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Turnoverof soil microbial biomass phosphorus in typical steppe under different

simulated rainfalls during spring
ZHU Xiaoya, LI Zihao, LIN Qimei, LI Guitong, ZHAO Xiaorong "

College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China

Abstract: Precipitation during spring season greatly influences the productivity of typical steppe in Inner Mongolia.
However, little is known whether spring rainfall affects the turnover of soil microbial biomass phosphorus. In this study, a
simulated spring rainfall experiment with three treatments of none rainfall (WO0) , a simulated rainfall of 20 mm (W1) and
twice simulated rainfalls of 40 mm (W2) was conducted in April 2015 at Maodeng farm Xilinhot Inner Mongolia. The aim
was to compare the characteristics of seasonal changes in soil microbial biomass phosphorus, and understand the impact of
the simulated rainfall on soil microbial phosphorus turnover and its relationship with plant P nutrition. The results showed
that: (1) the simulated spring rainfall significantly increased soil microbial biomass phosphorus ( SMB, ). The annual
average values of SMB, increased from 6.91 pg/g at WO to 7.47 ng/g at W1 and 8.29 pg/g at W2, respectively. In
particular, the turnover time of SMB,in W2 was shortened to 0.53 year. The turnover flux enhanced to 33.16 kg hm™ a™",
while WO was 0.59 year and 26.82 kg hm ™ a”'respectively. (2) The simulated spring rainfall generally induced a reduction
in soil acid phosphatase activity, but an increase in alkaline phosphatase activity. (3) The simulated spring rainfall resulted

in obvious increases of both plants above-ground biomass and total phosphorus content. However, weak correlations were

B WA : [FH 5 mEalBT 5 & R4 (973) 1K1 (2014CB138801)
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obtained among the plant above-ground biomass or total phosphorus content with soil microbial biomass phosphorus, acid /
alkaline phosphatase activity, and soil available phosphorus content as expected.Our results might imply that there was a
complex relationship among soil microbial biomass phosphorus, soil available phosphorus, and plant phosphorus nutrient in
typical steppe of Inner Mongolia. Soil microbial biomass could compete with grass on soil phosphorus and thereafter

influence plant P nutrition.

Key Words: typical steppe; simulated rainfall ; microbial biomass phosphorus; phosphatase; plant
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Table 1 Basic physicochemical properties of soil for grazing test plots

s wE U s e 2
Treatment Bulk density/(g/cm®) Organic matter/ ( g/kg) Avail-P/ (mg/kg) Total P/ (g/kg) Total N/ (g/kg)

w0 1.36 a 26.19 a 3.89 a 0.30 a 1.60 a

Wi 1.34 a 3222 a 3.79 a 0.24 b 1.61 a

w2 1.36 a 33.46 a 323 a 0.22 b 1.61 a

WO ARFERT ;W1 — SRR 20 mm; W2, BIVBBLAERT , FEK 20 mm; [F]—F7 A 6] 50k 3R A ] gk B A] 22 5 @38, P<0.05

IR 2015 AFETFGG B 2017 AR5 492 3 4F, ARYE bR AE KL B I, B4 4 H 20 H A (H0RE
R W) SRR 5 A TR AU R ETSS A SR WA 38 R LA 3k S o S ) 1 SR e R X 1) T3
A 3 AEE  BA/NX 9 m*(3 mx3 m) , FEHLXAHES], /NX Z B A 1 m AZE R EIX
1.2 FEACREE
T 2017 4F 4 H 24 HHETEZ 10 HH0( 53500 R EEFRERT 5 19465 1,28 .56 .84 112,140,171 X) , &4 HH
HAE S om B4, BELZ NS AMRIG /N XCREE 0—15 em )2 3 B NXEUS BAMEIRAREN  IRE
¥5)J5  BU500 g TARIRARAE ., BEFA 1AL AR S A 24 TG, 78R8 H RS i WEEAS/NXCR
EAEYIRE S, BEPLEAE 50 cmx50 em FEJ7, BRBANEHE M, FHBY TSR RE Yl b3, vKASARIR AR AT
1.3 Wik
HLPIRE S H,S0,-H,0, 31 5 , 14 2 A & 2 2 o L PSR I 2, 25 o P B4 o LL (e sl 2 )
e R IR E Y K IR I A LR R IR A AN A A e |, i HClo, -
H,S0, 7 k- B 8 H sk il , 2 RV R BRI 2 | Ol ) Olsen 502 ™, - 98 R T ol 2 66 R i
PEREIR S>3 1 pH 6.5 Al pHI11.0 [ MUB ZZ sPifi2 42,400 nm 4b Ho @I E ™ L Y A B 7%
PRBGEM E " e Y A Bl ) R e R ) R e R Y
SV R (/AR ) = T il 1 AR N s ASI  Z RL/ 1 A SRR s ) 3
JAREWI(AF) = 1/ JR G i
JliE R (kg hm™ a™') = BUEWRBEVIE. 8. WEREY AT
1.4 Sitsrr
A E RN Excel 2016 Fil SPSS 23.0 4174t br, BN R 20 driR 2, HE/hN g EH 25
(LSDy o5 ) RN FIAL I Z 0] 95% B AR LR 25 5. K Pearson A ¢ RECKIFATH SEMESHT

