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Soil phosphatase activity of loessial soil and brown earth with
different fertility in response to culture temperature and soil moisture

YU Xingchen', LIU Qian', WEN Zhihui', YANG Xueyun®?, HAN Xiaori*, LI Haigang'"
(1. College of Resources and Environment Sciences/Key Laboratory of Plant-Soil Interactions, MOE,
China Agricultural University, Beijing 100193, China;
2. College of Resources and Environment, Northwest Agriculture and Forestry University, Yangling 712199, China;

3. College of Land and Environment, Shenyang Agricultural University, Shenyang 110866, China)

Abstract In order to study the response of soil phosphatase activity to cultural temperature, soil moisture and soil
fertility,a laboratory culture experiment was conducted with two different fertility soils from two long-term fertilizer
experiments (soil types: loessial soil and brown earth; fertilizer treatments: CK and NPKM), and soil cultured in an
incubator under three culture temperature ( — 20,4,25 C) and three soil moisture levels (10% ,25% .40% ). Soil
phosphatase activity of soils was determined after two months cultivating. The results showed that: 1) Soil culture
temperature has less effect on soil phosphatase activity; 2) Soil moisture significantly changed soil phosphatase
activity,but it was closely related to soil fertility. For low fertility soil (CK), soil phosphatase activity with 40% soil
moisture increased more than 50% in contrast to treatment at 256% ;3) There was a positive correlation between soil
organic phosphorus concentration and soil phosphatase activity. Soil phosphatase activity of brown earth treatments was
always higher than loessial soil treatments at the same soil organic phosphorus level. In conclusion, soil moisture
significantly affected the balance between accumulation and mineralization of soil organic phosphorus in low fertility
soil,and soil organic phosphorus concentration was one of determining factors of soil phosphatase activity.
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+ e HLBE Ak 4 Bk O R Y 3 2 A R
o3 FLO b 5 5 4 I R i 10 T kA DR e
T EBEE A PLEE S R 2520 ~56%0, &
etk 70% LA ES . AEWIAR R OK Al B8 W Ik
FIHAHLEE " 56 PLBE T 25 2 0 4 HEw iR i 1Y
IK AR FR G A6 TE R TR AR B8 LA A B AR R ¢
Wt R A il M PR BE pH Y e R R A,
R v DL KB S = 2 R M L Rk R A R
M, BEFREE pH M 2.0 #4A0F) 13. 0, Bk rh 0
i P Tl A A 2 0 G T v i AR AL A R
MR B % M 7E pH 5. 0~6. 0 Bif 3k B 45 K, o 1 i R
TS MEAE pH7. 0 22 A i 3k 30 A K T Bl 1 IR g
Pef KB pH Sy 100 0~13. 07, BF 5% F B £ 5
V1 T2 P W 2 il e 19 A 2 0 R R D T A o R T
KEB ook B FREW™ . XS KB R N (p-
Nitrophenyl Phosphate Disodium, pNPP) [, 0%
JE VEA - Sl 1 B G 6 05 P A R O BB OR [)
pH 28 v i 3 500 DU g 4 SR M (pH = 5. 2) , th
(pH=7. 0) F P B 12 Bl (p H = 10. 0) 3% £ 99 7
PATE K 22 B0 0F 50 78 DF Al Al 4 1% b - 560 BLEE v )
Af, FE A e 2 0 S SRR PR IR TS . WSR2
i pH 5+ 35 s pH A7 22 5 I8 4 R R T
T TR T 9% 1 S5 A i IS e - S 0 2 AR 174 L SIC O R
HEAPLBE TG AL RE I . R IL, 7F - R BR pH &
T S ) A R R T R A T - MR R Y B
SEIE .

A WL 0 AV FH 32 SR R R 5

M o L S8 W00 TR Ol 045 P IS A2 AR 22 PR 3 i - 4
JE pH L S K B XA IS B HIRET R, &
SEAT HUBE B0 fh R 04, 24l s T 30 °C i ]
BN 4 pH ER YE T b R A
BB P R 2 Wi 19 O Ao pH g Bl P . pH
TR IR AT BIL R A B AR S BOA AL B AL
HORREZ TR A K X e LB ik
R AVE FIROCRAFAE 8 A 27 35 0 B L S A DL Y
1 Al % 5 - e R R T B T A Y
HRMAAR SR BT RIS B+
A MLBR RO AL 5 4K HE R IR R 2R A7 . (B G £
SR W T B T P ) R ) [ R WE Y AL Bk = R GE s
A HUBRAE Sy T 4y Al e i - 8 Bl R W I 1 . B
Xof A R S P A E T LA

