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WE: [ B& ] MWK Cunninghamia lanceolata A T+ 138 Bl RARM A2 8% (MBC)., #MAMER (MBN), MAMF
Hf (MBP). 7R B 7 P R AL 523 B A AR ST KA R b w5, Ay 3R RT3 I8 437 ARAk 38 A A2 09 B v AR AR
¥, [ & ] AT 2004 5569 RAF MK BRI [0Ny). 60(N)). 120(N,). 240(N;) kg-hm™2-a™'], T 2024 F K % 0~
10cm £ EH B, 5 & H4K (>2.00 mm), 2K (0.25~2.00 mm) F= 4% B B4R (<025 mm) 3 A4/, 547 HFAK
MBC. MBN, MBP B & 5% . KB ERA LT B4m, [BR ) MRETHARK, XX ARKY
MBN & & % % 4 #11& 23.61% #= 32.65%, ™ MBP & & % # 2 %1 & 35.31% #= 28.15%, MBC/MBN % 3| & 13.87% #=
22.84%; N, & 22 F #% H % 4k MBC/MBP #= MBN/MBP % 3| }t Ny & 97.57% #= 85.51%, H #m K f=41 K H F 1k %9
MBC/MBP # £ ) F Ak 2 H14K 53.72% #= 64.43%, MBN/MBP % 314& 60.25% #= 72.89%., + 36 R4 4% F] B AR B bh A B
By (AP) B MIEAR T 44.14%~56.77%, Ny %3 T mn Kokl K H ARG AP M5 5 iR B JRARAK 54.84% F= 53.92%, w3
toBEE MR 2 E T, B RKEERA LA R T ARKF, BRZ R AmFrn, MBC/MBN 5 AP &4 2 i 48
%, [&##®] ERMEAFWT, #EARKAERME; TIMANBT EMARKENIRDMAED RS2 BRBIET, £N
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Effects of long-term nitrogen addition on microbial biomass carbon,
nitrogen, and phosphorus, enzyme activities, and their stoichiometric
characteristics in soil aggregates of Cunninghamia lanceolata plantations
YAN Wenjin, ZHU Liqin, LI Jingkai, LIU Pingyu, XIAO Youliang, XI Hangtian, WAN Yahui,
FANG Rui, GAN Wentao

(Jiangxi Key Laboratory for Intelligent Monitoring and Integrated Restoration of Watershed Ecosystem, Jiangxi

University of Water Resources and Electric Power, Nanchang 330099, Jiangxi, China)

Abstract: [Objective] This study investigates the responses of microbial biomass carbon, nitrogen, and
phosphorus (MBC, MBN, MBP), hydrolytic enzyme activities and their stoichiometric characteristics in soil

aggregates of Chinese fir (Cunninghamia lanceolata) plantations to long-term nitrogen (N) addition, thereby

Wk HHH: 2025-06-27; &I HIH: 2025-12-14

REWH . TIE HARBHEILETH (20242BAB25348); Y104 /K Il B 1 K24 [ 58 4 K 2 A A3 b il 2R 150
(202511319005)

YEZ . F=3CHE (ORCID: 0009-0009-9467-4738), M FRMA: A2 A BRAE B SWF98 . E-mail: 15107908026@
163.com, JBIEVEH : RAIZE (ORCID: 0000-0001-5974-3579), BIZ4Z, 11, MWEHMAAREM AR
AR ZA9E . E-mail: zhlq.nit@]163.com


mailto:15107908026@163.com
mailto:15107908026@163.com
mailto:zhlq.nit@163.com
https://zlxb.zafu.edu.cn
https://doi.org/10.11833/j.issn.2095-0756.20250354
https://doi.org/10.11833/j.issn.2095-0756.20250354
https://doi.org/10.11833/j.issn.2095-0756.20250354

