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Abstract: This study investigated the responses of phosphatase in rhizosphere and non-rhizosphere soils in a
planted Robinia pseudoacacia forest on the Loess Plateau via a manipulative throughfall experiment.
Increased precipitation enhanced the phosphatase activities in rhizosphere soils by 55.9% and 88.3% in 0—20
and 2040 cm layers, respectively. Increased precipitation also enhanced the phosphatase activities in non-
rhizosphere soils by 109% and 121%, respectively. In contrast, deceased precipitation was not significantly
lower than the control but obviously lower than increased precipitation. The difference of soil phosphatase
activity between rhizosphere and non-rhizosphere in 0—20 cm layer was not significant across the precipitati-
on gradients, but significant across the drought gradients. Soil phosphatase activity was positively correlated
with both soil water content and soil organic phosphorus content. These results indicated that precipitation
increase more affected the soil phosphatase activities than drought in a short time in semi-arid region. Chan-
ging precipitation affected soil phosphatase activity through impact on soil moisture, soil organic phosphorus

and biomass. It was important for vegetation restoration in planted forest on the loess under global climate
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change to study the influence of precipitation on soil phosphatase activity.

Keywords: precipitation; phosphatase activities; rhizosphere soil; non-rhizosphere soil; Loess Plateau; plan-

ted forests; soil and water conservation; manipulative experiments.
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AL M (Robinia pseudoacacia Linn.) B A 358
AP BE T S B i D TR MO R 2 — TR
DX A1 8 T2 o AH T AF R DRI AR ST 3 A% A A 3 B
T 328 7 4 PR o 255 4 B — A SRR T AR A 1B b
SRR AR A BR B K R AL T SR T B ST AR A
36 Tl TR I 11 A8 Ak T ) o B - R b, DX K R RITOK
TIRFF T EAE HEARE R E L., AU 15 5
35 a AEHIBE N T AR R BF 58 X 52, R4 7 W A1 45 ol 28 35 W
RIS, BAEMFSY (1) MR BR AR AR PR A 8 R il 3% 1 X 7
A2 375 TR AS Ak BE A% L B B R s (2) HREAR PR
+ SRR PR A ] B 1R 0 1 Y 25 5 (3D MRPRFHEAR
PR 858 R it 155 PR 7E 1 2 18] B AR B R AE 5 (4) R T e AR
B FEE AR B A Bl R I 06 1 Y 3 22 D R e R
ARG A B AR A AL T AR AR A HLBES L8 T
AW AL T 1) R OH 5 AR AR A
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1.1 HREHR

1 56 b AL T R P A B T K A B AR
(34°83'N,108°09'E) . i 4K 1 382 m., J& & i+l > % i1
RBEAE Z2 A, & T8 KT 98, R IR, 4R
PR 10.8°C L AR B FERT A 602 mm . 35 ] A A
R A AR 2 frs ., REERETR
Wb, RO A - 4B RGBS . AR
FRARPE BN R B HLER 19.1 g/kg, B 1.10 g/kg,
KA 0.67 g/kg, AL 16.1 mg/kg, HAH 0.14 g/
kg, HHEFKE 12,000, pH {H 8.07. BL-F MY et
B DA 73 2 L Jo Il el 7 R P bR DX AR OR R A
P — B O AR A 30~35 a HYRIBE A TAK,
HAMTHE AR EEH F W (Rubus parvifolius Linn.) |
B W B (Celastrus orbiculatus Thunb.) . I 1 1€
(Philadel phus incanus Koehne) % ; BLR 2 T H A5
=K% %% (Aster ageratoides Turcz.) . 0 H7 J#E (Hu-
mulus scandens (Lour.) Merr.) . % ¥ 8 (Geranium
wilfordii maxim.) , KK (Carpesium abrotanoides
L) Rkt (Phytolacca acinosa Roxb.) 5%,