A RER TR I R B AR L AR SR
FEA I E A 150, T 5T L 2 Y E g KR Ll
R M5 7K R X S R O T 1 ) B

1 KEHMBETE

1.1 THERE

TR 50 T A 9 R R R B A K e ik
5, 3 6 3 b (57 T 8 v TR R A A Bk VY A A
TR X AR A(N34°17'517, E108°00"48") , ik 36 44 T
1990 4F, R 1A R A /N - KA, —4FE Wi 2 A i
TR REH R ok B AL K245 1 (N40°48" , E123°3") i 5
T 1979 48, Fpkg 7 X8 EoR-ER-KRERAE, —
F—F, Fin IR ERILE L,

®1 FEHAEIENFSSE

Table 1 Nutrients concentration of original soils
. A/ T/ Bl &/ (mg/kg) A/ HALER/
e HHLR/ (g/ke) . -
pH (g/kg) (g/kg) Alkali-hydrolyzale (mg/kg) (mg/kg)
Soil Organic matter
Total N Total P nitrogen Olsen P NH, OAc-K
¥ 1+ Loessial soil 8.0 10.7 0. 83 0.61 62. 4 9.6 191.0
17 HE Brown carth 6.5 15.9 0. 80 0. 38 105.5 6.5 97.9

1.2 REi&it

YRR H A KA B 5 BB~ B A ) 77 S
AT, 2009 AF RS AR S AN IE 2 3 (CK,
IRAE 7 ) FA AILICA UL Ak #E (NPKM, S AE 7 4O 9 +
e e 8 NPKM - PR At R4 3 L3R 2.

B FERA RS i 2 mm B, 3 N EERIR
JEALFE . —20.4 F1 25 C33 DKL FE10%.25%

40 26 (- H8 o o 5 /K ) o 7F HL BAVIE T B K 2 RS 3%
A (SGSP-02) B e B 15 3% 2 N H . AL B 4
ANEE I 96 AN FEMLAE D,

T Ak B BRI 40 g KT 4 AR SR ML, £/
A KRR 2500 (R REFK B 7520 . 1
—20.4 F1 25 C A4 M HEE IR, 2 A A 5 B
0 R O M LTS A AL Y A
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£2 X1+ NPKM R B iEEEE
Table 2 Fertilizer application of NPKM treated soil

1+ NPKM 4k 3
NPKM treated loessial soil

38 b 2 Ot I &)

171 NPKM 4b mb
NPKM treated brown earth

Soil treatment

(Fertilizer amount) ZINFE HEX Eok K5
Winter wheat Summer maize Maize Soybean
ANE/ (kg/(hm?® « 4E)) (N) 165.0 a 187.5 a 120.0 22.5
WAL/ (kg/ (hm? « 4£)) (P, O;) 132. 00 56. 25 60. 00 90. 00
AR/ (kg/ (hm?® « 4E)) (K, O) 82.50 93.75 30. 00~60. 00 60. 00~90. 00

HEa WAPILRAEZD « BHULK =7 3;b Jyfrlt NPKM 97t I 2 4% L 37. 5 ¢/ Chm? « 48)

Note:a manure N (dairy) :

t/Chm?

* a) swine manure.

AL P

Temperature treatments

=N

40 g + 40 g soil

KA AL BR

Moisture treatments

B1
Fig. 1

KA AL ERFREL 40 g KT 3 AR FR L, X
1076 .25 % F1 40 %6 (- 3E R K AFF K B 30 % .75 % 1
1202603 A+ HE &K B B L AR AR B 7E 25 Cali e
Kigw 2 A HJa  BOREI 2 0 e 9k m) b g B Ak 2
1.3 MEMBESAZ*

1.3.1 A IR E M E

FREGE T 60 H A KT T B8R 1,000 g # T
15 mL ZEH 7 550 C D@ pr v £ 58+ HEFE o
1T h BB A, FEARE 1. 000 g R KB A — 1
HERES 0.2 mol/L(1/2 H,SO) ¥ 100 mL ¥
TR 2 A 200 mL R EY G TR
40 C HEFH N LR 1 he B, B A E R, K e
25 b uk . WG B U R T AR B B b AR E .
F1 e 1) A S A AL W U R D 2 R K e A L Y
ZEH RN R A BLBE R
1.3.2 BB EgEmn e

MEBG R4 R 1 g B H i AER 0.2
mmol/L CaCl, H1, #£4] J5, § 0. 5 mL 4 588 M
B 2 mL A7 5 0 R0 B0 48 R I R A (NaOACe)

