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3 TREIHIL R E IS T, W 350007)

B OE: D IR IORS FR R X N KR RO IS X 4, i i B X IR (CK) . IR%U(LN, N 40 kg/(hm*-a)). Fi%((HN, N
80 kg/(hm®-a)) b IR A DIRE, BRI AFGEEERR4. 8a). ARG ~ 10 cm Hl 10 ~ 20 om) -+ HEFALRRE A+ e v KAk
FHE AR, TR AUTIR I TR S0 b X - e R . 4558501 OARF4ERRZUS 4 pH TR, 0~ 10 cm 120E
AT HLE(DON) & o it it L R S AN T4 5 Wi 4 2, 0 ~ 10 em R ZHUEWE YR E(MBN) & R bt 20300 538 %, 10 ~20 cm
2R, W42 e A A A A W AR ARG N s % 8 a, HIN AL F 4% )2 ek #4: ¥ i (MBC) Al MBN &
BIEAR, 0~ 10 om 2SS B R 2R AR B TR L. @AFIAERR HN AbFE4R & T 4% + 2 58 p-Ai4 i iR (BG)Ia ok, (1
HN Zb B 8 a B %A 0 ~ 10 cm 12 B-N-ZBHE LA AT EFNAG)IEME; LN Al HN Ab# 4 a BEFHRE 0~ 10 em +Z R MERERRET
(ACP)I P, (R EFHAL 10 ~ 20 cm £)2 ACP it , O RFEREFRT, ASFEVRE + 3R fh2s i b m i SR 45, T Bt
A 8 a (W) B AT B E KT 4 a (A, R KIE R T H3 0 YR ]  ARHE AR T ,0 ~ 10 cm 110 ~ 20 cm
HJELHEEE C N PARSFI RS 1 12 /110103, SRERESRETIEIC: N PAYILE 1 : 1 1 M. @Ik
3T (RDA)EM], DON, MBN Hl NHi-N R AR Fit A 4TRSS L2 SRS A AR EE W7, B2, KINEDIF
R AR T STV A # X - el B

KR AU B AR HERE; ORBERARAR

hESHES: ST718.5 XHERARRRD: A

Long-term Nitrogen Application Exacerbates Soil Phosphorus Limitation at Different Depths
in Subtropical Natural Castanopsis carlesii Forest: Based on Soil Extracellular Enzymes and

Their Stoichiometric Ratios

LI Xinran'?, LIN Hao'?, CAO Pingli"?, LIN Weisheng'??, LIU Xiaofei'*?, ZHONG Xianfang®*, GUO Jianfen'?*"

(1 Fujian Sanming Forest Ecosystem National Observation and Research Station, Sanming, Fujian 365002, China; 2 Fujian
Provincial Key Laboratory for Plant Eco-physiology, Fujian Normal University, Fuzhou 350007, China; 3 Institute of
Geography, Fujian Normal University, Fuzhou 350007, China)

Abstract: Three nitrogen application treatments viz. control (CK), low nitrogen(LN, N 40 kg/(hm?>-a))and high nitrogen(HN, N
80 kg/(hm?a))were set in a natural Castanopsis carlesii forest in the Castanopsis kawakii conservation area in Fujian Province,
the changes of soil physicochemical properties, enzyme activities and their stoichiometric ratios under different nitrogen
application years (4 years and 8 years) and different soil depths (0-10 cm and 10-20 cm) were studied to explore whether
long-term nitrogen deposition aggravates soil phosphorus limitation in the subtropical areas. The results showed that:1) soil pH
decreased after different years of nitrogen application, and soil dissolved organic nitrogen (DON) content in the 0-10 cm soil

increased with the increase of nitrogen application. The content of microbial biomass nitrogen (MBN) decreased significantly in
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the 0—10 cm soil layer but increased significantly in the 10-20 cm soil layer with the increase of nitrogen application for 4 years.
Soil nitrate nitrogen in both soil layers increased with the increase of nitrogen application. The contents of microbial biomass
carbon (MBC) and MBN in both soil layers under HN treatment were the lowest after 8 years of nitrogen application. The content
of ammonium nitrogen in the 0—10 c¢m soil decreased significantly with the increase of nitrogen application, while the content of
nitrate nitrogen increased significantly. 2) HN treatment increased B-glucosidase (BG) activities in both soil layers after different
years of nitrogen application, but 8 years of HN treatment significantly decreased f-N-acetylglucosaminidase (NAG) activity in
the 0—10 cm soil. Four years of LN and HN treatments significantly increased the activity of acid phosphatase (ACP) in the 0-10
cm soil, but significantly decreased ACP activity in the 10-20 cm soil. 3) Under different nitrogen application years, the vector
angles of soil enzyme stoichiometric ratios at different soil depths were all greater than 45°, moreover, the vector angles of soil
enzyme stoichiometric ratios under nitrogen application for 8 years were significantly greater than that for 4 years, indicating that
long-term nitrogen application exacerbated soil microbial phosphorus limitation. Under different nitrogen application years, the
stoichiometric ratios of soil enzyme C : N : Pwere 1 : 1 : 2 in the 0-10 cm and 1 : 1 : 3 in the 10-20 cm soil layers, which
deviated from the ratio of soil enzyme activity C : N : P in global ecosystem (1 : 1 : 1). 4) Redundancy analysis (RDA) showed
that DON, MBN and NH,-N were the main factors regulating the changes of soil enzyme activities and stoichiometric ratios in
two soil layers for different nitrogen application years. In conclusion, long-term nitrogen deposition significantly aggravates soil
phosphorus limitation in subtropical regions.

