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Effect of Larix gmelinii proportion on soil chemical properties and enzymatic
stoichiometry in mixed coniferous and broad-leaved forest
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Abstract: [Objective] The objective of this research is to study the chemical properties and enzyme
stoichiometry of soil under different proportions of Larix gmelinii forests. [Method] The investigated L.
gmelinii forests were classified into six groups according to its volume proportion in the community (70%, 75%,
80%, 85%, 90%, 95%), and its soil samples were monitored for the nutrient content and biochemical properties

in 0—5 cm soil layers and 5-20 cm soil layers. [Result] Among the five enzymes analyzed, the activity of acid
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phosphatase was the highest, and the mean value of 0—5 and 5—20 cm soil layers were 463.74 and 312.91
nmol- g '+h™". In 0—5 c¢m soil layer, the activity of leucine aminopeptidase (LAP) was promoted by the increase
of L. gmelinii proportion, and the leucine aminopeptidase activity of L. gmelinii community with 95%
proportion significantly increased by 57.44% and 59.40%, compared with that of L. gmelinii community with
75% and 85% proportion. The proportion of L. gmelinii in the community also affected the chemometric
characteristics of soil enzymes. When the proportion of L. gmelinii reached 95% in 5-20 cm soil layer, the ratio
of nitrogen-acquiring enzyme to phosphorus-acquiring enzyme was much higher than that of L. gmelinii
communities with the proportion of 80% and 85% (Poysq,.309,=0.02, Pgse,.g50,=0.02). However, the ratio of
carbon-acquiring enzyme to nitrogen-acquiring enzymewas lowest in forest community with 95% proportion of
L. gmelinii. There existed a complex correlation between soil enzyme activity and soil nutrient content, which
also changed with the increase of soil depth. In 0—5 cm soil layer, soil pH negatively correlated with the
activities of glucosidase (BG), and acetylglucosaminidase (NAG) (Ppp.5g=0.01, Pypnag=0.03). In the 5-20 cm
soil layer, there existed a positive correlation between soil total nitrogen (TN) content and the activities of
leucine aminopeptidase (LAP) and NAG (Pp ap.7n=0.02, Pyac.tn=2%107"), and a negative correlation between
acid or alkaline phosphatase (AP) and soil total phosphorus (TP) content (Pap.;p=0.02). Through the
redundancy analysis of the above variables, it was found that the enzymatic stoichiometry was greatly
influenced by soil pH in 0—5 cm layer, while in 5-20 cm layer it was mainly affected by the mass fraction of
soil total nitrogen and available nitrogen. [Conclusion] The proportion of L. gmelinii in the mixed coniferous
and broad-leaved forest in warm temperate zone is an important biological factor for regulating soil nutrient
dynamics, and its regulation largely relies on the activity and stoichiometric characteristics of soil enzymes. [Ch,
4 fig. 4 tab. 41 ref.]

Key words: forest soil science; Larix gmelinii proportion; enzymatic stoichiometry; soil enzyme activity;
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Figure 1 Soil enzymatic activity in different L. gmelinii stands

0~5 cm 2 HHEffb =it CoNL RIER LA b C:P. IR A T & L NP 30 B AR

fbo 5~20 cm + )2 R 3L 2E T L C:P W E 2R, TR LAt CoN B2 ZEI5 AT 4 He Al iy

HmAerE R REAL, H 242 T5 AN FUAG R 95% BV ik 3 IR T 2622 I i U A9 R 80% 1 85% WY ¥

(Pys0,-502=0.030, Pose; 555,=0.030), - IEEFAL A5 H NP Bl 242895 A BT o Ho 491 (1% 386 i 5 FARC 5 386

H 25 R LU 70% T 95% W V& 035 5 T 24 L I5 mHRA LU 91K 80% . 85% MIRETS (Prog,-304=0.020,
P300-850.=0.020, Pose;.507,=0.020, Posg;. g50,=0.020) (1] 2)o

