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Root exclusion changed the response of soil enzyme activity to the nitrogen and

phosphorus addition in Phyllostachys edulis forest
WANG Yi"?, LUAN Junwei', LIU Shirong™ *

1 International Center for Bamboo and Rattan, Key Laboratory of National Forestry and Grassland Administration/ Beijing for Bamboo & Rattan Science and
Technology, Beijing 100102, China
2 Changning Bamboo Forest Ecosystem Research Station, Yibin 644000, China

3 Research Institute of Forest Ecology, Environment and Natural Protection, Chinese Academy of Forestry, Beijing 100091, China

Abstract; As the hot spot of nitrogen (N) and phosphorus (P) deposition in the subtropical of China, the response of
forest ecosystem carbon (C), N and P cycle to N and P deposition has got more and more concerns. As an important source
of supplying of soil C and nutrients in forests, root input variations regulated the process of soil C and nutrient cycle by
affecting soil enzyme activity under N and P deposition. Ammonium nitrate and sodium dihydrogen phosphate were added in
moso bamboo forest as N and P addition to simulate N and P deposition in our study, respectively, and a total of four
treatments were set up; control, N addition, P addition, and N+P co-addition. Combined with root exclusion treatment, the
effects of root exclusion and N and P addition on soil C, N and P related enzyme activities were explored, and their

relationships between soil C, N and P related enzyme activities and soil and fine root chemical properties were analyzed for
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further. The results showed that the response of soil C and N related enzyme activities to root exclusion was more sensitive
than those to N and P addition in general, which caused from the negative response of soil total nitrogen and ammonium
nitrogen to root exclusion, but the neutral response of soil organic carbon, total nitrogen and ammonium nitrogen to short-
term N and P addition. Different from the activities of C and N related soil enzyme to root exclusion and N and P addition,
soil P related enzyme activities showed a negative response to root exclusion and phosphorus addition, respectively, which
may be attributed to decline in microbial P mining effect. Because preventing of root P absorption caused from root input
variations in trench plots and supplementing of soil P under P addition and N+P co-addition treatments may reduce the
utilization of soil P by microorganisms in our study site. Despite all this, soil microorganisms are still suffering from P
limitation under P addition treatment in our study area, and the main reason is that the underground root system has stronger
P absorption and utilization capacity than microorganisms in the P-deficient moso forest ecosystem. Our results highlight the
discrepancy of the responses of multiple functional soil enzyme activities to soil nutrients addition and root input variations,

and provide a basis for predicting soil C and nutrient cycling in low-P moso bamboo forest ecosystem.

Key Words: Phyllostachys edulis; root exclusion; nitrogen and phosphorus addition; soil extracellular enzyme

THE A T B9 & A RRHE F LR (N ) BBt BOR UG M N TR BB AR i, 4RO N
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TP AR R AR HGR A3, 35K PT RE SRR R R L A ) Z I 3R 40 1 52 40 L MR Rz A g X
FUEL B R R YA K AR AR R DR, AR 2R A S A £ 30 7 33 5% A3 IR0 A B i A
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PEXT NP BRI Z 5 A S AL e 2% S5 A B T AT IO e BRAR AL AP MR S R 48 C NP JEFR Y T AE
LA

EAT (Phyllostachys edulis) 1 3% FI AR, 43 ) WOATRR 32 5045 T3 AT L X 2 B AT 4
Je A R B Beds MR R RIBOR R 7 70 LR, MR AR i A E AL vl BE 2 U B AT 5 U W 22 18] X 37 70 1 5
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(AR AL 1
1 WHREER