Key words: Nitrogen deposition; Enzyme activity; Enzyme stoichiometry; Soil depth; Natural Castanopsis carlesii forest
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B HKAR .
1 #MR5GE

1.1 HARXER

TR Hh A T A A — B TR R B AR R X
(26°11'45" N, 117°28'38" E), R4 X P M i I 4
HEZE UM, AR 19.4 °C, AR K & 1700 mm,
MK EEAEPTE 3—7 A, FH28 % H 1585 mm,
XTHREE 81%. PR3 XN 138 R BUR 2T, AW fh
KENFEE, MU TIZEHE, T AT R KA
(Castanopsis carlesii)t'®,
1.2 KT

2012 4F 11 A 7ERFSE X N 3 B R DRI oA
M, F 128, KNSR 20 m x 20 m, £ FEHL 2 6] 7]
fg 10m A4

ARBIFFEA = I X AP RDTERN . 36 kg/(hm™a))
NBHAH, WERE(CK, N0 kg/(hm*a))., fKZ&(LN,
N 40 kg/(hm*a))FIE 2 (HN, N 80 kg/(hm?a)) 3 Fjifi
RACHE, BRI 4 AEE L I, e icE 1
HE 20 L B T/KTPIA NHNO;(ZM 4L, F850%
fifJa A THEA , TR H A0, 5L
IR I LI R AIE I S, CK A3 FH 4
2B T KB
1.3 HREE

3 F 2017 4 1 H A1 2020 4F 12 AR “S”
TEBURE A AR TR M B ML IR 4 N IBORE S, 45y
JZ(0 ~ 10 cm F1 10 ~ 20 em) 2R 3, S L5 TR
H¥5E, ST PRER 3 b A S R R LA KA
He, SRIGAT =y . — 0BT 4 CHIvKEE LA T
FE FHEEIKR(SWO), pH. H[IAEMA HLER(DOC) ., 7]
A HLA(DON), NH;-N Hl NO3-N; — 3 7E —20 °C
UKFEORAT, FT T IERUE R bR I 3 — 10 FH AR K
T, AFEHaes. Smme.
14 MEmMHESHZX
141 FHURHEEMEFME SR EM
FE 4 swel's RAK LR 2.5 1 1, BRI
FHEE 3 pH' R 20 mL 2B T/KE#R S5 g
43250 r/min #%7% 30 min, 4 000 r/min Z5.[> 30 min
J&, A1 0.45 um IS LT AENE BRI WA THhDE
JEE T DOC i A4 ML 73 B {2 (TOC-VCPH, H 7%)
W&, DON ffi % 2L 8 73 4 (Skalar San++, fif
22 )i U85 -3 NHZ-N Il NO3-N 5% 20 mL 2 mol/L
KCUARIRAE 5 g8+, T 250 r/min $&7% 30 min,
4 000 r/min Z.L> 30 min J5, F 0.45 pm "3 2 E AR

g, fe e S 343 T (Skalar Sant+, fif %)
M, peah, AR AR I E R A 1 R R
JCE /MY (Elemental Analyzer Vario ELIII, )17,
AR A L(C : N),

142 HHAEYAEYRERNE A ER-
B ERANIZ LI A 4 4 B (MBC) Al AU(MBN)
PEATHRI, P4 B LB A PR - HT{(TOC-VCPH/
CPN, HA)FIZELL 8 H1{Y (Skalar San++, fif %)
D5

1.4.3 SRS PE I 3 Tl S il %) 0 P ol
i Saiya-Cork P55 « FREL 1 g HIEIMAEA
125 mL pH 5.0 50 mmol/L fi 2 2% g i) i,
e FI e PRI 5 min, ff RHERARY Ak P
FHRS WA 200 pL BV, 3] 96 FLISLAR ;
AL S TR0 20 CAF FIEFE 4 h, FRIMA 10 pL
1 mol/L NaOH Wi ; f)m, i 2 T 6k i Ar iYL
(Synergy H, 2l - SERGTE o 3 Pk gk il 0 45
HRHIRWERWE 1.

