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Abstract: [Objective] This study, with an investigation of the effects of different recovery periods after
thinning on soil physical-chemical proprieties and extracellular enzyme activities in oak-pine mixed forests in
the Qinling Mountains, is aimed to better understand the nutrient cycling processes under thinning treatments,

providing basis for developing programs of sustainable forest management and exploring better ecological
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restoration measures. [Method] First, pace-for-time substitution was employed to explore the effects of
thinning restoration process (5 and 13 years) on soil physical-chemical proprieties and enzyme activity changes
in the surface layer at 0—10 cm depth. Then the enzyme stoichiometric ratios and enzyme vectors were
calculated for each treatment. [Result] (1) The total phosphorus, microbial biomass carbon, and microbial
biomass nitrogen contents in the soil increased significantly, whereas the inorganic nitrogen content decreased
in the 13-year treatment (P<<0.05) and the soil pH increased in the 5-year and 13-year treatments; following a
13-year treatment, the soil organic carbon content progressively recovered to pre-thinning levels after declining
dramatically in the 5-year treatment (P<<0.05). (2) Thinning significantly increased the activity of B-glucosidase
(BG), while decreasing the activities of f-xylosidase (BX), nitrogen acquiring enzyme (NAG+LAP), and acid
phosphatase (AcP) (P<< 0.05); after the 13-year treatment, the activities of phenol oxidase (POX) and
peroxidase (PER) showed a decreasing tendency during the initial stage of thinning (5 years treatment) and then
reverted to pre-thinning values. (3) In the 13-year treatment, thinning significantly increased the soil enzyme
carbon-nitrogen ratio (Ec)y), soil enzyme carbon-phosphorus ratio (E¢p) and vector length value (P<<0.05)
whereas the Eqp and soil enzyme nitrogen-phosphorus ratio (Eyp) increased significantly and the vector angle
value decreased in the 5-year treatment (P<<0.05). [Conclusion] Soil nutrients, organic carbon, and oxidase
activities showed a recovery trend with the thinning recovery stage with the soil pH being a key factor affecting
soil enzyme activity and the change of enzyme vectors. Thinning decreases the phosphorus limitations of soil
microorganisms during the initial stage of recovery, but it has little effect on the phosphorus and carbon
limitation in the later stage of recovery. [Ch, 3 fig. 4 tab. 41 ref.]

Key words: forest tending; soil extracellular enzyme; enzyme stoichiometry; nutrient limitation
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Table 2  Soil enzyme along with their enzyme abbreviation and substrate of soil enzyme

fig 4 faTFR 7]
B-HIHEH T B-glucosidase BG 4-MUB-B-D-glucoside
B-ABHH il p-xalosidase BX 4-MUB-B-D-xylopyranoside
214 — WK it il Cellobiohydrolase CBH 4-MUB-B-D-cellobioside
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Table 3  Soil nutrient content under different thinning treatments
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Figure 1 Effect of thinning treatment on soil enzyme activity
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Figure 2 Effects of thinning treatment on soil enzyme stoichiometry and enzyme vector
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Table 4 Correlation analysis between soil enzyme changes and soil physical and chemical properties

Ei=1 7 pH IN TP socC MBC MBC/MBN N/P
POX —0.54 -0.29 -0.04 —0.07 0.26 0.30 —0.04
PER —0.65* 0.19 0.32 0.45* 0.22 0.52%* 0.21
BG 0.28 0.35 0.73%* 0.55%* 0.63%* 0.38 -0.25
BX -0.53 0.54%* -0.01 0.27 0.10 0.45% 0.56
CBH -0.01 0.24 0.46* 0.43* 0.53%* 0.65%* 0.17
AcP —0.72% 0.57%* —0.38 0.06 -0.13 0.22 0.85%*
NAG+LAP 0.17 0.66** —0.08 0.14 —0.01 0.00 0.60
Va —0.95%* 0.01 -0.30 —0.06 -0.04 0.35 0.43
v 0.45 —0.28 0.70%* 0.31 0.48* 0.15 —0.63*
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Figure 3 Redundancy analysis of soil enzyme activity and physical and

chemical properties
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