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Soil microbial biomass phosphorus pool in farmlands of the Northern China

LI Yanlong, JI Rongbo, WU Yun, QIN Zefeng, PENG Yi, GAI Jingping* , FENG Gu
College of Resource and Environment, China Agricultural University, Beijing 100193, China

Abstract; Microbial biomass phosphorus (MBP) is one of the most active forms of phosphorus in soil. Soil MBP plays a
pivotal role in the transformation and biogeochemical cycling of soil phosphorus, which is considered to be an important
source of available phosphorus for plants. Exploring size of the soil MBP pool is of important significance to fully understand
the potential of phosphorus fixation in microorganisms, and grasp the capacity of soil phosphorus transformation and
circulation. Three typical soil-crop systems in farmlands of the Northern China were selected to investigate size of soil MBP
pool in agroecological system. A total of 362 surface soil samples (0—30 cm) were collected from the research area based
on fixed-point sampling. The results showed that there were significant differences in MBP content among three typical soil-
crop systems. The average contents of soil MBP in the topsoil (0—30 cm) layer under black soil-spring maize, fluvo-aquic
soil-winter wheat/summer maize and grey desert soil-cotton systems were 17.36, 14.45 and 8.75 mg/kg, respectively. Sizes
of soil MBP pool of black soil-spring maize system, fluvo-aquic soil-winter wheat/summer maize system and grey desert soil-
cotton system were 83.60, 54.26 and 39.80 kg P/hm’, respectively, in the topsoil (0—30 c¢m) layer. In the three typical
soil-crop systems, the amount of phosphorus stored in the soil MBP pool was 1.10—2.73 times of the amount of phosphorus
required by one season crop, which indicates soil MBP pool is a huge source of available phosphorus for plants in

agroecological system. Further analysis showed the size of MBP pool was influenced by the physical-chemical properties of
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soil and climate factors. A linear mixed-effects model showed that soil pH, organic carbon, mean annual temperature and
mean annual precipitation are the main factors affecting the size of soil MBP pool, which can explain 57% of the variation of
soil MBP in three typical soil-crop systems. This is the first study that size of soil MBP pool in different soil-crop systems is
quantified in the farmland in the Northern China, which is of great importance to further understanding the potential
phosphorus supply capacity of soil MBP pool. Our results indicate that soil MBP pool is a potential available phosphorus
pool and may serve as a scientific basis for reduction of phosphorus fertilizer application and regionalized nutrient
management. In the present study, we emphasize that the importance of microorganisms as a potential available phosphorus
nutrient pool, and suggest regulating soil MBP pool size by changing content of soil organic carbon so as to utilize its

phosphorus supply capacity in the future.

Key Words: soil microbial biomass phosphorus pool size; phosphorus supply capacity; soil phosphorus circulation and

transformation capacity; biological resource
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Table 1 Soil physical-chemical properties and crop yield of different soil-crop systems

e BL-FEAK Tl -2 - E RBE L -HiAE
AR e L ALK LA

. Black soil-spring Fluvo-aquic soil- Fluvo-aquic soil- Grey desert
Soil-crop systems . . . .

maize winter wheat summer maize soil-cotton

FEAZL Number of samples 159 93 42 68
pH 4.85—5.59 7.46—8.87 7.51—8.41 7.94—9.68
HL 5% Electric conductivity/ (ps/cm) 607.00—1851.00 640.00—3150.00 518.00—2930.00 692.00—6840.00
F BB Organic carbon/ ( g/kg) 12.83—28.06 4.67—19.25 7.07—17.82 2.42—12.89
U Available phosphorus/ ( mg/kg) 12.12—101.65 4.23—109.14 4.40—75.30 3.95—46.19
+HERR WS L Soil carbon phosphorus ratio 189.73—1968.65 94.56—2496.45 132.20—1990.63 92.15—1430.98
£ 7K Moisture content/ % 11.49—14.08 5.00—19.79 6.26—15.93 10.54—17.18
25 # Bulk density/ (g/cm?) 1.27—1.52 1.20—1.50 1.04—1.56 1.19—1.66