*1 IHEBHES. XBREYER
Table 1 Abbreviations, types and substrate information of activities
of three enzymes

fit #E KM 7]
B-HAEHE  BG BRI 4-MUB-B-D-glucoside
T
B-N-ZIt NAG EFHcHif 4-MUB-N-acetyl-B-D-glucosaminide
B4

Wi i

FRTEWE  ACP Wi 4-MUB-phosphate
1 it

1.5 EiEaIE

B A M E TSR T IES A A F R
B, DA 50 RO 0 IE A A R 2255 . R A
In(BG) : In(NAG) N + e il fb 7 i+ fE i A L (C -
N), In(BG) : In(ACP)E Ny -3 2% T it e L (C -
P), In(NAG) : In(ACP)YE Ny + 8 il fb 2% T i S W 1L
(N : P)?? . R 3 )7 2293 BT (one-way  ANOVA)
FEHEH LSD kI A Fif A . IR 2 R 14
B . AN P R s T R e 2
(P<0.05), JifiZUAFRR | Jifs 0 A MR Z M) (1 38 B
SZIE DA SR 7 22 50 BT (two-way ANOVA)K 5
DA [ VR 3 A 9 e A1 il 135 1 B LAk i E A Sk
D7 A g, - PR SN G A A A N R
PEAFIUA A HT(RDA) . AWFFE IS A B SPSS
26.0 SEAL, FrA EE AL A TE 25 A Origin
2021, CANOCO 5.0 Fll AT 2021 #E5ER -

BEAh, R R A2 T i 0 2 B AT, Tl
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21 AEEBERERTARERE TEEALMER
2 BURaTm, WA 4als, &TEARELH
F IS KR T B F 2 A(P>0.05), 70 ~ 10 cm T2

VA = Degrees {ATAN 2 {

Hr, 5 CK Ab¥AHI, LN, HN 4B pH B3 R,
i DOC 1 NH;-N & 708 E2510(P>0.05); 15
CK. LN 4b#fHEE, C: N fil MBN & 7E HN Zb#
T MR DON & itfE HN Zb3 R i, MBC %
FE LN AbFE R fiz i, NOs-N A5 0] i 35 it 2 il 38
I R RN (P<0.05). 7E 10 ~20 cm 2, AN
AbFE] NH3-N fil MBC G i & 28 fk(P>0.05),
DOC H1 DON F i 7E LN AP N, pH 78 HN 4k
MR REANME; 5 CK. LN &AL, 78 HN &b
PR C o N BN 5 CK ARFIA L, NOs-N & &
7E LN, HN AbFEF 5230, 1 MBN % 42t DU it 24
SR R IE I, BAK -, BEE LR, -
¥ pH WERN, SWC, C: N & NH;-N, MBC Fl
MBN #3103 T %

F2 2017 FRREERETARIRE LREBAMR

Table 2 Soil physiochemical properties at different depths under different nitrogen application rates in 2017

Ei=tn +)2 Jit 2 Ak 7 Ty 25500

(cm) CK LN HN S T ST

SWC(%) 0~10 0.33 £ 0.05 Aa 0.37 £ 0.07Aa 0.31 £ 0.02 Aa ** . ons ns
10 ~20 0.22 + 0.02 Ba 0.25 + 0.02 Ba 0.24 + 0.02 Ba

pH 0~10 4.05 + 0.03 Ba 3.93 = 0.07 Bb 3.90 £ 0.09 Bb R R ns
10 ~ 20 4.19 + 0.02 Aa 4.18 + 0.02 Aa 4.09 + 0.07 Ab

DOC(mg/kg) 0~10 53.37 £ 8.23 Aa 54.4 + 8.26 Aa 48.8 £ 9.45 Aa R EE o
10 ~20 10.37 + 0.96 Bc 50.46 + 4.61 Aa 33.23 & 4.01 Bb

DON(mg/kg) 0~10 2.67 £ 0.69 Ab 2.84 + 0.76 Ab 4.12 £ 0.30 Aa REF *x
10 ~20 1.81 = 0.21 Ab 321 + 0.54 Aa 2.02 + 0.91 Bb

C:N 0~10 16.13 &+ 1.24 Aab 16.96 &+ 1.63 Aa 14.51 £+ 0.67 Ab o ons o
10 ~ 20 7.72 + 1.09 Bb 9.01 + 0.32 Bb 10.95 + 1.25Ba

NH;-N(mg/kg) 0~10 9.31 £ 0.48 Aa 9.86 + 1.66 Aa 11.19 £ 2.24 Aa o ons ns
10 ~ 20 537 £+ 0.71 Ba 5.54 £ 0.31 Ba 6.43 & 1.00 Ba

NO;s-N(mg/kg) 0~10 2.28 £ 031 Ac 4.59 £ 0.17 Ab 791 + 0.97 Aa R ER o
10 ~ 20 1.34 + 0.76 Ab 2.61 + 0.76 Ba 3.59 + 0.66 Ba

MBC(mg/kg) 0~10 448.74 + 103.21 Ab  562.48 *+ 54.12 Aa 424.69 + 27.98 Ab ** . ns o

10 ~ 20 196.31 + 18.17 Ba 192.2 & 16.84 Ba 231.08 + 44.65 Ba

MBN(mg/kg) 0~10 41.26 + 4.62 Aa 40.15 & 2.57 Aab 32.54 & 6.81 Ab ** g *ox

10 ~20 8.88 & 0.06 Bc 14.48 £ 3.00 Bb 19.27 £ 1.20 Ba

e BPEIEATEHE £ WREZEG=4); FGAR/NEG FRERRE — L 2AR G E 25 B2, AR KEFRERRF— b AR
+ )2 012 5 8 3 (P<0.05); F A, S FR 12, T RARiE R, ns  *  ** 40 BRI N I3 (P>0.05) | i 35 (P<0.05) Il & % (P<0.01);