FA3EH AW R RINRBSIIZAN TR SRR E Y iR A . BEE TS A HRRHERIR I 705

providing a basis for assessing the impacts of nitrogen deposition on micro-scale processes in subtropical forest
soils. [Method] Based on a long-term N addition experiment established in 2004 (with 4 N addition gradients:
0, 60, 120, and 240 kg-hm™-a™"), soil aggregates (0—10 cm depth) were collected in 2024. These aggregates
were separated into 3 size fractions: coarse macroaggregates (> 2.00 mm), fine macroaggregates (0.25-2.00
mm), and micro-aggregates (<< 0.25 mm). Analyses were conducted on the contents of MBC, MBN, MBP,
hydrolytic enzyme activities, and their stoichiometric characteristics within these aggregates. [Result]
Compared to microaggregates, fine and coarse macroaggregates exhibited 23.61% and 32.65% lower MBN
content, but 35.31% and 28.15% higher MBP content, respectively. Their MBC/MBN ratios were 13.87% and
22.84% higher, respectively. Under the N, treatment, the MBC/MBP and MBN/MBP ratios in microaggregates
were 97.57% and 85.51% higher than those under N. Furthermore, the MBC/MBP ratios in fine and coarse
macroaggregates were 53.72% and 64.43% lower than those in microaggregates, while their MBN/MBP ratios
were 60.25% and 72.89% lower, respectively. Long-term N addition decreased acid phosphatase (AP) activity
in microaggregates by 44.14%—-56.77%. Under the N, treatment, fine and coarse macroaggregates showed
54.84% and 53.92% lower AP activity compared to microaggregates. No significant changes were observed in
other enzyme activities. The aggregate enzyme C/P and N/P ratios were lower than global averages and
unaffected by N addition. A negative correlation was found between the MBC/MBN ratio and AP activity.
[Conclusion] Under long-term N addition, microaggregates demonstrated the strongest response. N input
drives a shift in microbial nutrient allocation strategies by restructuring aggregate composition, manifesting as
enhanced phosphorus (P) capture coupled with reduced N storage in macroaggregates, while microaggregates
maintained a strategy of high P retention. Concurrently, microorganisms respond to P limitation in this
subtropical Chinese fir forest ecosystem by reducing microbial biomass accumulation and regulating
phosphatase synthesis. [Ch, 5 fig. 42 ref.]

Key words: soil aggregate; microbial biomass; enzyme activity; nitrogen addition; Chinese fir plantation
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1.1 HREHER

e IX A TS =T BB EEAMIZ AR TIX (26°30N, 117°43'E), ZX @ HGE RSk, 4
AEIRBENRA, JERRFEE, AFIRIRN 18.8~19.6 °C, AEIREIKE A 1 606.0~1 650.0 mm, JoFEHIK 271.0 d.
TG M - AR L e b M & A L 2T, PSR 200 m, HE RS, Bk 310, AR AT 7RI
MR 1992 4F H B EMIZ G — RO EZ AR N TR, RETELR 5.173 hm?. MR REBER B, EZH AT
Miseanthus floridulus . -3 Dicranopteris dichotoma Rk Pteridium aquilinum 55258, 7R 3%~5%",
1.2 HHigE

2003 4F 12 A, FESLHBARAF AL AZ AR N TAR A 3 T 12 3 20 m x 20 m (1Y [ E bR . 56T 74
TR UL B35 A ek 25 5 K R AU R E T AR EALFE . Ny (0 kgehm?-a™', XFHR). N, (60 kg
hm?2-a™), N, (120 kg-hm?-a™") il N3 (240 kg-hm?-a™"), FRAbEE 3 NEEARfER, Jiti ZALFLR T 2004 4
VA, & A E T 6 0855 25 7EMHD P 24750 W8 it A I v 32 A PR R, X R A B it S /K . it
RALPRHRFSE 20 a0 FARTHEAT MO A BoR . RIEMAZAMIE N 12 2, OB 1665 #-hm?, F-
BIlgAE R 16.1 em, “FHBE R 12.0 mo 2023 4F 6 H MM M HEIHA B8 : Noo Nyo Ny 1 N3 Zb3 9
F G B 90.8% . 69.3% . 60.0% Fll 62.8%, HEY) ELAFRUTIFEE B4 Ardisia japonica. FIMHE Ficus
hirta, MAEM4ER Callicarpa kochiana . 125111 Maesa japonica . 11132 Alpinia japonica . 8§FEWk Arachniodes
hasseltii, ¥ Woodwardia japonica. ¥ ¥ Smilax china % . 2023 4F 12 H (UM A B8 Ny N,
N, Fl1 Ny &b 3 AR 3B P 43 5100 0.86. 0.84. 0.84 F10.83, ARAF3JE 43518 1450, 1267, 1500 F
1250 #k-hm2, FHEIFIEH50H0 26.02, 2539, 26.10 il 26.37 cm.
1.3 HoRESLIE

