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FELIKEE (LAP) BEVEH T 5 380, B 1 2R UG ( ACPT) AL T R ( Chi) 2 B0 Se 8 5 M A0 R 3 i ok e L i (Minp ) A4
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Soil organic nitrogen depolymerase activities and its influencing factors of Pinus

taiwanensis at different altitude gradients in Wuyi Mountain
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Abstract; The depolymerization of soil organic nitrogen (SON) depolymerases on soil macromolecule organic nitrogen is the
rate-limiting step of the soil nitrogen cycle, which plays a crucial role in the soil nitrogen cycle. However, the dynamics of
SON depolymerase activities and their influencing factors in subtropical forests at middle and high altitudes are still unclear.

In this study, the soil environmental factors, physicochemical properties and the activities of eight kinds of SON
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depolymerases were measured in the Pinus taiwanensis forest at the altitude of 1200—2000 m in Wuyishan Nature Reserve,
and we investigated the distribution of SON depolymerase activities and their influencing factors at different altitude
gradients. The results showed that the significant differences were found in all soil environmental factors and
physicochemical properties measured at different altitudes except DON content. The activities of SON depolymerase
displayed different distribution patterns with altitude gradient; alkaline protease ( ALPT) , neutral protease ( NPT) , laccase
(Lac) and leucine aminopeptidase ( LAP) increased significantly with altitude, and acid protease ( ACPT), chitinase
(Chi) exhibited a trend of increasing first and then decreasing, while manganese peroxidase (Mnp) and glutaminase
(GLS) decreased significantly at altitude of 1800 m. Redundancy analysis showed that SON depolymerase activities were
obviously clustered at different altitudes, and the explanation degree of soil environmental factors and physicochemical
properties to them was as high as 88.18%. Soil temperature (ST) , soil moisture (SM) , microbial biomass carbon (MBC) ,
and mineral nitrogen (NHj, NO;) are important predictors of SON depolymerase activities at different altitudes. Correlation
analysis showed that most of SON depolymerase activities were negatively correlated with soil ST, while positively correlated
with pH, SM, TN, MBC, NH; and NO;. The dynamics of NH; and NO; showed a wave-like fluctuation with altitude
gradient. Compared with the upstream organic substrate, the mineral nitrogen in the downstream inorganic nitrogen cycle had
a more direct impact on SON depolymerase activities. This study is helpful to broaden our understanding of the mechanism of
soil nitrogen cycle in subtropical forests at middle and high altitudes, and is of great significance to the protection of soil

available nitrogen and the maintenance of soil productivity.
Key Words: altitude gradient; organic nitrogen depolymerase; depolymerization; protease activities; microbial biomass
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M7, B R R B AR SON i SR B 14 14 A BAEE B 2 el PR 28 S DA
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ARG RRAR A A5 R GEAE 7™ I RS20 P BE LI B X TR RS DX AR 350—2161 m 1% X Ifg4k 7% fl i
BT —ZR 5 LR LUK 36 SON fifp SR B P2 AT 2 RF RO W] o O HEBRAS TR AR 1 6 R0 ) s i, A1 o M
K 1200—2000 m (B LARMRATE B FEXS G, R TE BT A R 50B0 BE T B 1L SON fif SR T 1R 224k, - 1
LA R T4 A B T 91 SON g SRHS P ) S B PR 2R, LUSHI T B 358 2 AR X S B4 v i 41X SON it SRAE
IS, ZWTFEA B T3 B TR R AP HLER A DR [ Bk % I R 4522 A X5 SON gk SR A8 52 WD, AR IE.
T 8 LLAAAR 33 ORI A AR 7 ) RO AL B 258 5

1 HESF®

1.1 AFFEIXHENL

RIS XA TP A R I E R A REPX (27°48'11"—28°00'35" N, 117°39'30"—117°55'47" E) | 4k
350—2161 m, J& T A 22 A% . AR ISIRZ 14.2 °C L 4F - YR8k 5 2 2583 mm, 4F- - Y18 5 24 84%
AESEHZE B2 778 mm AR ORI 231 41,

1.2 kit

R BURE MR A, T 2014 4F 10 J3, AR O 47 DX P 2 1L R (4 S B 2B K R A A1 1 O, 356 BRUE 4K 1200—
2000 m Z[H] BB IIAAMRAE IF S0 42 &5 200 m BEE 1 AR, F% 8 T 5 AN (4245 2000, 1800,
1600,1400,1200 m) , BAHEERALEE U E 3 DAEDT, 2RI 15 /1> 20 mx20 m WUFEDS  AE )7 Z A1 10 m LA |
OB RS Y, FH B 1R 2 A