B gt T DU )1 B R T K T BB R AT ISR X (28°15'—28°47' N, 104°44'—105°03" E) , fii T2 5155
Jir e 70 ) 1) 2 5 98 X i v ST R P T e e XU, B K T TR R, AR R A 1141.7 mm AR SR
18.3 °C 1 HHELAL M B HERI (5 4 o0 2 CRBFFT AL X SR 1L 85 98 ) . % X AL T P g AVEATARIX VTR
TRA T FNPH R = LA I 40 A A8 X WFSE b R ) B AT MO TR E B AT AR 43 A PE b AR AR A 20 5
% 5% ( Dryopteris erythrosora) \7=H ( Dicranopteris dichoyoma) Ji& ik ( Woodwardia japonica) %Wk ( Stenoloma
chusanum) ZETHR (Acystopteris japonica) T4 1% ( Leptochloa chinensis) '™

2 WRFAE

2.1 KT

2016 4F 11 H RHBEHLIX 4R35 7 K Hfi
FRIEATHRILE 4 XA, B~ XL BEALZEHE T IR A 2
(CK: control) A& UIMALEE (N. N addition) . # ¥8 in &b
FE(P. P addition) FIABEAR AL FE (N+P. N and P
addition) , 4 NEPRZHELE 4 NN M4 NEE I
T 16 HetEd , BRI AR 20 m <20 m, FEHE 2
TR S m oy, [RIBS S By Lk B 7T HEAR AR B A K
N TERENEEHD E FIHEA 0.3 cm J5£ .80 cm Fi Y PVC %K
Me, A 4 HIEREHRE L2 T 25 - BEMLERE 3 > 1
m x1 m BT AT 60 em B Wi MR AL B ( Trench ) | 22
PR N E R B 4, O AR R RS PVC b 4
ALIBHBRAR R EHR A B 0 ] R R 5 5 Y
TGP, FAA 6 H RN T A shmii Jr X5 /MR Z s, Hod ) N 38 i A s 3% [0 441 L X
SR AR BRI E IE SA B = AR EE S P IS INE S % Cleveland J7ik" ™ $iz B N A8 finf: (4 A0 [w) i
FEdtf7, N EINEE R NH,NO, , %N 10 g N m™> a™' ;P IS INEFH NaH, PO, , %N 10 g P m™ a™' BN I
TERHEE i 6 WRBE A HEATERIN . B IE NH,NO, 8¢ NaH, PO, 75 /% T 100 L /K H i i [ shWiit R4
PTG TAE b P, XoF REURE R o i S5 AARR 7K, A7 1E RO TS - 35 K A RO0E o A b () A1 R 9 1
SR LE 1 R 1,

1 #H=ESHE
Fig.1 Spatial distribution of the plots

x1 HHER
Table 1 Stand density and DBH in different plots

4% 44

Feth BE D‘Wlt FEHb B D'}?{&j 431
Stand density/ rameter Stand density/ rameter
Plots ¥/ hm? at breast Plots B/ ) at breast
( m”) height/cm /) height/cm
X AEALHE Control 4725+350 9.61+0.10 BETRNNALFR P addition 48754520 9.65+0.15
RIRINALBE N addition 4650+325 9.76+0.30 RBERINALEE N and P addition 4975+148 9.36+0.29

22 HHE R MR

2018 47 8 1 , 265 I REHL BOH R B P BHLIERE 3 SRR AT, 22 MM IR M AR PR L2 5 e 19
R LRI O — 10 em HEREFFIRA 5], 4045 0 01 LB AR AR 25 A 2 mm 395, 2854696 20470
EHERE AR (B2 <2 mm) SRSV 1719 505, R 2 mol KCL YRR - HERE 5 FHAL 22 407 13
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(Smartchem 300, AMS-Alliance, Italy) U T3S A (NOS ) FIELASE (NHY) & &, BO 43 2R KT T
FEAR ] pH 31 (PHS-3C, INESA Inc., China) JU5E +4€ pH(/K: - =2.5:1) o KA LA ARL 100 H i TA 1Lk
(TOC) (A4 (TN) A4 (TP) B934T, R K AR e s T L 100 H i T TOC TN Al TP 73
Bro RHEJCRESHHINE (ECS 4010 CHNSO, Costech Analytical Tecnologies Inc., Vlencia, CA, USA)ll%E 1+
HERZN M TOC A1 TN, % A4k %2 43 74 ( Smartchem 300, AMS-AllianceWestco Scientific Instruments, Rome,
Ttaly) 454 H,S0,/HCIO, W52 £ HERAIAR TP
2.3 RIS I E