2024 4 8 J1, FEREHLN R FHXT A ZIEIE I S A RAE . R NI SRR ZEY I, FZHUARTR
A 15 emx10 cmx 10 cm AR 2 FOR H4E, B T ARSI E D (05 1L E) -7 4 Fhab B 12 e R
R 60 I RAIAFES, , AMRIRARIRAR S Pz M 9050 =

R K5y 2 M4 DORODNIKOV 4517 Fil WANG 46U 2t B9 Tk . AR AERIR &M T (4 C) KT
2 IEEKEIRF R (FKEA 10%~15%), WrE L ARKES W REMIT, LBRILMRER . Aok
%, ol 8 mm i, K [F— AR RIZHA R IR S, BIEN 12 R ARES . RS E T P 43k B
500 g, FHIRGHEHLA> 2 LK AR AR (>2.00 mm), 41K F K (0.25~2.00 mm) FIfL A R A (<0.25 mm)
3ARIAR . AR A RAR AL AR B T 20 °C VKA IRAT
14 BABREREMERRBENNE

MBC Fl MBN K FH S5 S 28 = 3y 0 2 U ARE 6 33 2 mm i p9 e £ 12.5 ¢, 3 40 (RNZEZE) A
50 mL 0.5 mol L™ BREREIVATR , #=¥%% 30 min J5 #0008 ; 5 3 0 (EZ) A EZS THeas v, 70 BRI &)

(multi N/C 3 100) #E175E .

MBP % JH G407 B 26 R 3 0 U FRER 3 (53 2 mm FF A9 &E 1+ 5.0 g, 143 (GEZE) A B2 T4
ISTERARE S T A Z% 24 h, 2 X ASEEZRALBE . W FEZE H AR AP 1 R B 78 H A4S A 100 mL
0.5 mol- L™ BRIRESNIAM, #%3% 30 min J5 B0 1 R EZE LA 0.5 mL 250 mg- L' B2 — S 4%
WS, PRI 100 mL 0.5 mol- L' BkPR ZANIA W, PR3% 30 min J5 2.0 0 18 o W 3R 3 R4t 10 mL,
A 5mL 5 mg-L™' Bbril, A& 1.0 mol- L' ERFRIAWR P AT, BUE 4 h QU EIBIRS), FNA 4 mL
ML AR, EARS, B4 30 min 5 HEIMOGETHER K 880 nm kb7 L AIE .

1.5 HREEEERNNE

- 48 P SR AR RS A A FH AR (30300 52 0 g BRI M A o A 0 I 24 B4 A BR S WAL 1Y) -1, 4-R8i A b
TFHE (BG, AR ) AL & (M1404A), N-Z BE-p-D-5 % W17 B (NAG, R IR ) K6 it ) £
(M1420A). 552 R ALK (LAP, ZUREUI) Kl & (M1421A) MR PERERR I (AP, Wik B &
A & (M1409A) BAEBLE, YRR A TRTAL RS , {3 FlexA-200 B bR (AT LI, o BG,
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NAG il LAP 1 7F 405 nm P K T, 1 AP 36 MW 7E 660 nm I 1 il . Bga % b H BG/AP %
7N, B A L BG/(NAGHLAP) &R, BB L (NAGHLAP)Y/AP £ .
1.6 HiESHH

K FH SPSS 19.0 4, LAt K V- F A BRARRAR A [ 5 RN Aot Ry BEALASON, , TR A 2R A
AL, S Bt A K El%‘éﬁiﬁé&,ﬁ\xﬂ’ﬁﬁﬁﬁ@%‘éﬁ%ﬁi%gﬁ&‘fﬁw it 7% 1 B oAb 2F T i s
Wi o il R V- 5 A SR AR AR AFAEAC AR, I HEA T (R A%y 3 A s 4 o i & s HAE D'U*%K’f‘scﬂfﬁ
Jo EB LA AR . SR LR P U M B bR R A B O R, W MK E N 0.05, 32 A Origin
2021 A2 A AR R 113 23 A 1

2 R E5HH
2.1 TEFABRGHMEMERABRELFTEHT
FE 1 AT, R X AT SRR MBN fil MBP i 8CE A ), MR K kife M s B AEH

X A R AR MBC JC 2 2 5200 . 40 KRR A SR AR 9 MBN 5 2430 5 Fb A AT SR A 20 BIIG 23.61% F11 32.65%
(P<<0.05), 1fif MBP J5i 4355001 53l 55 35.31% Fi1 28.15% (P<<0.05)-