-20°C
4C
25C

10%

> 25%

40%

chemical fertilizer N=7 : 3;b for NPKM treatment of brown earth 37. 5

SR A

Cultivation for two months

BRI
Sampling and
determination

R 06 4b 38 E R

Diagram of experimental treatments

By pH i & H IR WA pH (0. 5), Hod i + fr )
W w pH 7 8. 00, K HE R 6. 50, JIA 0.4 mL
1 200 mmol/L [ ER-Hs iR 4 (AC-NaOAc) 22 s
A10.1 mL 150 mmol/L X} 4 2 By 8% R £k (NPP)
VS WA B SIS IR 50 5 N 25~30 °C 5 3546 h 1
7% 30 ~ 60 min, 28X J5 FH 0. 5 mL 1 0. 5 mol/L
NaOH £ 1k 2 . 25 [ % B2 (fF OF + A 5 2
o AR 45 1 B R 22) . 0. 5 mL 3 B
0.4 mL 200 mmol/L AC-NaOAc 2% Ak - 75 25~
30 CHEEFAE P 15 3% 30 ~60 min, il 0.5 mL 0.5
mol/L NaOH #11 0. 1 mL 150 mmol/L X} fi§ 3 7% iy
MR £ (NPPY AW . 7£ 8 000 r/min /& # B5.0>1 min
S B3 WO AR A S L 7E 405 nm KR
e, HIEEREM TSRS BT LA
ik () P g 5 A OO il B R T (PNP) [ ok s
(pmol/(h « g)) (PNP, 4+,
1.4 SitaHm

FH SAS e B 1 (SAS, 2001) 43 #7 2 386 %5
LSD {8 iy it # 7K ¥4 0. 05,
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2 EHRE5SMH

2.1 TEEFREXNTIEBREEENZD
it CK fl NPKM 4k #1191 & 5% /R Bl 75 14 50

BIFE 1. 62~ 1. 76 Fl 3. 35~4. 16 pmol/(h + g)

(PNP) ( 2), X He-Fi# 4 CK 43, NPKM 4b 2

ik J32 1] Sl 1 Al O P 2 O W U PO R UL
Xof - S TR Mt 6 R S W AN o AEAR S IR AR 2
L. Wi R M 35 P B B SR R R e R BORR A
NPKM 4b B iy + S8 05 % i % P e — 20,4 25 °C
ZAFTR 4300 S T AR CKOAb 3 1800.23 06 i
7200 o X AR SR Ak B B R R R O P SR

R BERRMIRYEAE 204 0 25 CAAPET AP MM AR SR P A H BB O A T
T 136%6.92% F1 120 % . Xt F [A] — 4b BR, A [F] 8% 7¢ JLELIN
% g 8.0 (a) 3+ Loessial soil 8.0r (b) F:4 Brown earth A
< g .
ER-d 6.0} B .
2g a a
E% 4.0 40t 3 a
& &
&K
iﬁﬂ 20} 20l
BT
HE o 0
A~ NPKM CK NPKM

:tfitHE'. 17K Soil fertility

FHHE 17K Soil fertility

-2 C == 4 °C == 25

AT TR R AL BRR] 25 5 325 5 06 3KV (RS T 8RR A R 3K 8 ) 2 52 5 /NS 7 BE 3

RA—ESKFNIZS) . TR,

Different letters above the bars denote significant differences among the treatments based on

one-ways analysis of variance (Capitals denote difference between CK and NPKM; lowercases

denote difference among treatments in the same soil fertility level). (P<C0. 05). The same below.
B2 TEEFEENTEBBEBEENZN

Fig. 2 Soil phosphatase activity in response to culture temperature

2.2 FTEEKEI LIEBBEEENTID

- SR I 0 K R A XTI ik O
U R 3 TR, 7R 4 CK b3, 38K 4r &l
25 V0B, + 48 W R B 9 P 1. 62 pmol/Ch - g)
(PNP), Bl B ik + + B & K & F 10 4
(2.33 pmol/(h « @)PNP) fil 40% #) 4b B (2. 72

pmol/(h « @) PNP), ## 4 NPKM b3 4 1 3 5 ik
BEE Py 3. 57 ~4. 88 pmol/(h » @) (PNP), H CK
ALFRES 79 %~ 120 % AE 4 85 K i 40 Yo 3
4 G O 1 A B e K, E AR CK &b R, + 83 K
SR 1090 25 06 i), 4 HE B R i S 43 0 2. 95
13,31 pmol/(h + @) (PNP) , J& i # 2% 7, 24 + 45

F % 8.0y (a) 3+ Loessial soil By (b) #3233 Brown earth

< 5 2

< % a

= g L

g E. 6.0 A . 6.0+ I

g; 8‘1‘ ab

#E 40} o b 40} L b

= a

=875} a

=~ b

& 20f 201

g

T

HZ o 0 .

