL AR Ak IR B 7 - 1R R S
BRSRBOR T 1y G EERAE 1 MBP &P %
TrEHAG PR, BRI KRG f5~5 i
TR T o3BTt 2e o FReSIx T W[5 5 B 7 2 A MBP 5
TR 4, IFZS S SR B N,
SE R ZEHITHE A, 2 25 AR R FH U LY Brookes
SRR I, AR A PR S S R TEAL
W, PG A 4 FMREBGRASEBECR , &3 0.5 mol/L
i TR S B VR P 42 U ey SRR, TR G A P b vk
JEBR IR S AN IR R 1 3% MBP {H 2 J5 Oberson 25!
5 Potter FHFTT R I, FRPE 1 AR IR S BT
BRI PERE AT E  MELASRAR AT SE Y MBP & i,
Ifii Bray-17%:(0.03 mol/L Jifk£4-0.025 mol/L #h7i2 4
BRI e 25 S ke . H— e 2 A 3 T
FpUy ettt 1o,

Kouno 2", 7R fizgRBUSRE D, A
Yy 240 R Wl 2 1 - S BRI S o PRI, TR S
D52 TCHLBE bR TSR DUAS T 52 455 . Wu 26U
Ny, TCHLBE ISR ARAE T 1€ MBP &1, E5kill
FEFFRAEY) MBP B RDSCRA I E 4558 . (H 525
S REFRAE I I BB 25 )43 A 5 AT
HARME—E, T IR RAEAES, A, 2R
IR ICHUBE IR RSO AS T 5 25 SR

I, 5 5 TCATLBA AR [T A5 R B 2 5 R 2 R
A 22 (LRI B0 ) 2 I 5 1 MBP &5 2 A9 i 2L
AU, eIk E

FUAT, B A BE XA R 5 v D0 s it - 3 MBP 3%
1 B AT DA HGE , SO TGS BRI
TR, WYkt MBP I 5E 1Y 7 ke BRI
AR o O T SRR G, O R A A
B0 E S5 R IR 22, A B AR 7
e ST R VAT RGBT, Bkt 3% MBP %
TN E RIS BT, O IRYE L MBP I 5E 7 2 Ayt
PRSI, AHTFE b4 f A R 3
1 1, RS RS 5 SR ZE 5 73 R R A kiR
P12 AR R R 1 L) SR TR R R vk 202
MER) MBP &8 K22, AWtk 13 MBP JIlE
AR IEAL AR Bt SCHEE

1 #RERE

1.1 R H A

PR PR R AT P RN ES R G5
PLMBFFE R ) 18 A HAEFIR [ T PERBH L F SRR
P 6 A1, 24 ML, RIS 1~24. K
B AR 2 mm B, AP — (R IRAET 4°CTK
R T 3 MBP i9E 5 — 1y KT 5 I 4% pH.
AL 8. AR RIS A AR
PERANEE 1 Fim .
1.2 MEFHE LRI

24 A HHEEERE T SOKEIE T 25 C %k

£ 7d, ZIEEA ISR 1y, B 3.0 g0 Hifr,
3 IRl B AT T TR v, s B AR
2~3 min, FAERGALHLE 24 h 5, FFREBRRET, 4
B Ry ST BB 25 PR S BNIR $E (SB)TE . A B 2%
S AL B R R 12 (AFHC) 48 72 A 1) B8 7% 3R B R