ICE

Mt 8 ali, 5 CKALBIAHLL, £ +HEs
JKFTE HN ALFEF 53 TR (P<0.05)(3% 3). 7 0 ~
10cm +2H, LN Fl HN AbRE¥Y R R T pH.
MBN &, BEHHNT DOC &4t ; HN 4b¥#d DON
S RN, WAl C 0 N SRR NHG-N &b
5 it S T AR, NO3-N 55 i D i 25 e

TR BEER . 7E 10 ~20 cm 2, HN Ab3
N+ pH. C : N } NH;-N, MBC, MBN &#1
FLT CK A LN 4b¥E, {H NO3-N &= ; 5
CK ZbBEAHEL, LN Fl HN 4 FE T -4 DOC & & 1 &
W, EARFEANEE 3% DON SR AR %, &%
W, BEELJZINGE, 3 pH BRI, DOC,
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DON. NH;-N. NO;-N. MBN &&¥EE N,
SWC Al C : N WJJG i E A4k P A AERR . 6 A S A+ )2 =338 B (P<0.05)
T ENT B, R AF PR B 2 50 - S B M i (4.
£33 2020 FFRERETARIRE HIEBU MR

Table 3  Soil physiochemical properties at different depths under different nitrogen application rates in 2020

(P<0.01), NO3;-N, DOC, C: N, MBC #il MBN %

bzt +)2 Jiti A J5 25 Hr
(cm) CK LN HN S T SxT
SWC(%) 0~10 0.20 £+ 0.01 Aa 0.18 £ 0.02 Aab 0.15 + 0.03 Ab ns  ** ns
10 ~ 20 0.20 & 0.01 Aa 0.18 & 0.02 Aab 0.17 & 0.02 Ab
pH 0~10 4.09 + 0.06 Ba 3.94 + 0.03 Bb 3.96 + 0.04 Bb R wk ns
10~20 428 +0.02 Aa 422 + 0.03 Aab 4.18 £ 0.06 Ab
DOC(mg/kg) 0~10 16.45 £ 0.52 Ac 24.54 £ 0.69 Aa 21.97 & 0.72 Ab R wk *x
10 ~ 20 10.7 & 0.40 Bb 15.19 + 0.71 Ba 15.1 + 0.69 Ba
DON(mg/kg) 0~10 8.79 + 0.29 Ab 10.44 + 1.61 Aab 10.7 + 0.78 Aa o * ns
10 ~ 20 4.68 + 0.81 Ba 5.06 & 0.65 Ba 491 +0.51 Ba
C:N 0~10 15.73 + 1.16 Aa 15.38 & 1.15 Aab 13.90 + 0.48 Ab R ns
10~20 14.82 + 0.76 Aa 14.57 & 0.49 Aa 13.33 & 0.80 Ab
NH;-N(mg/kg) 0~10 12.96 £ 1.03 Aa 11.53 + 0.61 Ab 10.17 & 0.36 Ac R wk *
10 ~ 20 8.48 + 0.28 Ba 8.11 & 0.50 Ba 7.22 + 0.40 Bb
NO;-N(mg/kg) 0~10 5.87 £ 0.29 Ac 7.77 £ 1.32 Ab 10.46 £ 1.00 Aa wERE ns
10 ~ 20 4.61 + 0.70 Bb 5.12 & 0.70 Bb 8.45 + 0.63 Ba
MBC(mg/kg) 0~10 613.57 + 68.75 Aa 663.06 + 47.85 Aa 591.43 & 52.49 Aa R EE ns
10 ~20 557.91 + 25.34 Aa 606.8 &+ 19.9 Aa 448.07 + 74.93 Bb
MBN(mg/kg) 0~10 75.58 £ 3.13 Aa 63.39 + 1.24 Ab 59.81 + 3.98 Ab R wk ns
10 ~ 20 57.91 + 6.6 2Ba 43.25 + 3.17 Bb 34.88 & 3.98 Bc
#4 MABER. HRE. TEREXGEAMNTIEBAUERENNES M
Table 4 Effect significances of nitrogen application years and rates, soil layer and their interactions on soil physicochemical properties
Ei Lo S T Y SXT SXY T=xY SXTxY
SWC o * o ns o * ns
pH * H* ** * ns ns ns
DON - - - * - s s
C:N ok ns ok ok ok ok ok
NH;-N *k ns * ns ns o ns
NOE-N sk sk sk sk ns ns *
MBC kk sk sk ns sk ns sk
MBN sk sk ks ns ns ks ks

Ve FY FRMAER
22 ARERERTARKERE T EMREHE
mE 1A, FE0~10cm )2, ik 4afl8a
Ja HN AZLHF BG 16 M3 B 5 (P<0.05); 1 7E 10 ~
20 cm +JZ2 i 4 a XF BG WG PETC W E L EA 8 a
i 58 T BG M. X T NAG, A 4 a X4
1+ )2 NAG {E B R ; MEMZA 8af5, HN
AEFER 0 ~ 10 cm + )27 NAG 7t i F AL, 10 ~