400 ] %Zki

B2 ARBRHAEHFRARABRKENSESE

1.2 HigE

FATERE 4 v JFORIBE A TAK, F 2015 4F 6 H1E
W SERE AT 2 7 T A R, i 21 B 15 m X
15 m BIRETT  FE 7 A1 RGN /N T 100 m, 43 B 7 41 Ak 34
2 A3 AR 80 Yo (322 48 2 375 TR TA1 AR Sy AR 1 4% 52 11 AR
(4 80 %0) 87K 60 Vo CRAHR 2525 R 1#] FR R MR 52 18 FR A
6070) JBIZK 20 Y0 (P2 4K 25 75 R 10 AR A AR b £ 52 T R Y
20%6) W IR 7K 20 96 Gt indsk ZK 20 Y0 FF Hiu 2 30 1 28 i
D 7K 60 %0 Gl Nz 60 Yo ke 42 0 28 75 W9 ) (3 7K
80 %6 (it Jinysizk 80 Yo M A A 2F 37 W ) , 1> A BEASE 5K
W 3AEEMNT . WK B ER 90 %01 PE #
S Ay SHE T, DA e BRI 7K B 28 XRE T PR B 4% 52
TR FRUATS 152 A I 10T R ) 38 o7 B, 40 A b 5 5 1) R 3
BB PVC 7K S AR G R R L 9 W K, B IR B K
S5 P WU 1 T K 38 5 B B B AR ) L S8 0 3G 0K R
LR ST LU R K 3 in A b
1.3 HEHEMLTERE

AR5 F 2017 45 7 H PEAT HHEREFOR&E L TR
BEA AL FRFE M Y, e BB S BURE3 L BF 50 em X 50 ecm
T 7 HE P9 R ) 2 €3 43 57 M T B T, 40 2 A MR BH48
JEpRid, 75 C TR EEFFRE. HER 9 cm R4
I3 EFRAE 0—10 cm,20—40 cm,40—60 cm B FE,
K HEHEEBEE 30 g MR+ 5 30 g JEMR PR+, 405
AT H R HE A, 4 COKRFAEAE T D E b
PR R Bl M R R AR R BR T WIS L 2 30 ¢
NG IE LA KA 2 200 ¢ AZARCT I 5E
T A TE bR . B B 0.2 mm G5 ph gk 5
AR (<2 mm) .75 CHT BIH & 5 E,

1.4 IEHRiNEH &

S BRI A2 SR FH R A% TR A A Bk B U
KL E Ak, B E R R R — A B bt Lt
P AR ] NaHCO, 32 #2481 8 b b 3k 52
SRR D R FH I R A 2 4 — KA R A O Bk
T2 AR R 5 I AR I i Tt 00 R P %A 256 5 ol
PR R V5 o DAL BTt 4 A o v el e 18 2 T A PR AL I
V) P77 A ) T o 3 N o DT T IR 2 i %) 2
PR CALP)  HIHE - —FR 8 5 D + 8 o 6 35 /K i
H pH il + 58 pH {E, + 564 HLBE I 2 R H
Hedley 43232,

1.5 e

KR R 5 243 1 (One-way ANOVA) K 5%
7 PR K A B ) 4 8 E K B pH H A HLBE AR
TOLABE Y AR Y S EAE YR AR A )
AR PR AR AR B R R 25 5, R IR
M1 (Linear regression analysis) PEAY £ 3 & /K & .
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pH {E A HUBE & i AT AR Y APy i 5
b b A AR A W R B R AR B R R I
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2 R0

7 AR EK L E T EYEF L EE T

R 7K A B R T AR R AR Bk M A i AR AR 2R
T, AR R A DA A A RO R SRR N T ARAR T A
2R 36 BB (Rubiaceae Juss.) . 3§ Bl (Asteraceae
Bercht. & J.Presl) . #% 3Bt (Rosaceae Juss.) 2% 5
FKAADRE, Hhig R Y b AW B e W) b
PRI 22 5 W 3 R AR R AR AR
SHL E AR R R AR A ) A 3 ) 22 S 2GR B A

2.1

FHIK (p<C0.01) , 1] % FEASAb $H A] 22 5 A8 1 2, 25 BL Hb
A M A R AN AR A e Y B K S
RIHB TR BEHE D,

N Ti) B 7 Ak B 6 AT 5 IX 4 38 25 K B R0A HILBE
HA B ,0—20 cm 12 H 35 K E WK 60%,
80 %o FIE 7K 80 o kb #H ] 22 5 B %, 4060 cm 12 1
e F KRB K 60 %6 (HE7K 60 6 FNT R 8] 2% 57 I 35
ANFEAE L] 0—20 em + A MLIE S & 22 F 450 3
IKF(p<<0.08), 1 3¢ pH {H.20—40 cm,40—60
em HHEAPLBE S EERARE . UK - SK
TR0 R M L 2> 7,32 94, 38 KORE i - 4 B K R
X REAE ML ARG i 17.7% . HHEE K & A LBE S
BEFE KB MR I T s R R 2,