2 ERAW

2.1 HIERAEYERE
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AR A5, AR 1 (W) F 2 YR FT (W2) B9 T 38 Wy B a2 9l 7.47 e/ F18.29 wg/
g, BB EE T IO M AL (WO0) (P=0.011) , FLKERE RN 3G T4 e, 3 1 B AR FULRE B iR 3 17 - e flE
Yyl B i AR S R Bk 31.98% F1 43.17% , AT ICKE T AL (WO) |, vl BHA IR I sk 22 T+ 3
YIRBE Z T 28k, JCISHIIRE I 575,50 84 K (7 H) HIERUAE Y R BERAR, M 0.83—3.35 pe/g, THESE A
ke T R B A W SO T A S (L IR [R] 32 A5 AU 548 R 4D 52 M, I 63 T Ak 388 A v 1 1 0L F G 0L o T
JE RIS 56 K (6 H) TR 1 IRIERN (W) 1 BUFE GBI TR IS 19565 140 K (9 H) B4 2 YRR 1 BRAE
FHAEIE NS 1 K (4 H) .

RLALL 5 205 W 0T SRR AR ) e Wl R P A R 3 s (3R 2) o BERURERN 1 IR (WL) T3 Wy il Jo o
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http ; //www.ecologica.cn



4 JAE = 40 %

HIHCEE WO 4% 1T 2 224, JEFE ik 5] 33.16 kg hm ™2 a™' | [t WO #2755 1 23.64%,

F2 AFRHAREFEAEELERE 2017 FLEMENERHEAR

Table 2 Soil microbial biomass phosphoru sturnover in typical steppe of Inner Mongolia under different simulated rainfalls in 2017

A5 5 Variables w0 w1 w2
JE %3 % Turnover rates/ (IK/4F) 1.86b 1.28a 1.92b
JE 5 E] Turnover time/4F 0.59a 0.89h 0.53a
JH#E58 B Turnover flux/ (kg hm™2 a™!) 26.82ab 19.65a 33.16b

[Al— AT AN R F R F R AN R A B A 2% 57 .3, P<0.05
2.2 HHEARHE
TR SR A2, 7 A Oy (R IR 5 1Y 5 84 K) T A R & i, KB R, 2
FURET A2 e /N (K 2) . HIEA S SHE Y E s B B A (r=-0.56,P<0.01) (£ 3) , Ui+
HERE R B e

@ 10

on

\3 }2 — —— W0 = W1 —-— W2
fegy 2 3
g 12 w2
] g 10 i~ E 6
H g 8 T ~

S 4 < 5
g 2

E o 0

g 1 28 56 84 112 140 171 1 28 56 84 112 140 171

LA e T /5 1 R AL e T J 9 R H
Days after simulation rainfall/d Days after simulation rainfall/d

E1 ARHTARSRAREELERE 2017 £ELEMEDER B2 NEHAREFRAREENENE 2017 FLEFTUBHST
HETEWL T
Fig.1 Seasonal change of soil microbial biomass phosphorus in Fig.2 Seasonal changes of soil available phosphorus in typical
typical steppe of Inner Mongolia under different simulated steppe of Inner Mongolia under different simulated rainfalls
rainfallsin 2017 in 2017
WO RFERT ;W1 — AL I 20 mm; W2 9 YRR T , 450K
20 mm

