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Abstract: The stoichiometry of ecoenzymatic activity can be used as an important indicator to measure the energy of soil
microbes and soil nutrient resource constraints, and is one of the hotspot issues in the field of ecology. However, the role
and mechanism of soil parent material and forest types in regulating the stoichiometry of ecoenzymatic activity is uncertain.
In this study, we investigated the variations in soil properties, microbial biomass carbon, nitrogen, phosphorus, and soil

enzyme activity in the soils of a Castanopsis carlesii and Cunninghamia lanceolata forest developed from two kinds of parent
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materials ( sandstone and granite). These study sites were expected to reveal the patterns of ecoenzymatic stoichiometry on
two types of forest soils developed from different parent materials in subtropical areas. The results showed that soil acid
phosphatase activity ( AP) was significantly higher in granite plots than in sandstone plots, and the values of BG:AP and
NAG AP in granite plots were significant lower than that of sandstone plots. In granite plots, the values of BG: AP and
NAG ;AP were significantly higher in Castanopsis carlesii forest than Cunninghamia lanceolata forest, and in sandstone the
values of BG ;AP and NAG: AP were significant higher in Cunninghamia lanceolata forest than Castanopsis carlesii forest. In
addition, the correlation analysis suggested that soil enzyme activity and the stoichiometry of ecoenzymatic activity were
controlled by soil abiotic factors and biotic factors, and redundancy analysis (RDA) showed that soil pH, total phosphorus
(TP), and microbial biomass carbon ( MBC) accounted for the variation in soil enzyme activity and ecoenzymatic
stoichiometry by 56.9% , 27.9% , and 12.3%, respectively. In summary, the ecoenzymatic stoichiometry could reflect the
limitation of phosphorus in different forests, and they were more serious in granite than in sandstone. Thus, we suggested

that the soil parent material and forest type should be considered as the important factors in forest management in the future.

Key Words: parent material ; forest type; soil ecoenzymatic stoichiometry; soil enzyme activity; soil nutrient
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O T FEAH M 1§ ( B-N-acetylglucosaminidase NAG) B9 & FH S BEHE b ZAG A ERIEBEFEA T, C N BEG
PEMILUAE 382 BG:NAG #FATIHEE, C :P BTG VR LU (E, 3@ 5 BG: AP HFATIHE, N - P Bgi& VLAY L, i
NAG : AP #4738 . H Excel 2013 #4585t A T4 FE 5 , FH SPSS 19.0 F1 Canoco Software 5.0 #{4:% # i
34307, FEH Origin 9.0 M4 K, AFEEHE & F B HEAY KARE YR Rt 2 2R R E T £ 5
HT (One-way ANOVA) | KAEMRFIAZ AR - 58 815 P A A= A5 BEAL 0T L A9 22 5 R FH IO AR AR T KG56 , B3R
TR T R ARARIS A (1) 38 EL AR FH Tl P 2 A Al Ak 2T B 452 1 2R FH WU 28 T 22 93BT (two-way
ANOVA) , 00 BTG M R PR 55 R R 1R Pearson AHIE /0 FITUAY /0 (RDA ) K43 Hr
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Table 1 The abbreviations, type and substrates of soil enzyme

Enzyme 455 Abbreviation JIE#) Substrate
B-HIZI W T B-glucosidase BG 4-MUB-B-D-glucoside
B-N-Z B A LA #THE T B-N-acetylglucosaminidase NAG 4-MUB-N-acetyl-B-D-glucosaminide
FRPEBE IR Acid phosphatase AP 4-MUB-phosphate
2 HERE5HW

2.1 A[FERARIEH L3R A R T R AE Y R T T

AR BTN ARARE R e R AR A KA T (R 2) o BMA B AERCE R E I pH PR T
WARBNLEE, SHAHR, TP TN MR AR RS Fiba kB 0 L1, o #hA & F 1 E O soc
TN .TP \MBC ,MBN F1 MBP & it 34 5 FAZ AR, 6 4 5 & 110 - 800 3R 20 10 AH B a3, BIRBE AR SOC |
TN . TP MBC MBN F1 MBP [ & B3 TA2 AR, 45 R KW 35 pH TP K J57 b 20 J AT fE 3 28 ke T - e Rk
JiT, 1 SOC TN FHHE A4 R F 32 2802 - 3 B B AR sy S AL [V FH A 45 5L