& CK NPKM CK NPKM

+3EHE 17K Soil fertility FIEHE S1 K- Soil fertility

mm [() 9 =—= 25 9 mmmm 40 %

B3 tESKkENTEHBREBEENZNE

Fig.3 The soil phosphatase activity in response to soil moisture
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Tk A B 402 B, + HE B R B O M b 5. 23
pmol/Ch « @) (PNP) Bl g & F L& /K8 10%
T 25% 0 2 SAbE 50% DL B X T R NPKM
AbBE Y A S W R B T MR8 5. 70 ~ 6. 52 pmol/
(h+ @) (PNP), £ & /K & &b # 8] T @ & 1k 2% = .
Uk B B IR, b B K Y+ ek R
it 0% . L3 R PE B S A2 4 B AR O R A g 2R R
(4 52 )

2.3 TEEHBHREX T EBEKEEENZE

A PR e B M R I T M A O A OG
(B+.r=0.39,P<C0.01;§£HE . r=0. 46, P<70.01)
(B4 A HLBE RN 1 me/ke, 84 +
SRS IR % PEHE N 0. 006 pmol/(h « @) (PNP), 1iij
F S R 1 05 ME 3G M 0. 01 pmol/(h « g) (PNP),
AR TR] = S5 BIL B B o % 38 ) T IO P 4 4 R
Tt

?ﬁ E 601 (a) 3+ Loessial soil © - 10.0p (b) £ Brown earth

-

g 8.0r

3E 407 6.0}

< 2 :

#HE,

b 4.0

25 & y= 1.54x + 1.20 20l ® o y=1.0x + 1.51

%E%H_, r=0.87,P<0.01 n=48 r=0.82,P<0.01 n =48
oy ; ;

H £ 00 1.0 2.0 3.0 0.0 2.0 4.0 6.0 8.0
= TIEA BB (mg/ke) A HIBEA I (mg/kg)

Soil organic P conceniration Soil organic P conceniration
BB AR IR E R

Data point represents individual replicate.
4 TEFVBSRES T ERBREETENEXIXEA

Fig. 4 Correlation between soil organic P concentration and soil phosphatase activity

2.4 TEEAKFEME
BEEENZEER
- HEAE g RS 3R R R Y A LR R
(+HEJE J3. P<T0. 001; 8% F£ L &£ P = 0. 005)
(KD, HMWEZR AW R ML EEHP=
0.019), +HEME | 255w 1 ¥ + 5% W i 5
(P<0. 001) , {H 1% 3% Ui F % 38 1 W 19% I 33% 4 1700 5% iy

i FE XY 15 A LB 0

FIEF K (P=0. 45) , H W # % 18 + 85 1% i
TP AN AL EAEH (P=0.53), 5814
] AR 0 AN 5 0 25 O T AR A BL A
BE (AR 1. P<<0. 001 8535218 . P=0.014), +
AR 3 ARG 75 U R 58 AR A ) B KR (P =
0.008), + AL Jy b 25 5% A% 8 + M8 Wl 2 1l O
(P=0.006),{H 31 B R B3 (P=0.48),

R3 TERAKFEMEFBEEN T EANBSN T ERBRETENZEER

Table 3 The interaction effects of soil fertility and incubation temperature on

soil organic P concentration and soil phosphatase activity

+ HEA PR + MR R A
+ B 2 e Soil organic P concentration Soil phosphatase activity
Soil type Source F 14 P {4 F {4 P {4
F-value P-value F-value P-value
i% + A 7 Soil fertility 55.07 <0. 001 48.12 <C0. 001
+
) ) B 3218 E Temperature 7.15 0. 005 0. 85 0. 450
Loessial soil N
T AL 7 X KE R IR Fertility X Temperature 4.99 0.019 0. 65 0.530
N T A 7 Soil fertility 45, 22 <0. 001 9.76 0. 006
g . )
¥ 321 Temperature 5.49 0.014 0.76 0. 480
Brown earth N
HHEAE J1 X 55 3R IR E Fertility X Temperature 6.32 0. 008 1.76 0. 200
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(] BF - SBT3 0% % 1 8 o) A% A8 Al 1 ok 0% e 114 52 Wil
NS HAEH (P=0.20),
2.5 TEIEAKFEMLESKEX TEFHHEM
BiEEmEENZEER
A AT T3 A0 A S K el T A L
We B (AR /7. P<<0. 001; +HES k& P=0.03)
(RO, BWEZEAEN RN EAENP=
0.03), [F]AF . - HEAE g 0+ 38 5 oK Bt 2 R e st
- 9 R I S e (R HEAE 7. P<T0. 001; + 38 &K

