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Abstract: [ Objective| The dynamic pattern of soil enzyme activities and its relationship with soil chemical
properties in a subtropical Pinus armandii forest was investigated to provide reference for the study of
nitrogen deposition in subtropical regions. [ Methods] Four nitrogen gradient treatments for the control (CK)

and low (LN), medium (MN), and high nitrogen (HN) at 0, 10, 20 and 25 g/(m? * a), respectively, were
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set up in the subtropical Pinus armandii forest of Central Yunnan to analyse the response of soil enzymes to
nitrogen deposition and its correlation with soil chemical properties. [ Results] O Nitrogen deposition
promoted the activities of invertase (16.94%—34.00%) and acid phosphatase (23.42%—40.09%) and
inhibited the activities of urecase (8.70%—27.18%) and catalase (9.26 %—23.36 %), with temporal variation
(p<<0.05). Invertase and urease activities were highest at 25th and 27th month after nitrogen deposition
(August and October, 2021), whereas acid phosphatase and catalase activities were highest at 33th month
after nitrogen deposition (June, 2022). @ Soil pH value, organic carbon, and total phosphorus content
decreased with increasing nitrogen deposition; in contrary, soil nitrate and ammonia nitrogen content
increased in MN and decreased in HN. @ Soil chemical properties and enzyme activities were characterized by
a vertical soil layer distribution of 0—5 cm >5-—10 cm >10—20 cm. The synergism between different soil
enzyme activities under nitrogen deposition was high (»<C0.05), among the environmental factors affecting
soil enzyme activities, soil total nitrogen was the most sensitive factor affecting invertase activity; soil organic
carbon, total phosphorus, and ammoniacal nitrogen were the most sensitive factors affecting urease and catalase
activities. [ Conclusion ] With continuously increase in nitrogen deposition, the synergism among soil enzymes
was enhanced, the environmental factors affecting forest soil were changed., the soil enzyme activity was
promoted or inhibited, and then the soil nutrient cycling was changed too.

Keywords: nitrogen deposition; soil enzymes; soil chemical properties; Pinus armandii forest
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Table 2 Substrates, incubation conditions and assay products for soil enzyme activity assays
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Characteristics of invertase activity in different soil layers under nitrogen deposition
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Fig.2 Characteristics of urease activity in different soil layers under nitrogen deposition
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Fig.3 Characteristics of acid phosphatase activity in different soil layers under nitrogen deposition
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Fig.4 Characteristics of catalase activity in different soil layers under nitrogen deposition
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Table 3 Repeated measures ANOVA for effects of nitrogen deposition level, nitrogen

deposition time and soil depth and their interaction on soil enzyme activity

# AR Tl JIK Tt T i W T i S Ak Al
UL K- 15.44° 77 13.31° " 30.36° " 41.337 7"
R UL R B[] 471077 30.18" 40.98" " 76.25° "
TR E 1281.17" " 72.69° " 155.76 " * 174.06° "
TR « BT[] 4,54 1.93 10.02* 9.81" "
T2« BUTREAT 0.07 0.13 1.05 0.75
AT 1] % BTk P 1.16 1.30 1.54 2.46
T JZTREE « RULREIE] * TR K 0.22 0.20 0.85 1.50

R x, % x,

* % % PRIFRIRAE p<C0.05,p<C0.01,p<0.001 KFETFEHFWE,
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MR 4 LIAE N, & Lk R B 0—
5 cm>5—10 cm >10—20 cm (p<C0.05) , Hirr + 4
SOC, TN F1 NOy -N 7£ 3 4+ 2 [a] () 22 5 e K, 50 3
9 21.00%~59.23%,31.75% ~57.03 % il 38.57 % ~
72.90% . FEAR R E VTR KT o Z TR X 4 58k 2
PR B (p<<0.05) , Horp +3 pH {i, SOC
HTP Fifi R R K 1 i B A, SR R B CK>
LN>MN>HN, £ A Ak B AH T CK 43 5K 9.44 %

~12.30%,26.86% ~51.11% Al 35.24% ~48.83%,
A58 TN Bl 0T R K P 185 i 385 s SR R By HN
> MN > LN > CK, % & & # A1 5 T CK 4 5l &
18.90%~39.92% . AULKE T 13 NO; -N 256 m
J AR Y B, B R B A MN > LN > CK > HN.
FEH A GS B fe s H . AHE T CK & 132,300 + 4
NH; -N 2 EFEARE H o, AR a5, SRR
CK> HN > MN > LN, % & 4 # M % T CK fik
12.25%~22.94%,

x4 ENBETABLETRUFERITLFE

Table 4 Characteristic changes in soil chemical properties in different soil horizons under nitrogen deposition

i pH i SOC/(g+ kg ") TN/(g+kg ")

0—5 cm 5—10 cm 10—20 cm 0—5 cm 5—10 cm 10—20 cm 0—5 cm 5—10 cm 10—20 cm
CK  4.58+0.11%  4.90£0.19%  5.0040.194¢ 31.24£3.92%  22.28+1.49%  15.18+1.33%  0.62£0.06%"  0.4310.06%"  0.310.03%
LN 4.2640.15%"  4.4440.16% 44240132 19.35£2.08"  17.754+1.93"  13.16+£1.29"  0.69£0.05""  0.5140.05%"  0.41£0.05"
MN  4.0440.13%  4.364+0.13  4,3840.10*" 15.5241.58"  13.55+1.52%  10.80£0.62%  0.7240.06%  0.56+£0.06"*  0.47£0.04™
HN  4.0040.14"  4.3440.13%  4.35£0.077" 12.2940.65"  11.2140.63%  10.09£0.63%  0.7640.05*  0.63+£0.06%*  0.54£0.06™
e TP/(g+kg ") NO5 —N/(mg+kg™ ") NH{ —N/(mg+ kg™!)

0—5 cm 5—10 cm 10—20 cm 0—5 cm 5—10 ¢cm 10—20 cm 0—5 cm 5—10 cm 10—20 cm
CK  2.58+0.80%  2.1140.71%  2.0440.68% 0.8240.25%  0.47+0.12%  0.360.09% 9.93+1.26%  7.454+0.77%  §.57+0.91%
LN 1.8540.63%"  1.3940.45%"  1.1240.24% 1,330,414 1,070,315 0.90£0.29%" 719420472 6,040,535 5.22+0.635
MN  1.644+0.50%  1.03+0.27%"  1.0040.16" 1.5310.41%  1.264+0.35"  1.0440.33% 7.9240.58"  6.83+0.50"  6.261+0.56™
HN  1.4940.43%  0.99+0.21%  0.96+0.17" 0.7840.24%  0.42+£011% 0.2940.08™ 6.990.49"  6.0140.45%  5.18+0.62™
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Table 5 Results of correlation analysis between soil enzyme
activities under nitrogen deposition
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