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Effects of nitrogen addition and associated regulatory factors of the organic
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Abstract; Depolymerization is a key process to control soil organic nitrogen mineralization and nitrogen availability supply.
However, it is unclear that the affecting mechanism of nitrogen deposition on soil organic nitrogen depolymerization in
subtropical forest. In this study, taking Pinus taiwanensis forest as the research object, a two-year nitrogen addition
simulation experiment was set up by three levels including control (CT) , low nitrogen (LN) and high nitrogen ( HN) in

Daiyun Mountain, Fujian Province. The mechanism of soil organic nitrogen depolymerization in response to nitrogen
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deposition was explored by analyzing the changes of soil chemical properties, microbial biomass and eight soil organic
nitrogen depolymerizing enzyme activities. The results showed that short-term nitrogen addition significantly increased the
content of mineral nitrogen in 0—10 c¢m and 10—20 cm soil layers, and significantly increased the content of microbial
biomass carbon (MBC) in 10—20 cm soil layers. Simultaneously, the activity of Manganese Peroxidase in 0—10 cm soil
layer increased significantly with nitrogen addition, and Laccase in HN was significantly higher than that of CT and LN. The
activities of Acid Protease, Alkaline protease, Neutral protease and Laccase in 10—20 cm soil layer were increased
significantly with the nitrogen addition, but the D-glutaminase activity was the opposite. Redundancy analysis showed that
different influencing factors dominated the activities of organic nitrogen depolymerase in the two soil layers. Soil nitrate
nitrogen (NO;-N) was the main influence factor of organic nitrogen depolymerase activities of 0—10 cm soil layer, while
the organic nitrogen depolymerase activities of 10—20 cm soil layer was jointly affected by NO;-N and microbial biomass
carbon (MBC) content. In conclusion, the responses of soil organic nitrogen depolymerization enzymes to nitrogen addition
were inconsistent in subtropical Pinus taiwanensis forest soil, which were mainly regulated by soil NO;-N and MBC content.
The mechanism of soil organic nitrogen depolymerization under nitrogen addition is very complex, and it will be an important
direction in the future to study the process and mechanism of organic nitrogen depolymerization from the perspective of their
polymerization effect. This study is helpful to broaden the response mechanism of soil nitrogen cycle to nitrogen deposition,
and it has important implications for maintaining soil available nitrogen content and improving ecosystem productivity in

Pinus taiwanensts forest.
Key Words: forest soil; organic N depolymerization; protease activity; microbial biomass

H TP AT RS Rl A AE A DR e, DR P i P SRR DT e R PR s i, T 1) 2050 4F S il b X 0L
Rt o pE A — 7 MR AT T L RO B ik 2 S B A W I e AL R
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BLAFTEHLEUS 53 , A RERAE R, DA AL P A e SRR AR D OGS 712, il T L
FRALN 3B 5% A HLER IR F IR 2R | A B SR B B ) -E 5 LAl 1 G
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BT LA (Pinus tatwanensis ) 7& 3 EREA R FEE 0 ATIELE 25°—35°, #4k 800—1600 m JuFE N, H LI
ZRER AT T LM DX RRARTE R B S B A, 3z 1 8 SRR DX PN 431 o TR 2R R TR L S A e P i | T AR
IR ARG IR eI AR A E MR X R T B S T R AR, R R IR W, R
FEBRZI T AR — RN e T A b DX 398 U R AR AR RIS R AR R R R R R m
Bl 2 4RSS R, B2 1L pg L3 B LA s A 00 e B A ORI DA SR B A28 0 L b i 4 o] ot
AREACSE G A FREey K%, X ] BEAN AR BT R R BT R, B s B R AR B ) BT LA AE T
FRAE LA e T AACHIL DX B LR SR MLV SR B L/ N A HLAERT 4 1 3 R (L 2O, AHF
FELAAR L 2 LSRR DX 1 38 LA RO BIFFE R 42 3 o B NSRS R DT R, 23 A AN [) 00 Jon 6 % 1 458
A B SR S R ) 52 e B R A TRT 2R WF 9 48 A Bl T8 7R - S AL R0 SR X ZRL D o e o 1 AL B 7 4
Fi A RCECS B i LA E R R G A 7 ) KRR R