R L5 157
_E AAAAAA abab bab \é g
s = = £ 10 = 1.0
x 1.0 = = = 7= =
= = = 7= 3
S = = 7 é; F
0.5 = = 205 7= 20.5
b = = E =~ t
g = = = /E =1
ReJ) 0 = = o 0 /5 i - 0 & R
= 0~5 5~20 0~5 5~20 0~5 5~20
L2 E/em L 2R /em + 2R E /em

m 70% =@ 75% = 80% m 85% =390% = 95%
AR FEFR 25 B (P<0.05). 0~5cm HEHKEGFEIR, 5~20 cm HEH/NG FREFOR
B2 RE A SEE sk 2R AL ST E 0k
Figure 2 Soil ecoenzymatic activity stoichiometry in different L. gmelinii stands
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Figure 3  Soil microbial indexes in different L. gmelinii stands
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Table 1 Soil chemical properties in the depth of 0-5 cm of in different L. gmelinii stands
MLTEIAH%  pH  SOCHg-kg') TNAg-kg') TPAg-kg') EOOC/g-kg’) AHN/(g'kg’) C:N N:P C:P

70 469a 107.96a 3.66a 0.65 bed 49.65a 021a 29.18a 5.55ab 163.20a
75 495a 109.71a 385a 0.90 ac 3327a 0.26a 28.68a 423b 119.92a
80 515a  85.06a 343a 0.52d 33.16a 0.29a 2498a 6.75a 174.83a
85 508a  9l.1la 3.68a 0.72 bed 42262 0.66a 2543a 5.10ab 127.20a
90 480a 87.56a 353a 0.69 bed 3270 a 032a 23.67a 5.23ab 122.32a
95 470a 12663 a 432a 1.09 a 42342 032a 29.82a 398b 115482

VR ASRIING R RN 22 57 103 (P<<0.05)
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T2 AELHFISELZEMFAFR I 115 (5~20 cm) (LR

Table 2 Soil chemical properties in the depth of 0—5 cm of in different L. gmelinii stands

MAZTEAABI/%  pH  SOCAg-kg') TNAg-keg') TPAg-kg') EOOCHg-kg') AHN/(g-kg') C:N  N:P C:P
70 515a  4721ab 1.41b 0.50 ab 9.16 a 0.14a 3345a 280b  94.38b
75 506a  45.44ab 1.70 b 0.26 ab 15.40 ab 0.13a 26.76a 15.07ab 369.03 ab
80 545a 3533 ab 1.57b 0.47b 14.33 ab 0.16a 2236a 342b  7697b
85 521a  29.40b 1.59b 0.57 ab 14.15 ab 021a 18.86a 2.82b  5129b
90 488a  38.16ab 1.58b 0.14 ab 13.97 ab 0.16a 2473a 26.18ab 294.67 ab
95 493a  5537a 274a 0.08 a 2523b 02la 20.18a 39.06a 779.56a

Ui ARRVNE SRR 2 5 B35 (P<0.05)

4A), 13 pH(F=2.7, P=0.040) & 1 SEHG % P Afg (b 27t = th i) B . 5~20 em 255 1 4l
552 Y R R 4 i R 42.86% 1 17.17% (18l 4B), -+ TN(F=8.9, P=0.002) fl AHN(F=10.1,
P=0.034) J& T BERGG PEFIBG AL 2T LU g s B . 36 3 RIER 4 b - SRR Wy s PN TS R S 4
APk 2 R e TR . 76 0~5cm + )2, 13 BG. CBH 5 AP, T3 NAG, LAP 5 AP £ ¥ IE
HH K (Ppg.ap=0.001, Pepiyap=3%10"*, Pyag.ap=8%10"* P ap.ap=1x107) (F 3), 5~20 cm 1 JZ 1 3 MBC.
MBN 5S0C, TN, EOOC, CBH, NAG. AP, LAP WEIFHE (Pypc.soc=0.020, Pypern=2%10", Pypepooc=
25107, Pype.ci=0.050, Pypenag=0.020, Pypcap=0.050, Pypcyap=0.010, Pypn.soc=0.010, Pypnin=4%1077,
Prign-pooc=3%10"°, Pypn.cen=0.020, Pypnnac=3%10"", Pypn-ap=0.003, Pypn.Lap=0.030) (3% 4). 0~5 cm )=
BG. NAG 5 pH & 2 & fHISE (Poppc=—0.010, Pyynac=—0.030). 5~20 cm 22 LAP, NAG 5 TN & 5%
IEAHE (PLap-n=0.020, Pypg.rn=2%10"" . AP 5 TP 2 B T (Ppp.rp=—0.020), 5~20 cm + )2 Ik
FFR I C:N S HHE NP, C:P 2 RBEFAKL (Pspsconyn:p=2%10", Pspsicony.c:p=—4x107%), TIERFL
THEH NP 5 HHEN:P, +3 C:P 2B FEIEMK (Psgsov:pyn:p=0.007, Pspsn:py.c:p=0.005).
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Figure 4 0-5 (A) and 5-20 cm(B) redundancy analysis of soil enzyme activities and ecoenzymatic stoichiometry
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%3 REILHILZEEMH AR T (0~5 om) BEEYES T LR IE Pearson 03 R

