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Abstract; Subtropical forest as one of the most typical forest ecosystems in China has rich species diversity of plants,
animals and microorganisms. Global environmental changes can influence biodiversity and ecological function in the
subtropical region. For example, atmospheric nitrogen (N) deposition profoundly affects the biodiversity, productivity and
stability of forest ecosystems. Phosphorus ( P) availability in subtropical forest soil is generally low, resulting in more

exacerbated P limitation under N deposition scenarios. Soil microbes play key roles in organic matter decomposition and
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biogeochemical N and P cycling in soils and regulating forest succession. However, the effects of N and P inputs on forest
soil characteristics at different succession stages remain largely unknown. A simulated N and/or P deposition experiments
(10 gm™a™", N addition (N), P addition (P), NP, and Control ( without NP addition) ) were conducted in a Chinese
subtropical forest with two different succession stages ( young forest <40 and old forest >85 a) since 2015. Soil samples
were collected from three soil layers (0—15, 15—30, 30—60 cm) under four N and/or P addition treatments of two forest
succession stages in June 2019. Soil microbial biomass carbon (MBC) and nitrogen ( MBN) , and soil nutrients content
were determined through the CHCI, fumigation extraction and chemical analysis methods, respectively. The results indicated
that soil MBC, MBN, and nutrients decreased with increasing soil depth regardless of the forest succession stages. Nitrogen
addition had a minor effect on soil microbial biomass. Although no significant P addition effect was observed in the surface
soil of young forest, P alone and NP additions significantly increased MBC and MBN in surface soil samples collected from
the old forest (P<0.05), indicating that old forest would be more susceptible to P limitation than young forest. Soil
dissolved organic nitrogen (DON), NH;-N, and NO;-N in the surface soils of the old and young forests were significantly
increased under N addition conditions (P<0.05). Moreover, P and NP additions significantly increased available P ( AP)
in the surface and subsurface soils, and total P (TP ) content in the surface soil of the two forest succession stages ( P<
0.05) . Significant positive correlations between soil microbial biomass with soil nutrients were observed in this study. Soil
total carbon (TC), total nitrogen (TN) and dissolved organic carbon (DOC) were identified as main factors influencing
soil microbial biomass. This study provided basic data for revealing the response of forest soil qualities at different succession

stages under future global environmental change scenarios.

Key Words: nitrogen deposition; phosphorus addition; forest succession; soil microbial biomass; soil nutrient
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AL (AP) EERIETAHL P B9k, ol LI Mo o B AR, 5 ¢ N R P SRR
A= RV BT B A R R B A B BRSNS R A DA AR ) i R R AR, X 4
FrAMAESRGE ATk e A R E X

R SRR AR TR E R T2 A, 2 R 14 TRl R R R B AR R e 2 2 T

http ; //www.ecologica.cn



15 FAR A AT YR AR o i PR SO DL Xk SR A W A W i e MR S 6247

WL FE LR K A SRR DXt Ak T S B S [ B A ) R AR I AR DX b Y PEA R DA i
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1.1 FFEIXHEA

T bS48 e T Ak By FE L L 890 A SR DR 1X.(29°10719.4"—29°17'41.4"N, 118°0349.7"—
118°11'12.2"E) o % X5k z 2= KU A, Ja 3 [l v S FA Vi 2 RS X, AR K 15.3°C , fedd 1 A FEiR
4.1C e 7 T2 27.6°C , TCREIAF] 250 d, AEHIFERT RN 1964 mm , SEXREK KB 143 d, FHRHE
H92.4% , WFFEIX LA FAE 5 0 PR 4B, 38 o 3t 357 Fh A0 I 396 - ROy o 4 - 4 R, e ORI Sy 41
e R AR DX MUY % S PR E Sk i I OB B S AR P SR b R iR ( Castanopsis eyrei) (K Aif ( Schima
superba) AR ( Quercus serrata) ARk ( Lithocarpus glaber) FIMEA ( Loropetalum chinese) %5
1.2 REsET