1 RS

1.1 BT XA

TR AE A7 T AR B 2 LU IR A SR AR DX A L A PR P (25°38726N, 118°8726"E ) , 1% X J& T F #v iy
F WA, SR 17°C B F A 140 d 2247, AR IR 165 d 2247, MR Fei, Wi 5 v ve AR 4E A
K& 3—9 A JREER, AEMINHE R YI7E 80% LA b WAEBHTR 42 , H B/ g LR LD e b o 3 | sty
PE N B ABEAE B F R B BT i X R R DU N 24 38 kg N hm ™ a1 BEHBAE SRR A B LA, AR
TR EFT R EAT (Indocalamus ) , R ILASAE ( Camellia flower) EF&( Melastoma sanguineum) 55
1.2 Rt

T 2017 AFFE B IAAMAE M P BEE 12 4~ 10 mx 10 m BRI /N X, BIrA 30/ DX 1) 45 1), 3% 8
25°—35° ¥FIK 1480 m, B IIAAMRE2 M4 15 BBl 32.93—36.23 cm, FHHE 16.29—19.21 m, ZFF 720—723
BR/hm® AP BE 0.80—0.83""7) i it B AL IX 2 % 1% B X B (CT,0 kg N hm™ a™') K& (LN,40 kg N hm™
a”') FIE A (HN,80 kg N hm™ a™' )3 Fpb3i  fG AP Ab 38 4 N EE BRI d /DX FBEEA KT 5 m S92 nh
X, I XM 2018 4F 5 HFFGRREIN, At E) A K22 (3—9 A) , 8 A 7 —Ik, BRI 28 43 i 4l
JRZ[CO(NH,), ], HUCHKIRE (LN,24.49 g;HN,48.98 g) il T 20 L LK I U5 45 0 45 FE X
HEFTHI 5T AR T G , %ok HEURE DX DU P 45 11 2 B - /KA PR 3 T WRGHEA TG
1.3 FEaCRE SR

Zoat 2 AR R DTREALL LS, F 2020 4F 4 F 0076 R DORI FH L8 TR A IBURE | 2 53 288 IR B 5 43 ) B L
0—10 cm F110—20 em )2/ R 4 MISCI0 % HIBRANAE FF A 5524 5 , i 2 mm 75 B F 4°C vKAR K
1F, — o0 RE i T A MU R B M Sk 92 0 i (MBC) AR 0 4= 0 i 0 (MBN) 5 5 55—
o32eid HARATIEIE 0.125 mm G , BT 5E - e 3EA BRALPE R HR
1.4 ISP

S B I . 1% pH FHBRES FL A pH 3T (STARTER 300, Ohaus, 26 [E) Wi, +K bR 1:2.5, T3S
KR (SM) LTI E . BBk (TC) B A (TN) FIR A L (C :N) iR 2 JC K 41 ( Elementar Vario EL 111,
Elementar , f8 ) %, 7 B 2 mol/L KCl 24, I L2 843 B (¥ ( Skalar san**, Skalar, fif % ) I 22 8 Vi
H RS R (NH,-N) RIS (NOS-N) Fr ™ Al A ML (DOC) Al i 4 HLA ( DON) R FH 7K 132 48
B0 A3 5% A HLER 4> BT A ( TOC-VCPH/CPN, Shimadzu , H 4% ) F3%E 2237 2 43 H7 400 %2 . MBC H1 MBN %
P BZE-BRIR AR ) HE AR H :MBC=AE /K. ;MBN =AE /K, , & T AE, AE 45 R B 7
HREE A IR R SRS, K K N 280, /0 BUE 0.45 F110.54,

- TG PE AT RE L R SR MRS A BB A B2 5 A3 S a2 | e BRI R S e I B b AT A, AR IR
FERONZ5AE T SR FH LG LA T RS P A 2, 2R AL 45 R PR 25 8 ( ACPT, EC 3.4.23.18) i PE 2 i
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(NPT,EC 3.4.21.14) Ffs 4 & (1 ( ALPT,EC 3.4.21.14) , 28 Ladd F1 Butler( 1972) " {7592 , R Fl A8 AR
Fb 00 5 5 JL T B (Chi, EC 3.2.1.14) 44 Wirth F1 Wolf 25 (1990) 122 % )7 18 | ik — FT 42 B8 H I 1o (5 1
52 3 3 ( Lac ,EC 1.10.3.2) 28 Loncar 45(2013) 7%, I ABTS AL ) s 4t S AL Y (MnP , EC
1.11.1.13) K #8 Camarero %5 (1999) (71> | il i AT B AR ) e (0 22 5 45 & B (LS, EC 3.5.1.2) 3%
Shirfrin %5 (1974 ) 7 i, A G oG e i > 38 57 55 5% R 5 7 ( ASF, EC 3.1.6.1) H ¥ Tabatabai %
(1970) B3 2%, SR PR AN FE A L ey a2 o o T 52 6 A4 JES 40 B RS FE W I T 3 1 B

