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0.92) i TABRIFL{E (0.44 F10.62) . BEHE O bk f A4 /NT 450, ELBE TSRS/ o 158 B 38 ol A4 0 32 B A i B
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Changes of soil enzyme activity and the stoichiometry of carbon, nitrogen, and

phosphorus in Larix principis-rupprechtii plantations at different ages
CHEN Yaxuan,ZHANG Yufan, WANG Jiale, CHEN Yanmei, LIU Qianyuan”

Hebei Key Laboratory of Environmental Change and Ecological Construction, School of Geographical Sciences, Hebei Normal University, Shijiazhuang
050024, China

Abstract: In order to provide theoretical basis for rational management of Larix principis-rupprechiii plantations, physical
and chemical properties enzyme activities, and ecological enzyme stoichiometry of soils at different forest ages (15, 25, 35,
45 and 55 years) and two depths (0—15 and 15—30 cm) were determined and their relationships were analyzed. Results
showed that; (1) The contents of soil organic carbon and total nitrogen increased with the increase of forest age, while the
soil water content, total phosphorus, and total potassium increased at first and then decreased. The soil water content,
organic carbon, total nitrogen, and total phosphorus in surface soil (0—15 ¢cm) were significantly higher than those in the
deep soil (15—30 cm) , while the content of total potassium in soils showed the opposite changes. (2) The activities of B-
1,4-lucosidase, B-D-cellobiohydrolase, B-1,4-xylosidase, leucine amino peptidase, B-1,4-N-acetyl-glucosaminidase, and

acid phosphatase increased with the increase of forest age and decreased with the deepening of soil depth. (3) The activities
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26 CFONE 45 &

of six soil enzymes were positively correlated with soil water content, the content of organic carbon, and total nitrogen ( P<
0.05) , while negatively correlated with soil pH and the content of total potassium. Based on the results of redundancy
analysis and stepwise regression, the primary factors influencing soil enzyme activity were soil pH, soil water content, the
ratio of soil nitrogen to phosphorus, and soil nutrient and the primary factors influencing soil enzyme stoichiometry was soil
nutrient. (4) The content of soil phosphorus in the study area was extremely poor (all less than 0.2 g/kg). According to the
ratio of soil nitrogen to phosphorus, the growth of the 15—35 years L. principis-rupprechtii was limited by nitrogen and
phosphorus, and 45 and 55 years L. principis-rupprechiii were mainly limited by the content of soil phosphorus. The degree
of nitrogen limitation decreased, while the degree of phosphorus limitation increased with the deepening of soil depth. (5)
Soil enzyme stoichiometric nitrogen to phosphorus ratio (0.77—0.84) and enzyme stoichiometric nitrogen to phosphorus
ratio (0.84—0.92) were higher than the global average (0.44 and 0.62). The vector angle of enzyme activity was less than
45° and decreased with the deepening of soil depth. The results showed that soil microorganisms were strongly restricted by
nitrogen and phosphorus, and the degree of nitrogen limitation increased with the deepening of soil depth. Therefore, the
input of exogenous nitrogen and phosphorus should be considered in the management of plantations to alleviate the nutrient

limitation of L. principis-rupprechiii plantations.
Key Words: forest age; soil depth; enzyme activity; stoichiometry; Larix principis-rupprechtii

TR SANEEVE N BRI S RGNS o AR K R B A B, AR IR T
TR IEY AR ST R E A VLT S R S 5 E W R AR R e R sl B A B A
PEFY . A E T R 2SR A S R G0N & LA 0 R & BRAG 5C R 1 — 12 RH ) o AR 2 fb it
2 R R AR AR IR A AR AR WAL A T HnT DA R A AR R R R B 3R 4w SRR
SR, AN il T 2 3 i PO LA S SRR 0 b 1 DR+ S ) 3 0 IR ARIARPAE o 255 Bl ) 1 0 BT PP AR S R e v
AP A T3 BRTE O, © B S AR 2= A S A

AR TR0 O B SRR IS RN IR B i AR AR A8 A, B BT AR e A G —, RE o & 1385751
T et B AR ARG AT T R 00 e R LD RS (Larix olgensis ) MR 13T HURR A4 R0 510 VLA HE
B ( Torreya grandis) +3Ems &' FEE 1 BRE( Fagus sylvatica ) MRA3EAG HURR S 57 5 BE 2 PRUA 0 185 0 i 43
Do SR AEAEAR RIS 5, )0 L SIS 8 ( Pimus syloestris ) Bk 13964 HLAR S B o i ma 1Y
25 ( Camellia oleifera) 3 HLIR A 2R & i BIREE MUE A3 I udi b, A1 Bk s 22 ) ik 5% 2% B + 45
TRy BEARIE A8 A AR LR (0, WNTT IR BRAR ( Quercus acutissima ) N T HK 13364 i £ 51100 BRI 15 m 52 PG
HAIN 5 DD i R # YTPE K L A2 K ( Cunninghamia lanceolata) AR MRS E" TTREEARL
He w40 o B AR B R RS NS LIRS )P T A (Pinus massoniana ) PR A HEA HILAR
BEMRIS A A WA AR Bl SRR B I, SR A S AR AR R B R T R RS e
BEARAL O SRS, RO O MRS R R VR B AR Ak S B SRR AR ST A5 Ie T BE S N TR B Ty
MR ERRL R 4 22 S0 S R0 DA SO A PRV AR PSR R A 6 e AR B e o
HP) 0 A A K BRI BSR40 AR B 56 2R 45 P AR - R 13 4 DR 61T IR I A s DX RN e 4 1 T R
TR T B FEAREE AN IR B A A o R

