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Abstract: Changing forest type can change soil physicochemical properties, especially soil organic carbon
(SOC). However,what happens to the metabolic limitation of soil microorganisms after the change of soil
physicochemical properties is still unclear. In 2020, taking the soils of pure and mixed Quercus acuteserrata
forests occurring in Xiaolongshan forest region as the research objects,an investigation was conducted to
measure the activities of 5 different enzymes in the soil layers of 0—10,10—20,20—30,30—40,and 40— 60
cm, including B-1, 4-glucosidase (BG), B-D-cellobiohydrolase (CBH), $-1, 4-N-acetylglucosaminidase
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(NAG),L-leucine aminopeptidase (LAP) ,and acidic phosphatase (AP). Ecoenzymatic stoichiometry model
was used to calculate microbial metabolic limitation and to quantify the carbon, nitrogen and phosphorus
limitations of soil microorganisms by calculating the vector length and angle of the carrier. Compared with
the pure forest,the average organic carbon and total nitrogen content of each soil layer in the mixed forest
increased by 21.14% and 17. 26 % , respectively, the enzyme activities of BG4+ CBH and AP decreased by
16. 6% and 32. 6% ,respectively, while the enzyme activities of NAG+LAP increased by 10. 3%. Soil nutri-
ents and their metering ratios, pH and soil bulk density affected soil microbial carbon or phosphorus limita-
tion. The soil microbial phosphorus limitation in the pure and mixed forests was mainly attributed to soil
organic carbon. The decomposition of soil organic carbon was the key source of soil available phosphorus.
The higher soil water content and soil bulk density under the pure forest accelerated the decomposition of
SOC, thereby increasing the limitation of soil phosphorus. However,due to the long-term input of more lit-
ter,more soil organic carbon was released in the mixed forest,and the effective phosphorus released by its
decomposition reduced the phosphorus limitation of soil microorganisms. Therefore,under the condition of
mountainous forests,soil bulk density,water content,nutrient ratio and organic carbon will affect soil mi-

crobial metabolism,and the reduction of organic carbon content in acidic soils in mountainous forests is the