R1 TIEANEMREOME ES AR R E

Table 1 Types, abbreviations, corresponding substrates and characteristic absorption peak of soil organic Nitrogen depolymerase activities

AL A e

. Characteristic
Enzyme Abbreviation Substrate .
absorption peak/nm

FRVEHE 1 Acid Protease/ (mg d™' g7!) ACPT i 2 680
rp M2 11 Neutral Protease/(mg d™' ¢7!) NPT figH H 680
Bk 2 (1 BfF Alcalase Protease/(mg d™' g7') ALPT fig 680
JUT R Chitinase/ (pg d™' g7') Chi N- & Pk 2 5 4 2 585
B Laccase/ (nmol min™' g™!) Lac 2,2 IR - XL~ 3- £ F 2R I IR A DR - 6 -t i 420
it ALY EE Manganese Peroxidase/ (nmol d™' g7!') Mnp Mn & T @A A By 465
A R D-glutaminase/ (nmol min™' g™') GLS RN 420
TR BRI Arylsulfatase/ (umol d™! g7!) ASF TH R R 410

1.5 +HESHTE

K H Excel 2013 Fl1 SPSS 21.0 3R A X BHR S TG00, RS R J7 2250 B (Tukey ) K6 560 A [A] 088 0
b PR A PR T A AL S SR T TR P 9 2% 5 25 E (0= 0.05) . FIJF] Canaco 5.0 BAEHEAT T4 AT , 38 3 7iF 1] 16
PRI TS RS AR BT 52 i) - 396 LU SR G TR A S HE IR 7, RIS BR AR RIS AR RS2, ZE AT 04 o0
BT HT, B PREE PR T ( R TR A W A= W ) B EAT 2-score BRUEAL s [RIET , 38 35 7 22 I Ik R AL (VIF) K
BT kSR R 2 T AL M, R B NN AE B A SRR (VIF<1S) £ &4 i Bk, 4 H Origin
2018 BAFSE R, IR rh B A P Y E R 22 (n=4) .

2 HBRESHN

2.1 BRI A R ) R

IR TIN B F L 0—10 em +)2 DOC &4 (P<0.05) , 3 W Z I 0—10 em Fl 10—20 cm + /2 i
A (P<0.05) ,{HX} DON & & Jo b Z 5 m . HAh, Zs e Z 3 7 10—20 em +)2 MBC & i (P<
0.05) ,fEX} +3 pH,TC, TN, TC/TN ¥ JC B 5 (£ 2) .
2.2 FESIT A DU SR B P R e

RN Z ML T 0—10 em A1 10—20 em +JZ Lac FIF& 5, XF Chi Al ASF ¥ 08 =M (K 1), [,
BN ZRAN T 0—10 em +)2 MnP &4 (P<0.05) ,{H 10—20 cm +/Z{REALFE T MoP &5 I E 1N (P<
0.05) . BLAb, ZA It 22 280 4 £ 56 HLA g 205 PE R B2 K T W% )2, b 208 Xt 0—10 em + )2
ACPT ,ALPT NPT Fl GLS #JJC  & 5 Wi, {H 10—20 ecm + 2 & A AL F & ACPT  ALPT NPT 2 F&AIK, 1M
GLS W& (P<0.05) .
2.3 bR RERE TR UK S R R

TURSTHT R AR FEV RGNS 3G DL R W A AW A 43 X (&1 2,P<0.01) , £ 0—10 em 12, F
AR — A A S IR T A HLE R SRS TR T 38.48% ,NON & %t + 3G LA SR A 25 A E 1f)
S, H5 ACPT \LAC GLS J& 7 BRI /0N, Uh BH 3 B6fif B 1 52 21 NOS-N & & IE [ i K (K’ 2) . 1
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10—20 em 1 )2, FABFR—HhA 5l S LR T A DL AR R B AR TR Y 46.20% , MBC 7 &8 X} 3G HLA

fifk SR

=24
o

Wa fe R, B RIS I 52 A OC . NOS-N & 0 e AL SR B AT 38 p0 IR ml s, H S

NPT ALPT ACPT HI LAC AYJCAIEHIH/]N , 581X LEfif BT 1 32 21 NOS-N (YIE R MR (18 2) .