ML H 1 [ A VE 30 H ( BEF—China) T 2008 45 8 57 14 3V BAGHE A [1] 7% 2 2R AT R [ B 1) LU B F 9 A
( Comparative Study Plots, CSPs) , £ X458 (<40 a) FIEEAFE (>85 a) PAFNE R B Bt AR (R PSS YRR b 3 AR 3
FEE—E 225 (R R RAFP AR ) | A B BEE £ 4 AR oS (R4 36 8 A4S CSP IRE I CIlEHCH
251—620 m) . % 8 PMHEHVERTRAT N P BN SE 50 At AL X R ( Ceel) 5 I HLAETEAE 1Y 8 Kb XoT HRAE Ty b s JH]
B, A3 ST ST T 5941 3 REHE (30 mx30 m, F1E] 20 mx20 m WA D BEDT IR R T 20 m) |, HEATHE AE AL B
BIEAM(N) BEARI(P) VARSI (NP) , BEAp DR S B E 4 DI EAL R (Cul, N, P, NP), R -4b 3
AANTEE BT 32 AR . AR 10 g m 2 ™t LURZED CO(NH, ), HTE 78 I ; B 09t 4 10 ¢
ma” DITASHEIL (Ca(H,PO, ), + H,0, TSP) MR, i A J7 5% S 144 M 350 RF M P , 65 45 4 % g
3 H .7 AEPIR, AR o AR —2 e i 2015 45 3 A,
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TR S CRAET 2019 4F 6 A, AEREIETT AL X (20 mx20 m) FEALIEEL 10 4SO &, BURE R SE8 BR
R AR S M SRS B R 3.5 em BY 8, 73 0IGERZ (0—15 em) IKERJZE (15—30 em) FITIE)Z (30—
60 cm) =/~ JZ  MHFE 12 HHERS), /) 500 g 2648, URASTR B 25 1 T IS0 2, Pk R n] DL A AR
F, 2k 2 mm G5 IR AW — 0 BT 4°C UKAR VR, T AR 4) MBC Sz MBN 1Y E 5 55—
By BRI 1t 100 B, T 13 TC TN F1 TP S54RI E .

3 TC Al TN i EIT R 5311 ( Elementar Vario EL 11, Elementar, Germany )l %€ ; +-3% DOC F1 DON
I E IR 2 FREL 5.0 g S A 20 mL B FoK 3R, i3 98(0.45 pm) BV DOC LB HLER (X
(TOC—VCPH/CPN, Shimadzu, Japan) I 22 ; 3 H 09 0T %5 4 TN, NH;-N Al NO3-N FH 3% 22 3t ) 43 B 41X
(SAN++, Skalar, Netherlands) il zZ , DON #1475 3} . DON = TN-NH;-N-NO;-N, NH;-N £l NO;-N H 2
mol/L [ KCl IR 5.0 ¢ ff +  F5k £ 10 401 B4, B WA E S m sh A 2™, +3% TP R H
HCIO,-H, S0, B 5 | BE M 2 T & it , 13 1€ (0.45 wm) | B8 )5 F1) 2 22 3 sh o0 B A 52, 50w (AP ) F
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M3 B ( LTR HRRR A PR 4% LA R EDTA ) 1248 (10: 1) , 35 W A E L2 3 s e WA 52 ), MBC Al
MBN FE#-K,S0, 36 245 , FLEA HUBR A S0 2 i b s LA & 5 FH 8 20 sh A (U 2 TN 7%
HOHEAEMAREZE 2 ZRURE K, = 0.45 Fl K, =0.54, B175% 14 MBC 1 MBN &4,
1.4 HdEabH

iz | Excel 2019 ,SPSS25 454 R 15 (R 3.0.2) X RMCA £ G S 1 T 8 B SE 11500, SR 2 2R 07 247
BERIN N A P BN R B (PRI ) |, )2, B HLAE B R A A Wk R 3 A s 5 SR FH AL
)5 2253 BT (One—way ANOVA) Fldge/N 2% 22 5 15 (LSD) 43 B A7 444 6 Ak 3 ) 22 57 o B VR I M 22 o [
B3 SR FHAN ST AEAS T ASL 36 60 A R HE AL BT [R]— 2 FF A S B AR AR R B AR R 2 ] 7 22 57 0 S5 PR A
55, FIHLAERALSHr + 5 MBC #1 MBN 5 13 5%/ (DOC . DON \NH;-N NO;-N AP \TC TN F1 TP ) Z [A] i)
MRKZR, FIH vegan IR € rda’ PREN £33 MBC Al MBN #4704 00T (RDA) |, DL Fb 3 8 =R By B it
JIE K A 2N A SBEAMAE A e S 5 R € envit” PRIECAM BT 93855 45 R HMUAE 0 2B i Y S