x1 AERBRKLGEFEMATEDEEERUREYERHFAE
LRSS RN Xt IR WK 80% WK 60% WK 20% Hk 20% #K 60% #K 80%
SR A 8 7 7 8 6 10 10
S/ A 12 9 9 12 7 11 12
HER/ (gem ™) 53.2+48.98bc  23.64+3.0la  40.1+7.40ab 55.4412.4bc  60.74+4.26c  39.54+11.8ab  48.5+13.1bc
R/ (gem™?) 12.843.57b  17.2+6.93b  1.93+1.48a  16.6+5.79b  17.3+3.04bc  35.2+10.4c  10.4%2.50ab
TR/ (gem ) 7.9940.72ab  9.58+0.80b  5.64+2.89ab  3.2144.00ab  14.844.34c  7.3441.87ab  30.5%3.29d
JREH/(gem ?) 10.3£3.79a  10.643.73a  9.251+4.25a  21.843.27ab  10.7£6.61a  23.5£13.5b  16.4%5.33ab
M EAYRE/(gem?)  84.3%11.4b  60.9%4.0la  56.914.57a  97.0£8.28b  104.0+4.06c  106.04+4.90c  106.0£8.25¢
MREY R /(g m?)  254.0+£22.6bc  133.0£31.0a 166.0+27.1ab  277.0420.6c  381.04+21.2d 303.0432.0cd 294.0427.9cd

T R AP BUE I g F I bR 22 . AT AR IR/NG 7 B 27 AN [6] g K A 38 ] 22 53 B 2 (9 <C0.05)
F2 7 FREKAERT B RHIE

R L3 +2/em Jigs Wk 807 Wik 607 Bk 20% K 20% HK 60%% HKk 80%%
0—20 7.45+0.8642A 7.97+0.503aA 7.9940.4022A 7.87+0.72A 7.9320.820aA 7.1720.8462A 7.08+0.8222A
pH 20—40 7.9120.6492A 8.2210.4372A 8.070.3822A 8.070.5522A 8.0120.3792A 8.0220.677aA 7.7220.6822A
40—60 7.83£0.627aA 8.21£0.5652A 8.21£0.3182A 8.12£0.501aA 8.1020.3072A 8.0420.647aA 7.68£1.08aA

0—20 22,00+ 1.74abC 20,501 1.70aA 22.50£1.06abC 21.70+1.75abB 22.40+0.886abC 24,00+ 1.15bB 24.704+2.54bB

FKE/ % 20—40 16.80+1.03aB 15.000.627aB 15.400.800aB 15.60£2.21aA 16.9010.147aB 1780 1.89aA 17.70£2.292A
40—60 13.900.782aA 13.60%0.980aC 13.500.550aA 14,50+ 1.36abA 14.5020.884abA  15.70=1.20bA 15,60+ 1.08abA
Y 0—20 79.10£14.42A 117.00426.7abA 88.20419.5aB 106.0046.81aA 133.00+37.5abA  129.00+27.8abA 203,00+ 77.9bA
(m%gl‘iﬁfil) 20—40 63.50126,1aA 67.30£47.7aA 62.50£19.62AB 75.70£30.82A 75.50=18.9aA 71.20x20.5aA 88.50431.1aA
40—60 61.80£19.9aA 61.807.052A 37.00£11.9aA 72.30£32.0aA 76.10221.72A 67.40£28.02A 77.90£27.72A

TE « P 3 o BHia 249 A 1 249 (B b o 2 5 ) 91 AN [6) K5 57 B 3 7R AN ) o J22 ) 2 3 3 (p<C0..05) [ AT AN [l /NG 2 1 3 7 AS (] e 7 Ak 3 ] 22 S W 3%

(p<C0.05).
2.2 BEIKZTLITIRBR £ AN IEAR BR £ BEER EEE 1AM
WFFEIX 7 A B K B0 BE AR B 1 B 1R il 3% 1 A0l
AR R B4 2 I 0% P ) A8 1k 8 R 43 1) 02 103~513 mg/
(kg * h),78.7~443 mg/(kg « h), /K Ab X} 2 +
R N AR 0—20 em,20—40 cm £ 2 W R+
Tl T2 6 305 M 2 W IR L 6 3 AN KR B2 i R K 38
BB EIZTE 3 A IK B EE b AR PR - B R
TEPERCA R — B, 020 em + 2K 60%
A0 PR AR R A B RR I I M Fe /N, R 273 mg/ (kg + h) L3