SR TFINE 3 Fh 5 vk B TCHLBE AR D 2 AR
B 3 Moy ik A2 3 K.
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Table 1 Basic properties of soil samples
T i 2 5 pHio EERIR S X Ak T 2 5 pHizo ALK U ARk
(g/kg) (g/kg) (mg/kg) (g/kg) (g/kg) (mg/kg)
1 4.04 34.05 0.37 1.78 13 4.36 31.86 0.26 1.01
2 3.99 15.65 0.33 0.81 14 4.40 10.82 0.21 0.38
3 4.06 15.30 0.32 0.78 15 4.42 6.19 0.19 0.27
4 4.15 19.57 0.26 1.03 16 4.34 29.26 0.31 0.53
5 4.28 14.77 0.26 1.01 17 4.46 11.32 0.26 0.30
6 4.29 10.01 0.21 0.47 18 4.56 10.25 0.27 0.22
7 4.17 23.96 0.42 1.26 19 4.19 67.12 0.43 1.68
8 4.28 14.17 0.41 0.90 20 4.78 14.06 0.29 0.33
9 433 11.91 0.35 0.83 21 4.79 12.37 0.27 0.25
10 4.24 41.01 0.30 1.42 22 4.48 28.10 0.70 1.98
11 432 19.42 0.25 0.58 23 4.93 11.32 0.31 0.47
12 4.34 15.37 0.21 0.45 24 4.90 8.25 0.28 0.41
SBi%: U1 fyfzs e, 1 xIREAA 1 1 COM I b VTSR v
ELA 100 me/L BEHRAERTIE 0.2 mL 97 3% 4 HE rpi = ABELIPIEID 10, ()
H

AR INA 60 mL 0.5 mol/L BRERFWHER . 1 g
WPESR, YR 30 min, &, FEGERIEWR, MA
WEREETK, A 1~2 7 2 o/L MEER R,
F 0.5 mol/L B R VEYY pH EIRME B, HHEs
Priv @k o, 78 UV765 S5 ETHE K 700 nm
A0 W A

N 100 mg/L BEARMERK 0.2 mL AR 78 TFF,
A3 30 mL 0.03 mol/L i fk4%-0.025 mol/L EhiR
W, Y% 5 min, 1TPEEMIERCR 0.45 pm JE
PRSI, FhHIBGE R, IAGE R E T,
B 1~2 i 2 g/L 2,4 653845 7777, H 0.06 mol/L
BITR A1 2 mol/L Z /K KA pH IR0 IR WA R # 6,
FARBR T B0, 16 UVT65 AN T
K 700 nm Ab i A

HASA 75: B EZE A 1 X AR 1
YT NN 100 mg/L BEARAER K 0.2 mL AR 78 T4,
A3BIAA 15 mL 0.05 mol/L £5/£-0.025 mol/L iR
W, #&3% 15 min, 2208, MBGEEEWR, AR X
BTk, A 1~27 2 g/L 2,4 —is3EmissH, A
0.5 mol/L BitfRIH pH EWF R IA 8 0, AP
B, 7E UV765 25Nt EETHEAK 700 nm &b

IR (1) A(Q2) 5 MBP HITCHLBE AR ]
R (Ry) o

MBP = 2 (1)

p'Rpi

K. B, W E RS AR 2K ek O e 45 R 251
Kp WG4 25, HWUHE 0.4,
1.3 MEFEBEEERXR

PRI 1~4, 19~20 5 +HRE4 3 6y, By 3.0 g, 4%
S IR 3 FpO7 A E MBP & .
14 HBIERESHHR

KM Excel 2007 #OF#HATHIE ST 2K K
FH SPSS 18.0 FAAG HIR A RN, 4307 3 Bl
JENZS, FHRH Duncan ETF R Z & AL, R
Pearson HH2¢ R EE AT A 34T -

2 RS

2.1 3FFENTHBEMIREWERBIEE LR

3 BRI B TCHLBE IR [ 50 IR 1 o 45 SR L
2, 3FOIET, 24 AL ERRYTCHLBE IR DR
EAEEL 44% X F£H 3 Mok iRt Brh Rk 7
S PRI A B TCAIURE , 3T i W b5 [ e A )
ZAETE, BAEHBREEARRER 20— X R,
X5 DA AT H2 A0 TR 1 9 X Bl A A i %) R o A
P EFE USRS . 3 FhOy 2 JCHLBE o [l oR
P22 53 & (P<0.05). TCHLBE AR [ENSCR K/ MEK
KH: AFHC #5>HASA 7:>SB k. KPR SB %
FI HASA L0 B, - $980) Bl WA B 00 1 4 P B
U, FEWHRBOERER; KA AFHC I ER,
- ST R 5 1 S A AR X A 55 L W AR EBOME A T
REAK

http://soils.issas.ac.cn



916 +

e %58 %

F2 3MBRRENITHBEIMRENRFBEEL ELLR
Table 2 Multiple comparisons of inorganic phosphorus standard
addition recovery rate and phosphorus increment of three extraction

methods
ik TEALBE AR B (%) BRI B (mg/kg)
SB 21.62+4.81c 0.68+0.49b
AFHC 43.48+11.46a 2.28+1.96a
HASA 27.39+6.38b 2.34+1.23a