A S R Y 2 RORT PR 2 R R R R BB IR R AR S R R R B s 2ont A S il
AR ORI P = A S ) R AR R e R e A T e R 4000 A 1) R AR A 2 PR AR 1 2 A o
NS, — M, IR MR BRI R 1S AT A BN AOMR I R | R B AL T | ObR
Z &k (Picea likiangensis) T AR FE ] = A INARHMI ( Tamarix chinensis ) N T K2 4 338 il 3% 1 327 Bt b iy 1t
RITEER, IF5 RIS (B VRS ) & 42 B EAHDC . SRMIAT WIFFE 2 I, - SRS P B AR I 1 15 T8/ )
o AR AR E S . BIAIIIAS (Pinus tabuliformis ) N T AR A 32t 7% 1 Bt PR 0 10 5 < 26 0 o S 88 o
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JGE BRGSO B A G DL A4 S BRI SRS B W DA G . )TV S R AN AR A el
G dal R NS R I Y 2. N oA B e w2 S 2 W 1) T R e | - 313 Y VAN W N1
- S T B PR 0 S B ST 1 S R AT R PG , X AT R TN MR rh Sl B B AUl 7 Bk
Z BRI B AR R B SR T e A AR AR Y TR, A 22 5 2 A e T e VR
IR A2 2420 B A2 it T DA e =398 v 3 43 1 1T R AR 0 DA B 3 0 BRI 25020 E A 5
RG22 PR 2R | SRR B S PR 520 ] QR T ) 2 DL A DA 1 S il (b i i
LU P M [N 2 o 3 B koR T gl R M s R I S R e A S R
mit AT DRI R R RS R G0 - AL DR X BTG P AR R R R, TR SRR AR S R G
0 SRR TG M AL LR AR A SR e PR 3R A R T B N AR A A R 7 R R e e v ) R A
PG

AEALTE S (Larix principis-rupprechtii ) SEAEICEF AR PR R, B AR KR A i FE 9T 22 5%
REai P ORI SRR AR A KR B 5 HHEFR A S B DA G W5 - S T B MR R R 1
AL R TR AR i B Y, AR LLZETE IR 5 AR Y AL T AN N T RS R 42,
IO SRy A R T T, R R S A A T R L, S BT R AR 5 R 1) AR AR
7R TR PAL R - 5 M A BEE 1 BEA TTE FER DGR 20 T PTPAN AR b I A N TR - S A A 1 19 37 0 BR
i, A BT T AR ISR A A AR, i N AR R4 RN T $ 2 SR IR AT

1 BRI

L1 R XA

WA HAE AL A R BB T I 5t ik A IR L JE S LM (116°53'—117°39'F,41°92'—42°36'N ) , iff
P09 1010—1939.9 m , IR R A AT K CRRAR LRI £ 00 3 % X T8I R 2R R,
AER R K S AAE 8R40 0 R 460.3 mm F1-1.30°C , A FIF L 7 A H AR K KH $020 53 d, BRI Y
64 d, 78k 7 2 1230 mm, FEF WAL ARG F LT KRR LR T BAF AL P& 048 (Laric principis-
rupprechtii) . =5 #% ( Picea asperata ) . & T # ( Pinus sylvestris ) . F & ( Betula platyphylla ) . 111 %5 ( Populus
davidiana) J¢ 7 % ( Agrimonia pilosa) , #iHi ( Sanguisorba officinalis) . & ( Ranunculus japonicus) . % JL &
(Veronica longifolia) F1¥>2: ( Adenophora stricta) 5,
1.2 FECRIE

2021 4R 7 A (PERZ) T ) R MU BLAY 5 S ARIE (29 15 4F 25 4F 35 4 45 4R A1 55 4F) 2ty i i
TR A BRI 1l B AL AR SR T A < R IBOR 85 I BUAE S8 B A MRS . BRI N TR 5 B 20 mx
20 mAYREDT B S ANEAE SRIBOM M Z T RUIR G R B 25 13 BIR RO ITE Y S e Bt N AE 4 em 436
1% 0—15 em 15—30 em 7324 BTN 1 Fos  FEHREDL W3R 1,

F1 FERESEEIEMRA THREREER

Table 1 Information of Larix principis-rupprechtii plantations at different forest ages

S MIYE L

ikt fig b . . MER Mz Wi
. Longitude and Forest density/ . ) ]
Age/a Abbreviation . ) Altitude/m Diameter/cm Height/m
latitude (#k/hm?)
10—20 15a 117°14'10" E,42°23'09" N 3300 1488.8 12 10
20—30 25a 117°13'24" E,42°27'54" N 3300 1496.6 14 14
30—40 35a 117°16'24" E,42°23'23" N 2400 1555.1 22 16
40—50 45a 117°14'28" £,42°24'01" N 1350 1491.4 24 17
50—60 55a 117°19'06" E,42°24'39" N 1350 1597.4 31 24
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Fig.1 The distribution map of sample points of study area

1.3 S A T D

TS KR AP T FREE (105 °C,24 h) M, T3 pH SRJTHAHAEDE K B R 1:2.5, 1%
1t 2 mm G HE TS B OB R IF 0 0.2 mm G, F 3R R VA MR AT JC ALK 25 R AL BES , R FH OT R 20 )
(EA3000, Eurovector, Pavia, ltaly) Wll%E SA ALK (TOC) MIZA(TN) &k, THELBE(TP) &R A& L
BB —FHBAIT L (B g . B HEAH (TK) & R R PRI e B R e |