R PTG PE ) 3 1.00 — 1.25 ¢ SEHAIA 125m] B RS ERANZE P8 (50 mmol /L
pH=4.2) FEBFEHLH BT | min HR TR, #2515 C N P JEFAASCHY L 7 Fhok @iy (3R 2) B
50 pL ARACA 200 L H3EEH Y 96 FLECT-He P AR R il 4l , B i R F 200 L H3EEIAN 50 L i
JEEH W R SR 200 L 3R S0 L BERR N SE th i, TE KT D 200 pl 3RO 50w A5 e g
Yy, IEIHEI O 200 L BERRENZZ pPIR A 50 WL BEISA) . R LSRR S R R R Rl B E 1 81, S 8 AL, AR
25 CHEFEFPIEREFE 3 h JFMA S pL NaOH (0.5 N) 5 1k = i, 34 FH 454 ( LAMBDA 35, PerkinElmer,
USA) BEAT PO AL

R2 HEEEE IRETMRMGERR

Table 2 Soil enzyme activities measured, their functions, and substrates used in the assays

e ] ik 327
Enzyme Abbreviation Function Substrate
a-éﬁj%ﬁ% AG TRAGER 7K (8 T Vs W A Sy 78 2650 4-MUB-a.-D-glucoside
o-Glucosidase
P G B BRER AR WA 4-MUB-B-D-glucoside
B-Glucosidase
**E:ﬁ:% BX TRAE IR . K LT e R 4-MUB-B-D-xyloside
Xylosidase
PP
’ﬁ—%7 It CB WRARIR KR LT e R e oy — 4 4-MUB-B-D-cellobioside
Cellobiohydrolase
N'ém'ﬁ]ﬁﬁ@ . NAG RIEGIR K fRILT B 4-MUB-N-acetyl-B-D-glucosaminide
N-acetyl-glucosaminidase
iﬁﬁmﬁﬁ@ AP BRARER AT LB 1Ly TS 4-MUB-phosphate
cid phosphatase
EEMA ; FUEER . K 25 E e UL % =
)bQMQ%%EE . LAP ﬂ{%iT R L-Leucine- 7-amido- 4-methylcoumarin
Leucine-amino-peptidase MR

2.4 HdEgeitoath
HRAE German 25 A 7318 AG . BG .BX ,CB \NAG (AP HI LAP i 14, #R #i8 Moorhead %5 A" il Jing %
05 B AT A S O S A BT, LA A R A 2 B e PR oA 2 TR A BRI, b R (VL
Vector length) &7 38500 A Wyl FFE 43 AR XS R, 25 & (VD Vector degree) F7n T3EEY) N F1 P 1)
AR R, O 5 1 B >45° %R P R, ot 1 BE <45°380R8 N BRI, AT .
X=(BG+CB)/[ (BG+CB) +AP ]
Y=(BG+CB)/[ (BG+CB) +(NAG+LAP) |
Vector length=SQRT(X*+Y?)
Vector degree=DEGREES(ATAN2(X, Y))
R — MR AERALE BAS N (N) BRI (P) R ZR B (Trench ) 1 2 [ 5 R0, 44 XL AE A BEHLAUN
K 36 EBEIS I FAR R A ZE AL B9 8 (NP Trench) B 38 H AW (NXP NxTrench P xTrench DA 2 NxP x
Trench ) X ARG VA FE RIS VA A 5 3 A ANAR A0 27 R T | 0 398 1l 3% M 0 - S8 il 0% 1 O B Re AR 1Y 52 0, SR )
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Pearson FHIC/MAT 20 Tl AG 36 A 158 Y A b RIS Y A T S 4 5 - R A0 AR Ak 24k B AH e, DL AG  BG
BX .CB AP NAG Fll LAP 1 A#%h 8l Canoco 4.5 BEAT U007 , I LA T 384k 2 R A S 3R 885 18 - i 7
Canoco 4.5 HATICA T, A GEiH 4 M4 R SPSS 17.0( SPSS Inc., Chicago, USA)#4T,

