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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
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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 plantations to long-term nitrogen (N) addition, thereby providing a basis for assessing
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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 four N addition gradients: 0, 60, 120, and 240 kg
N-hm™-a™), soil aggregates (0—10 cm depth) were collected in 2024. These aggregates were separated into
three 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 within these aggregates. [Result] Compared to microaggregates, fine and
coarse macroaggregates exhibited 23.61% and 32.65% lower MBN content, but 16.74% and 27.27% higher
MBP content, respectively. Their MBC/MBN ratios ewere 13.87% and 22.84% higer, 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%—-56.67%. 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 maintaine a strategy of high P
retention. Concurrently, microorganisms respond to P limitation in this subtropical Chinese fir forest ecosystems
by reducing microbial biomass accumulation and regulating phosphatase synthesis. [Ch, 5 fig. 42 ref.]
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1.1 FFRMEDR

WESEHA: TS =T v B e FEEAA M7 IR TIX (26°30'N, 117°43'E), %X @ I His 28 XU Ak
SARIRBRIEN, EMRIE R, AEHWRIE N 18.8~19.6 °C, AEEIKE N 1 606~1 650 mm, JCFHEIN 271 d.
PRI M ORI R e R BRI AT, IR 200 m, BEmE, BEEESH 31°, AEHLTAE IR
MR 1992 4F i B E MG G —FIAE AZ AR N AR, BB, 5.173 hm’s AR MRS B, FEH A H
Miseanthus floridulus . =¥t Dicranopteris dichotoma Rk Pteridium aquilinum 528, 7% R 3%~5%"",
1.2 g E

2003 4F 12 A, FESLHBARFARRIIAZ AR N TAR A T 12 3 20 m x 20 m By [EEbRfEML . 56T 4
R UL B A Mk 2 S R Y R T AR AL Ny (0 kgrhm 2, XFHE). N, (60
kg-hm2+a™), N, (120 kg-hm2-a™") #l N5 (240 kg-hm2-a"), f4b B 3 D EE AR . 6 AL PG T
2004 4F 1 H, AR H H w0 o 255 28 7 bR P 359 5 It R 7 v R Y DR B VA R, X R Ak B it
ik M AL BERFLE 20 a0 FEANTHEAT AR A R s IS AMRAZ R RIS 12 2, #ROB R
1 665 tk-hm?2, SFEMg42 A 16.1 cm, FIWE N 12.1 m. 2023 4F 6 H B F AR A B8 Noo Nj.
N, Fll Ny &b B () #E 55 55 B 2 51N 90.8% . 69.3% . 60.0% F1 62.8%, HH 4 T 54045 W il 42 4 4 Ardisia
Jjaponica. FLW¥5 Ficus hirta. AR M 25K Callicarpa kochiana. ¥:28 111 Maesa japonica. 1113 Alpinia
Japonica . §EFR Arachniodes hasseltii, 1% Woodwardia japonica. ¥ Smilax china 55 . 2023 4 12 1Y
M EAE R Noo Ny Ny Fl Ny 2B MRS B2 43514 0.86. 0.84. 0.84 1 0.83, 4345 43 5l Ry
1450, 1267, 1500 11250 #k-hm™>, P55 500 26.02. 2539, 26.10 Fl26.37 cm,
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4R 60 {3y HIRAAFE M, AMRIRARIRAR R Pz [ 5050 =

R 447> B 3 3 DORNODNIKOV 2017 Fi1 WANG 2508 o |07 . RESTEMRIR AT (4 °C) K
T & SRR RIR (FK R 10%~15%), WE B3 ARMES R, KB ILRER . Ak
85, if 8 mm i, B [F AR RIZA R TR G, BN 12 R AR B S E AT DY 43k
500 g, FHARTEHLI B ALK K (>2.00 mm) ., 40K H R IK (0.25~2.00 mm) Flf4 A 54 (<0.25 mm)
3K B IR A RAR L AR B T 20 °C TKARIRAT
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MBC Fl MBN 2% F 55 22 26 3= $2 s 2 U FREL 6 3 2 mm G O E 1 12.5 g, 3 13 (NEEZE) A
50 mL 0.5 mol L™ BRI, #%% 30 min Jq B.0oad i€ o 3 0y (FEZR) A B A Tldn b, 7 RmE &0
TaEEZK 2405, BT EMARRPERIREE . RY . B0, JiE. B\ TOC 43X
(multi N/C 3100) #HA7H5E .

