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Abstract: [ Objective JAnthropogenic nitrogen (N) deposition is a key issue in global-change research. As the two
most critical nutrients for plant growth, nitrogen and phosphorus (P) regulate ecosystem functioning; however,
elevated N deposition intensifies N-P imbalance in P-limited subtropical forest soils, strongly altering soil N
cycling. [Method] A three-year experiment was conducted in a subtropical moso bamboo (Phyllostachys edulis)
plantation to evaluate the effects of control (CK, 0 kg-hm2- a1), nitrogen addition (N, 120 kg-hm-2-a* (in terms of
N, the same below) ), phosphorus addition (P, 120 kg-hm2-a'1(in terms of P, the same below)), and combined N
and P addition (NP, 120 kg-hm2-a*+ 120 kg-hm2-a) on soil organic N mineralization across 0-20, 20-40 and
40-60 cm soil depths. [ Result] The results showed that: (1) The activities of soil enzymes responsible for C and N
transformations were found to be generally reduced under N and NP treatments but increased under P treatment. A
significant effect of soil depth was identified, revealing a pronounced decreasing trend in enzymatic activities with
greater depth; (2) Overall, N treatment and NP treatment significantly reduced microbial biomass C and N (MBC,
MBN) and dissolved organic C and N (DOC, DON) in the 20-40 cm and 40-60 cm soil layers, except for the P
treatment reducing DOC and MBC in the 20-40 cm soil layer. Also, P treatment had a trend of increasing MBC,
MBN, DOC, and DON in all soil layers. Soil depth significantly affected the content of soil active C and N, with
both gradually decreasing as soil depth increased. (3) N and NP additions exerted an inhibitory effect on organic N
mineralization, whereas P addition showed a stimulatory trend. However, CK, N, P, and NP treatment differences
were not statistically significant. Soil depth strongly affected mineralization rates: net N mineralization in the 0-20
cm layer was significantly higher than in the 20-40 cm and 40-60 cm layers. No significant difference was detected
between the 20-40 and 40-60 cm layers. (4) Structural equation modeling (SEM) revealed that nitrogen addition
and soil layer effects indirectly inhibit organic N mineralization by reducing B-glucosidase (BG) and DON; P
addition indirectly promotes organic N mineralization by increasing DON. [ ConclusionIn summary, in the N-rich
and P-limited soil of a subtropical Phyllostachys edulis (moso bamboo) forest, short-term (three-year) N addition
alone (N treatment) and combined N and P addition (NP treatment) exhibit an inhibitory trend on soil organic N
mineralization, whereas P addition alone (P treatment) shows a promoting trend. Considering the vertical mobility
of inorganic N in subtropical forest soils, further attention should be paid to the long-term effects of N and P
additions on soil N mineralization across different soil layers. By elucidating the characteristics and underlying
mechanisms of soil organic N mineralization in response to N and P additions and soil depth in a moso bamboo
forest, this study provides data support for understanding soil N transformation under N deposition.
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R, e 7 HEMAEYAEYE. BUEMIETECL Co N KARERS I, I 7 HEE R
fife, AT LA A 2 1 i ie-Lel,

E17 (Phyllostachys edulis) DA &id A K5 R A E W EE B /7, moh E s A
R AEAR T AR 4, A E A BTHRL) 4.68x106 hm2,  S5PTAR S TRIAR 1) 72.7%, BT E
7= X R DTRE B Rk 30~37 kg-hm2-a i, ST FRAR 1 B AT AR T S i VA LAk (DOC)
0S| FAEY A SR (MBC) D81, 038 T S AR WDV 2 FEIE DO, 7 By AR AR AR T3 [ K
HEIA 1749 mmlEl, AT X IAE Y B KESN 1614 mm, =3 B /K SR BN 1R bk s 240 2 34
I R AR LI T LU 2 BT RS, ORI RR B RN B8 ) 1) U J2 43 A% 34 IR IR
H 1A S8 BT R AR AR L B8 S (e g BRI 7t 2 B b T30 2 L8, T b 2 IR B IE T 0 - age
JRAE BT, BRETEVFIA Y A 2 R85 58 )2 IR 2 I A A T Z 0
DR 5 IR 2 AN R R e SRR AR o AR SC DAL R BATAR IO AU 5, WEAE 7 A B 3
HEJEX 0~20. 20~40 A1 40~60 cm = HEEAHUEN 10 LA LAY A EIR A AL
T 2 B AR R A A SR TR A R B2 e, 4R 90 BN IR L 2R FE T B AT AR I LR 1k
BIRZMARFE AL, PR TR S N IR U A B S