R2 TEFMLBETEFEYERFNENEFHNEE

Table 2 The Content of edaphic abiotic factors and biotic factors in different forest types

il Sandstone £ %A Granite
isii] Eiztan P QI A KAERR AR
Deal with Index Castanopsis Cunninghamia Castanopsis Cunninghamia
carlesii lanceolata carlesii lanceolata
FEYRE HHUR/ (g/kg) 29.17£0.72a 17.65£0.22b 14.97+0.33¢ 17.85+0.17b
Abiotic factors 25/ (g/kg) 1.74+0.04a 1.28+0.03b 1.03+0.02d 1.16+0.01¢
LW/ (g/kg) 0.20£0.01a 0.18+0.00b 0.1£0.01d 0.11£0.00c
WAL C:N 16.74£0.08a 13.84£0.44d 14.56+0.06¢ 15.34+0.08b
WLt C P 143.6+4.87a 100.41+1.65b 153.27+9.93a 156.94+6.95a
AW NP 8.58+0.25b 7.2620.12¢ 10.5320.64a 10.23+0.4a
pH 3.97+0.08¢ 4.01£0.01c¢ 4.45+0.01b 4.67+0.03a
kL Sand 46.98+9.58b 42.38+2.82b 68.35+2.71a 53.75+2.3b
WKL Silt 42.29+7.63a 44.93+2.01a 24.21+2.04c 34.95+1.81b
AL Clay 10.74+1.95a 12.69+0.72a 7.45+0.67b 11.30+0.49a
YRR A B R (mg/kg) 460.12+21.42a 131.54+5.06¢ 264.89+14.79h 248.73+26.14b
Biotic factors A AY A/ (mg/kg) 24.02+3.86a 10.24+1.65b 13.12+3.26b 13.46+1.49b
A Y A R (mg/kg) 4.89+0.13a 2.49+0.15¢ 3.61+0.14b 2.60+0.12¢
L A W R A HE MBC :MBN 19.61+4.31a 13.05+2.02a 20.81+3.89a 18.49+0.57a
A A Y B . MBC :MBP 94.31+6.95a 52.88+4.05¢ 73.59+6.89b 95.60+10.17a
WE Y Y A s e MBN :MBP 4.91£0.66a 4.14+0.94a 3.67+1.07a 5.18+0.65a

FRBAE N I b 22 | [RAT A R/NG PRS- A R AR A Rl Mk 23 8] 9 22 57 4835 (P< 0.05)

2.2 HIERE ORI ER RIS R A SR AR S P ) 5 )
- HERE TR AR AR 50 14 AP BG I NAG 3 i HIERGEYE (K 1) , 3 HBE R AR AR A e AE
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Fig.1 Thecontent of soil enzyme activity in different forest types
Pl B SR P B b 22 R RIR S F R ROR R — R R R B ARSI 22 57 .35, R R)/NE FiE 3R R — BRMRSE B R R B 1) 22 57 i
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Table 3 Two-way ANOVA table of effect of parent material, forest types and their interaction on soil enzyme activity and ecoenzymatic

stoichiometry
P {H P- value
FEF5 Index 535 PRk b AR A
Parentmaterial Forest types Parentmaterial XForest types
B-HIZ W T B-glucosidase <0.001 <0.001 <0.001
B-N-Z. B & A ZI A B-N-acetylglucosaminidase <0.001 0.003 <0.001
PR VEREMREE Acid phosphatase <0.001 <0.001 <0.001
BG :NAG <0.001 <0.001 0.002
BG :AP <0.001 <0.001 <0.001
NAG :AP <0.001 <0.001 <0.001
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2.3 HHEREFRARARS B AR AR A T s
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B ORAHAR BG: AP I NAG : AP B EARTAZAM, T BG :NAG WP F & TAZAM, fEixIH K E 1 L5 KRR
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HREME,
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Fig.2 The variation of soil ecoenzymatic stoichiometry ratios in different forest types
BG:NAG : B A BHEME L , B-glucosidase : B-N-acetylglucosaminidase ; BG : AP : BREFIG I L , B-glucosidase : Acid phosphatase ; NAG ; AP ; Z( B BTG
LI, B-N-acetylglucosaminidase : Acid phosphatase ; AN [A] K5 5 BE 7R Al —BEE AN [R] BRI AL 18] 1) 22 S (2. 30, A TR) /N5 S B3R [l — RR AR
RUAS TR BR8] 19 22 5% 2.3 (P< 0.05)

2.4 AT E S AR AR Y B F R A DG

DA A SRS P A0 AR A A A i R R AR e, DA A R R A W R 7 R R AR i AT RDA 48T, 58
— bR T AR 77.87% 55 R T AR Y 19.96% , 3T H A3 pH TP H1 MBC 4 1 i F68 - S8 Bt 356 P 1 2
AEL 2T R Y 56.9% 27.9% 1 12.3% (& 3) , BLAM, N RDA 4B ol 0, 398 i v v A AR S il Ak 24 31 i L
AT LA R DURP AR 3 2 B X A3 F AR DGR S B 45 S W, 158 BG. AP I NAG: AP 5 C:P N:P MBC:
MBP MBC :MBN D\ S5 i & i A OGO &R, 14 BG:NAG . BG: AP I NAG: AP 5 pH £ I 1 fAH X ¢
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F4 TEBEH ESHEUETERSEEYNEYEFREXERE
Table 4 Correlation coefficients ofactivities of soil enzymes,ecoenzymatic stoichiometry with abiotic factors and biotic factors
AEA YR F Abiotic factors