i P<<0.00D) ,fHP 3 AAEFEAC HAEH (P=0.88),
S AR, I Ty B O T RS A ML
(P<C0.001) , fH 38 75 7K 8 % 38 3 AL 0 ok 2 1) 52
Wil R 3K B K (P=0.49) , + HEAR 3 F1 4 4 & K
OO A AT AL B Ve B 1 S R R AR AE S BAE (P =
0.30), THEAE Ty b 25 kAR T A A A M W R G O R
(P=0.03), 4 48 & 7K 5 % A5 198 1 18 Wl 98 I 055 1 19
MR 2 (P =0.55) , [F] B P 35 (8] £7 76 B 2 Y 38
HAE(P<<0.001),

x4 TEERAKFESTESKEN T EFVBN L EBRBRBEENZTEER,

Table 4 The interaction effects of soil fertility and moisture on soil organic P

concentration and soil phosphatase activity

T A P R - e W TR GO

+ e 5B Soil organic P concentration Soil phosphatase activity
Soil types Source F {8 P4 F1{& Py
F value P value F value P value
e 68. 25 <£0. 001 125.6 <<0. 001
W+ ;A KR 4,26 0.03 15. 07 <£0. 001
T HEE X SR E 4,47 0.03 0.13 0.88
+HEAE 7y 21.04 <<0.001 5.31 0.03
Tyt e i 72K 53 0.75 0. 49 0.62 0.55
H R S X A K B 1.31 0. 30 18.06 <<0. 001

3 B SR 5 W) - S R Tl G R Y R . KA RO B

m T ERAMY 25 A KK T A R iR A
TSGR YR 53 W A 95 Ak TR Ak AF A RN B
SEETTUREL [5] 7 19 10 471 8 M % 37 2k 5 Bl 2 R 23 08 114
e s A5 5 1 E S . Rl A 2 R P R S T T
% LR U HOE 14 pH 2L pH R [F] Y
392 o A 9 T A Al ISP L TR G P A A 22
5o SRR S A W 0 8 R T A O A S B
JROR T e R M 0% PR AE AN R R IR I 22 5% . ASIR]
A A DX A AP LB 3R 2 S TP A
DX 2R DX e 1 i ¢ S B0 T M R AR Sl TR N
PR AR R ARFAE

A 558 0 3 X S D A ) 22 R ) R T AT B B
A B LA PR L R R A R o 2 A
Y M Wl TR TG PR . X W) RE R I O AR IR
(—20 "COF IR o - A7 1 1] 5 25 Wl 2 T 10 e 1
VA LUZESF o #3CR JRE X I 35 7 00 45 SR 5 i A B
LB DART AR S AR o PRk - I SR IR R

HH G A DX B S R0 A W R G S M T
5 K 1 W 7 B 3 A T AR

A HUIE R HL A AR e R M ol TR Al U L A AL
JIES f ot FFT PO 8 v R Tk S . 53 A0t
94T HLAE & A7 32 6 0 e JR AN ™ 4 o 4 45 2 4
PEE T A S B3 A W 5 R R 9 45 R A AR Ak, DT 4
BT R R B NG ETY . AR P, CK A H ) £
S R W TG R AL T F — £ NPKM &b
B, AT RE DR Ry CK A #1418 434 A 0 32 B U R 72 40 1Y)
WL il 777 5 SRR B /D TR A 0 0 1 B R N L BE 2
FEG. 1 NPKM &b B+ 48 b g 5 R 3% 43 A1 X =F
B R R A M T CK AR,

AR Ty B SRR L A A K R R AR A
2> 5 ) - R R WS Pk . R R I TS M 5
A ML v B A7 2 E M G L T TR G T M B o A L
R 3G i 4 L 3R WA DL AR S S - R S
P DS i+ A BB S, 4R R B S
PELATE—E R 4R R s .
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S TR Tl 15 P 5 M ML B AP T I Y TR O
LR AEAH IR L A HUBE e BE I A BLT Y i
(5 0+ SRR G Pt X R T

4 & it

SRR T A T P T A S R O R Rk H
TR 3 FAT B WA 75 ik #8203 A0 M T I O
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