TEAZSZFIIE L, B-1, 4- R4 T (BG) (2T 4k —HH/Kf#BE(CBH) FI B- 1, 4-ABH G ( BX) 5 1 HERRIE 21
AR, HEATREKEE (LAP) Fl B-1,4-N-ZBEIL S 4 BEH I (NAG) 5 IR EIAA O, BRI WL (ACP)
5 IR I A O AR RS b, I A IS SR AL AR 9% % TR £ ) BB T A {X ( SpectraMax M2,
Molecular Devices, USA ) {ll %, BG KW A 4-H 3 A B E-B-D-55 B FF ( 4-Methylumbelliferyl-B-D-
glucopyranoside) \CBH B0 4-H FEARTEHHFE B-D-£F 4 — B4 (4-Methylumbelliferyl-B-D-cellobioside ) \ BX
W) A 4- <3 B -B-D- A B (4-Methylumbelliferyl-B-D-xylopyranoside ) \LAP B JIR#) 4y L-5E 24 8- 7-
Feo4-HEFR T R IELFRER (L-Leucine- 7-amido- 4-methylcoumarin hydrochloride) \NAG EJiE4) A 4R/ T R 2-
T - 2- i 4 - B - D - I 7 28 WE T ( 4-Methylumbelliferyl- 2-acetamido- 2-deoxy-B-D-glucopyranoside ) £l ACP fiff
JEEH g 4-F L E i Pk 4 R T ( 4-Methylumbelliferyl phosphate) . EATD s FREX 1 g Hr6E +4ET 250 mL 527
R A 125 mL BEFRBAZE PR (50 mmol/L) 5215 1 h i # 1 HEBIFM . 7 96 FLIYBLALBUHANA 200 pL
T HEEIF A 50 wL BYIEYIIA I (200 pmol/L) , BT 20 C BB A TR 4 h, ZJ5 B NA 10 pL [ NaOH
(1 mol/L) ,FHE 1 min 5, JHZ I REBARAXAE RO DN 365 nm, KK N 450 nm A9 25 1F T K %€
PiRIER
L4 MG

RSP R HE (o ) RBEEE (o) FBE H (B ) B3 HSE AR AT

_In(BG + CBH + BX)

= 1
eN In(NAG + LAP) (D
_In(BG + CBH + BX) (2)
er In(ACP)
In(NAG + LAP)
E,, = 3
mr In(ACP) (3)
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il 1] 011552 B Moorhead 25 A FOBFSE) | )4 A8 i (vector angle, VA) Fll[a] & K J& ( vector length,
VL) B AT

In( BG+CBH+BX) In(BG+CBH+BX)
VA =Degrees| ATAN2 , (4)
In( NAG+LAP) In( ACP)
L"J 1n(BG+CBH+BX)]2+[1n(BG+CBH+BX) 2 (s)
- In(NAG+LAP) In( ACP)

AN ) Ot K B 3 7 X 72 43 i BIR T 458 K, 2R i A > 45° R R i 32 40 BRI, 2% 1 £l < 45° R & 37 41
BRI

8 Excel 2003 #4740 AL # , SPSS 27.0 #E47 77 25 50 B AH S 70 B Fg A w1 A 4304, 358 8 Ak 4 4%
FEAR Z (] (A AH S A F 30T B2 2R 2 M 5 43 M3 , Canoco 5 #5475 TUAY 70T, Origin 2019 224,

2 #R

2.1 AP AR T AR R SR ) AR AR

AEALIE RS A TR HEEA P IR A A8 SR I ] 2 RN 3R 2 iR, H3E pH (878 Fde/ (28 53 R B0H0.06)
T I TR (0.56) o TR RIS X+ 45 pH (E S KR B2 (P<0.001,%% 3) . 4% pH {H
BEPR I O 58 T )N, 15 125 AR AR IR 13 (15—30 em) B9 pH E 2% 5 T3R)Z2 148 (0—15 em) , RIS 1
SRV B (38 B AR FIAT 38 5 K S ELAT 52 ( P<0.001, 3% 3) , )2 HIE S KRy i 35w TR 2 58 15 4F
A3 TR I T AR T K #E (P<0.05, 1 2)

R2 TENRHERER

Table 2 Variation description of soil characteristics

-+ MR RME Rk g e ERAM
Soil Numbers Min Max Mean deviation of varia/ltion
%7K 2 Water content/% 50 9.94 34.09 19.42 5.67 0.29
pH 50 5.01 6.79 6.15 0.35 0.06
B PR Total organic carbon/ (g/kg) 50 15.25 41.95 25.70 7.38 0.29
4 Total nitrogen/ ( &/kg) 50 0.52 4.23 2.38 0.89 0.37
4T Total phosphorus/ ( g/kg) 50 0.03 0.52 0.1248 0.07 0.56
44 Total potassium/ ( g/kg) 50 11.29 25.99 18.05 3.76 0.21
fRALL The ratio of carbon to nitrogen 50 7.76 36.71 11.71 4.24 0.36
T H The ratio of carbon to phosphorus 50 39.01 731.30 256.07 147.10 0.57
Z W L The ratio of nitrogen to phosphorus 50 2.36 81.07 24.29 15.95 0.66
B-1,4-#ZHETFEE B-1,4-Clucosidase/ (nmol g=' h™') 50 34.24 600.17 190.23 116.72 0.61
21 Yk — WK it B-D-Cellobiohydrolase/ (nmol g~' h™") 50 4.70 93.98 37.51 21.15 0.56
B-1,4- AN B-1,4-Xylosidase/ (nmol g™' h™") 50 3.31 36.49 16.69 7.94 0.48
B R E K Leucine amino peptidase/ (nmol ¢! h™!) 50 5.68 128.78 38.60 23.76 0.62
-1,4-N-Z BRIE A FE R A1
E_ | 74_N_Acﬁ;l_icojmi?:i€% amol & h1) 50 22.44 350.39 110.75 82.97 0.75
PR YEBEIRE Acid phosphatase/ (nmol g™' h™!) 50 137.54  1382.51  477.57 271.46 0.57
WAL 2 R
glf;r;zlj—tfcﬁffn:ic carbon to nitrogen ratio 50 0-91 1.34 L1 0.09 0.08
Lt
ﬁiifiliiﬁffi:im carbon to phosphorus ratio 50 075 1.05 0.88 0-06 0.07
S L
Elifrjeliiﬁfi:im nitrogen to phosphorus ratio 50 0.67 0-98 0-80 0.07 0.09
fifi 55w A BE Enzyme vector angle/ () 50 34.02 44.29 38.49 2.54 0.07
fi 5K Enzyme vector length 50 1.21 1.63 1.42 0.09 0.06
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Fig.2 Soil physicochemical properties at different forest ages and depths( mean+standard error)