3 ZBREHSW

3.1 ZUBSETNIRIAR 2R 22BNt - 3R AR A2 o ) 5 il

RIS AL 38 (N ) T35 A SRR LU AN 200 EL o3 1) $ 25 FAIK 17.5%F11 16.2% (P =0.035,P=0.006) (3£ 3) , 8%
WIMAL B (P ) AR 20 7 B 25K N 88.6% (P<0.001) , & S HAE M (NxP) MU 1 40 A Pk &
H(P=0.003) , i P ACPHREAR T N ALBEXT AR A MLAR & R IEE . AR R LBR AL B (Trench) F: 8 -1
ARG EMESASED I BEFEE 33.6% (P=0.004) F1 66.0% (P=0.014) , -4 & 2 AR A L4 5
FHIM 74.4% (P=0.008) F138.8% (P=0.001) , R ZERAEIE 5 ABINAE HAEH (NxTrench) 8 2 228 T +
BEARA(P=0.034) | -5 m@E b (P=0.003) A1 L3 @5 1L (P=0.001) , Trench A0 BRI T N Zb3HXT 4 5 4%
DA HE—hn T 3k uE e A A wE L, P ALY Trench AL P (PXTrench) & —#4 5 N 4b#H
(958 HAEH (NXP xTrench ) % = HEFANAR fh 24 U0 8 5 (5 3,81 2—3)

3.2 FUBSUNIIRIAR 28 22 BNt A MR BTG P AN 2 A i ) 5 1)

N AP S E 4 o-BETF I (AG) I PE R ZEIEIN T 29.7% (P=0.048) , P AbFRS 2+ IR VEWE R T (AP ) 1%
P FEAIK 34.0% (P=0.004) , —FHZZ HAEH AR T B-W1THF(BG) (P=0.032) FIZF- 4 WK (CB)
(P=0.002) i1, Horb P ARBHFEAR T N ALFEXT BG F1 CB AUAE#E/EH . Trench ZbFH 53 + 3% AG ZF 4k — 4K
i ( CB ) Fl50 2R 2 L K ( LAP ) 1% M43 51 S & 390 T 313.4% (P=0.003) . 113.7% ( P =0.023) Fl 25.6%
(P=0.020) ,AP 151 B EIEMR T 62.3% (P=0.024) , Trench Ab3 5 N 43 ( NxTrench) M H 5 P b3 (P x
Trench) B3 HAE /0 B S E DU T AG(P=0.011) Fl AP 1EE(P=0.048) , Hi, SR B AL HIAR HE , N A0 3
TESARE TR IN T AG 1GNP ALBRAEBSARE T FEAR T AP 3G PE, P AREEAN Trench &b 343 51| 8 4 e R
PR A B B 5 AR 4.7% (P=0.013) A1 11.1% (P=0.005) ,N Ab B 5 P AbFEAZ HA/EH (NxP) B &2 T +
SRS S K BE (P =0.027) FIFAJE (P=0.027) P AbFEEE N A FESF 55K 3 B 42 4 PG il /6 1 i
1 N AR BN R 7 AR RE A VE A AR - E T . N ARBES Trench Ab3H2E B AFEH (NxTrench) (P=0.036) A H:
5 P AP =E S HAE I (NXPXTrench) (P=0.032) B & UL T TR PER ML (R 4,181 4)

x3 @ABHAMANRRERRELZEERN TEMAREZERHZE(P H)
Table 3 Effects of N addition, P addition and root exclusion and their interaction on soil and fine root properties( P value)