1 #RES 5k

1.1 MARXER

W T XA T H LA BN Tl 2 X 5 I BT R R, I BN 29°56'—30°23'N,
118°51—119°52'E, J@ W RS M%; RS X F35PF/K 1614 mm, F-FPIJEE 15.9 C.
BT E Y 3000 plants-hm2, “FEJfg#E R 9.1 cm, 3Ry 41 5],

1.2 ¥t

2018 4 12 H, MEEUIEFE I m A 3R — SR BT AR, TR R R IR .
RIGILH 4 M CK (0kg-hm?Z.al) ; N AL (120 kg-hm2-at) (BANif, FRE) ; P
AbF (120 kg-hm?2-at)  (BLPif, FFD ;5 NP 4B (120 kg-hm2-at+120 kg-hm2-a')
ANEEE 3 RESE .. DMHIREE (NHiNO3) AZEIR, LUBEER 28 (NaHPOs) NEEJE, %1
AEFEFR IR B2 798 NHaNO3 Al NaHPO, H i Rl (1) o B . 36K 52 4= Bl ML
Wb, ¥ 12 4> 10 mx10 m AOZAE 7 FEJTRIBA 5 m B SR v B, B b k.
B AV REAFETT BT 5 1 NHaNOs. NaHoPO, (R A & NS AER 1/12) HMEESL H
SRR AR BEAT B, [RIESE X RR /N X P I 4 1 SR K
1.3 HIEHRRESNE

2021 4F 11 A (GEER IR AT 3 F)5) , BRZWRFEEY G, FH L ESFET N5
FIRAEE 0~20 (RJZ) . 20~40 (F2) M1 40~60 cm (JFZ) ZEFUREL, B EE NS
B, YnTariEl.

TR WY — BRI R . B KRB R, o 2 mm S BT 4 CEERAE, H
FEEEE. MAEMAEER (MBC) |« WMAEMAER (MBN) | BiEEA PR (DOC) |
BEMEANLIE (DON) « TEHLE (NH4* -N. NOs™ -N) BIIIE KI5 55— H AR X
T S A)E A % (AP) o pH. 3P (SOC) M4eZR (TN) .

1.4 MEFE

pH 4 E 135 pH; HEERBRFI AR LN E SOC; PMEYlIREE (LY/T 1228—1999) [0
ME TN; FHBAPTEL EIENE AP & &2, HIEEHLE (NHs* -N. NOs™ -ND [l f
2 mol-LIKCl IR, Hefyis btk (625 nm) MIE AR SR, AKK (220 nm Al 275
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DOC. DON FJllE R 228 7K, AP (TOC-VCPH, BEEaw, HAE) i
%[21]0

- e T A P 5 - B 257 4R H 8 (BG, B-glucosidase) « B-N- £ Fifk 3 i ) b H i (NAG,
B-N-acetylglucosidase) . F=RMEILIKEE (LAP, Leucine aminopeptidase) FIZf-4 —H /K fift
fiff (CBH, Cellobiohydrolase) %4l 5 >R F Saiya-Cork 2221 J57% . -3 [REE (Ure, Urease)
TR S R R - E RN L i, BENEEE Clve, Invertase) V% i 5 SR FH vay i R 7 <€
k1231,

TIERE IR S S ST i FREL 50 g i LA, P T R FREES (500 mL) ,
HZEEF/KEN LIESKE, FLIEESKERRFAEHNEKE 60%7/Af, MR L
s, FEAREERE FAL/NLIES, A T 25 CIEIRAS T 7 d PSR . Tiss s s 3
HHA)EER 2 d 3E4T 30 min i@, AMRKZERBUR IR . a0l THEFRER 1. 3, 7. 14, 21,
31. 41, 51, 61d, M 2mol-L* KCI¥#WIREE, MELHLE (NHs" -N. NOs™ -N) i,
1.5 HURALIE

(IGEY NN WA~ o S TRy AL

HRSALIE 2 (N, Net nitrification rate) = (AbHL 5 NOs-N & &-#145 NOs-N & &) /

TN
A% (Namm, Net ammonification rate) = (ZEFE 5 NH4*-N 2 &-4744 NHs*-N &
B) HEFHRRH

L2 (Nmin, Net mineralization rate) = ( (AbFEJG NH4*-N & E+40H 5 NO3-N
TR - (WA NHs N S 2E+H)46 NOs-N & &) ) EFRREL