F2 FFMILEERKZ M

Table 2 Effects of simulated nitrogen addition on chemical properties of the soil
EiEL7n 0—10 cm p 10—20 cm »
Indicator CT LN HN CT LN HN
pH 3.94(0.15) 3.96(0.11) 3.96(0.05) 0.96 4.14(0.03) 4.17(0.05) 4.12(0.02) 0.67
TC 61.05(10.65)  56.99(3.13) 55.50(4.25) 0.52 27.91(3.67) 26.04(5.79) 25.36(6.64) 0.80
TN 3.95(0.63) 3.71(0.31) 3.74(0.36) 0.73 1.90(0.18) 1.90(0.41) 1.83(0.39) 0.94
TC/TN 16.39(1.35) 15.37(0.51) 15.50(0.83) 0.31 14.62(0.74) 13.73(0.53) 13.74(0.98) 0.23
DOC 123.40(11.57)a 107.27(21.42)ab 85.01(9.19)b 0.017 46.97(5.58) 48.04(10.31)  44.33(8.72) 0.818
DON 5.22(1.48) 5.16(1.45) 4.63(0.91) 0.785 2.31(1.00) 2.38(0.84) 3.69(2.11) 0.237
NH;-N 14.17(3.11) 16.36(2.24) 14.20(0.37) 0.33 7.97(1.67)b  14.97(1.33)a  13.82(1.01)a <0.01
NO3-N 4.43(0.52)c 8.64(1.85)b  13.17(0.84)a <0.01 3.04(0.38)b 4.80(0.39)b 8.17(2.48)a <0.01
MBC 699.60(77.72) 611.98(56.39) 582.91(77.23) 0.41 213.48(1.31)b 416.87(74.16)a 294.11(78.69)b 0.03
MBN 61.67(8.34) 57.85(11.88)  48.84(9.93) 0.24 29.95(8.08)b  52.81(12.81)a 29.94(8.46)b 0.01

# CT: XFH8 control; LN KA low nitrogen; HN: A high nitrogen; pH. P b pH value; TC: BV Total carbon; TN BV Total nitrogen ;

C:N: BRE L Carbon nitrogen ratio; DOC ; m{ﬁ&’ﬁﬂ[ﬁ}f{, Dissolved organic carbon; DON: ﬂ{q"}[ﬁ:fﬁ*}[,%, Dissolved organic nitrogcn;NHi—N; ERES

% Ammonium; NO3-N; i§Z& % Nitrate; MBC ; #:¥14E Y 8K Microbial biomass carbon; MBN; #4: #1245 & Microbial biomass nitrogen; &4
PR P BME (FrfE2E) ,n=4, AT ARE/NE FREFRIR AR BRI 1] 25 5 1.2 (P<0.05)
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Fig.1 Effect of nitrogen addition on soil organic Nitrogen depolymerase activities of 0—10 cm and 10—20 cm soil layer of Pinus taiwanensis
CT: %F M control; LN {K%( low nitrogen; HN: EA high nitrogen; ALPT: W  Alcalase protease; ACPT, iz P 2 i Acid protease ;
NPT H P8 Neutral protease; Chi; JLT FREHE P Chitinase; GLS: 2 & BEIEEF Glutaminase ; ASF 75 S AR BRE arylsulfatase; MnP ; i
A ALY Manganese peroxidase; Lac: WG Laccase. i1, Lac B§E 1 507 8 nmol/min /g, MnP 25 nmol/d/ g, FABEE M B0 N peg/h/ g
Pl v 25 378 AR B T PR RN 3 ( + 0 P<0.05, # * ; P<0.05) , AE/NG FRER RN R RAS ) 22 5 (.35 ( P<0.05)
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Fig.2 Redundancy analysis of soil organic Nitrogen depolymerase activities of Pinus taiwanensis by simulated nitrogen addition
ACPT: MR AW Acid Protease; NPT: P42 1/ Neutral Protease; ALPT: W24 Alcalase Protease; Chi: JLTJFififf Chitinase; Lac: ¥/
Laccase; Mnp: 4fiid %L YF Manganese Peroxidase; GLS: @ MEMEAE D-glutaminase; ASF. J5ELGRARERAEG Arylsulfatase