2 HRER

2.1 NP WIXHERAMA ZAE MO £ )2 3 MBC A1 MBN 145210

WFFEEE SRR, N U nXt MBC A1 MBN JC i 2 52 0, (H P ¥ 42 3552 ) - 18 MBN | R R B Bt 25 50
M) + 3 MBC, A [R] £ )2 Z [i] MBC I MBN ¥/ 7E i E 22 55 (R 1), AL IR FZ A7 W2 1 2 T AR
FH 40 N SIS P asinmg - R BB B )Z PR DA N BRI P a2 =R A 2 e
HE MBN, P ST 2B T, LUK P By B+ )2 = N 2 8] 28 AR X 14 MBC 1 MBN # H
HREEEW(EL,

F1 TEFEYMEYER(MBC) FME(MBN) RFSHMEERFTESH(FH)
Table 1 Four-way ANOVA ( F values) of soil microbial biomass carbon ( MBC) , nitrogen (MBN) and related soil nutrients

WY Y AT AT - V. N - ,
IF @E@% ﬁ% i . ;}ﬁﬁi ;ﬁg BAR AR s AR AR AW
Factors = — : NHI-N  NO3N AP C N TP

MBC MBN DOC DON 3
AN 0.07 1.05 0.41 245 303 97.9*** 0.0 0.28 0.10 1.44
B 1.61 9.82%*  0.11 4955 38.7%FF  14.9%F*  285%*F 2,69 1.19 79.7 %%
Ml Age 7.89%* 3.6 0.81 6.06%*  847***  20.0***  3.55 1.97 2.56 2.63
+ 2 Soil layer 102°%% 358 §73*FF 214%FF LT 26.8%%F 227%F* [91F* [36%** 97.0***
X NxP 1.96 555* 0.96 252%%F  146%**  11.9%** 0.0l 0.20 111 0.05
R NxAge 0.30 0.02 0.15 0.78 0.71 1.30 7.28** 0.17 0.10 1.48
Hx+J2 NxSoil layer 0.17 1.25 L1t 0.71 5.19%%F  7.84%*  0.04 0.41 0.06 0.79
WS PxAge 3.07 3.64 0.00 207 4.38* 9.00 ** 3.23 0.19 0.19 1.05
Bix+ 2 PxSoil layer 595%*  623** 025 23.9%  15.0%%F 426" 25 038 0.66 68.3"*
Ml x £ 2 AgexSoil layer 0.74 727 08l 154%  880***  11.9***  0.78 0.32 0.38 0.97
FXBlHRi NxPxAge 1.09 0.1 0.00 1.46 0.02 739 1757 0.67 0.29 0.64
Fxix 4 B
’%x%,x,ii 0.36 3.54* 1.43 8847 596  612**  0.03 1.04 0.68 0.25
NxPxSoil layer
5 A =
'ﬂx%mx.ﬂx 1.08 0.05 0.38 0.34 0.52 2.11 7.76*** 052 0.97 0.69
NxAgexSoil layer
%XW@,X iE 3.34* 7.03°*  0.06 195 341° 1.87 0.80 0.54 0.28 0.70
PxAgexSoil layer
Al v A =
Bt L 0.02 0.22 0.04 388° 036 2.20 762% 0.1 0.17 0.72
NXPxAgexSoil layer

MBC. . 54 Y14 ¥ Bk Microbial biomass carbon; MBN : {34 ¥ E # it & Microbial biomass nitrogen ; DOC ; AT %445 HLE% Dissolved organic carbon; DON : AT {7 Hl

A Dissolved organic nitrngen;NHI-N;%ﬁﬁ Ammonium nitmgen;NO;—N;ﬁﬁ?}&?ﬁ Nitrate nitrogen; AP AL Available phosphorus ; TC 22 Total carbon; TN ;2% Total
nitrogen ; TP : 42 Total phosphorus ; N+ il Nitrogen addition ; P BV Phosphorus addition; # ,P<0.05; ## ,P<0.01; ###* ,P<0.001;n=4
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PRI TERS B B A AR AR P 3% MBC 1 MBN YR 85808 HOMmFEAR (1) . 5ANEIE Cul A1
L, N TP ER AL SR AF AR 1 MBC & = JC B350 (5 P R NP BRINUG AR RAMOR 3R)2 13 MBN % 55
X HEA BB TN 329% F1 24% (P<0.05) ; [AEF, P A NP NS, Z MK Z L3 MBC 5 32 20 7l B4 i 69% il
56% , X JZE T MBC 23034 1 78% 1 75% (P<0.05) , 3 JZ 13 MBN & & 735 54 Jin 86% #1 76% (P<
0.05) . HHFRMAHLL, 75 NP BSMALIE T | ZAFEARER Z FIRERE 1 MBC & & 20 3% I 36% 1 46% (P<
0.05) ;7E Ctel F1 N B AMALEE T | 2 AEARSR)Z - 48 MBN & 153 IR 36% 1 32% (P<0.05) .