F SPSS 26.0 BEATHIE St 3T, Origin 2024 #EATEIR L. K=K E 50
(Three-way ANOVA) X AN AR« BEANINZLSL . 1 J2 RS B 80 AN 78 0 28 H 2800t
IR BEEPE. DS E SR B R AR R A T A5G
IS R R (Pearson) AH G T RAE LIS T 5 A ML ER IR I R ES
(V4.5.2) HIBEHLARMAER (randmonForest) 73 HT 52 A HLEW b 1) 3 AL T 75 R &
= (VA5.2) AR Ry ) 5 FEAE (Structural equation model, SEM) , &N,
WA IR+ ZE XA AL LRI . Giit B2 KT E AN a=0.05.

2 4 R

2.1 HIREABUMR

£ 0~20cm 2, 5 CKAHEL, N AbFEEZEFEK SOC. TN. pH, X AP LB #m; P
A TR K SOC, pH, B34 AP TN; NP ALFRE 15 TN, AP, ZEFKT pH,
Xf SOC L& swm (1) .

7£ 20~40 cm /2, 'ﬁCK FAEE, NMEJK%WE& SOC. pH, % AP. TN L& &5
P AbF R E L SOC & &, HERE AP, XF TN. pH LEFHEN, NP AHEZERE
&5, % SOC. TN. pH i’ﬁﬁm%‘g’ﬂﬂ HD .

£ 40~60 cm 1)z, 5 CKAHEL, N AAPEEZE[FEICSOC. TN, AP & &, X pH L
ERM; P ACHLE E L SOC. TN. pH, TWEE$Em AP & &; NP AR EEIL SOC & &,
X TN AP, pH e sem (B 1 .

AR 525 FEAIC SOC. pH, BRI 2 TN AP L2 AN 25 52m |
+:1% SOC. TN. AP, 11 SOC. TN. AP 5t L2 IR, 2N pH TR 3 5
Wi o RGN I RS I AR A8 EL KN« RGN AN = J2 58 FLASONE « B IR 258 T 300 e U
Al EAL BN 1% SOC. TN AP. pH A E&Em (K1) .
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+:JZ Soil layer/cm I:J7 Soil layer/cm

e PRI 5IZROR P<0.05. P<0.01 A1 P<0.001, ns AR . EHAFRNG FEEZRRF— R A R AL T2 [0 22 57
# (P< 005, n=3) . WP ARKGEERRFA—LIAR LB MZERREE (P<0.05, n=3) . CK, X; N, &itH; P,
BEALTE; NP, FBEHLIL. & LMA=RETZSIER, NA, BRI PA, BRRINMN: SL, LJEMUM: NAXPA, ZH
IR INAS HR: NAXSL, ZIRINANL 238 BN PAXSL, BEARINAILZ38 HAR: NAXPAXSL, SR ImAILE2E
H M. . Note: Significant results are indicated by * P<0.05, ** P<0.01, *** P<0.001, ns indicates not significant. Different
lowercase letters in the figure indicate significant differences (P<0.05, n=3) between treatments within the same soil layer. Different
uppercase letters in the figure indicate significant differences (P<0.05, n=3) between soil layers within the same treatment. CK, control; N,
nitrogen treatment; P, phosphorus treatment; NP, nitrogen and phosphorus treatment. The upper-left corner shows the results of three-way
ANOVA. NA, Nitrogen addition effect; PA,Phosphorus addition effect; SL, Soil layer effect; NAxPA, interaction between nitrogen and
phosphorus addition; NAxSL, interaction between nitrogen addition and soil layer; PAXSL, interaction between phosphorus addition and
soil layer; NAxXPAXSL, interaction among nitrogen addition, phosphorus addition, and soil layer. The same below.
B1 RSN H AP BT (a B3 AHLER (SOC) » b.&% (TN) , cAHXMBE (AP) , d.

pH)

Fig. 1 Effects of nitrogen and phosphorus addition on soil basic physicochemical properties (a. Soil organic carbon (SOC), b. Total

nitrogen (TN), c. Available phosphorus (AP), d. pH)