RNRKRE TR — L R B R bk 2 (A A1 3 25 57 (P<0.05) , R [Rl/ING FREAR R ] — bR AN 7] L R B A7 7 .3 25 57 (P<0.05)

PR S TR B - HEA LA i A B I (P<0.001) (B HAZ AR A R (R 3) ., B35
AENTARLASN | -3 BRI 4 0% BRI A3 S IG R a3 b 55 4F BIEA MR Al A & = 1L 15 4F
3853 51 5 83.84% 1 110.85% , [k 25 4FAE T IELLAE  FLAWMRIE Y 584 BLAR R4 0% f B 1 S8R B ) IR
BTG 15 FRZ AR & & R E B 40.36% ,25 FIRZE SRS B LR Z 1 1522.46%
(K2),

VR B I i A A WA (P<0.05, 3% 2) , 38 A i 25 I - P TR T B R K A L Bk /D
R 2) o MRS | IR R AR AR AT - e B i B W RN (P<0.05,3K 3) . R HELHE
SRR R R T R IR )E R R AR I K BT R RS, R b R
BN R  WE HEAM S R ILRZ RN 41% (K 2) .

2.2 A PR B MRS RN E SRR B A AR A
ARG TR AN A TPK - S i SN P 738 SRR N 55 2 FIIEL 3 Bz, A Rl I PR A S R R (% 2)

http ; //www.ecologica.cn



14 WRAEST 25  ASTRIARIS AR b7 s b SR M R B R i AL 2 T2 31

AR A SRR BRI AR I ( B- 1, 4- B AT G LT 2 WK B- 1, 4- AW ) SRR (o = MR = I |
B-1,4-N-Z Bt R 28 HE 481 2 Wl I ) MR IO ( PRk AR I ) 6 P 2 HAT 2 (36 3 FIIAT 3)

®3 TEERBEEUREFHTEIHRMIEREZWNHNERAESN

Table 3 Two-way ANOVA of soil properties, enzyme activity, and ecological enzyme stoichiometry affected by forest ages and soil depths

. NS TIERE RIS > - VR
EELZ Forest age Soil depth Forest agexSoil depth
Indexes

F P F P F P
K # Water content/ % 13.038 <0.001 97.180 <0.001 1.267 0.299
pH 65.858 <0.001 16.836 <0.001 2.928 0.033
S LK Total organic carbon/ (g/kg) 47.301 <0.001 14.793 <0.001 1.786 0.151
4 Total nitrogen/ ( g&/kg) 33.460 <0.001 1.334 0.255 1.245 0.307
4% Total phosphorus/ ( g/kg) 1.833 0.141 8.492 0.006 1.880 0.133
440 Total potassium/ ( g/kg) 2.952 0.032 133.576 <0.001 6.823 <0.001
+HERR A L The ratio of carbon to nitrogen 2.311 0.074 2.078 0.157 0.254 0.906
+ 38R B L The ratio of carbon to phosphorus 23.355 <0.001 10.654 0.002 3.292 0.020
+ AW L The ratio of nitrogen to phosphorus 25.682 <0.001 13.305 <0.001 3.694 0.012
B-1,4- MBI LFA B-1,4-Clucosidase/ (nmol g™ h™") 34.627 <0.001 25.994 <0.001 3.236 0.022
214 — WK fit B B-D-Cellobiohydrolase/ (nmol g™' h™") 6.313 <0.001 33.071 <0.001 4.183 0.006
B-1,4- AWk B-1,4-Xylosidase/ (nmol g™' h™") 15.385 <0.001 2.754 0.105 5.354 0.002
AR E K Leucine amino peptidase/ ( nmol g’l h! ) 5.060 0.002 1.765 0.192 2.173 0.090

1,4-N-7 A LA AL o h!

B-1,4-N-L BRI A &M E A/ (nonol 7" h71) 41.268 <0.001 34.078 <0.001 1.072 0.383
B-1,4-N-Acetyl-glucosaminidase

£ Tk i -1 -1
@“&%Mﬂ@/ (nmol g™ h™") 60.623 <0.001 10.454 0.002 6.340 <0.001
Acid phosphatase

F AR AL
gl +Eﬁi}%ﬁlt . . 3.127 0.025 1.822 0.185 1.025 0.406
Enzyme stoichiometric carbon to nitrogen ratio

F A 22 B
H1Ja+l+ﬂ!ﬁ;}%@$tt . 8.734 <0.001 34.854 <0.001 13.457 <0.001
Enzyme stoichiometric carbon to phosphorus ratio
Mt B AR 3.975 0.008 22.535 <0.001 4.560 0.004