2.3 PRI
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PR WA I il AN BB W R ity 5 S 2E ) e i At W TEAHOCOC R (r 439018 0.52 11 0.50, P<0.05) |, T 5 4 584 24 ik
B TSR (r 2090109 -0.38 H1-0.41,P<0.05) (35 3) , ULHABERL I ] AE 5 20Kk A HERUEY =, H2
—FiA S, Z AR R R A
24 HYEY R RBERESR
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Fig.3 Seasonal changes of soil acid and alkaline phosphatases in typical steppe of Inner Mongolia under different simulated rainfalls

in 2017

E

2 030 3.0
o]z 025 w25
ol & 20
TE 020 = 2
KRE 0I5 S 15
ﬁg 0.10 # 1.0
5 005 ¥ o5

2 o 0
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Fig.4 Seasonal variation of plant aboveground biomass and plant total phosphorus in typical steppe of Inner Mongolia under different

simulated rainfalls in 2017

*3 NEHARERAREMEREET 2017 FEYENER P EES T EMFRNBEXESH
Table 3 Pearson correlation analysis among plant biomass, P content and soil propertiesin typical steppe of Inner Mongolia under different

simulated rainfalls in 2017

7F B Variables MBP ACP ALP AP PB
ACP 0.52"
ALP 0.50" 0.81"*
AP -0.56* * -0.38" -0.41"
PB 0.15 0.27 0.37 -0.67 **
PTP 0.34 0.22 0.22 0.16 0.52"

MBP . f# A= 9 18 #§ Microbial biomass phosphorus; ACP. iR PR W TR i Acid phosphatase; ALP. T 15 R i Alkaline phosphatase; AP . A R
Available phosphorus; PB AHY A W) EE Plant biomass; PTP K4 #E Plant total phosphorus; * R P<0.05; ** /R P<0.01

3.0 KDL TR AT PO 5% oty SR i SR W R R R 1 S

A R I FR G AR A S Wy B AR W SR R R AR PR R A R R VR R, P TR R R
THCEE 20 M P 235 M 0 5, Tl 2 R T 2 PR I, DR IKG L 2 S 0 R e 0 R0, 0 080 W 1 Wl o B8
AR AL R R TR B0 M R R 1k 0.2—3.9 AR ik Wik AR R I 0.25—0.52 4D
Tk e PR R 1 0.10—0.11 4517 VR 2 RS M Lk i R dn RS HHERE ALY R A

http ; //www.ecologica.cn



6 JAE = 40 %

B HA R ARG YY), R IR R Y Hoh R R R EE N R 2 —, 5K
I 2K S BRI A W R LR SR Y SR T TS B K E A R T A A K
BB, R Y A Y (RS R Y S R A I SRR R A S A W e SR e, — T T
S RN R 22 B e R A T G W A AE T B, 55— TR s B R AL A ML, A AR A K
IR Y ARBFIE A BRI LS R B L R T R E R X AR TR A
TN 4) A A L O A ST B G T A R n e R R R Ak, M o R K
PROLIER Y | BRI IR SE T i i ) 2 AR Ak, XN BB 5 A W B T 4 A I R A
A 6 AR 2R K s - S R, 1 T AR - S A W R T A4 | B 25 0T RE Y S s A Ak B 3K AR A
AIRE ) BRI AR A Rr b — 05T . WAk, 5 0L I IR L 1 TR s B AR, R 2 YR
PARERT , -3 TR At B B R TR Z i A 0 ok e e LR A A e R A L R (R 2) . —
7 T T LA el A Wl 2 0 O R B ) SR AR R o6 1, 53— T TR E R T I 0 e, ATV A 25 B 3ok TR
3.2 HIEMUEY R SBER B EYE R RN R

PN 52 ol LR i 9 T SR AL ,0.05—0.24 o/kg, 5 4B 20%—80% , T= B GE B B2 Il S oK A WL 5%
e R LB R EL . BERREE 322k [ e L, B R S R Y & 4 B Y R e 2 AT
IEHISESE R, Wi A X 8 P b X 39t A e R S P AR 98 6 I, Bk i i R0 45
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