2.2 TIRESEM

0~20cm 12, 5 CKAHLL, N ACEEZE K NAG. LAP JE!, XF Ure. CBH. Ive fil
BG MW, P ACHL R 1N CBH 5 NAG %1%, XF Ure. Ive. BG Fll LAP ji5
W RER; NP AR E LK Ive 1 BG i1, X Ure. CBH. NAG FI LAP i& M85 T0 .
FEM, (E 20~40 cm /2, N AFRE ZEFAE Ive. NAG F1 LAP i%14:, X Ure. CBH #1 BG
TEPETC R E, P AL T IS NAG A1 LAP 3, X Ure. CBH. Ive # BG W&
BER; NP ALHE R Z R Ive F1 NAG 35 PE, Xt Ure. CBH. BG fl LAP it L B &5
Wi, 7£ 40~60 cm 1=, N Fl NP 4bBE 2 FF(K CBH i 1%, *F Ure. Ive. BG. NAG Fl LAP
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WY E R EEN, P AH R ERE CBH. BG Ml LAP &1, X Ure. Ive il NAG &S
BERm (K2 .

AR NN 2 A T 3% C (CBH. Ive. BG) « N (Ure. NAG. LAP) #:ALAHCH
WEVE, BRI R T N B SCERE Y, X C R AERE TR e BN AN
PRSI A2 FLON . 35 5200 | NAG W&, o HARBES IC R Efom (K 2) o LR %
oM 7 R, R MR B IR R (B 2) o BRI R AR AN
M T lve. NAG. LAP 3G, BEAIIA 122 BAUN W 500 | NAG 5%, ZUBEES Il
+ 2R RN ARG SR E R (K 2) .

ek TN e e
252 5D 308
“2[ NA; *o* NA*SL: ns T NA: #*s NAxSL: ns R NA: *** NAxSL: *
PA: ¢ PAxSL: ns PA: ns PA%SL: ns PA: ns PASL: ns
gyl St 28 NA*PASL: ns 4] SLe NAxPASL: ns 24] SLs*** NA*PASL: ns
=V NAxPA: ns NAxXPA: ns = NAXPA:

¥ 0
0-20 20~ 40 40~ 60 0~20 20~ 40 40~ 60 0~20 20~ 40 40~ 60
s0d 2587 25 P
NA: *++ NAXSL: ns NA: *** NAxSL: *** NA: *** NAXSL: ns
PA: ns PAXSL: ns PA: ¥ PAXSL: *** PA: ** PAXSL: ns
L aes SL: wwe (AXPAXSL: ns L. **+ JAXPAXSL: ns
sl St NA*PAXSL: ns 20| SLs NAXPAXSL: ns 20l St NAXPAXSL: ns
NAXPA: NAXPA: ***
= =
23 ISt
% w
] 5
£ £ Aa
= = 10} Aab
2 <
2 ] A be
Ba a
s . Bb\ e "bi\]B‘nb
0-20 20~ 40 40~ 60 0-20 20~ 40 40~ 60 0~20 2040 40~ 60
12 Soil layer/em LJ2 Soil layer/em /2 Soil layer/em

B2 ARG eSS (a0 JREG (Ure) , b, £F4E—Fi/KEEE (CBH) , c. FEPEEF (lve) ,
d. B-HIMEFEE (BG) , e B-N-ZBLFEMEFEEE (NAG) , f. =RREAIEIKEE (LAP) )

Fig. 2 Effects of nitrogen and phosphorus addition on soil enzyme activity (a. Urease (Ure), b. Cellobiohydrolase (CBH), c.

Invertase (lve), d. B-glucosidase (BG), e. B-N-acetylglucosidase (NAG), f. Leucine aminopeptidase (LAP))

2.3 TIEEMRE

SRS, N ATNP A2 2R T gE e m iEa s (B3 . f£0~20em )2, 5
CK #HEL, N 4b#E 52 £k MBC il DOC & &, %f MBN 1 DON & &L E 50 ; NP Ab#
i %MK DOC & &, % MBN. DON Fl MBC & &5 R &, {F 20~40 cm )2, N Ab#
A NP 4b ) E P MBC. DOC Al DON 4, X MBN & &L EE5M. /£ 40~60 cm
+Z, N PR ZEREIC MBC. MBN. DOC f1 DON &, NP 4#x%f MBC. MBN. DOC
1 DON & &1 5% 50

Bk b, P AN RPN TSR A &S (B3 o 7E0~20 cm L)F, P AR
¥ MBC. MBN F1 DON %, %I DOC SELEEKM. {F20~40cm +)Z, P AbHE
%Ik MBC 1 DOC & &, X MBN 1 DON ¥ & L& # M. 7F 40~60 cm )2, P At E
Z 3 MBC 1 MBN &, X} DOC Al DON & & JC & 3 54M

