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Effects of different mycorrhizal types in dominant tree species on soil extracellular

enzyme activity
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Abstract; Soil enzyme is a crucial indicator of microbial metabolic activity and soil quality monitoring, playing an important
role in the soil carbon and nutrient cycle. Global change could alter tree species composition, leading the transfer of
dominant mycorrhizal at the individual or ecosystem level. In order to investigate the effect of mycorrhizal types on soil
extracellular enzyme activity, four stands with percentage of different mycorrhizal type (the percentage of ECM trees was <
25% , 25%—50% , 50%—75% and >75%, respectively) were set up in pure Cunninghamia lanceolata stand, pure
Quercus acutissima stand, and the two species mixed forest. We measured the soil hydrolase activities [ B-glucosidase
(BG), B-N-acetylglucosaminidase ( NAG ), leucine aminopeptidase ( LAP ), acid phosphatase ( AP )], and soil
peroxidase (PER) activity and analyzed the pattern of hydrolase and oxidase activities along the gradient of mycorrhizal

types using one-way ANOVA and multiple comparisons. The results showed that; (D the regression slope of the ratio of InBG
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to In(NAG+LAP) and to InAP were less than 1, indicating that AP activity was much higher than that of BG and NAG+
LAP. This indicated that forest soil microorganisms were more severely restricted by phosphorus (P). The increase of ECM-
associated tree species relieved the limitation of C and P for microorganisms. ) Soil organic carbon (SOC) increased as the
proportion of ECM-associated tree species increased. While ECM-dominated forests had higher total soil nitrogen (TN) and
total soil phosphorus (TP) contents than AM-dominated forests. 3) With the increase in the proportion of ECM-associated
tree species in the forest, activities of BG, AP, and NAG+LAP showed a gradual increase trend (P<0.05) except for soil
oxidase activity. @ Soil hydrolase activity exhibited a significant correlation with ammonium nitrogen, nitrate-ammonium
ratio, TN, TP, and SOC, while the oxidase activity only exhibited a significant correlation with the content of soil moisture
(SM). These results support the theory of resource allocation, verify that the activity of soil extracellular enzymes changes
gradually with the percent of AM-associated and ECM-associated tree species, and confirm the applicability of the
mycorrhizal-associated nutrient economy pattern. The results also strengthen the predictability of the soil physical and
chemical properties as well enzyme activities in the forest with different percentages of AM-associated and ECM-associated

tree species, and thus contributing to the improvement of biogeochemical cycle model.

Key Words: arbuscular mycorrhizal ; ectomycorrhizal ; mycorrhiza type gradient; soil extracellular enzyme; carbon cycle;

nutrient limitation
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Table 1 Stand characteristic of different dominant mycorrhizal types

ECM B F 5 1, F BB AR S R
Percentage of ECM trees  Dominant tree species Mean DBH /cm Mean Height /m Density /( trees/hm?)
<25% A (C. lanceolata) 20.8 17.3 2300
25%—50% A (C. lanceolata) 12.2 10.6 1250

FRER Q. acutissima) 12.9 11.3 670
50%—75% FRER(Q. acutissima) 15.4 13.2 1000

AR (C. lanceolata) 10.3 9.8 700
>75% FRER( Q. acutissima) 22.4 14.5 1100

L AN ( Pinus massoniana Lamb.) 16.9 13.0 200

ECM . #MEFH Ectomycorrhizal ; DBH : fij#% Diameter at breast height
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Table 2 Soil enzyme along with their enzyme commission number (EC), abbreviation and substrate

iy Tl 44 Bk faT Ak 137
EC number Enzyme Abbreviation Substrate
EC 3.2.1.21 B-ﬁ*f?ﬁﬁ@ B-Glucosidase BG 4-MUB-B-D-glucoside

B-N-Z. ot 28 2 2 Wl 1 1

EC 3.2.1.52 B-N-Acetylglucosaminidase NAG 4-MUB-N-acetyl-8-D-glucosaminde

EC 3.4.11.1 FLRATRE LM Leucine aminopeptidase LAP L-leucine- 7-amido- 4-methylcounarin

EC 3.1.3.2 TR WA Acid phosphatase AP 4-MUB-phosphatase

EC 1.11.1.7 T E ALY Peroxidase PER L-dihydroxyphenylalanine ( L-DOPA) and H, 0,

EC. ffrZbiss Enzyme commission; MUB . FH 0T B Pk Methylumbelliferyl

1.4 HdlEndr
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Table 3 Basic properties of soil in different dominant mycorrhizal types stand ( Mean+SD)