CJcr CON EEPr EENe

600 - 20 b & ek

400

o
(=]

200

WA A RS MBN
£

Microbial biomass nitrogen/(mg/kg)

A A Bk MBC

Microbial biomass carbon/(mg/kg)

0—15
30—60
15—30
30—60

0—15
15—30
30—60

0—15
15—30
30—60

1 )2 Soil layer/cm

B1 &SR ERERKERKINZERTE LB L IEREY & W ERKR(MBC) & (MBN) B
Fig.1 Effects of nitrogen and/or phosphorus additions on soil microbial biomass carbon ( MBC) and nitrogen ( MBN) of different soil

layers at young and old succession stages in a subtropical forest

Ctrl ; %} B8 Control ; N ; ZU#S M Nitrogen addition ; P, %Sl Phosphorus addition ; NP ; Z## 78Il Nitrogen and phosphorus addition ; A [i] K5 F4f FR
[F]— AR AR ] L2 AR R AE AL B2 8] 2 S S 35 5 AN R)/IN'S B B A RIS AL BT 5 N [7] 12 =2 ) 22 5 3% (P<0.05) , BUELR IR N F 2 fE
HRUEDR (n=4) , * FoRHRHENEAL BT 16— £ 2 FE AR AR 2 AR AR 2 (8177 A5 . 25 1 22 57 (P<0.05)

2.2 N P iSRRI AR RN [F] 1 )2 58 25550 B 15 )

N NP I S e 25 [ B 447 W 35 5 b A% K 4 DON NH-N F1 NO;-N & 5 P S0 ig & 52 0 138 AP Al
TP & & ;10 12 74 I FR MR 5 (3R 1) o S 7 Z (A% 353 00 B B 3 A2 BAE
B, N AA P IR P A AR G B R PO IR E R B B S 2 R, LN IR
P RANAN )2 = PR TAR T, ¥ 50 + 38 FF DON NH-N A1 NOS-N (&, N A+ 2w K 152
R R0 NH,-N A NOS-N; P s i 28 i BOFN 4 J2 = N 728 B 252 0 1 3 DON A1 NH-N; N 48 P &
TRIECEE B B = Z 0] K N RN P S0 JECER B BOR )2 DU 2 )% 18 DON A AP $5477E ik 3 P58 B AR
FH. N GIIFNEEER G B R T K N 3N JEER B BOR + 2 = A2 B B R0 3 AP P A A+ 2PN
TH I E W AR AP FITP SR (FE 1),

PR DRI B Be (PRI ) NS T AEAL FI T 38 57 43 4 Bt TR BE 38 I BEAR (181 2) . SRTAE Cul
ARG, N A8InAb BE G E 800 T AR AR + 2 13 DON NH-N Fl NO;-N &, H N 00 E 5 hn 7 245k
214 DON FJZHFEJE NH;-N LUK A 12 NOS-N & Hirp N IS AR AR R AR AR R 2 3 ]
PEAHLA(DON) &t 20 A3 1.7 A5 A0 1.6 £, 28 A (NH,-N) &5 20 A3 m 3.2 450 1.9 A5 DL A A
(NO;-N) Fr i 433 hin 24 £5 51 4.6 £5(P<0.05) . JS45 P USINXTAEEAK DON \NH;-N Fl NO;-N TG 5 520,
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8 r *k
G T
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A A HLE DON

Dissolved organic nitrogen/(mg/kg)

AIEHEA B DOC

Dissolved organic carbon/(mg/kg)

TR NOs-N

Soil nitrate nitrogen/(mg/kg)

TSR NH N

Soil ammonium nitrogen/(mg/kg)

200 - B

T B 4wk TP

Soil total phosphorus/(g/kg)

TGRS AP

Soil available phosphorus/(mg/kg)

T 2% TN

Soil total nitrogen/(g/kg)