Table 3 Peaeson correlation between soil enzymes, ecoenzymate stoichiometry and physicochemical properties in the depth of 0—5 cm of in different

L. gmelinii stands

Bzt MBC:MBN C:P N:P C:N SES(N:P) SES(C:P) SES(C:N)  AHN EOOC LAP
soC 0.11 0.36 -0.09 0.64%* 037 -0.25 —0.44% 0.06 0.60%*  0.21
pH —0.53% -0.23 0.14 —0.43 -0.41 -0.29 0.21 0.09 -0.22 -0.29
MBC 0.11 -0.05 -0.30 0.30 0.33 -0.13 -0.36 -0.02 0.15 0.30
MBN -0.35 -0.07 -0.36 0.36 0.22 -0.31 -0.36 0.03 0.11 0.05
TN 0.27 0.09 0.10 0.03 0.30 -0.28 —0.41 0.25 0.75%** (.15
TP 0.03 -0.37 —0.68%*  0.34 0.29 -0.20 -0.33 0.11 0.41 0.36
BG 0.64%* -0.05 —0.09 0.01 0.24 0.49% 0.04 0.11 0.19 0.67%*
CBH 0.21 -0.18 -0.30 0.07 0.03 0.26 0.09 -0.17 -0.07 0.72%%*
NAG 0.44 -0.07 -0.22 0.18 0.73%**  —0.12 —0.69%**  —0.04 0.26 0.63%*
AP 0.28 -0.10 -0.21 0.09 0.13 -0.15 -0.20 -0.03 0.23 0.81 %%+
LAP 0.49% -0.12 -0.27 0.13 0.16 0.12 -0.08 -0.28 -0.10
EOOC 0.08 0.07 0.10 0.04 0.21 -0.19 -0.28 0.45%

AHN -0.11 -0.13 0.03 -0.17 0.02 0.05 0.00

SES(C:N) -0.04 -0.11 -0.05 -0.13 —0.86%** 0.49%

SES(C:P) 0.46* -0.10 -0.06 -0.09 0.02

SES(N:P) 0.32 0.03 -0.02 0.10

C:N -0.19 0.51%  —0.23

N:P 0.15 0.71%%+

C:P 0.01

EiEtan AP NAG CBH BG TP TN MBN MBC pH
soC 0.35 0.48* 0.04 0.23 0.69 **% (.78 %%+  (.49% 0.59%* —0.64%*
pH -0.30 -0.50%  —0.15 —0.54*  —0.40 —0.44 -0.21 -0.50%

MBC 0.46* 0.46* 0.23 0.27 0.64** 0.51% 0.88%%*

MBN 0.27 0.24 0.10 -0.05 0.58%* 0.33

TN 0.38 0.43 -0.02 0.27 0.62%*

TP 0.44 0.51% 0.24 0.23

BG 0.66%* 0.62%*  0.49%

CBH 0.73%%* 0.33

NAG 0.69%*

P YRR LLHISES R, *HK/RP<<0.05, **F/RP<0.01, ***F/RKP<0.001

AP TEVEAE 5 M B o T AP BRI R A R0 B I GO S, DA ST M X A T RE B = A L
BEo BUABETERYT: MR 0.8~1.0 g-kg ' I, HIEATRES MIMEBEA 2D, H il o X LR
M, oIl MOV B BERR 2k (FePO,) FIBERR R (AIPO,), MM FEARA RUBE & P, BRI M IX 1 )5
TP MK T 0.8 g kg ', (HWFFEHXOR R EREIL 75 245 5 R Lot — 2P PR