500 N: ns 500 r N:ns 300 -q b 50 r Nins
PS: ns PS; 200 b PS; *x
2 400 - NXPS: ns 2 400 | NxPS: ns 100 = 40 - NxPS:ns
2 2 0 2
<300 <300 - 30
o)) en en
g 200 £ £
S F > 200 | = 20 -
/M m Ja2)
= 100 | = 100 | = 10
0 0 0
N, N, N, N, N, N, N, N, N, N, N,
Tt 55 e i % A5

mmECqEE Sa  RAPNEIE N b PN EE 2

ANFVNE T REOR AN FRLAR I 2257 8.3 (P<<0.05)s NIFRURHEEK T, PSTIRKAE, NxPSERIERK T SRR ZEAEM: ~&n
P<0.01, ***F*RP<0.001, nsFRP>0.05.

A1 B3 R A Z A RAE R 5 BT KB R A b ve 5
Figure 1 Responses of MBC, MBN, and MBP contents in soil aggregates to long-term nitrogen addition

FIE 2 AT UL . AR MBC/MBN A2 R A2 (54, 240 KRR AT B K ) MBC/MBN L {3 141 B 4443 3]
1 13.87% F1 22.84% (P<<0.05). Hift . MiR/K V5042038 BAEH X MBC/MBP 1 MBN/MBP H. 5 i 3%
R0 (P<0.05), A 24K N, 4B A MBC/MBP 1 MBN/MBP 433l Lt Ny Ab ¥ 97.57% #1 85.51% (P<
0.05), 41 K FUHLK ] B 4K () MBC/MBP I MBN/MBP £ £ jifti 7 4b B 6] JC 5. 3% 25 5 . N &b B A% 20 K A
F K A B K MBC/MBP 43 9| L £ A B8 K A% 53.72% F1 64.43%, MBN/MBP 43 %1% 60.25% F1 72.89%
(P<<0.05); Ny 4k FH %) 40 K kL K ] 2844 MBN/MBP 23 51| H i3 A1 B AR A 56.22% 1 53.25%; N, &b B
MBC/MBP Hl MBN/MBP 7£ 450450 22 A8 B 3% .

_ 2.0 _
30 0 s 20 b ab a 30 T s 25
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Z 20 0 & 20 e
g g Ba A ABa 215
g 3 LR ke Z 10
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Efﬁ f—?& it 5 it 5 2

TP 2N EiDNEZE 27N P NZIE N
ARG F R RRA A K T 1 2% 5 835 (P<0.05), RE/NG TR FRAR 02 5 5% (P<0.05); NFRMEKT,
PSFEIRKIAE, NxPSEIRHEE /KT S5RAANAL EAERH; *RRP<0.05, **RKP<0.01, ***F/RXP<0.001, nsFEmP>0.05.
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Figure 2 Responses of stoichiometric ratios of MBC, MBN, and MBP in soil aggregates to long-term nitrogen addition
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Figure 3 Responses of enzyme activities in soil aggregates to long-term nitrogen addition

B 4 m] 0. it K kAR B H AE B Y R B 3 5 e A R /K BG/(NAG+LAP), BG/AP il
(NAG+LAP)/AP, 4% i i1 & H 78 A [6) it 220 7K 7 FokE 2% R 19 28 4k 38 B 43 51 4 0.54~1.21, 0.19~0.45 Al

0.8 r

0.6

0.4

0.2

N:ns 20 1 N:ens 0.8 r N:ns
PS:ns . PS: ns PS: ns
L NxPS:ns % 15 NxPS: ns % 06 L NxPS: ns
T &
+
2 10 S 04 |
-
< S
9 05 I
g 0.5 z 02
0 0
No N] Nz NJ NO Nl N2 N3 N0 N] N2 N3
TR R W

mmEPTERY  PIPNEIE S e FiPNE B
NFRIEUK T, PSRRI, NxPSTRHMAUK T SRR I ns#:P>0.05
B4 LH RAREEE AL T T KRR A 6 v

Figure 4 Responses of stoichiometric ratios of enzyme activities in soil aggregates to long-term nitrogen addition
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Figure 5 Regression analysis among MBC, MBN, MBP and enzyme activities in soil aggregates
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