BRI INRN B E M T MBC. MBN. DOC. DON &%, BRI &3 50 MBC.
MBN. DON &, L2800 EE@m HigEEtma &, MBC. MBN. DOC Al DON %
T 350 i L SR R S 7T AR AT o AN AR I () 52 EL KR {2 3 520 T MBC DOC, % MBN.
DON Jo {235 52 s A INAN -1 258 HAGN 2 2 5200 | MBC. DOC, s Al 4 248 B8
BB INAN+ 242 TN A MBC. DOC. DON EA S (K 3) .
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[ Jex [N e e
3002 Na, e NAXSL: **# 50 2 NA: *e+ NAXSL: ns
PA: #*% PAXSL. %= PA: ** PA%SL: ns
SL: #¥* NAXPAxSL: #%¥ SL: ##* NAxPAxSL: ns
240  NAXPA: *** 40 - NAxPA: ns
@180 30
; ra 2
2120 BB Z2f
= D¢ =
Ac| Ca
Bb gfab
60 + Bc 10
00— 0
o 0~20 20~ 40 40~ 60 o 0~20 20~ 40
200 7 NA: *#% NAXSL: *** 200" INA NAxSL: ns
PA: ns PAxSL: * PA: #** PAXSL: **
SL; *»* NAxXPAxXSL: * SL: *** NAXPAXSL: *¥*
160 | NAxPA: #** 16  NAxPA: ns
Aa
_ Aa Aa
o - :
“120 Aa 12+
=)
E b AbA Ab
9] Ac ; \ i
8 sok B'h(.Bb 8k ABa Ba ,
Ab) = Bb Ba CaB
BbEE ! a
Cb
40 + 4+ T
0 0
0~20 20~ 40 40 ~ 60 0~20 20~40 40 ~ 60
L)z Soil layer/em I )7 Soil layer/em

B3 EBER I LIEE AR (o MAEMAEYER (MBC) , b, BAEMEMER (MBND , c.
BRTEA LK (DOC) , d. EAMEAHLE (DON) )
Fig. 3 Effects of nitrogen and phosphorus addition on soil labile carbon and nitrogen (a. Microbial biomass carbon (MBC), b.

Microbial biomass nitrogen (MBN), c. Dissolved organic carbon (DOC), d. Dissolved organic nitrogen (DON))

2.4 TIEBNAN K

7£ 0~20 F1 40~60 cm )2, N P Fl NP &b} 305 i R 4 L B4 50, 7E 20~40
cm 12, N A NP Lb35 I8 A s 2 T0 g se ), P AC TR B SE 8 N IR AL (B
4) . 1F 0~20 A1 20~40 cm +JZ, N. P Fl NP AbBEXT 3810 &AL R ¥ o B 3 520 7F 40~60
cm 2, NAHEERR S SEESR, P AL E 1IN+ bR, NP AL+
BpE R LR Em (B 4) . 7F 0~20 F120~40 cm + )2, N. P fl NP b3+ 35%
WAGERI TR E M ; 1E 40~60 cm )=, N ACBEE ZHFRIC LR fhd 2, P Al NP A&
O IR R R R (B 4) .

SR N AT NP A 5 IR AT A R A S, P AL S I N v b i e 94 (1A
4) . TR EF LA RAER . R LER RS EER (H 4, REFWIER
AT R BE S T HEMRE, RESEZMMERETHREMRE, FEMKRZZ W
BEZER .. BRI TR0 0~20 F1 20~40 cm £ 23 L R ML, SRR
AT R TE R, WA IN RS LA S R IR T8 0 0 A8 HL AR 8% - 2 4B i A R
TR AL SRR A R T B B s B VN N DA U RN S 2 B RS B
PSR AR R AR AN R R T R (E4)
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102 o 002
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SL: % NAxPAxSL: ns SLis: ¥4% NAxPAxSL: ns ba
081 NAxPA: ns 08 NAxPA: ns 01} AM‘A
£ = R BaBaBa
e e =
S 06F = 06F ol
B:
2 AL g Z %: -0.2 ’
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Fig. 4 Effects of nitrogen and phosphorus addition on soil organic nitrogen mineralization (a. Net nitrification rate (Ny), b. Net

mineralization rate (Nmin), ¢. Net ammonification rate (Namm))
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Fig. 5 Pearson's correlation heatmap between soil organic nitrogen mineralization rate and environmental factors (a. the
0-20 cm soil layer, b. the 20-40 cm soil layer, c. the 40-60 cm soil layer)
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Fig. 6 Random forest model (a, b, ¢) and structural equation modeling analysis (d)
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