main factor that causes microbes to be limited by available phosphorus.
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Table 2 Two-way ANOVA analysis of soil nutrients and nutrient ratios under different vegetation types
+2/em 1 ose o IN I NO;+NI}‘+ ObenP " gocetn socs Tp TN : TP
/(gekg ) /(gekg ) /lgekeg ) /(mgekg ') /(mgekg )
0~10 Bii#Raitk  51.743.3Aa 5.2440.43Aa 0.43%0.02Ba  32.5+3.4Aa  6.3+1.2Ba  9.940.4Aa  120.8+4.6Aa 12.3+0.9Aa
BIGHRIE M 55.942.9Aa 5.62+0.40Aa 0.5040.03Aa 28.242.5Aa 10.5+2.2Aa  9.9£0.2Ab 113.14+1.7Aa 11.4+0.1Aa
10~20 Bii#Raitk  22.0+1.8Bb  2.17+0.18Bb 0.34+0.01Ac 10.5+1.5Ab  1.840.3Bb  10.140.4Aa 64.4+5.5Bb  6.4+0.5Bb
B MRIRACM  34.7+£1.5Ab 3.5940.11Ab 0.31+0.01Bb 16.2+1.5Ab  6.0%£1.0Ab  9.7+0.2Ab 112.1+3.6Aa 11.6+0.5Aa
20~30 Bk B LA 13.440.6Ac 1.3740.09Ac 0.3140.02Ac 7.940.5Acd  0.9£0.1Bbc  9.8+0.6Aa  42.9+1.7Bc  4.47+0.1Bc
B BRIRZCH  15.241.0Ac 1.46+0.20Ac 0.1740.01Bc  7.1+1.1Ac  2.740.4Ac  10.5+0.8Ab 92.042.9Ab  8.840.9Ab
30~40 BiiRaitk  11.241.0Bed 1.124+0.19Ac 0.3840.02Ab  6.7+1.8Ad  0.8+0.1Bbc 10.141.1Aa 29.4+1.6Bd  2.940.4Bc
BGARIRACH  13.841.0Ac 1.1740.08Acd 0.17£0.01Bc  6.2+0.7Ac  2.040.2Ac  11.8£0.6Aa 81.5£8.0Ac  6.940.3Ac
40~60 SIRLR RN 8.6+0.9Ad 1.0540.06Ac 0.27+0,01Ad 5.7£1.0Ad  0.6£0.1Bc  8.1£0.7Bb  31.442.9Bd  3.940.4Bd
BIHRIE M 9.7£0.9Ad  1.00+0.07Ad 0.2740.07Ab  5.7£0.7Ac  1.4+0.2Ac  9.7£0.4Ab  37.5+8.2Bd  3.9-+0.8Bd
H (DD F P F P F P F P F P F P F P F P
b 51,0 <C0.001 22.0 <C0,001 40.8 <C0.001 0.0020.96 59.6 <C0.001 10.2 0.005 271.4 <C0,001 158.3 <C0.001
+2 676.1 <C0.001424.8 <C0.001 58.7 <C0.001 221.5<C0.001 75.5 <C0.001 8.7 <C0,001 295.6 <C0.001 200.5 <C0.001
A5 X+ 2 11.3 <0.001 11.1 <0.001 24,2 <0.001 6.6 0.001 5.5 0.04 3.4 0,027 53.8 <0.001 38.2 <0.001
H R 3AEEMTHMEERERE . SRR MRS 75 2R 6 AR R R T A B 2 5 (P<0. 05) S Rl /NG F- 1 25 [ — R B 1 AR )
TR R E LR (P<0.05), F£M,
*£3 AAEHERBTHREIMEFEENONEFTEDHT
Table 3 Two-way ANOVA of extracellular enzyme activity under different vegetation types
1R /em b C-acquiring N-acquiring P-acquiring C/N-enzyme C/P-enzyme N/P-enzyme
enzymes enzymes enzymes
0~10 BE 145 5 4l AR 1441.6+78.1Aa  911.6+45.7Aa  1417.8+87.7Aa 1.58+0. 14Ab 1.0140.06Aa 0.64+0.02Ba
BItBRIRACH  1143.3+241.2Ba 899.8+94.1Aa  1122.9479.1Ba 1.2740.23Aa 1.0140.16Aa 0.800.04Aa
10~20 6145 5 20 AR 771.9483.6Ab  494.3490.7Ab  1066.6495.7Ab  1.5820. 14Ab 0.7340. 10Bb 0.46+0. 08Bb
B9 R IR 2 pk 753.3478. 0Ab 547.5+59.4Ab  730.88492.14Bb  1.39+0.22Aa 1.04+0.13Aa 0.7640.18Aa
20~30 LR IRER N 668.14+81.0Abc  301.7+28.5Ab 859. 5441, 8Ac 2.24740.44Aa 0.78+0.09Ab 0.3540.03Bc
BSHRIRACH  596.7+121.1Abe  374.4+44.6Ac  692.0%27.0Bbe 1.62+044Aa 0.874+0.21Aab  0.54+0.06Ab
30~40 R AN 487.6+59.0Acd  229.6417.1Acd  757.049.2Acd  2.1240.19Aab 0.6540.10Abe 0,300, 02Bed
17 B 1R 2 bk 421.7+62.4Acd  278.9446.2Acd  578.7+58. 6Bed 1.5540. 41Aa 0.73+0.14Abc  0.49+0.12Ab
40~60 5145 AR 4 AR 351.2452.5Ad 169.3+13. 6Bd 694.9451.8Ad 2.11+0. 40Aab 0.51£0.10Ac 0.2540.07Bd
B89 AR T 2 M 275.9437.0Ad 222.9421.0Ad 491, £54, 00Bd 1.254+0.27Ba 0.56=+0.06Ac 0.46-+0.09Ab
A i (DD F P F P F P F P F P F P
b 6.20  0.022  4.79 0.04 91.75 <€0.001 20,19 <€0.001  5.81 0.026  46.71 <C0.001
+2 62.91 <C0.001 166.84 <C0.001  93.38 <C0.001  2.98 0.044 13.34 <C0.001  20.8  <C0.001
AT X 4 2 1.34 0.291 0.53 0.72 1.85 0.16 1.09 0.389 1.4 0.269  0.638  0.641
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Fig. 1 (A) Extracellular enzyme stoichiometry of the relative proportions of C to N acquisition versus C to P acquisition.
(B) Difference in vector length between different vegetation types and soil layers. (C) Difference in vector angle between

different vegetation types and soil layers. (D) Relationships between vector length and angle.
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Table 4 Two-way ANOVA analysis of physicochemical properties under different vegetation types

+JZE/em b 3R iR E T HEE KA Y pH
0~10 B4 R Al AR 1.1240. 03Ac 55.0145.92Aa 5.38+0.12Be

B AR IR 2 bR 1.04+0. 02Bd 43.82+1. 84Ba 5.85+0.11Ad
10~20 B 15 AR Al AR 1.1640. 05Bc 36.4340.86Ab 5.64+0.13Bd

B AR IR 2 bR 1.27+0.03Ac 32.96+3.20Ab 6.11+0. 08Ac
20~30 B AR Al AR 1.3340.06Ab 31.3043. 37Abc 5.88+0.09Bc¢

B AR IR 2 bR 1.33+0. 06 Abe 25.05+0. 76Bc 6.31+0.04Abc
30~40 B AR AR 1.3740. 04Aab 27.1143. 01Acd 6.12+0.10Bb

B AR IR 2 bk 1.39+0.07Ab 22.91+1. 74 Acd 6.46+0.12Aab
40~60 B AR AR 1.4440.07Aa 23.89+3.23Ad 6.34+0.12Ba

BE 147 1R TR S A 1.51+0.05Aa 19. 6442, 12Ad 6.62+0.17Ba

A (DD F P F P F P

pogil 1.94 0.18 29.21 <<0. 001 54. 68 <<0. 001

)2 55.43 <20. 001 81.20 <20. 001 94. 14 <20. 001

Kb BE X 4 2 2.93 0.05 1.68 0.19 0.85 0.51
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Fig.3 Vector angles in relation to total nutrient contents,nutrient ratios and soil physical properties
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Fig. 4 Relationships of microbial nutrient limitation with soil physicochemical properties.

Structural Equation Modeling (SEM) was used to identify the possible pathways by which attributes

controlled microbial C limitation (represented by vector length) , microbial P limitation (represented by vector angle)
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