ECM FFf 5 b

Percentage of ECM trees <25% 25%—50% 50%—75% >75%
pH 4.48+0.03a 4.29+0.03b 4.37£0.10b 4.34+0.08b
FIKFE SM /% 28.10+0.90a 24.29+1.75b 26.64+1.73ab 26.33+1.84ab
fili A NO3-N /(mg/kg) 4.43+0.66ab 3.5420..31bc 5.35+1.20a 2.94+0.31c¢
Bt A5 NH-N / (mg/kg) 7.14+0.69d 13.34x1.01b 15.11£1.29a 9.24+1.22¢
A LI SOC /(g/kg) 34.69+8.04b 42.24+4.50ab 52.03+8.51a 52.39+8.89a
48 TN /(g/kg) 2.31£0.49a 2.44+0.39a 2.98+0.53a 3.000.46a
W TP /(g/kg) 0.31+0.08b 0.34+0.05b 0.40+0.05ab 0.44+0.04a
fi% k. NO3-N/NH} -N 0.62+0.07a 0.27+0.02¢ 0.35+0.05b 0.32+0.02be

pH: FRIESE Potential of hydrogen; SM ; % 7K % Soil moisture ; NO;—N;ﬁﬁ?ﬁEf{T—L Nitrate nitrogen; NH} NS % Ammonium nitrogen SOC . A MLk
Soil organic carbon; TN: 4% Total nitrogen; TP ;4§ Total phosphorus; NO;-N/NH}-N . fili# tt The ratio of nitrate nitrogen to ammonium nitrogen. AN
[F)/INE - RE RN AN [R] 5 SAR Rl A AR S HUbK S 18] 22 5 1 35 ( P<0.05)

2.2 R[RME TR AR SRSy 1 SRS M DL S i i AR £k

P B 1 AT TRTAR A B A Akt - JE K i TG 1 A I 5 R ( P<0.05) . ECM ZRMOK A Bl 15 PR 255 T AM
AR, HLBEE MRS ECM BEFP=E BRI, BC NAG+LAP AP #4522 38 M 3% S 38 fin i #a 35, ECM B 7 ey
50%—T75% I g f i i, <25% I B AR 5 50%—T75%ECM 5 HAR 2> o BG NAG+LAP (AP T 1443 91 b <25%
ECM 5 Hebksr s iy 1.48 £%.2.57 £%.0.25 1%, ECM 5 L6 50%—75% Wk 5r 138 AP 3 144 (1483.30+
134.15)nmol g™" h™", W3 & T HAW LAk 73 (P<0.05) i BG NAG+LAP 3G PEZE ECM (5 Hb R 50%—75% il
>75% RS T 22 5o 35 B 2 5 T LA AM ARSI AR 3 (P<0.05) o & WA AR BEARS) 145 PER JCH
WS,

InBG/In( NAG+LAP) I IRZ KT 1, HAEGEARMS B B2 ECM AR BR (5 L3S I i e B K (R® = 0.78;5
P=0.07) , InBG/InAP 1 In( NAG+LAP)/InAP BY{E 2 i 5 1, HIBEE ECM A F (5 Ho 388 in i £ 2 388 Jin
(R*=0.62; P=0.13 f1 R*=0.83; P=0.06) , H. 454 L ECM R PL 34 At BG4 e 2 3w T LLAM A
PSRRI

TR ZIL (E 2), VL B ECM B Fh 3= B 58 i B AR, 2 B 9032 C BREE #k >, VA 3
>45°  HA L AM B R R 3 R AR B35 T LA ECM A 3 Fh B bk 2y, 600 AM ZRbksz PRI FLRE T
K, HEEEMS h ECM AR N, k22 3 P BRF1IZE#i51k
2.3 bR I A R A S A DG S AT B TR T

FHSEIE T (] 3) 26+ HEK e B 15 5 SMUNOS-N A S PR /N, 55 NH-N %% Lt TN TP . SOC #H
KK, Hr BG 5 NH;-N TN TP .SOC £ & F IEAH5C, 5 pH NH-N i 8% H 2 g 35 78 ¢ ; NAG+LAP
5 TN TP .SOC & 3 A, 5% 2 B3 0 AHC ; AP 5 NHE-N TN TP \SOC 2 IEAHC, 55 pH A% 2
UiV P

FALRER I 5K R —FERYASCHE, PER 5 SM pH (fiHEZ I IEAHDC, 5 NHI-N 2HAHK, 5 TN,
TP .SOC TG EMINE, H H 5 SM R B HH Ok,

TR (] 4) 25 SRR MBRAFAE LR MR R DB &5, B4 4 A~ ZE SM,pH ,SOC  NO;-N/NH;-N
25 R - R M LR R T AR 1Y 98.58%

3 g

3.1 R AR SR A W 3R S BR AR
BT HT R , InBG \In(NAG+LAP) \InAP Z [EfF7ELRMECHR (K 1) , lWIEZY N 1:1: 1.5, %45 1 8.3
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Fig.1 Soil enzyme activities and enzyme stoichiometry along the variation of dominant mycorrhizal types
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Fig.2 Soil enzymatic vector length and vector angle along the variation of dominant mycorrhizal types
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Fig.3 Correlation analysis between enzyme activities and soil physical and chemical properties of soil

SM . £ 7K # Soil moisture ; pH: BRI Potential of hydrogen ; NO;—N;E#]?S?E Nitrate nitrogen ; NHZ—
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Fig.4 Redundancy analysis of enzyme activities and physical and
chemical properties of soil among different dominant mycorrhizal

type stands
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