TIEGAY R 2 A5 R LA HLSUE DIASEE L o0 A 52 51 - SR 15 1 1 6k
APy SRR B I RN BT o EE AN R B A R S AR R, 0~5 em )2 SOC, TN, EOOC Al
AHN i 7 Buy B E 2, 0~5 cm )2 i T4 86 Z 18] EOOC F1 AHN JC i #7284k, A= Wi e >%
Ly RN BT 7 LB O TE R A o 5~20 em 2 JE PR IE AR LU 95% BIREVE . LHE SOC, TN,
EOOC Hl AHN Fit 70 BUK R, BEiy TSRV E Yk R (. BRI IR 5 e
Yy L IR VIARSCET, NAG WG M B Yy i i 5 K0S, AT A B 78 5~20 em )2 14
MAYIES CBH, NAG, LAP R RFHIEMSC, UEUITE 5~20 cm £)Z, BEF %I FT & L9 2281,
TIREBUEY RS SRR R TR 0 LA SRR A i S e U T AL BB R
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Table 4 Peaeson correlation between soil enzymes, ecoenzymate stoichiometry and physicochemical properties in the depth of 5-20 cm of in different

L. gmelinii stands

LD MBC:MBN C:P N:P C:N SES(N:P) SES(C:P) SES(C:N)  AHN EOOC LAP
soc -0.33 0.53* 0.48* 0.58%*  0.54% 0.10 -0.39 -0.02 0.55% 0.44%
pH 0.34 —0.65%*  —0.59%*  —0.02 —0.53% 0.23 0.58%* 0.15 -0.37 —0.46*
MBC -0.13 0.77#%*  0.76%** —0.15 0.59**  —0.26 —0.66** 0.26 0.74***  (.55%
MBN —0.56% 0.83%%*  0.85%F* —0.20 0.58%*  —0.20 —0.60%* 0.16 0.85%**  0.50%
N -0.42 0.77%%*  0.81%*%* —0.30 0.52% -0.30 —0.61%* 0.41 0.91%**  (.53%
TP 0.14 —0.90%**  —0.88*** (.15 -0.50* 0.40 0.66** -0.24 —0.59%*  —0.32
BG -0.15 0.21 0.23 -0.17 0.24 0.46* 0.08 -0.31 0.48* 0.08
CBH -0.14 0.44 0.50%*  —0.28 0.42 -0.23 —0.49% 0.64%*  0.59%% .15
NAG -0.32 0.70%*%  0.75%F* 026 0.71%**  —0.17 —0.67** 0.19 0.64** 028
AP -0.25 0.53* 0.60%*  —0.40 0.36 -0.29 —0.48* 0.30 0.59%*  0.30
LAP -0.15 0.31 0.31 -0.05 0.33 -0.26 —0.43 0.13 0.45%

EOOC -0.37 0.73%%%  (74%%* 028 0.43 -0.05 -0.39 0.18

AHN 0.10 0.17 0.25 -0.37 0.01 -0.63%*  —0.38

SES(C:N) 0.15 —0.71%%%  —0.74*%** (.13 —0.79%** 0.59%*

SES(C:P) 0.07 -0.37 —0.44 0.40 0.02

SES(N:P) -0.15 0.60%* 0.58%* 0.11

C:N 0.03 -0.14 -0.23

N:P -0.37 0.99%%*

C:P -0.33

EiEta AP NAG CBH BG TP TN MBN MBC pH
SOC 0.21 0.38 0.30 0.15 -0.42 0.59%* 0.56%* 0.51* —0.4
pH -0.27 -0.35 -0.14 -0.10 0.62%*  —0.39 —0.62%* —0.68**