20 cm +J2™ LN A1 HN Zb3#F + 48 NAG 76 PE)
EHM. X T ACP, A 4af5, 5 CKAMEEAALL,
LN I HN 2B R 0 ~ 10 em + /2 ACP 1% 1 i 251
B, 10 ~ 20 cm 2 ACP 3G M B3 R RE; T
A 8 a Xt ACP TEPETC WM il VAR B i 25 5
+ 3R 1 (P<0.01), BG Fil ACP M52 21 jiti AU 4F R
Fite U 3 S B (P<0.05, & 1),
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Fig. 1 Soil enzyme activities at different depths under different nitrogen application treatments

23 AEBEERTARERE LERAFITE

MR 4alki, 5 CK. LNACBERAHEL, HN ACBEF
0 ~ 10 ecm +JZH In(BG) : In(NAG) L)L & % + )2
In(BG) : In(ACP)¥) i EHE 5, AP +)2 In(NAG) :
In(ACP)#4 TG . & 28 1k( 2), 10 ~ 20 cm +JZ In(BG) :
In(NAG). In(BG) : In(ACP)FI In(NAG) : In(ACP)¥] i}
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Fig. 2 Soil enzyme stoichiometric ratios at different depths under different nitrogen application treatments

+ R R C NP A In(BG) :
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110 ~ 20 cm 1)Z TR A= TR L C - N 2 P 43l
MHl:1:2f11:1:3,

AR, 2 AR A T -3
et LR A Y >45°, (HEA 8 a Ay
AR ERT I 4 a fm &M 3).

MR 4 a5, & L2 R ey 1
JEE o A it 2R o P 38 o Sk 2 RGN (& 4) . A 8 a )T,
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Fig. 3 Vector angles of soil enzyme stoichiometric ratios at
different depths under different nitrogen application treatments
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http://soils.issas.ac.cn



555 ) AR RIUIE RN R AR KA IR RIRBE L el . 56T SN A A A AR LM 971

=f(A)0~10 cm o = [(B) 10~20 cm
= e &
v
pH v o
MBN DON
C:N
—_ [e) 3
$ [NON v S CN
I . >
=z Q& MBC e - BG
5 Tt - S =5 cr
5 lce = g | MBN v
* BG NH,-N ACP
DON & .
v A MBC DOC
NAG
DOC N:P
o
NH,-N: 67.0% P=0.002 DD NAG
MBN: 7.0% P:0.0'§6 MBN: 71.6% P=0.002
- o o | pH: 11.5% P=0.02
T T
-1.0 1.0 -1.0 1.0

RDAT (85.56%)

RDAI1 (86.74%)

6 2020 FRRIMAZE TARERELIRBEEREACF BB TRSFT
Fig. 6 Redundancy analyses of soil enzyme activities and stoichiometric ratios at different depths under different nitrogen application
rates in 2020

5, PeAE T 2 NO-N, i 4 NH3-N #fisfk
AN IHFE, NHA-N &8 FFPIER 2) ARBFTd KB,
DON & /e A UM AL PR3, X5 Fan P75
4 B30 4> NO3-N J2& DON e 2k 4 F) FH o0 e s
TR, 33X ] REARE AR 3 NOs-N & ity iy
JRHZ —.

T YR Y R T BE R S AR A AT
HEZS 5 L BERMERP R5Ed, KIF
Jiti B AR N MBC il MBN & i fifi % + 2 (028 fb S
HAFRIRIEE R, iE 4af8als, 0~10cm £ZEH
i) MBC & 7E LN AH R ikE i, LN 4hFF
IR R RABER AN, C N &, TR
TIEAVUREIF . SRS, MBC & 538,
52 KRB A 8 a i , HN £ 3 /> MBC Fil MBN
T, XATRRE R TR A ST NO; &
RN, RIERILGE 2), XS IHRE
PO S — i e 2 T SOR ) 7 R 4 T A 3R
SRRSO, - A W 0 3R 50 AR BURE T 9
55, MBC fil MBN &t P, T RSP IR & 30,
LN 4b 24 37 Pt b X 38 MBC &34, {5
FE HN AbFERIFRAR . P, SOTRE T s B 1 S5 1R
AR AT B 2 52 ) - S AR A 2B ) o ) R R T
32 WX TEMIMEFEERELZITEIEN

A

AWge, A 4 af5, % 1)2 G M EA
BEIMEAS 25, 33 P R e S04 R A e 11 i B
PR 8 aJm, 4512 BG IGTEm &R, HAE 10 ~
20 cm +2H PG TEMERE S THIA 4 a. THECHTR
HIAOAFFE R TR, A 6 a (132 BG 1R M E it A

4 a ELEIE N, X BRI A DIRESE & T
YN RdR, BG IHTEREZYGn. Ak, A
R AR IR T, Wk 3595 P gy R
WAHAH AN TR HE BG FEPETE LN LB R34,
IMAE HN Ab3R 32 2040 Xk — 2D Uil 18 BG 1
PEZ AR MBI E R, AEF2ZHTFNSS, i
RAiw | AR . 05 GRS TEAN R AR 5 1 58
BG T