7K 80 Y0 Ab BRTEPEIA B B K, By 513 mg/ (kg + h);20—40
em F 20K 20 Y6 A BT PR/, Ry 128 mg/ (kg + ),
HK 80 Y0 Ab FEILYE ik Bl F K, O 315 mg/ (kg » h),
7K Kb B - EE R I 1 AR PR S AR AR PR 4 a) 22
AR E 020 cm 1 JZ K A0 B Y T R B G
PETEAR i 5 3E AR By 4 18] 25 5 8 2%, 2040 cm, 40—
60 cm 22 5 AN W37 MK AL FE] 0—20 cm -
JE AR W R T T 1 22 S R, 20—40 em R 22
SR E,A0—60 cm HEEFARE K 3. BEERKE
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AN K S R R R [F] 4 2 0] 25 5 035 (p<<0.05) , ARl /NG S5 78 AN [R) B 7K A L R) 25 57 3 (p<<0.05) , T[],
B3 7MEKGCENARTE T ERESBRBEENZMD

B EM A TR 0—20 cm,20—40 cm +JZ3E
AR B8 TR Rl 9% P I A /K 5 3 B S 2 i/ I 3 R
FREEEA .3 AR B 1 3 K A B A IR AR PR A B R S
2 T UK AL ,0—20 em + 2 I K EEHL (37K 20 %%,
606,80 %0) L s 7K A b (P 7K 20 %6, 60 %6, 80%6) HY AR AR
PR ER T 4 9 & 77.0,120,193 mg/ (kg « h) ;20—
40 em = JZIEKFE b (357K 20%6,60%6,80%6) Eb I 7K #E
Hb (Bl 204, 60246, 8026) 43 5l i 80.0,15.5, 158 mg/
(kg * h), 7 FhFEAKALFRE] 0—20 cm 2 AEH PR 1 #ER
W6 PE 25 5 8 25,2040 em + 2 $E B E K, 40-60
em HEZERARE(E 3. SRFr LR+ 2 H b
RN AR R L BERRRETE 3 A~ 1 )2 (8] 1Y 36 DR R il 5
Rk 3G a2 I, 020 em % 2040 cm
+JZF1 20—40 em F 40—60 em )2 AL B4 R
8.50%~44.9%,2.07%~37.3% (Kl 4),
2.3 AELEBEERESEER T EENSFE

5T X 38, 20—40 em 1 38 & /K & FA HLBE & &
3 0—20 em 34K 25.3% F1 41.1% , pH {H &
3.66% ;40—60 cm t 3 F /K & AT HLBE & &2 2l He
20—40 cm 3K 14.3 % F1 9.92% ., pH {H & 0.26 % .
e G A b, S KB A PLEE A B R )2

TREEHS NS 2 Tt Horh Lok L2 M 25
IRFNB 2 K (p<<0.01), pH {H 5 [ Thi#a 3,
B 4 2 ] 22 S5 A 3R 3 i KO

AN TR A 2 AR B - Wl il 0 P R AR AR B A R
G2 S W2, BE )2 VR B, MR BR AR AR PR
TR G R I R R R R, PR X7
ANFEKIEET 0—20 cm, 20—40 cm,40—60 cm +
SR B A W 2 S - 19 0 0 R 364 mg/ (kg + h)
181 mg/(kg * h),165 mg/(kg * h);0—20 cm,20—
40 cm,40—60 cm + HEAE AR PR 4 B B2 il 1% 4 7 34 4
A 281 mg/(kg *+ h),149 mg/(kg *+ h),115 mg/
(kg * ). 2040 cm F- FEAR PR 1 B R B I 1 AR AR P
BRI 43 1 H 0—20 em AR 50.2%6,46.7%
4060 cm SR R - B 1R 1l 15 R A AR B - R
P 20—40 em 4K 30.7%0,22.7 %0 (& 3) . HRPR
- AAEARPR B RR A AE 3 A 4 )2 (] B 3 ek e Bl £ 2 TR
JEE 80T S VN A B EE TR 20 em Ak 4 J2 B3 JER
3.36 /01 6.87 %0, MPR T BERRMEG )23 R S TR
brt RpEm 3 2+ H,0-20 cm & 2040 cm 2
(AR B A B 2 i 38 09 232 LE AR AR PR b & 26,190, 5
20—40 cm % 40—60 cm +JENE 31.7 % (K 4)
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R3I EYESHBREBEEMNEXES R

PR R O v R Ep i R e S B Y AR
R 0.227 0.030 0.713" —0.154 0.420 0.373
NR 0.146 0.109 0.694" " —0.124 0.411 0.475"

TE: (1) R FRMRER LR A, NR R AR PR LRERREE; (2) * »* FIRM LMW E 2 (p<<0.01) 5 * IR B3 (p<<0.05),

3k
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