KFH“S” A5 SRR RAE, T 2019 4R 7 H L ERADHET NI RZ 158 (0—10 em) FEHLIEH 5 4> 10tk
AH TR ARE B 1) 1 3R S 7E R BR A Bk RS DL AR IR R 5 TR B L — 25088 K 3 RE i e A 0RL g 4%
FHUKAR R EE Y ] 5200 28 A0 B B REANEE SR 2000 2 4, — 41N iE 5 2 mm 0 5 0 A2 SRS M RUE A
SR AT LT s 55— 41 AT 00 A SRR A 5
1.3 P H Sk

- eI P R BRALE R AN A ¢ IR (ST) FHIELEE AL %48 ( Model SK-250WP, Sato, HA) Ml %, +
5% pH M3 AL pH 71 (STARTER 300, Ohaus, 38 ) M5, K H R 1:2.5, 1585 /KA (SM) HIHE 75D
FE o BMAPEK(SOC) , MA(TN) Ak & H (C :2N) ik & It & 43 B4 ( Elementar Vario EL 111, Elementar , £&
EDMRE, 7 EH 2 mol/L KCI 1242, R L 8 43 BT ( Skalar san™ , Skalar, fif 22 ) I %2 $2 HOR (1 84 2
A (NH]) MRS (NO;) W, alEMA PR (DOC) ARl E A LA (DON) LB T/KIZH (LK1 :4),
FHEA LR 53 #7142 (TOC-VCPH/CPN, Shimadzu, H 7<) Jll5E DOC ¥ BE , 8 F 7% 223 8l 20 I A0 2 12 4 1)
Ve SRR B i T JC LR (L FE B S BRI ZS R ) , DON e B2 O I35 il P oL B LGS il P TP AL | 22
B2 A A R (MBC) FMUAE WA R AL (MBN) SR AU R 28 R R e gk 2 i A a5
MBC=AE /K. ;MBN=AE /K, X\ AE AE G AN 78 5 R TR 78 5 MLk B0 R & i i 2508, K FI
K NFA5 288, 53 M BUE 0.45 F10.54,

ST I R IR MRS A ARG BRI 4 R0 B I , e B0 S I R A T A L R I
FERNE 5T 2R 3% SON fift SR B TG MEREA T 2, Herby Bk 25 1 B ( ALPT) (R MEZE i (ACPT) AN
PR 2R L (NPT) 238515 0.02 ¢ XU T4, 1 0.2 M Tris(pH =8.0) B2 5, @4 S es e bE ¥ AL )5 IR A S 78
40 °C 7K 30 min, R FARARED HE (@i 2 5 JLT B (Chi ) 3853 5 0.10 ¢ XU+, 1 0.05 M BEEREN (pH =
5.0) $HC, IRAIRTE 37 °C R E % 24 h, R FH 0K F RS L (0l 52 5 Rl (Lac) alad B 0.02 ¢ KT+,
FHO.1 M AR (pH=5) $2HL, 7£ 37 °C FZ % W 10 min, VKA 5 min, % ABTS &bk e ™ 4 id Ak
Yyt (MnP ) 3830 0.20 ¢ X+, FH 0.1 M ATREN(pH=5) $&H, IR SIS E 25 C F R FE 3 h, R @AM
Fo o e e ) A R B ( GLS) a3 B 0.10 g KT+, F 0.05 M Tris (pH =8.6) 25, IR 2JJ57E 37 C F 1
322 h, RN R @ENE ) sn iR a K (LAP) Jl 1 82 0.05 g KT 42, J1 0.2 M Tris(pH=8.0) $2 1%,
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BRI S RTE 37 CFREFR 1 h SRR RSB Le g s 7 e ) W) IR B R AR WO n 3 1 s
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Table 1 Types, abbreviations, corresponding substrates and characteristic absorption peak of SON depolymerase activities