Enzyme stoichiometric nitrogen to phosphorus ratio

RIS X A R IR PERZ IR 25 (P<0.05,38 3) . RIZEHE(0—15 em) 1Y B-1,4-F AT B . B- 1,4-N-2 T8k
S G T A A R R R P PR TG TR AR I 0 S T oo i I PR T 85 , 30 55 4R B, 45 4F3RJZ 1 (0—
15 cm) B- 1, 4-H 2P RETG PR R K ((112.95+11.52) nmol g™ h™') 55 4F ) 4 HERGTE 5 i ( (433.27+46.27)
nmol g™ h™") o AEILIEIAR N TMIR)E 1 (15—30 em) i FURPEGIEE: (B2 200 2 K K ) X BiAR S (4 38
iR (B 3)

IR X S B A (P<0.05,38 3) . 15,2535 il 55 4F -4 B- 1, 4R ATHETT 4T 2 0
TR ARG | B- 1, 4-N- I Fk 2 A 2 T IR I M O % 1 8 - S TR B Ay I TR S 25 IR (181 3) 15,35 il 55
AR NTARL S B- 1, 4-AWEREAIE 2R 2N VR SR vk 22 BUsl N 3, 25 4R 45 4R 2 BLAR I
K
2.3 AR SRR R SR L A

AR | TR L A ELAE X A SRR WA U R Ul HE R 28 52 (P<0.05 ) | TR SRR A8 HE AN LA 8 3%
S (P>0.05,38 3) o TIEBRA LUREARES 1S N2 B b IHE T Retash 35 4F 1 Em A Lok 28 14.97
(1 4), d3emn R LU BE T R A B M/, 25 4R R 2 1 AR L R 2 BRI AL TR T 15.39% (11 4) .
AR AR SRR B R AR I r S 2 B T S BT 35 AR R DR L BNy 123.65,55 4R IE
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Fig.3 Extracellular enzyme activities of soils at different forest ages and soil depths
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Fig.4 Ecological stoichiometry of soil carbon, nitrogen, phosphorus and extracellular enzymes at different forest ages and soil depths

JE pH R, HIHESMS B-1,4-H48ETE i ( P<0.05) 274k — Bi/K i ( P<0.01) Fll B-1,4-N-Z B34
FERG AT RIS 1 (P<0.01) R B FE A, T4 B-1,4- K WEHE(P<0.01) 55 MR E K (P<0.05) R PERE
MRl (P<0.01) 16 PE S HIEmRBE L |+ AU b 5t W B B A G, HIREH LA R A L S A LR A
- Sl LA U b R B A O (P<0.05) . AL i e S IR A | e L AU
R RFE A, 51 SRR E BF MK (P<0.05) , LA T AR LS LI A i 5 3%
A (P<0.01)

PAILAS BRI 5548 B 0 A B A8 i, LA 7S A b 9 TG 1 R Ak 2 A W R AR e AT AR A BT
(E6), IR TTHR br o3 i iR T - SJE BTG PR AR 511 48.03% Ak =F 115 L AR 519 37.29% (&1 6) . H
IR A B SO 5 LR e f vl 0, R S I AR R A PR AU W EAEOC S ARG AT R 2
RIA 5, Horp | 8 U5 4585 /K 32 - RS M 1) 0 35 52 e R, o A R T M TR AR
31.40%F1 6.00% , 143 4= B F1 + 498 S0 Bl LU 2 il fb 24 11 8 L 9 S 25 e PR, o0 R T Ak AT
18.10%F1 5.70% (% 5) .

=24
2

http ; //www.ecologica.cn



45 &

34

100°0>d ME¥ 5 % 10°0>d ML %% *S0°0>d ML *

snioydsoyd o1

090°0 wx €LE0— « 1CE°0- «x LSO o 820 ++ 19€°0 00 cero udF0mIU JO OTIBI ST,

N+

snioydsoyd oy

880°0 » SSE°0- « SVE0- «x VOV°0 ¥9C°0 L 6VE°0 «x 79€°0 ¥170°0 1L1°0 uoqieo jo onel ayf,

N+

uaGoniu oy

€10°0 €L1’0 LLOO evio- 810°0 ¥81°0- 10C°0- 6€0°0— 6€0°0 Uoqres q1os jo oner ayf,

ME M+

4+ 01S°0— «x COV'0— c0C0 €700 % 98E°0— 6S1°0- 290°0- «x 9170 .« 88C°0— wmissejod [e10], g

$90°0 wx LLYV°0 8€C°0 8CC0- €00°0- ¢S 0- 9L1°0- 961°0 090°0 snroydsoyd rerog, #4435

LSTO 680°0— » LTE0— ++ 81970 +x 897°0 +x 8LYV°0 «x LOS'0 «0€€°0 +x09€°0 uaSonTu B0, B L

€LT0 1€0°0- « T1E°0- «x 17970 +% CCS0 «x COV'0 ++ 9€6°0 +x €6€°0 +x 0EV°0 uoqIeD dIUESIO TRI0], ]G B Y

L60°0 981°0 910°0 ++989°0— 16C°0- v 0- L VCE0- LT 0- SYT0- onrea ygd H) gd

1€2°0 . 66C°0 ¢s0°0- «+ 80770 +x 0EV°0 LLTO 1o +x 9CV0 «x SEV0 TUAU0D IO e ML

001°0 6¥0°0- SCI0—- «x 17870 +x VESTO «70€°0 +%089°0 +x LOY°0 +x 10670 9BV W

wx 187°0— wx LVY0— 00C°0 ¥S1°0- % 08770~ SIco- 0€r0- +x SCS0— % $8E°0— qdop [rog FWHT

oner snioydsoyd oner snioydsoyd oner

01 uaSonu 0} uoqIed uaBoxiu 0} uogIed asepruresoon|s ssepudod 9sB[OIpAYOIqO[[oD)