http ; //www.ecologica.cn



&t
B

6556 la SRS Bl 43 4

3 e

3.1 IS A LR SR S M 52 e

THEAVLEIEER FEEI DR B — A D B i A ML A R M AL A ot KRBk, JLT BT, JIk
SR TA PR KA LR | BB AR S5 /N o A HLA 2P RPN 2 - 8 0 1k 0 R
BRSO AR E WX N A LR S X — BRI R LRGSR AR ) NH -
N I NO;-N ATH AP AR ORI . i FEEERR Y C/N HE ARt MU 25 30% 1Y C 3 # 9™
fEH CO,, H- 350 NH;-N F [ 45875 GRS b AR 25 22 40 v UK e 6 00 3% LA T 1) | s ) 5
M, 33 32 LR TR A 3R I 114 A A S 8 B Ry 1) 2 RS & B, AR Ikt - 18 ASF I CHI 3 1
MSEIRAS 2 (1 1) S S IR R AR S R R R — 8 HE S i 4 RAFFE 2 5, A0 Allison
AU TR BRI p by AR K A AR AN LT SRR A B TE A o LT 0 A A S R TR
P T VAR A S LB A BRI T3 v e 4K X S AR /b B S 2R AR 4D 33
JUT BB R AR it R AT T LT b A i A A A 3 1 2R, 53 A A IR A LT i
S D RE ZREME RN TUAY AR T B UK ARG > ORI LT 5 ik SR g 1y o 1o 8 IR T 2 P K e, AT
TENE AT BT ILAABRARAE AR R GE e, JUT Jo 3R i T o) 2808 1 694wl 7 S SR80 28 1 B e SR i I I . LT T i 3
T2 B-N- LW Z FEH 211 8 ( B- 1,4-N-acetylglucosaminidase , NAG) L5 LT R Y S 5 Rl 2 e A
L&Y, (A2 Chen 250 X 64 WUFSE (1 Meta 43 HT & BUAUR N 25 T £33 NAG T 5.5% , 76 #i #R AR
R INAIG AR I T NAG 16 P: 2480 JLT A SR sl A v v S g oA e I Xt SR T i g R 5 42—
B, AR AT LA GBS J LT Jo A ik il 1) st 2 T DR 738 A ke it — 2D A 9 T LT 3 oAt I o 2RI P I AL

ARG A FC RIS | IR Yo B R T e B KX IR T KRRV T LA
(NH;-N) 34, 25 30 YRk + 58 3 A DR RCA BUR R 7 T R IR AR | 30 3845 B AU 2R i
WPEREZ TR BRI SRR IR B S AR 3 A R A R th 2R R A, ZOR inxt 2
P ST i SR T T P AT A A T AR ], Meeta 43T K IR, 1 /K ik Bl LT R i By /N7 X S RIS 1 45 18
A3 AT R AN 2 2 5 10—20 em 1 58K 1 BT K i il (R VR 2 0 BOPE 2R R L TP R )
TG E (P 1), Wang 255 75 BT M S0 10 52 56 0, 2 R 4 396G 30U TG ) T4 w8 - 1 S0k B 1, T
RESE RSN T T A Y 2 5 22 SRAAAH DG A SR Y 5 10, G IR SRV . R SR 5 22 67 ST /K il IR SRy A BE 1R
AR FEALEE GLS  H & MR R LK ( Glycine aminopeptidase, GAP ) 1455 % iR 2 F& K ( Leucine arylamidase,
LAP) . HHiT, KEBITAFFEIA N EAS AN 1 PR SRRl 05 M 5 A 0 25 52 0, 07 B4ty AT 7S AR 5
R, A L3 LAP F1 GAP BT 520 Meta 3BTt % 3 LAP XA UTRE MmN BN . AR5 R A
AN 10—20 em )2 GLS TEHEAFE REIHIMERT (K 1) o AHZ WA AT BB N4 = 1 e IR SR
REGITEE | Zhang S5 AR INESIN T GLS & RO £ B2, M AUR S AF i BURGE IR . 53 81 AR B 58
RIS TN e W AR B LLAA AR 0—10 em TS8R B AR b ALY . 42 )@ RRBE DTAR 1 30%—50% 1) 1- 45 2
FA K A5 P, v | R RN R 3 S A P i 45 IR 1) 2 B2 i, TR R PR 55 1Y - 8 vp 2 90 4 J IR TS M 1Y
AFXS TR i, AN TS 4 Tl AR o S A W i 1 S B X 5 R A E e 418 — B IR SE T HAE A L
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