7= Yield/ (kg/hm?) 7639.00—15056.00

6750.00—8250.00

6750.00—9750.00 1773.00—2595.00

2.2 A HEAE R R MY RS R

ARl + 3V R 22 322 3 MBP & 140 F iR
(F2), BA-FEk -0 -2 ERAK
WL AR A R L MBP A& R Y ITE 1.14—43.83
me/kg . 2. 07—32. 57 mg/kg, 3. 47—25. 54 mg/kg
1.13—23.76 mg/kg 5 FINEAL -3 843 51 H17.36
14.58 14.20 mg/kg 1 8.75 mg/kg, H A 6] 1+ HE-1E W14
0] MBP By & A 7E B 22 5 (P<0.05) , TEPTA1E
YRR ZR f DU 4 ORIR R b MBP R R,
HYR + -4 /N E - E K K MR R
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TR E S, W, 7RI AL 1 44/
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Fig.2 Content of soil microbial biomass phosphorus of different

soil-crop systems

ARG FRACEA R L SE-AEY A R [ 22 53 .3 (P<0.05)

fEJZ(0—30 cm) 13 MBP JFEZ AL TG Bl 4351 A :49.42—97.98 kg P/hm” 9.28—121.23 kg P/hm’ 42.16—
54.1 kg P/hm*Fl1 22.61—57.58 kg P/hm* , V-3 FE 25 K /N3 51l 2 83.60,58.16,50.36 kg P/hm* il 39.80 kg P/
hm?, Horp e 4N/ B KRR R o 58 MBP EA I K/NH 54.26 kg P/hm’,

SEA SRR (P E R ARG AEHE R ) OB, K AR A R K AN - R AK
BA-MEk R, 135 MBP FEAfAF B BEAE A& b2 AR S T AR S B 19 2.73 1,63, 1.73 % AN
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110 %5, KW 13E MBP /23 [ 10 77 4% I 3 rh— WA 1 LR SR WA A7 12

R2 TRTEENERMEDEHRETHRND

Table 2 The size of soil microbial biomass phosphorus pool of different soil-crop systems

AR F/ME RRME SFHIfE ERREER (R
. - Minimum/ Maximum/ Mean/ Equivalent to the amount of phosphorus
Soil-crop systems ) ) )
m m m needed for one season crop/%
(kg P/hm?*) (kg P/hm?*) (kg P/hm?*) ded f p/ %
M4 HFE
AL ﬁfﬂé . 49.42 97.98 83.60 273
Black soil-spring maize
3 _R/ 2
W4 J\Ei R 9.28 121.23 58.16 163
Fluvo-aquic soil -winter wheat
@ji_EI* . . 42.16 54.10 50.36 173
Fluvo-aquic soil -summer maize
WG ARE 22.61 57.58 39.80 110

Grey desert soil-cotton

2.4 HERCEYRPES AL R Z HAYSE R

L5 MBP 5 I PRACPE BT R R S AT 4 SR AR TR (3R 3) o fER LB FORM AR, 13 MBP 5 &
¢ pH 15 C/P HAR R TR (P<0.01) | 5 SRR W25 (B ARG, 15 e 2 R A AR A A o 2%
IEAHSR(P<0.05) o 7R -2/ /B FRRAER R, 48 MBP 55 3 pH B 225 00RH5C, 5 1 C/P LA
AERF T, 5 LA DU AN H SR 235 A OC, 5 Rl R T0 ¢, 6K - AE R R b, LI
MBP 5 -3 pH FIAHAR W2 OO, 5 A HLER FIES A 25 IE ARG, 5 e e S A C/P LR
TEFR LA H 3 Fh e ) AR A R v, 3 MBP 5 -3 BR AL ME BRI DGR, SR AT T B AR 2y A £l A
7R ARG 1 HE MBP RS O Sz e L e I i AR AL ) — D EAEMIHE AR

£33 TRIBEEVMERMEMERS LTEBELERAEXSF

Table 3 Correlations between physical-chemical properties and microbial biomass phosphorus under different soil-crop systems

L - HL SR ALK AL RE
Fe-1TF R =g
ijél% (el i pH Electric Organic Available c/p Bulk
Soil-crop systems Index o .
conductivity carbon phosphorus density
BE-FEK .
ﬁ. /K . MBP -0.492*" 0.222* 0.211° 0.418"" -0.357"* 0.255*
Black soil-spring maize
W L-&NE/ HEK
Fluvo-aquic soil -winter wheat/ -0.460 " 0.096 0.392*" 0.588 " -0.303 " -0.323"
summer maize
RBLL AR -0.519"" 0.151 0.470 " 0.570 " -0.193 -0.336""