. BFINEEE 24 RN, BOMENRE 3 KE
S, BROIEIE 72 HIEREE; RP BRI R [H
FVBAR G AN ) /ING T BER R AN TR J7 5 18] 22 53 1. 35 (P<0.05); T Tl

B S R 1 MBP & e A% LR bR, A
ILFEE EHE R WA TR 38 MBP 25 501 ik figfk
PR R AR O B3R, VA 148 MBP U5 Jy
P ARG AT (3E 2)h, AFHC ¥  HASA %
BRI E RS, HEWEEST SB (P<0.05).
VLB SB IRIRHUBEAE ) AN, SB IR T R
PE T3 MBP & 2 5 7 A 3K 1% 22 ;SHASA 1 Fl AFHC
PR 1 A PR R G G BE  Ay, IE TRt
MBP & &E .

HASA 3L 22 s AR, A 39806 B IR B (1 2 4 i it
Z, R IBOEE BE R EHLBE IR DGR 27.39%),
(ARG KIS & (2.34 me/kg), RIR T RLIFIO#E
PBUKR . HIF R AT AESE HASA JEHGR AR IEIREE

EZRRERRE Ao, TS BEG Ss C. eAh, ADE
TEAE IR W], HASA 1 B HE UEUR il REANE B LA
TCHUBS AR [ 5 A 1, OB bR ISR A T4
MBP & A f it — 200
22 3MAERMNELERIER

Wu ZUEF ST, AERRTE (pHker 3.6~5.9)FIA
PUR SR L3, SB ARG v 54 MBP
MESER ., AT, e WG 24 T HERE S
AP N 6~70 glkg, W . T, K3 ANEYL,
43 pHuno 2 3.9~5.0, EMPEFGRIRM:, FZRE0
SEPR Y pHino(V)5 pHial(X)AIFE L2428 Y=1.230X+
0.130 75, X+ pHee Jy 3.1~4.4, fEX 5540
J&T B RS iR M 3 pH XA R R,

3 Py vk i 38 MBP & L3 3, WL, 3 Fp
T3 15 (R0 5 PAELAFAE 35 25 5(P<0.05), %4k MBP
SR FM N HASA ¥ (2293 mgkg)>AFHC i
(12.88 mg/kg)>SB 1%(8.38 mg/kg). SB i ICHLEE bR
ISR S 34 o (T AR W AR 7 1:(P<0.05),
ZACIE, s MBP S {E AR, BiA SB ik4E
HUMBP RURESIA R, ME2s R M 22, AFHC %

TEALBEIAR RS AR, B S HASA W%
5 (P>0.05), {H#{k MBP & BE KT HASA %,
%25 5 R PR R TCHUBE IR [RICR A R 80

&3 3MAEAMLIEMBP 22
Table 3  Soil MBP contents measured by three methods

DRz MBP(mg/kg)
SB 8.38+6.78c¢
AFHC 12.88+10.36b

HASA 22.93+14.15a

23 3MAFENESERMBEXME

3 RO IAS A MBP 5 B A DG ZE R L3R 4.
SB 5 AFHC 45 SR B AHIC R ECh 0.182 9,
A F SR (P<0.01), 5 HASA 32 Bl 45 JL 1)
FHRRECH 0.526 5, PI#E 2 A OC(P<0.01);
AFHC 2 F1 HASA 3 BTl 25 R A9 HH 56 280 0.773 9,
P S A S A G (P<0.01)

4 3FIAEENSE MBP & BHIE XM

Table 4 Correlations of MBP content determined by three methods

AFHC HASA SB
AFHC 1.0000
HASA 0.773 9" 1.0000

SB 0.1829" 0.526 5" 1.0000

W %, M RIFEIRAE P<0.05. P<0.01 KW EHX,

24 3IMAENBEERZMESE

3 PO VARG % R B R 2R LA LR 5. AT,
SB % . AFHC % . HASA 75 MBP #8785 R
BUCVIIKIK ] 17.50% ., 8.81%. 8.76%, #H] HASA
%5 AFHC iR % B R4y, ¥R ELT SB k.