= LRI
i 4 37 N
O Characteristic
Enzyme Abbreviation  Substrate .
absorption peak
T2 1R L ALPT LESS 680 nm
Alcalase Protease(mg d™ g™ ) casein
ok
Fi e 1 o acpT  MEA 680 nm
Acid Protease(mg d™' g™') casein
P i R
R AR oo NPT %EI ! 680 nm
Neutral Protease(mg d™" g™ ") casein
JUT Bk " N- Z LA 2 b
.. 1o Chi . 585 nm
Chitinase(pg d”'g™") N-acetylglucosamine
- 2,2/ R 3-2 HE AT 6
* R Lac 2,2'-azino-bis- 3-ethylbenzothiazoline- 6- 420 nm
Laccase(nmol min™" g™ ) .
sulfonate
i A AL B T AR A
. IR Mnp . . 465 nm
Manganese Peroxidase(nmol d™" g™*) Mn ion and guaiacol
s = N I = e
RS o OIS Ret 420 nm
D-glutaminase( nmol min™" g™ ) glutamine
SRR R SR L% B XAl B e
. . . 11 LAP . . e 405 nm
D-Leucine Aminopeptidase( pmol d™ g™ ) L-leucine-p-nitroanilide

SON . +HEARHLA soil organic nitrogen

1.4 Hisbs

KM Excel 2013 1 SPSS 21.0 A X B4 T G304 . R BN ZRT7 22 50 M7 ( Tukey ) K656 AN [R] WS40
JRE 1] SRR DX 7 A L SRR DL K SON i SRS PR 25 5 3B M («0=10.05) o SRHT R KA 4.0.2 K SON fig
RMHENES IR N T AR BTHEAT Pearson HOCREOTRIFA . FIH] Canaco 5.0 BAFHEATILAR T,
PRITUFRAS BT IRBE R 7R - AR PE XS SON i SR G M i 52 . HABZ: I iy Origin 2018 A58 1, B & rh
Bl o I (ARiEZE ) ,n=3,

2 #R

2.1 ANIFEIGHRBEEE T 1 3R 58 N - A B 5

B -3 DON it oh , HoAth 1) - 53R 85% P7 AR AR M 16 R IR 3B T 38947 A BB I 25 57 (P<0.05)
IR 1200—2000 m, ST Bl T i 2R, 1 SM B384 (P<0.05) , SOC, TN . DOC il MBC BfivE4k 7t
e PR AR  SYTEHFIR 1600 m B E G AN (P<0.05) , 7EHFIK 1800 m AR, FiK 2000 m HFUIE (£ 2) .
BEAk, + 35 pH 7RI 1800 m 52 T+, 11 MBN 7EIE4K 2000 m & 34411 ( P<0.05) .
2.2 NFIERBEEE T Y SON fiff 2R il 1% 1

SON ik 5 WG VA AN [T 45 06 B T Y AA 76 1 35 25 = (P<0.05) , IR AETE 3 PRl 1y A8 ki, IiEER
1200—2000 m, ALPT NPT Lac Fl LAP i 1 Bl V44 I 5 b 2 34 01 ( P<0.05) ; ACPT 1 Chi {1 Bl 45 Tt 5 6
5 B AR 1800 m Ak A B Fe i, FTEFK 2000 m 5 E A (P<0.05) o AHH T HAB IR, Mnp F1 GLS 7E
TR 1800 m 8 ZR#AIR(P<0.05) (K 1),
2.3 AR[FEPEIRBLEE T B 0 A S

AR E T 30 B A & R A 3784k (P<0.05) , iR 1200—2000 m, NH] & Bk [T+
SRR AR AR 1600 m 3G (P<0.05) , 7EVER 1800 m F#AIL, M%) 2000 m XA fFrial A (K 2) .
5 NO; & itAHEL, NH, ZE/4K 1800 m 25 FEAIK, 1M AE 4K 2000 m I 234 /i1 (P<0.05) .
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Table 2 Soil environmental factors and physicochemical properties at different altitude gradients