AT, MR 4 a 5412 NAG IEEAR 1By
ANEFE, MR 8aki 0~ 10 cm 13 NAG IGTEEI T
FEkag, X 5 PRI 45 RN, X AR
PR 24 -3 R R R, S e B R TH A A
B KT 380 KB 72 NAG; 24 +3ab T 2R A
RS, AW AERACH T 15 2006 2, gl BT
NAG B9, 1115 NAG WEHER BT kB, ]
W, I A DT 23 2ok 5 )+ U W i 97 43 SR B
TAEY - U A RE T, TRl ) SRS M

AW, R 8 a FEAFEARLE T ACP i
PEIEIH B AR L, H55E% 4 aHtE, % 8 a5 ACP
TEPEY R ME 1), X —KMFFE R R+
HEp A AR E A DY SR AR L, IR
A 0 7 39 v B AR 0 S By A S R e AR
BN KA 8 a BB RN EE T, IR YR
XTSRS M sa g, 58 rh—8B 3 BT R AR
FRITUC , AT S 35 3 A 0 m R A
AU B RN 3 ACP IEPERYE IR R 24,
FE A | iEREAERR | AFIE XIS A L R
FERRSEA K HNIPRZEZETON R, AT R
(AR 5 - S BRI AE A 1 B AR Ak 5 AN T 4, I

http://soils.issas.ac.cn



972 +

e 56 %

SRR 3 ACP 15 PR B AT sk,

+ B A 2E T R R E R . A
BT T R A B bR, R W T 4984 HLJTT A - g
A YA i 2 IR SRR SRS ARBFgE R, R IF
Jiti AR 3 0 ~ 10 em H )20k . AU, BRGNS XL
B HES 101 :2,10~20em H2E A1 -
1:3, WHRESHESRS 11 1 B AR 2R,
X AT DXl A A [ TR B A Bl 22 A AR Bk = . it
A 4ali In(BG) : In(ACP)(0.44) IR T BB RGN
HIE0.62), 1B In(NAG) : In(ACP)(0.50) M) & T4
BRAEBREMFME©0.44); A 8 a J5 In(BG) :
In(ACP)FI In(NAG) : In(ACP)(0.39 F1 0.37)7 HET
LIRA S RGN YIME (0.62 F1 0.44)59 ) i3
HH R S0t 2 2 T ) T - SRR A

AT, BEE AR, o) :
In(NAG)FI In(BG) : In(ACP) & Tt , i In(NAG) :
In(ACP) i E &AL, i 8 a LB H W2, X
RE T ARG, A W& BRI R T
APREICY, BRI R S MBS . SRRV
WRNT, IR 055 BRI — Mk - hFR
HI>RBR BB HICT ., pesh, HFEIAN, A
SRR ATR ) S A b X, P82 F) R0 I T i 2 i ] -3¢
A s BRI P, ARHIE ST o, R AR TR R
HE T EIE 13X — WA, A Rl U AF BR AN [RGB
TaEm . AL BRI TR A R T 450, (Hil
A8 amymEfMERERTIHA 4 a, RYIFEE A
AERREE N, I PR RR IR o 33X AT g KR
PO b X R AR R A RN, HE S gmEl
Yy, IERUEY A Sy WOl R, AR S
TR 8 I AT 1 DX, A B T 14 ST R A 45 - 8 2B
AR P Rl AT ) - 9 Al B o 0
FRTIRERINy, TE WG b X R AE S R G,
TR T F R R IR 2 —, Y R YA T
FREIAIEOL T, S T —P 4 m AV 1k,
(A W) 23 2ok 53 D0 T 22 55 WA R O ) il oA 12 ey - S g
AR, PORTSZ A F B i BR i A i) 401
33 FHmtEMIMEEEREALFTENEE

FSEES

AT TCAR AT A R o, AN )it A R 52
- 38 it B 1 R AR A T B R4S ST 7R
JfiZ 4aF, DON &2 0~ 10 cm +)2 T 1%
HNEFTE M AR ) B F . Cusack!* IfF T
WY, 3R MUEUR A P A KA AT Sk ) GRS R
E - SRS AR Al R 2 R s VR e I A

R A HLAE S ' N, N TIRBUEZ 8 R
BT, IERA YA HLEGEA T RURE TR
-SRI R R A AR AR (L . A, MBN A
DOC & 245 10 ~ 20 em )2 35 SN i 1% 1 10
FEREF . XFERH THEMEAS %12 MBN &
IR 2), XA YE s R R, IR
ARG PR R AR LR 3 DOC B i ik - 3 ik
AR E, iR AR R RS S i
J&, DOC Frasfihn, fA9nl A\ 3 bR e £
PIE TR A B, S — D, It
B PR AR AL