Grey desert soil-cotton

“ %", P<0.05,“ """ . P<0.01; MBP . {4 ¥ W Microbial biomass phosphorus

2.5 SN L IERUE YR B Z N RS b

it — 2 R AT R A A AL IR X T MBP RYZRG SRR, N e iR & RS B o A 1 PR3 A8 o
5 MBP BYSCHR  HRR M, L8 pH AT BB A7 1=l AR 249 6 1 0 BE A8 i B TR 1AL D7 A T 3 o i Y+ 8-
YA Z MBP 1) 57%7% 5%, H. A MBP Ffid5 pH 538 i in R0, Bl 25 A7 AL R AR 2 LA 38 Jin g 3 fm (141 3,
x4,

3 it

ARICAE GIS 78 (o SRR SERE T 73 57 T B AL 7 = RAG™ DA AT Wy T A 9 16 PN R A BORE | LU AR R
GEHLIEST 13 FE AL T7 A HTL R AR R MBP (9 & Al SROORTE DR MR b SRR SOR A 3
TP AR B SRAE A PP T 25 TRV E ) o3 I 3 DX, 0, i i Kt b BT SRR ST 0 T
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2.07—32.57 mg/kg Fl 1.13—23.76 mg/kg & [l 724k,
XS5 51T AR R A -5 IR E L
AR R G MBP 19V % & 13.52 mg/kg EEH%
KT R HEE K 15.5 mg/kg?' . X Al fig 5 e
A PR >3 B 6 , FE B A A i Fk it P LA Measared sl i s/ (e
FEAIAEXEA L T F R - b R i e FR
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Fig.3 Linear mixed — effects model of soil microbial biomass

phosphorus at all sampling sites

R4 REATERENEBLMERAVAEINEXRY

Table 4 Regression coefficients of linear mixed-effects model of soil microbial biomass phosphorus at all sampling sites

”{i {Eﬁ'ﬁ bR 22 Pt
Variable Estimation Standard error

FHE Intercept 48.12 19.19 0.01
pH -4.87 2.04 0.02
FH ML Organic carbon 0.71 0.29 0.01
AEFS R Mean annual temperature 2.09 0.71 <0.01
AEHY TR Mean annual precipitation -0.03 0.01 <0.05

TIEBUE Y B AR R DRSS C RIS AL N B 2 P R A R AR RE R Bl S 3R o e
R R AR JCHRAVE T SR, A W s ) 3 8 A 250 PR B T A 1) A e TG 20 S ) - 373k
FEME R I E AV 2, AT DA B SR S [N 2845 D7 TR O AR SR 2 Mt 1 SRR i PR BT A A
MBP (2 R R LG E ], & I MBP 5 T3 pH A ALK S0 R4 B 458 5 i 35 AH G, R ITFEAR
d3gErh MBP 5 LM R BRI AR BERSAE O S e L R AR A — MBUBE A AR bR, E— AP IRERT A
MRFFFESE R 700 A SRR AR R SR AAEE R W %) 13 MBP A5 5 25 40007, 1 TR AR 42 s A
TR PR A K I 4R 5 18 MBP (& i, SR AT e — 20T

TIEGE Y EA R N [ E WA BE ST, BA A 2 - S PR WA < YR R A A - SRR R AR PR AT
AL AT AR PS5 DT TR (A T A (B, ASWIESE & L 1 MBP P2 JR 5 b J7 4 I L3 vh— SRR R FLR
FROT AR , HARAF B BCE AR Y T Y AR TS 19 1,10 £ 2.73 4%, X 57 ATEHAWE S R G515 5
MEERAARF 2 7E LR R ST R A, IR K T 2 (R R 1 B A i sl S T A L
TE RIS BRI T AR IR S R GRS I8 AE . SR, B W A R T 4 A T U B ol T R E Y
T i B LA B R R B DG R B A A, 3 MBP AN 5 A JAL e, o 3o 78 o WA R I SR R AL W AR T, 2 T
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MO R A A SRR L
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