4K Elevation/m 1200 1400 1600 1800 2000 P

ST/°C 22.88(0.21)a 20.86(0.04)b 19.79(0.16) ¢ 18.59(0.08)d 17.48(0.42)e <0.001
SM/ % 52(0.04)c 60(0.02) be 72(0.09)b 59(0.09) be 95(0.01)a <0.001
pH 3.88(0.16)b 4.09(0.00)b 4.06(0.10)b 4.41(0.01)a 4.34(0.17) ab 0.001
SOC/ (g/kg) 48.69(9.82)b 41.61(1.30)b 71.49(5.18)a 42.98(6.40)b 58.93(9.38) ab 0.002
TN/ (g/kg) 3.52(0.71) ab 2.73(0.07)b 4.91(0.81)a 3.68(0.58) ab 4.94(0.74) a 0.007
C:N 13.83(0.52)a 15.24(0.09) a 14.70(1.36) a 11.69(0.27)b 11.92(0.13)b <0.001
DOC/ (mg/kg) 136.29(21.78) be 178.58(13.94)b 239.85(9.83)a 115.02(27.87) ¢ 131.14(13.37) be <0.001
DON/( mg/kg) 10.70(2.69) a 13.34(4.35)a 15.91(2.90)a 8.37(1.45)a 9.34(2.57)a 0.058
MBC/ ( mg/kg) 517.75(76.54)b 181.11(19.82) ¢ 913.40(189.47)a  637.55(22.99)ab 834.11(82.84)a <0.001
MBN/ (mg/kg) 121(2.97)b 120(17.33)b 150(28.32)b 141(15.53)b 230(17.69) a <0.001

ST. 3R Soil temperature; SM; 135

7K % Soil moisture ; pH: TR ol

pH value; SOC: + S MR Soil organic carbon; TN ; BA Total

nitrogen; C:N: WA Carbon nitrogen ratio; DOC A MUK Dissolved organic carton; DON: A A LA Dissolved organic nitrogen; MBC.
A= YA Yk Microbial biomass carbon; MBN: f34:#)4: #) & Microbial biomass nitrogen; #&H A FHME (brifE22) ,n=3, R—17AFE/)

B R RORAN R R BE ] 22 5 .35 (P<0.05)
2 0 P <0.001 51 p<ooot
g3 <0 g <0
2 o 827 6 b
woer * b /A o A
FEE (s o as TR
<7 o la— S
o 8
w 4~ P <0.001 a .ﬁ ~ 400 P=0.002
&2 87 W oo
Moo 4 /ﬁ—é K2 50 b 2 \b
s E ROZ %_—7} %
27 2 =T 250
~ g 210
by 60 P <0.001 a g‘g T 175 a
i ab O % 8T - -0 Q
i SE 50 b b CI)/ = as 140 O—O
L& E 2 0—0" Eﬁ SE s P<0.001
leasd — <
E 4010 oy 270 ) )
2 =
EZ - 301 p<ooo 60
= g b 25 b a g2=
@ €% 20 b _n A £ £ 4 D/
&ET ¢ o—=>0 EE3
w:s Plo—y” S2E 0 pooon
=5< 0f 8 wos
3 1200 1400 1600 1800 2000 1200 1400 1600 1800 2000
¥FHk Altitude/m
1 AEEEGEXTE L SON fFREEEN I
Fig.1 Effect of different altitude gradients on SON depolymerase activities of Pinus taiwanensis

SON: H3EH HLA soil organic nitrogen; ALPT. BPEE I Alcalase protease; ACPT: MR A Acid protease; NPT EF‘@EEIEE Neutral

protease; Chi; JLT BiE§G P Chitinase; Lac: EHIHE Laccase; MnP: #iid 5 /b #I i Manganese peroxidase; LAP: 5%
aminopeptidase; GLS:

AWM Glutaminase

2.4 A[FEITGERBLEET SON f% 5 B 1k iy 52 o P 22
[ 1 Chi 3645 RGN A ER AR B 38 Jo o & AH S HEAh , KR 73 SON 16 PE S + 4 ST .C.N 2B &
A5, 5 pH,SM, TN, & i & ( NH;; \NO; ) i AE Yy (MBC MBN) 2 i 3 1IEAHSC (K1 3) . RDA Zr#r 28K,

AN HRCRE BE T SON fifk SR VEAF 2 W] A 2R 2R
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40 | . .
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Z g o 2 1 I
= 20 ¢ — ® c
g E/J_ ¢ / g - c
ol T e ?~o
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Fig.2 Effects of different altitude gradients on soil mineral nitrogen of Pinus taiwanensis

ik 88.18% , Horh 8 —Hh B B B R 59.75% , 2 MO ff REEE R 28.43% (18l 4) o X SON fiff SR il 1% M A7 7 S 3
SR )52 0 X A2 45 . ST, SM,MBC ,NH} A1 NO; , Hor ST Fl1 SM f# B B Bt s (¢ 3) . ALPT NPT Lac Al LAP

T B2 ST B F AT 0, 52 %] SM,NH, ,NO; 1 MBC & 3 i 1E [A 520, {H Mnp, GLS, Chi i1 ACPT
55 ST H1 SM (4 195 FEIFE 80°—110°Z [1] , 158 B ixX BLfif SR T 14 32 ST F1 SM A2 EIN (& 4) o 1AM, Mnp |
GLS 5 NH; fA7E R E M IEA (B 3) , 7+ H 32 NH; Mg K (K 4)

“ @@l e e - @ BTl

- bt Q@@ @ @@ Ma @

MBQQQDOQQ&QGOOS

-« VD DdeC- OD .