ILIJOWOIYD10)S OLIAWOIYDI0]S OLIAWOIYDI0]s asereydsoyd proy  -[£190y-N-+°1 -9 — M.ESSQH 9sepIsO[AX-° [ -9 -q-9g asepIsoon[o-‘ [ -9 SI10108,]
oy ouizugy ouskzuy WA WRMORI o WY1 WHA Ry 1Y _at
HiE PRk Rl HEM FWZ2NY1-9 T W47

HHz HHEH HHAH W

Anppuwonydro)s pue ‘sanaadoad [edrudydodIsAyd

‘ £)1A1OR JWIAZUD [I0S UIIM)I( SUOBRLI0d ueurieddS ¢ dqe],

WERXHHEZNENETERNN &G FEEET v

//www.ecologica.cn

http



14 WRAEST 25  ASTRIARIS AR b7 s b SR M R B R i AL 2 T2 35

TR E/em ] 0—15 I 1530

Aa
Aa Aa Aa Ba

I Ba Ba Aa Aa Ba

—
W

Ba Ba Aa
Bb 52 ABa (E1Bb B% Ba

IS
f=}
T

—
(=}
T

393
(=}
T

TIERHE R E VL

Vector length of soil enzyme activity

TR R A VA
Soil enzyme activity vector perspective/(° )

o U
15 25 35 45 55 15 25 35 45 55

FAii% Forest age/a

(=]
I

B 5 AR, LERET TIREXES TS EIFT

Fig.5 Characteristics of soil enzyme vector analysis parameters under different forest ages and soil depths
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Fig.6 Redundant analysis of soil properties and enzyme activity, and enzyme stoichiometric ratio
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Table 5 Contributions of each variation in redundancy analysis
e TR L
A Soil enzyme activity iy Soil enzyme stoichiometric ratio
Variation B2/ % TR/ % Variation B2,/ % TTHNR/ % »
Explanation Contribution Explanation Contribution
S LA il
1.4 1. .002 18.1 48. .002
Total organic carbon/(g/kg) 3 61.9 0.00 Total potassium/ ( g/kg) 8 85 0.00
P TR L
6 11.9 0.012 The ratio of soil nitrogen 5.7 15.4 0.034
Water content/%
to phosphorus
o "
EL%H:, . 3.2 6.3 0.056 = 4.6 12.4 0.074
The ratio of nitrogen to phosphorus Total phosphorus/ (g/kg)
AT B
H 3 5.9 0.096 2 5.4 0.288
b Total organic carbon/ ( g/kg)
L
T
2.6 5.1 0.120 H 1.9 5.1 0.300
Total phosphorus/ (g/kg) P
g Wewl L
1. . 24 1. 4. .2
Total potassium/ ( g/kg) 7 33 0.246 The ratio of carbon to phosphorus 8 o 0.298
H I
WA H:A . 1.5 2.9 0.258 25 . 1.8 4.7 0.318
The ratio of carbon to nitrogen Total nitrogen/ ( g/kg)
BB FkE
. 1. . . 2.4 .54
The ratio of carbon to phosphorus 0.8 6 0.550 Water content/ (%) 0-9 0.548
5 S
=R . 0.6 1.3 0.596 ﬁf}%ﬁkl[ﬁ- . 0.4 1.2 0.774
Total nitrogen/ ( g/kg) The ratio of carbon to nitrogen
®6 TEBAMRSEEE EBLFITEZ BHEXERNEZ S EESH
Table 6 Stepwise regression analysis of the correlation between soil physicochemical properties and enzyme activity and stoichiometry
o RS v 2
Sk R T R @T{EHZEE?A?Z& . *H?éﬁ”*?ﬂ(
. . Standardized regression Correlation P
Name Stepwise regression .. ..
coefficient coefficient
Y=2.331X.p+136.267X ,+
B- L. 4-RIH P (BG) 13205 X +5.872 X - B 20319, Byy 20497, 0.505 <0.001
B-1,4-Glucosidase ’ we TR reaoc By =0.641, By =0.371 ) ’
1111.171
LT 4E ZFHOK B (CBH)
Y=1.839Xy,+1.797 By =0.493 0.243 0.001
B—D~-Cellobi ohydrolase we we <
B-1,4-ANHE(BX)
Y=0.615Xy,.+0.882 By =0.572 0.327 0.001
B-1,4-Xylosidase roc roc <
B 4 i A L T
SE R IR (LAP ) Y=12.854X, +8.025 By =0.484 0.234 <0.001
Leucine amino peptidase
_1.4-N- ik S A A 7 ek e NA
B-1, Z%%%%ﬁ]mﬁ&ﬁﬁ@( G) Y=7.114X 1 ~72.081 Byoc =0.633 0.400 <0.001
B-1,4-N-Acetyl-glucosaminidase
TR IR I ( ACP) Y=15.889X 1 +14.694X . + Bk =0.220, By:=0.307, 0.504 0.001
. <0.
Acid phosphatase 23.263X 1 —692.528 Broc=0.632
W5 R L B
B I%ﬁ’%ﬁtt,( en) . C Y=1.211-0.004X Byoc =-0.316 0.100 0.025
Enzyme stoichiometric carbon to nitrogen ratio
BEAL AT R B L (E )
Enzyme stoichiometric carbon to Y=0.290X ~0.007X ¢ +0.967 Byp =0.339; By =-0.413 0.356 <0.001
phosphorus ratio
BEAL AT i B (Eyp )
Enzyme stoichiometric nitrogen to Y=0.981-0.010X B =-0.522 0.273 <0.001