ARG, 7R 8 a )i, 0~ 10 cm )2 NH;-N
i 5 AN 1 Ak 2T i AR SR
i TR, NHZ-N Fl MBN 55 1 Fifi 25 1t &0 10 4%
S0y | T (AR = == S S Al K 7 A o 7 I W D E 6
NHa-N E&ill, A Emss, e — o
AR T A A ML A RE T, NAG TR PESR
PR REIRZS, In(NAG) : In(ACP)-s A o7 b 52 F [
#, 50~10cm HJEZMIE, 10~20cm +)Z 11 BG
I NAG s PE 5 K, MBN & B izt
JZ BG Fl NAG BidPE, X Al g2 oy —Jr T+ &
KR AR B Z TR R b,
MBC 1 MBN i [, M58 G F1 NAG
BEARET S S —orE, BT A s &
A HT, MZ KB EEA, SR, ST
(bR T, et A K I B SR R, DT
S M ANERE HECT . MBN At 5 3 5% )2
T IEERE AL AE TR L, T 2T RE T AL T 4
AMAL, MBN &2 F %, In(BG) : In(NAG)HI In(BG) :
In(ACP) B E 1, In(NAG) : In(ACP)I| i 3% FF&,
A R AR DGR AR5 i TR AL BEAH DGR
g, vEmE T iz X ARSI, 5 0~10cm +
ZE i K EEA G, % 4 2 R e K R Y
B IEI 10 ~ 20 em 2 {82k BrAOBRBRFIE/ N

4 £t

1) W% 4 a (B E M4 12 ACP G, #E LN
HN ZbHEF 0~ 10 cm +J2 ACP FH 2 THE, 10~
20 cm 12 ACP 3G 1P 3% T % 1M 8 a & 1G5
T4 +J2 BG iETE, 78 HN 4B F % 1200 NAG 1%
P FHRRAR, 4540 ACP WM i 2 284k

2) ANEMEEAER T, In(BG) : In(NAG)F! In(BG) :
In(ACP)7E HN AbI R ¥y B 8 m, A 4 a 1Y
In(NAG) : In(ACP A3, JiliAl 8 a 1) In(NAG) :

http://soils.issas.ac.cn



555 30 ZERREAE . R RO A R R AN [FIBREE T Semi PR . 5T H I SN AR 1k S A2 A

973

In(ACP)II 5 25 R K% o AN [t 8047 B T S Bty ZRobk 1
e C © N = P Ab2AHE IR T 2k A4S R 40 e
C:N: P IfH, RUDEHH X AR 2R BRI
LRI 0T e mi Rl

3)DON, MBN Fll NH;-N S AN [l it ZAFEFR |

ANTRITRE 12 T S I A b AL 2 LRy F2 %
W

S

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

M, EPR¥, B, 5. R UL AT 5 2R
I RN 7] 2295 LS E RIS S5 A 2 (7). 3
244, 2018, 55(6): 1534-1544.

A, XVEF, EEUEL S AR SR E RO A
Ry ma N B S BE R (1], LR, 2022, 59(5):
1190-1203.

B, 75 j=ug, 3%, 55 BRI RN DA fR
Z A AR T SRR 53 R B R ARA I LA [T A3,
2020, 52(5): 1017-1024.

KB, MUIE, AR, BRI HRED]. KR
FEFSY, 2003, 10(1): 65-67.

KA, #EGE. KIGEAL AT 38 R A se vt ().
+3, 2009, 41(1): 21-26.

Jite, BEITHY. RUCREX AR IR K o s 0], 2k
244, 2006, 26(9): 3127-3136.

XMETT, ALRBTE, SRIEH, 5. VR AR A A KX
RIS R [T]. AP AE A 2EH], 2015, 39(5): 433-441.
Wang C, Lu X K, Mori T, et al. Responses of soil microbial
community to continuous experimental nitrogen additions
for 13 years in a nitrogen-rich tropical forest[J]. Soil
Biology and Biochemistry, 2018, 121: 103—-112.

Fan Y X, Lin F, Yang L M, et al. Decreased soil organic P
fraction associated with ectomycorrhizal fungal activity to
meet increased P demand under N application in a
subtropical forest ecosystem[J]. Biology and Fertility of
Soils, 2018, 54(1): 149-161.

Dong C C, Wang W, Liu H'Y, et al. Temperate grassland
shifted from nitrogen to phosphorus limitation induced by
degradation and nitrogen deposition: Evidence from soil
extracellular enzyme stoichiometry[J]. Ecological Indicators,
2019, 101: 453-464.

R, BT, MOF, . ML 5 AR
T e %6 bk b AR W BRI (0] AR 2R 24,
2021, 32(2): 521-528.

MOEEE, JHFE, GRS, . MR TR
L3, LU AR PR 0 SV AE 0 90 T A A0 B 4 e Bt IR o) A2 AR ).
AR 2AAR, 2022, 33(1): 33-41.

Yang K, Zhu J J, Gu J C, et al. Changes in soil phosphorus
fractions after 9 years of continuous nitrogen addition in a
Larix gmelinii plantation[J]. Annals of Forest Science,
2015, 72(4): 435-442.

Mirabello M J, Yavitt J B, Garcia M, et al. Soil phosphorus
responses to chronic nutrient fertilisation and seasonal

drought in a humid lowland forest, Panama[J]. Soil

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Research, 2013, 51(3): 215.

PR, VR, RARME, S5 OKEEAN TR M4
T Vi 2L SOG4 95 0 A 0 TR R[], AR AR BR824
2020, 40(1): 16-23.

JAGTR, XN, B, G, FUTRE T Ol S Kb R
IRARGUE W A Wy e S TS RS2 i (7). AR5, 2017,
37(1): 127-135.