R R, AR g AEPE R i
HHEAA P EIMEFRP SB IR HERAT AL A (0 )
My EAF . FE T FRBEE T, FHIRBY AR 2,4- A3
EAYERRBIAE R, B AR, Mo T 3R I
PR Y ) (HER I3 IR ITEAI K 700 nm
AbFE TS SR, WOGEZ 0.050, FEAR T 25 R
A R P SRS

By B HEZE AFHC WS, DRI, (\GE
B AL EXELASRAF T, 7R 0.45 um S8R
UEA BB A LU R BT SOOI T 0). il
FREBEEBITRET, W0 BRI . AFHC A
SR E RRE 4 MBP SR piE A, HZ
BT acH . R R I | IR SR 2 R
TR AAREER BRI 0kss , RECGR R vE IERRR &
TEACGT IR S A AFAE R LS P2 AR, fiER
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RIS LR R ML ARAR L ARy AR W BRI E T T 917

P - SO [ 2 Y, MR AN, 25 L,
AFHC ¥ 1 TRk 133 MBP A A AE— & RIFRPE

HASA JEPEBORFRYEM T AFHC YEHEHOR, #F
R I AR PR SR AR I 5 SR L A DN, SRR Y

TS5 3IMAEEEERMN

Tt sl B BRI R OLE B 0, HH 2,4-
R R TR R EE 14 2 € A T T , A 0t JEE R
8 B B i 0T R R SR AR KOl PR T 55 41 M
M5k

TEF M0 E 2 LLR (1=3)

Table 5 Comparison of precision and determination influencing factors of three methods

FE S HERGY BRI IR WL BE MBP i (mg/kg) COV CV Bl
P oo )
SB 1 e 0~0.047 13.91 11.54 8.62 11.36+£2.65 23.33 17.50+4.09a
2 () 7.10 5.10 6.57 6.26+1.04 16.56
3 R EREN 14.11 18.19 15.6 15.97+2.06 12.93
4 A 28.77 23.25 3034 27.45+3.72 13.56
19 ¥t 1.96 2.27 2.95 2.39+0.51 21.16
20 ey €A, 3.64 2.79 3.97 3.47+0.61 17.56
AFHC 1 R 0~0.005GIEF)  20.24 18.51 17.96 18.90+1.19 6.29 8.81+5.07b
2 TR E T 8.03 6.99 7.60 7.54+0.52 6.93
3 R 6.95 5.90 6.11 6.32+0.56 8.79
4 R 21.54 23.25 19.14  21.31£2.06 9.69
19 TR E A 11.12 10.45 10.80 10.79+0.34 3.11
20 R 1.90 1.43 2.05 1.79+0.52 18.04
HASA 1 BT 0~0.005 36.31 34.07 3376  34.71£1.39 4.01 8.76+3.39b
2 IRE T 20.98 25.32 2422  23.51%2.26 9.60
3 T 27.61 26.39 2431  26.10+1.67 6.39
4 R 56.26 68.31 6122  61.93+6.06 9.78
19 T 15.12 18.02 16.95  16.70+1.47 8.78
20 R 7.17 8.26 6.24 7.22+1.01 14.00
3 Zig [3] BR/NGE, X2, R, 5. AREAe s RET R4

SB AR TCHLBE bR FTSCRAR, BEEEUR T3,
kN, SEITI MBP &AWL IEREIG S
TR IR 2, RS2, KA . AFHC k1Y
TCHLBE AR [0 % 0 2 1 TR, WP IR, B
HER, W% R AT, (R et - 82 SR e 14
M, RTINS Y A2 BR . HASA 325/ TCAILES fin
FrEDSCRAE, (HRHEE S AFHC 236000, BREBGH
B, HARSZ A WL SRR 52 m , I8
T, JTEME R FORE B R, SRR, HEE T
T W T R PR AR bR 1 45 MBP 5 sk
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