LR TC

Soil total carbon/(g/kg)

vy (=3 f=3 v =3 (=3 vy (=3 [=3 vy (=3 (=3
(=] vy [ = (=] vy (=3 f=} ) (=3 (=] vy f=3
— o — 32} — o — o

+ )2 Soil layer/cm

B2 &AM IRFEREERNZERRIELE TEFSHTIT
Fig.2 Effects of nitrogen and/or phosphorus additions on soil nutrients of different soil layers at young and old succession stages in a
subtropical forest

ARG FhE R[] — AR AR 7] 4= J2 A ] N0 Ak 3 22 8] 24 59 0 255 R [l /NG S RE R 7R AR A A AL B R AR Ta) 2 2 ] 25 5% 10 3 (P<
0.05) ; B5 () FoRMHFEHEALAL I N [ — BRI BAEARZ MAETE BT ZE S, * P<0.05, ** P<0.01
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HEAEMFEZ +3E DON YR FEJZ +3E NH,-N F1 NO;-N &8> BIFRAE T 39% .32%F1 58% (P<0.05, F2), P
FINP SIS AR MR )2 58 AP 43 5360 82 F% R0 116 1%, IR )2 1- 138 AP 4> 313900 8.8 1351 7.4 1%, LU J 3=
JZ 45 TP 43 I3 3.9 £5F0 4.0 f%5 . P A NP NG, M Z L1 AP 43 HIHE N 109 £5H01 76 %, Ik EK2
45 AP 43BN 2.4 F5F1 1.8 £, LUK FR)ZE 145 TP 43 3N 4.0 £% 2.9 £5(P<0.05, &l 2) ., N Fl P @bz
o TR Aol 5 oy B 4%+ 2 -4 7R DOC TC 1 TN 470 B &5 m (8 2)

TEAHEAL Curl H, AEARER)ZE L1 DON ZR)Z AT JRJZE 13 NH,-N DL R ZHFIRER)ZE 1 NOS-N & it
) 58 2 TARRRAR BE ) 2 (P<0.05, [#12) . 76 N SinAb 3 | SAERRMAR L | B AEMR R Z 15 DON Fk
FZ 1 NOS-N S EHIEH 97% M 102% (P<0.05, K 2), 7 P IANALFE | SARRMAE L, BAEMRIN 3
JEAFIR 2 45 NOS-N 4» BB 7.0 4571 3.5 £ (P<0.05, [ 2) . 7E NP FAnAb ¥R | 54RO | 24 Ak
1R K)Z 1 DON i GRIZFIERZ 13 AP 5 1 73 7 K 60% \38% Fil 86% , KK )2 13 NOS-N 7
BN 88% (P<0.05, K2), M4, £3E DOC TC TN Fl TP & EAEZAEMRFERMZ R ZFATE (K 2),
2.3 RIRIZRARECERY B 18 MBC il MBN 53243 AR CPEA BT

254 4 MBC Fil MBN 4@t RDA 4387 & 3, A5 MOR & AR RS [R]85 B B - 43 P i A o AR W it A7
1 22 5 (P<0.05) 7645 N P i InAbH(A] 25 5 R B 3 (&1 3) . E—25 00 Mr BB, 3 Y e o re 45
T R EFETE B E2E S (P<0.05, B 3), &/ “enviit” 2T 0], TEEMUAEY AR5 /R 33354 (H
DOC ,DON \NH;-N \NO;-N AP TC /TN F TP ) B [ 3 [EAH GO & AHX T &, £3% TC TN #1 DOC 2 Hrh §
BRI H T (R*>0.50, E 3),

2r W 4k 2
O Ctrl

RDA2(0.65%)

- P
N £/ em , TC: 0.65, *+*
os L I D N
. DOC: 0.53, ***
o JpH TP 043, ¥
_DOC NOsNee, 2B . DON: 041, ***
IN | Natac UEoE T AP 033, ¥
ST NN 027, %%
% °° :NOs™-N: 0.07, *

TC 5
- oo K
DONTP, AP e g
NH,*-N

-04  -02 0 02 04 0.6 -1.0 05 0 0.5 1.0
RDAI (73.2%)

B3 EFIEMEWMEYER(MBC)FE(MBN) KRS
Fig.3 Impacts of forest succession stages, fertilization, and soil layer on soil microbial biomass carbon ( MBC) and nitrogen ( MBN)

through the Redundancy analysis ( RDA)
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