G, BRI, Jeat: s ERL AR
i pRAL, 2000: 146-195

Jones D L, Willett V B. Experimental evaluation of
methods to quantify dissolved organic nitrogen (DON) and
dissolved organic carbon (DOC) in soil[J]. Soil Biology &
Biochemistry, 2006, 38: 991-999.

IR, WIRUN, EWINE, & T B E TN R
Wi AR AT S (9], ARk BRI B} A 22 i, 2005, 24(6):
1238-1242.

NG, R, 2, A5 BRI I e R
YLK A e S o B YRR 2R D). 7K A fr e,
2019, 33(2): 235-243, 250.

Saiya-Cork K R, Sinsabaugh R L, Zak D R. The effects of
long-term nitrogen deposition on extracellular enzyme
activity in an Acer saccharum forest soil[J]. Soil Biology
and Biochemistry, 2002, 34(9): 1309-1315.

Tian J H, Wei K, Condron L M, et al. Impact of land use
and nutrient addition on phosphatase activities and their
relationships with organic phosphorus turnover in semi-arid
grassland soils[J]. Biology and Fertility of Soils, 2016,
52(5): 675-683.

Sinsabaugh R L, Hill B H, Follstad Shah J J. Ecoenzymatic
stoichiometry of microbial organic nutrient acquisition in
soil and sediment[J]. Nature, 2009, 462: 795-798.
Moorhead D L, Sinsabaugh R L, Hill B H, et al. Vector
analysis of ecoenzyme activities reveal constraints on
coupled C, N and P dynamics[J]. Soil Biology and
Biochemistry, 2016, 93: 1-7.

Cui Y X, Wang X, Zhang X C, et al. Soil moisture
mediates microbial carbon and phosphorus metabolism
during vegetation succession in a semiarid region[J]. Soil
Biology and Biochemistry, 2020, 147: 107814.

O, FMVEN, S, 5. IR ORAE KA T
TR - ST AN 408 5% 225 IR T R 2 0], K (R A
2, 2022, 36(1): 205-211.

Fan Y X, Yang L M, Zhong X J, et al. N addition increased
microbial residual carbon by altering soil P availability and
microbial composition in a subtropical
forest[J]. Geoderma, 2020, 375: 114470.
Pregitzer K S, Zak D R, Burton A J, et al. Chronic nitrate
additions dramatically increase the export of carbon and

Castanopsis

nitrogen from northern hardwood
Biogeochemistry, 2004, 68(2): 179-197.
FME, B, SR, 5. FEIE AR T ERUE Y
BT UL AIMAILT]. A= 5"F4H, 2008, 28(2): 470-478.
TERRHT. SRR rp R A R SRR 1 Sl 4 70 Y 52
Wi B FCREALID]. Am: AR ImiE k%, 2019.

ecosystems|[J].

http://soils.issas.ac.cn



974

+

i

56 &

[31]

[32]

[33]

[34]

[35]

[36]

[37]

WI7TT, R, BIRR, & AU EZARAN T L
A BB AN SRS VE RS2 e (7], AR, 2012,
32(2): 517-527.

EOFm, PhENR, P, G LR AR R SR bR 15
A LR LH 53 X AU B TR Y e 2 [J]. K PR 2 41
2023, 37(4): 243-249.

Wisawapipat W, Kheoruenromne I, Suddhiprakarn A, et al.
Phosphate sorption and desorption by Thai upland soils[J].
Geoderma, 2009, 153(3/4): 408-415.

HOEFE, B, PRI, 45 rhiF B o X R TR X2
AREMR A SN T T I8 A S RS2 (D). B A2
27412, 2018, 29(1): 53-58.

PNEAR, SR, BT, S5 AZRMRT B A X
LR AT P B HAR A RS2 e [T]. Mol B BF
5%, 2021, 34(1): 106-113.

Sinsabaugh R L, Lauber C L, Weintraub M N, et al.
Stoichiometry of soil enzyme activity at global scale[J].
Ecology Letters, 2008, 11(11): 1252-1264.

Cui Y X, Moorhead D L, Peng S S, et al. New insights into

[38]

[39]

[40]

[41]

[42]

the patterns of ecoenzymatic stoichiometry in soil and
sediment[J]. Soil Biology and Biochemistry, 2023, 177:
108910.

TKWEN, R, JuhetE, S5 AN S A Bk R ek
AT MR B LA AR AR MRS A5 D). T AR
2F3R, 2023, 34(1): 203-212.

Fink J R, Inda A V, Tiecher T, et al. Iron oxides and
organic matter on soil phosphorus availability[J]. Ciéncia e
Agrotecnologia, 2016, 40(4): 369-379.

BT, VR 2, RARME, S5, IS YR IS AR B
Xof SR R e S A A TR P B AR~ LR SE I [, 7K
T ARFRE R, 2021, 35(4): 313-320.

Cusack D F. Soil linked to

decomposition enzyme activities along an urban-remote

nitrogen levels are
tropical forest gradient[J]. Soil Biology and Biochemistry,
2013, 57: 192-203.
ENAE, EMER, ATBEH, S b s s TR
SRS MO AT R (], B A2 3SR, 2020,
31(6): 1980-1988.

http://soils.issas.ac.cn