phosphorus ratio
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3 e

3.1 MBS T ORTR 4 J2 A e o 0 AR AL

AL TE T Fs N TR £ HE B /KR BEARIE 1 K e BN 5 T A2 0E , 25—55 AR A& T As N bR 4= 38 K %
m T 1S AR, BRI RIS A K R B B 2RI R R, K K, PR R AR Ty, PR A
W%+ K N SRS 53S0 A ST S BRI T5 0 A 1 AR A — AR L R R B TR
SRR = SN £ 3t DN T[T N SOl 2l W = 5 W) s s O e w7 0 (93N (T A =% N e
ACRTH R BB ARES AE K A HUT A e A B — e A R RO R I - A BB 4 R B B AR I
BRI (AR AR 35 ARARTL T AR 1 A LR R4 LS B S SR BRI W] B &
M TN TARE A TR & B BB, fr Z MO 15543, B8 B BT R AS S R 552 475 ik, AT 5235+
B RRR R A R, e O AR BN S T B A R g I R AT RE A 4 A ML
PR 1R ARG T 8™ 00 e A Ko Tl ) A R 2 W B R, DA F - Sl 2 BRI L e 4 S Bt M B
Gy | B e 1/l AN e ) LR A 0 7 o G 2 e o 3 NGRN { UF 01 5 e o0 N [ IS B 3 (- ) NSRS
W8, N TAAETEFE S E IR u K RN BN S A SO A TER e R b 70, i S g gt v (AR
SELTE S IR R LR T i I 3k 5 SRR BRI T 45 SR AL, T S S S AR ST A AR AL,
J PR AT BB R ARAK R AR ROT R FE0k A T IRTE W o SRR R Y R IR R R 22 R o
S et AL AR AL LR AR A A B 5 Rk

AEALIE P N TARARARIS 498 pH BEARI A 38 0T AR, S i A I 55 22 W AT Ak - 396 R AL A 1 1
X A] BESE P A A My AN IS o3 i MERR R T 7 R BRI T BE R K A R 2 Bl R R
BTk, AEMRIS -1 pH B e R, X 5 2 A g 4 R — K SRR T R R R
B2 A K AR, pH 38/, BER +HEREE ARG, 3K e 2 W At ) pH A8k, fEdbyE s
A5 K R SR B R TR, X SR ARG e g i — 3, WMok BB AP EE S Hoh 7 Aok &
AR (N 151.00 mm) , 5AEKZEBFKER 43.34%" " 2 HRGFLEE /N, EINEsS:, Ko AR T, 3EH
WiP&E ) FEAE PR RZE T3 R KA —E &R, MR R RN SRR R TIRE L, EHEaE LM
SR P R IR D IR AR, X S5 X0 20T AR NI R i AR T A SRR, A —
MU R JZ T A LA 2 A B it TIR)Z 0, IR R A i B s N RE R P TR AR
TE R TR AR 23 SR W R = A R A LR X B R AR HERE )2 | A TR Hb s 2 8 5
BINE BN T R)Z L ERAL S SR 25 AEARALTE AN N TOMRAY - A BILRSR A4 R0 e bl R
B LTt X — I T RV R F 2N R R 2238 BAER , B PR 1) A8 10, 3 3520 0 o Be LA kA=
AR | PR S o SR B B 5, SO RSO R A R M, RS [RIMR S A TMRT 3855 00 7
e MG BRI RS BCRMSAFAE 22 2 AR ST, Rl & BERE2 3ERE WIR AR, 5 e
HUBR A 42 5 & R [R], 3 4 il o e -3 b 9 o AR SR 222 3R R Ak i s ) s R,
-4 A R B SRR A IR M T AR S R B T U A R AR T A N TR e A R S
TR A IR ARG,
3.2 ARERHEEE T AN £ )2 M SNSRI B R R

RIS 5 A SRS R St G T DG D PR AT R S BB AR 3G K A TR W 2 R RUE W R S RN
20 SRR S - HETR A S R, AT SR R, R U e T L T S e - R R
FBE L AL BRETE P, A58 op 35 AR AU P AR 39 4 R B AR T L AbRi | TR Bt P B 25 /U AR AH G i) 35
it 15 (R SR UK ) AR, R AR K T 9218, bORE 285 4 i PR T AR 5 EOAS J2 A 7 4 HE AR
SE) AL, - S W 53 D M AN D D BTG MR RRAIG , 3X 1T BB 45 AFARAUVE A N TR 1458 B- 1, 4 A T g
1 B-1,4-N-Z eI R S A AT TS PR A SR N X — 5 R S 28R 0 X T PR [R RS 25 B A A TRk
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WFFEEE VAR DL, - 3B Ml T M A BLRPRB BERRAI S A, BRI M T R 2 3 2 R PR R 52 ) | AR R SR MR S5 16 BR 11
W MAC 28 B, D A0 2 0 s A AL A0 R A 94 D A0 sl o 5 A 0 I 1 T A R — A0 I A I A g
i PRAHR 2R 50U 118 18 R I 25 A et B Bl V6 ) A8 S A ARBIF S R S R T AR L
3R B S A AR AR B T B AR R A R T RIS, 3 P B TR 2R RN, 8K
SRR, S P B RVR A | A FH GRS S5 - R TR PR L IR SR A L, R )2 R
S YRR AR MO R R R X TR R RS R R R —

+ 45 pH EFZ eI S M E B R 2 — AR AR AT HGE LAY pH Y [ e s T L LA T e S 3k
B PR R, AT b 13 pH (A5 H RGP 2 O OG X 5 B R ) AR AR A g At SR L
L, AHFFTEY, 139 pH X L ERETG P A — 2 B RIVE > AR ST 45 ARt IS mEAs 139 pH B 51K
THABAREE | AT e 1 T RS PR R AR AR A S R, B KR [RIRE S e - RGP A 5 b I oK
R LRI R W RS, JeRT AT & B, 7 - EE S RAF BT, K o S A 3R A 7E
HE R ST, e T R AT R X — e R R R T R T AR A4S Ie— B, 25 4N 45
AERJZ IR S KR T AR, vTBE2 Hh B AU B 22 A1 D0 B R ) A B R RN 2K T
ST A — WK SRR B- 1, 4- AW 6 PEAR T oAk i