MBP % F 50005 B8 25 12 $2 2 2 1), BRI 3 105 2 mm i 98¢+ 5.0 g, 110 (FEZ8) I B 25 T
TRTE I 2 AN TEZS 24 h, 2 YA EEZEAN L, K sEZE HRERTH R 1| YR & LRI 100 mL
0.5 mol- L™ BRIREANIAWL, 235 30 min 520t ; 1 I AREZZLFEIMA 0.5 mL 250 mg- L' B R — S HIA
W5, FHIA 100 mL 0.5 mol- L™ BRPR ZANIAW , PR% 30 min 5 B.0oadiif o WH 3R 3 A it 10 mL,
JMA 5SmL 5 mg- L™ B4R, FHiEE 1.0 mol- L' ERMRVE R AT, JCE 4 h U BRIRS), FEIA 4 mL
WP R AR, EAES, B0 30 min 5 HEIMHOGETTE 880 nm AL HEAT LI 2 .
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TFEE (BG, AR ) A7) & (M1404A), N-Z Bk -4-D-4 2 B 7 B (NAG, RAR U ) A8 7] &
(M1420A) ., SR RAIEMA (LAP, Z AR ) A0 & (M1421A) FITRPEBEIR G (AP, BEIKIUHG) K
AR & (M1409A) BEAEULEH, XIRE S EATRIALHLS , (#FH FlexA-200 BEbR(SGHEAT el , Hrf BG.
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NAG I LAP i 7E 405 nm P K I, 1 AP 3% M W 7E 660 nm 7 1 il . Fgfx % Lk H BG/AP %
N, BERRA L BG/(NAG+HLAP) 327K, AW L H (NAG+LAP)/AP IR .
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K HI SPSS 19.0 #f4:, Lt /KT R AT SR AARLAR Ry B2 RN« A i bl R BEAILRLON , A VR A A5
Y, T R KT SRR AR K 28 B X P SR ARG W e R %ﬁ@&ﬁ%%ﬁg%%w
M, A5t ZK 5 F SRR AR A2 HAE T, WA T 8T 3k A s 5 e E 8 HAEH, WIRRR2E B0
Jo FOF LA B SR RIA M RS AR A B OE R, B MK E R 0.05. 32 FH Origin
2021 A2 il A bR P R ] 0434 ]
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AT L kAR X AT R MBN Hil MBP it &40 402 B, UK . kide A B AR
XT3 A& MBC TG 2 3 5% W o 40 K RIDHL K 14 2R 4K 79 MBN it £ 53 %% b B 14T 2R 44 43 il K 23.61% FI
32.65%(P<<0.05), 1fii MBP J5i s 534500 53 51l /55 35.31% Fil 28.15%(P<<0.05).

300 [ N:ns 500 rN: ns 300 - b 30 N:ns 30 b o 2
PS: ns PS: 200 b pS: o o
,Tz:o 400 - NXPS: ns i\n 400 | NxPS: ns 100 ’T; 40 F NxPS: ns 10
< 300 | < 300 | 0 Y30 | 0
on en on
E 200 E ‘E/
) > 200 > 20
& o o
= 100 = 100 = 10
0 0 0
N, N, N, N, N, N\, N, N, N, N, N, N,
it it A it

mmECqEiE Sa  RAPNEIb A PN EE 25

AR/ NG P RER TR AN FDRLAR [A) 22 53 35 (P<0.05);. NARIERK T, PSEKIAR, NxPSERMER/K T SRARIIZE TR *+R
P<0.01, ***3FLRP<0.001, nsFE~P>0.05,

B 1 3 AR A DB AR E 5 BT KB R by i
Figure 1 Responses of MBC, MBN, and MBP contents in soil aggregates to long-term nitrogen addition
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HL A A 5 & MBC/MBP 43 5] [ i3k 141 58 A% 53.72% F11 64.43%, MBN/MBP 43 # % 60.25% Fil 72.89%
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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
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Figure 4 Responses of stoichiometric ratios of enzyme activities in soil aggregates to long-term nitrogen addition



6 RN/ NI NI e 14 20254 X A 20 H

23 TEARGCHMAEMEREBREETEEANXR
B & S ATOL . P & MBC 5 MBN £ IE /] ¢ (P<<0.001), 1fif MBC 55 MBP. MBN 5 MBP #il
MBC/MBN 5 AP £ (P<<0.05), HABFEHREIAH A B3

350 40
P<<0.001 P=0.047
300 - LIPS : °
30 | °
250 w ° g
z% & Qo © ° ¢
°
= 200 = 0l . %° 3
o o 9 0o °
° °
150 s 9
10 °
100 1 1 1 1
150 225 300 375
MBC
40 50
P=0.009
°
°
°
) 40 +
30 + ° R
=9 % ° o
% °n 93 o ] < 30F °
20F o % 3
) ° o
° 20 o ° e _o
9o ° Q@O& N° 9
10 | °
1 1 1 10 1 1 1 1
160 240 320 0.8 1.2 1.6 2.0
MBN MBC/MBN
A5 RARKMAD T, R BFAEGE N M =5
Figure 5 Regression analysis among MBC, MBN, MBP and enzyme activities in soil aggregates
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PL-TEHLE A AT S W BRI [ e B 1, SR8 B ORd, wD e s — 2/ NI RIS S AN
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- 0.62 Fi1 0.445%, (B AR X 35 P - S0 0o B AR A 150 T EUIR I, MR T R A= K AT g
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