ER7)] 1Y
A< E-RiIl1R WA A< WA <

9 A AR 1 GANN 3N REER s
;Eféjlndrﬂiiﬂ; rii: properties %‘{;‘ﬂn @;fj]“ $Erfifllj? B RALER HRAR LR HRA LR
NxP NxTrench PXTrench NxPx
Trench
A HLIK Soil organic carbon 0.300 0.645 0.289 0.055 0.376 0.192 0.721
+-3€ 424 Soil total nitrogen 0.074 0.924 0.004 0.161 0.129 0.065 0.847
+ 3425 Soil total phosphorus 0.123 0.063 0.008 0.260 0.111 0.804 0.175
44 pH Soil pH 0.259 0.362 0.249 0.500 0.173 0.216 0.474
+IEHZS A Soil ammonium nitrogen 0.121 0.342 0.014 0.257 0.034 0.150 0.812
FIEAHAS A Soil nitrate nitrogen 0.171 0.551 0.357 0.361 0.718 0.582 0.673
3R Soil C/N ratio 0.256 0.943 0.001 0.880 0.479 0.997 0.896
- HEmRE L Soil C/P ratio 0.035 0.188 0.067 0.298 0.003 0.397 0.248
F AW L Soil N/P ratio 0.006 0.425 0.055 0.265 0.001 0.629 0.286
AR A LB Fine root organic carbon 0.770 0.901 — 0.003 — — —
YR 4% Fine root total nitrogen 0.141 0.236 — 0.735 — — —
AR 2 Fine root total phosphorus 0.328 0.000 — 0.413 — — —
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900 g
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Fig.3 Fine root properties in different treatments

F4 @BERMAMRRERREZEERN T EEEEMREHENZM(P H)
Table 4 Effects of N addition, P addition and root exclusion and their interaction on soil enzyme activities and vector characteristics ( P)
RA M
E= RIS BT 1BS BRAS > 22 IBS
BEASIN WREEER WRREEEK &R LB

SR PR A RHAE P B R LR

Soil enzyme activities and

vector characteristics N P Trench NxP NxTrench P xTrench NxPx

Trench
a-HIEE I a-glucosidase 0.048 0.292 0.003 0.369 0.011 0.568 0.270
B-HIRETI A B-glucosidase 0.085 0.295 0.202 0.032 0.404 0.799 0.976
ABEFF B Xylosidase 0.493 0.334 0.274 0.222 0.492 0.642 0.832
L7 4 WK Cellobiohydrolase 0.603 0.827 0.023 0.002 0.863 0.715 0.651
N-Z. -5 B N-acetyl-glucosaminidase 0.278 0.452 0.367 0.662 0.494 0.537 0.711
IR MR B Acid phosphatase 0.969 0.004 0.024 0.511 0.229 0.048 0.323
AR E I K Leucine aminopeptidase 0.203 0.593 0.020 0.463 0.467 0.925 0.692
KK Vector length 0.102 0.091 0.066 0.027 0.182 0.822 0.312
KIBAE Vector degree 0.658 0.013 0.005 0.027 0.036 0.928 0.032

3.3 RGN Ak O SRS 1 s e

LG 7 S5 L C N P PRI CHEE R R A3 . ARG MRS A Ty LSS — F o0 il o 25 0 O i
N 55.1% 1 N ZE35 Fop =Fab 31 DLSE — F o3l JF B 30.8% (1815) . RDA 43#r A8 . + 14k
2 R R RGP A AR T 93.6% , Horp R IERR AL (P=0.001) A HLAKR (P =0.007) FEAR(P=
0.009) EAA (P=0.026) FIEA (P=0.043) 7 5 &5 0 e & 128 S5 i 2R (B 6) o dlad i — 24
KT RIL(FKS) AEARBIAREH, H 38570 & i (RS A ME S R At 2a 1 i (2 E 4wk ) & m +
SRR T G BN WAEBHARE T, 3 LR RN 42 S 1 IR R ) - SRS M 1 R
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