TR AR B R 2 R M A ) R RN 1, AR 9 S BILAR RN 4 R AN S R e
R FIEHE, 5 T A BB ST 4518 — 20, BN R B Y X PO S A2 N TR e i gt & B+
BRI S 2 AU AR & B R B A BB A K R T 9212, 5 %% 1 MR eE (1 75 A P4 32 3 R A
TFAE R R T B, A W T R R AT M R A Y W o3 AR IR A LT B e S S AR
TR B 22 B A ARSI S v bk - 18 4 5 i T BT T80 il R PR M A 1 0 V5 T I T 2 67 A
KRR KGR AN TARAIRF A R —30, HE LR B AT AR 24 4 e rp il o A i, il ke g
IR B T 104 53, 32 T A R il 0 P AREAC
3.3 MY SRUEYFR S R ERR G

ek E MBS A KOS E IR CR A B E R Y S H R A B ZS R, M AR
B H R S Bl ) PR35 % 1 )R U o 7 53 197 T A 9 A U AE 0) FE S e BA 855 HAR  AE K  3R A
FRAIE S, AT A MR AEILIE A N TAR B3R R S =050 1.69 2.14 1.56 .2.94 3.56 ¢/kg, H4f
4o 55 TR I AT SR R, 15a 35a T 20 (1.5—2 g/kg) ,25a .45—55a H—Z (> 2 g/kg) , ZHABT
FEXARICTE A N TR B A S RIS K F 5, AARED N EZERF TR, SASTEARNE,
TR AL 5 A N T AR T3 2B & 50 0.09—0.15 g/kg, M8 1385500 40 bR e g S POk (/N T 0.2
g/kg) , B AT DA ST X Ml & s AR i, A 32 W T R BRI ™ i, LRI 1 n G B A B IR

R HCH AR PR AL 5 4 BRI LA R AR AR N T 10 B R R A K 32 AR5 2
TR LK T 20 B AR AR SZ BRI T 1 24 R LA T 10 R 20 =2 R E HEBE AR K 52 AU A 3
[FIBR ], AAFFE D, 15—35 4F H AW 1L (11.42—17.70) 4> T 10 F1 20 Z[8] , 75 A5 ) 52 2 A 2 [a] B 1
45 4F I 55 AF AW LT (37.40—39.99) KT 20, F AR P 32 W BRI, HL 4 598 22008 LU 6 - 98 R B 09 % i 4
Ko XU B Bt RIS A, ATl A A A K 1 H RO B ) e 7 Ry S 2 B R R 4 B A X 5 A ) - 4
TN BRI EE —8, WiAE 20, b R A IR, ARt 7% R MO 4 A K 1 20 BR il 17 150 45 31 22
fitt, B PR AR IR, 3 15 B A S A8 A 2 R G RO 5 405 SR — 35, B J2 TR B, SR L3 o, A
W Kz W R TR RTE D B A R VE T, R R O TR DY R, B 1
TREE B3E I, vl AR ) R B 5 B T RE S b R B 22 BB R A

M4 Sinsabaugh %5 BF5T , BEAL2A R BR 2 L BB LU RN 0B LU A0 4 BROF- 20 51 0 1.41.,0.62 F1 044,
ARG, B MRS BT R A L BN T 23O 141, B el L 3 KT 341H 0.62, Bt
ST AR LI KT IME 0.44 3 ULBHAFFE X+ HEMU/E a2 20 2 s i BR 1, -5 6 % i B A+
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SR~ T i S LU R AL 7 T BB e LU AT b AR 15 0 S8 1 5 el | R S R B R T IR &
S, R W BEOP U 384 i - S Gl A O AR T 52 i IR 8 B2 S 1 I s/ , B - SR M O, S R AR T
45°FRBEFR O IR, R/ T A5 FORZAIR I IR ABIESE - HEBETG O 8 A P REAR S AL AN K BE 1+
DRIZ B TINER T8/, 5 B AP SRS 02 AP /N T 450, IR IAIFIT IX il A My 52 BR Y, HL
Bt - TR I T 52 S PR R BN PR SR A AR A S A2 A S A S R A B S, RS R AR
A N KRBTSR R IR R RS 518 — B, B IR A1 A 32 G R o R R T RS2l
e A HUBT S i AR FR A D A MR 2 R 2 S RE SR BB 2 A I R I R B AR T
XL R R AL [F R T R R RN A P BRI FHRE T, TR T IR 52 R BRI R

4 it

T ALK A T RIS P R AR B 3G o B R IR EE A NG . I pH KR A
EC AT A ML | 422 AR A e R ) - S M 1 B R, R A R A 2E T Y
FEHAFR, Hi, BHEERGTES SRR SRR SR SR BF EAHK, 518 pH 5. 28 &2
AR, AEACIEHRA A T AR H R & & (1.56—3.56 g/kg) AR F 5 B & BB N (/N T 0.2 g/kg) .
15—35 4 AW (11.42—17.70) A-F 10 F1 20 Z ] ;45 4-H1 55 4+ HERBE L (37.40.39.99) ¥ K F 20,
+ 4T Er i Sk E TR R WY XS A T T A A K TR B2 W B ) , L A7 PR AR R A AR 39 K B IR
H T AT B Z MR R B BRSSP 3R 0 PR AIME O0 v A 4T, IR I 2 i i B 1 (0.77—
0.84) FIRtEfb 24T F B L (0.84—0.92) = T2 ERFIIME (0.44 F10.62) , il % 1 A BE X /NT 45°, FE AR [R]
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