MBC 0.45% 0.53% 0.45% 0.21 —0.73 %%+ 0.74%%% (. 85%**

MBN 0.63%* 0.73%%*  0.51% 0.42 —0.68%** 0.88%**

N 0.69%%* 0.75%%*  0.69%** 035 —0.64%*

TP —0.53* —0.62%*  —0.41 -0.19

BG 0.67%* 0.61%* 0.36

CBH 0.75%%* 0.70%%*

NAG 0.86%**

P IR LR L FHSESFR,, *FRP<0.05, **F/RP<0.01, ***F/RKP<<0.001

32 MEREMHMHTEEAFETERSHEBYERIXE

- Sl AL A T R T DU U N SR T SR A LU AR A R R . 5~20 eom £ 2 TN,
AHN R0 R PR A B I, OGRS T IE R T 5~20 em +)2 H IR L 2A T b N:P R4 4
b f i b C:P 5 TN R EIEM S, BT AL 5~20 cm +)2 H 3L A e b C:N 5 3R Ly
T b NP AR AU, SRR TE AT &7 FL BBk, BT E R T3 W BRI R 25 . A
KM BN : 0~5 om + 2 B3R LA T S 32 e e B A e, R 0~5 em 2+
FERHe AR R R E S, SEMEEA X,

ARG XKL, A 5~20 cm )2 R HEREL AR T NP 5 188 NP R IEASG, IR L
THE I C:N 5 -5 N:P FI 38 C:P W EF MAHC, R IR (LA H i A b et i Lt 2 AR e 2
S, P AR T IR LA R A A A R L R AR — B ZE e X R Rl R
B R A R T AR S T R SR o B, 1T - S Ak 2 T b B A2 32 - A A+ 3 3R 4ot
F R, 382 B R AU A $E5Y. RDA M th B . 5~20 em + 2 + AL 2411 R 2 )



BITEG AW T TR BHRIRISSARP L AN LU A P A R LR 619

TN. AHN 520, #F—2DuEss 7 LR Wie .
33 MREMHMRKLERSREIET

SERRE b, 3 In(xeputxpg) : InGonagtxiap)  In(eap) = 110100 x GG PR 2422 % A Ee 61 R
95% WIREE I F +)2 LR AR L N B/NT 1, X R Z B EOCE RSl 0~5 A1 5~20 cm
2 IR R C: Py IR R NP N T 1, 3% 28 WS Hb X 32 38 5 = G802k 4 ] ) )
A 0 o 5~20 em £ )2 24 LYK AN EL B R 95% . 70% I+ e B AL F 3t & e N:P 3 5 T 80% 5
85%, IXFEHHDLLTEMAN LR 80% 5 85% WIRETS AP B TERCR, AW CEMXT = KoY 15
T2 50 R AR, - R 3 T AR B A TE M, DAIR A SRR RO S SR b, XS
BLOOM 1 IA Ryt A= ) 2 L 5% U e 0 1 o B 25 3R Ui A FIR A 50 a5 AH — 350

0~5 cm 1 JZ XL TE RN LR 70% . 80% #EV& i L4 C:P KT E 58 C:P(136), L3 N:PLT
fE 3 N:P9.3)Y, XTI 2L TR RN FL] K 70% . 80% FOREISBR=Z ML, 5~20 cm + )2 242750t
NECAIIR 75% . 90% . 95% (REVE H3E N:P, C:P & FHE 8 N:P(9.3), T3 C:P(136)"", FTHIMZ
TEMRA BN 75% . 90% . 95% BHETE i A7 7E M 0 2 A BRI

4 Hik

(EDLAE T IR IT o5 LIS TR A - Rl SS Ao 5 Pl v AP il 6 PR e o 2% &P TR LGS [R] A 7 75
JT 2 BRI R FAEAE 22 5%, 0~5 om L2242 I RA LBl 70% . 90% BIRETE . 5~20 cm 2242 I5 iy
el R 75% . 90% . 95% HIHEVE 25 TP BRI . 5~20 cm + )2 2425 WA LN 80% . 85% HORETA v fiE
2B 1 AT BR ] o 24 VE IR LU 95% R LR R 2 8] AR R R . 0~5 Fil 5~20 cm
SR S AR TR A ORI 11 A TR B, 0~5 em )2 T IR B S S g
B A A LU R GBI 7, I 5~20 em )2, W 232 3] + B e RN RUE R - 8 . F T
W, BT R TR AR 222 05 AR BT o B AR R - 85 0 sh B — A EHEAEY R T, R AE A
P18 2R 4 0] = EEARCE T 19 r Bl 04 0 1 B A 2R TR AR

5
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