Enzyme SoC TN TP C:N C:P N:P pH Dh %ﬁ AAL
Sand Silt Clay

BG -0.038 0.080 0.358 -0.407 -0.632* -0.532  -0.704* -0.058 0.102 -0.127

NAG -0.338 -0.217 0.119 -0.648*  -0.651"* -0.445 -0.491 0.020 0.004 -0.113

AP -0.454 -0.609*  -0.885*" 0.054 0.843 0.963*  0.891" 0.812*  -0.837*" -0.659 "

BG:NAG 0.540 0.604* 0.670* 0.200  -0.358 -0.491 -0.866™  —0.154 0.226 -0.149

BG: AP 0.041 0.219 0.613* -0.462  -0.958*  -0.904™ -0.775" = -0.595" 0.610* 0.496

NAG ;AP -0.058 0.122 0.536 -0.539  -0.967"  -0.881" -0.697" -0.590 " 0.596 " 0.529

AW F Biotic factors

Enzyme MBC MBN MBP MBC :MBN MBC :MBP MBN :MBP

BG -0.179 -0.111 0.171 -0.236 -0.729** -0.522

NAG -0.446 -0.389 -0.102 -0.285 -0.853** -0.616"

AP 0.081 -0.117 -0.051 0.567 0.444 -0.026

BG:NAG 0.414 0.458 0.677" -0.007 -0.254 -0.229

BG: AP -0.427 -0.243 -0.202 -0.627" -0.769 ** -0.246

NAG ;AP -0.525 -0.342 -0.308 -0.654" -0.807 ** -0.271

% :P<0.05; % * ;P<0.01
3 itig 10 8

3.1 B SR ETHE FURRIE S 550 BRI

11 BG . NAG . AP X B S A LU R 11,14, 1.
42, 58RAESRS 111 WHEHRE, b 8G. AP
SERE R 0.33 R T4 3k KF 0.6217) | Tfif NAG : AP -1
{4 0.48, 52 FERKT- 0.44" 7 FHHEIT , 3BT AH X T 445
BRI PR R UL, AR X 5k 4= B ol A= 9 T i S A7 E— :
FE IBEBR ], X 5 K ZHON AT — B, A #a  #A o
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RDA2 (19.96%)

pH: 56.9% P =0.002
LI 2 AR 25 A SR 7 1 BRI BT Cleveland S W
A4 L2 Fe S T S 00 1 45 5 % B M 4R -1.0
IR0, I HL R 80 9% 22 IR PE B IR T ( AP ) (75 10 AT 1.0

RDA1 (77.87%)
LI PR B R TR R AR R
H3 HREmEMRASEAST RIS ELDRENETFOT

B, il VA I T Lol - 38 el 1) o 38 v T IR A R
WA TG PR DU AR, — BRI, Y 2 0 7 A B
B BB R 25 0 6 B 22 110 Tl T il 3F - S DL
b, i B BB R A P A I B R G 22 | 1458
BG:AP NAG: AP HY{E I FEAR

H T 3 5 M A7 - SRR ) R SR Ay s, HL
C NP FHC Y B0 M 22 A A AU OC &, IRtk 4 3 A=
B EE A O AF AR 28 1) A S 22 AR ST K

RO

Fig.3 Redundancy analysis ( RDA ) of soil enzyme activity,
ecoenzymatic  stoichiometry ratios, abiotic factors and
biotic factors

O Bb A KREAR, Castanopsis carlesii developed from sandstone ; V R
HIARM, Cunninghamia lanceolata developed from sandstone ; O ; 78
51 5 KA, Castanopsis carlesii developed from granite ; < : #€ 5 F 12

A, Cunninghamia lanceolata developed from granite

T AP BIETERFE T BC NAG BYTEME, IF HLAM A & & 1Y 13 AP RO PR 2R T b e & & iy 3% i
WA A B BG: AP NAG: AP W25 TAE R & B 00 L8, WA X Taba R i i L B A A
{1 - SR W 2 W S R 0 R 8 ™ F NIRRT e O R i A — e e R R e —
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SEFERE bR 5T T BB MR T 3 A SCBE IR 1~ SR L SRR W i 3 0 R 1 R B2 B A2 B B S B 119 52
Wi, AN SR RV VA OC . MAE R A K B 1 T FORE  ARWE 9 K IOKAER BG: AP Fl NAG: AP [ {H#R 2
F i TR, Rl K A# AR BG FI NAG (3% Ml 12 35 5 TAZ AR X R WITEAE R 5 B 1Y 38 b AR Tk
R A2 ARBR - S E W ml REAE AW B B ™ B, A & i 22 5 A B IS O T, X ) B8 322 th T B i
R A AR L R RL B KRR 1 BT S 850 ( 36 2) , — B o e SRt L 35 vy, ST WA R T 3 7k
9, RIEAERERE S BRES , (HE R E R E I T IENAEAEAH S # B AP I NAG: AP BY(E#F 2 FH L T2 A
AR, BEBAARXS DA K B IAZ PR A3 KA AR T SRR W mT REAFE B R o S ™ o X RSt TR A K J W
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