~ PNV I DD

ACPT QQ‘? A A QB GB D

- Qogcay . soogl’

OGQC’ GO@QGA VI .,

™ CN DOC DON NO;~ NHyY MBC MBN

3 FREBHHBERE LN SON BRERE TS TEREE F BAERMEXS
Fig.3 Correlation analysis of SON depolymerase activities of Pinus taiwanensis with soil environmental factors and physicochemical
properties at different altitude gradients
ST: TR Soil temperature; SM: + 357K 4 Soil moisture; pH: FRIESE pH value; SOC: 3R HLEK Soil organic carbon; TN E A Total
nitrogen; C:N: B L Carbon nitrogen ratio; DOC; FI ¥ PEA4 #LEK Dissolved organic carton; DON; TJ %5 ¥ HLA Dissolved organic nitrogen;
MBC : fE 9 Yk Microbial biomass carbon; MBN . {2 #)4E #) i % Microbial biomass nitrogen

3 e

30 A[RVEARARE T IRE R I3 A D) S5 DR 0 8 LA SON ik 3R TG 1k (1 52 i

ASHIESE R R AN E K AR AR A LT SON M MG P KPS [ 3R (3R 3) . EAAD
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W /m
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Fig.4 Redundancy analysis of SON depolymerase activities of Pinus taiwanensis at different altitude gradients

T IR S0 A B, O S o) L S R — ROk U, TR MR IR R i R Y IR A
HE S P TR ARG BE A TR A TS T 0 R, FE AR SR S5 SON IYRITHE T, AR TRLEE (1w ¥4 X
AT RER EA I 21 SON fif R, AR, L HEAE (G TE MRS 3K 4 BT s SR ol L i
meta 73713 7% B 35 K I AT RS RU0R PR L DR A T 5 7K SR 1 i 2 A ARt 1 11 2 A0 o G 18
ORI R, SR I - SRR L ) B AR RS R A AL Y L AR, Chi 5 ST SM I fA B2
90° , BLAAJL T BB JL-F- A SZ U AN SRR (K 4) o JafFaian , JLT B E A AR b i JA R ok, T
3 HTE/NT 60 °C R REAFFRAF IR ETE ™ L teAh  FRATIE LRI Chi 55 il iy -+ e 3R 85 P 5~ 0 Ak v o 4
JCIE BIARSCE (18 3) o AT A LT R R S 3 T34, {EAET:4K 2000 m g 2 AR (&1 1) I
SRR TILT BT SR AR 2, i T ik X e 28 sh ¥yl e W i A e b
®3 AESFHHMETFORER

Table 3 Explains of impact factors in redundancy analysis

WA T e s e
Impact factors Explains/% pseudo-F P Impact factors Explains/% pseudo-F P
ST 442 10.3 0.002 DON 1.2 1.8 0.226
SM 25.2 9.9 0.002 MBN 1.7 3.5 0.056
NO; 15 10.5 0.002 pH 0.4 0.7 0.504
NH; 5.1 4.9 0.01 DOC 0.3 0.6 0.652
MBC 2.8 3.3 0.038 soc 0.4 0.6 0.624
TN 1.9 2.7 — C:N 0.8 1.4 0.318

R T IELBEFI S KA MBC 23200 SON M R R LN R Z — (K 4) o ARFTRIR, L3 i R il 32 2002
H 2 TR 25 S E W 7, A 0 A W e ) 2 A b SR 2 i) 36 SON i 2R Tl ) -0 Bt E TR W) SON
MRS . LI P IR AT U ) — DA BR RUEE 1 meta 43 H7 322 WY, #4615 R 34 4
DX E AR W A e AR T e TR, 5 M WL AN 42 RV B 5L W 3 LIEADEN S RS MBC R MBN
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