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Effect of warming on litter decomposition enzyme activity in a southern
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Abstract Litter decomposition enzymes can catalyze the decomposition of litter and affect the rate of litter
decomposition, and play an important role in the material cycle and energy flow in forest ecosystems. A field
warming experiment was conducted by translocating coniferous and broad-leaf mixed forest ecosystems from
altitude of 300 m to 30 m in subtropical southern China. Six enzyme activities of litter, litter microbial biomass,
and litter elements were then investigated. The results showed that the activities of acid phosphatase (AP) and
cellobiohydrolase (CBH) were decreased by 36.08% and 29.01%, respectively, due to warming during the wet
season. In the dry season, warming decreased the activity of 8-glucosidase (BG) by 21.07%, whereas warming
increased that of AP by 49.9%. The activities of 3-1,4-N-acetylglucosaminidase (NAG), polyphenol oxidase
(PPO), and peroxidase (POD) were not affected by warming. Warming had no significant effects on the C, N,
P, microbial biomass C (MBC), microbial biomass N (MBN), and microbial biomass P (MBP) content of litter;
however, seasonal changes significantly influenced the N, C:N, N:P, and MBC content of litter. The interactions
between warming and season significantly affected the litter C:P ratio. Redundancy analysis showed that
changes in litter MBC and N:P in different seasons were the main factors affecting the activities of litter
decomposition enzymes in coniferous and broad-leaf mixed forest. Changes in litter enzyme activities would
mitigate nutrient limitation to microbes and form new nutrient use patterns in response to climate warming.

Keywords warming; litter quality; litter microbial biomass; litter decomposition enzyme activity; dry and wet
seasonal changes; southern subtropical
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Fig. 1 Dynamics of air temperature (a), soil temperature (b), and soil volumetric water content (c) at 5 cm depth in the control and

Date (Year-month)

warming sites from January 2018 to December 2018.
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Table 1 Physical and chemical properties of the litter

o Rt - : :
Season Variable ¢ N P CN cp N:P
W7 XF & Control 535.40 £ 11.99a 10.82 +1.72a 0.22 +0.01a 50.38 +8.63a  2445.07 £ 117.63a  49.61 £ 9.56a
Wet season H43E Warming 526.08 + 6.28a 9.92 + 0.82a 0.24 +0.02a 53.27 + 4.16a 221218 + 187.95a  41.52 + 0.98a
T Xt Control 492.66 + 7.58a 8.73 £ 1.22a 0.32 £ 0.06a 57.30 £9.00a  1595.57 £ 289.80a 27.83 + 2.84a
Dry season 1438 Warming 496.07 £+ 14.94a 6.86 + 1.60a 0.21 £ 0.07a 74.56 + 14.81a 2473.82 +636.21a 32.98 +4.01a

AEVNG FBE R R1E0.057KF I 35 2 57

Different lowercase letters indicate significant differences at the 0.05 level.

0.89 °C (E1b, P < 0.05) . i FIxt R OTC -1 3 A A
TKE (0-5 cm) 437 N14.50% F117.82%, 145 4b B 5 2% %
R T 3R A K E:3.30% (B1c, P <0.05).
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Table 2 Variance analysis of warming, season and their interactions
on enzyme activities of the litter

A 1 ik = X ZE

- L Warming Season Warming x season

Variable

P F P F P

AP 25.083 <0.001 85112 <0.001 148.494 <0.001
BG 8.050 0.008 75.029 <0.001 0.948 0.338
CBH 3.446 0.073 23.049 <0.001 0.520 0.476
NAG 0.297 0.590 85.356 <0.001 0.116 0.735
PPO 0.987 0.328 97.802 <0.001 4198 0.049
POD 0.215 0.646 16.348 <0.001 0.475 0.496

IiAH AR R RTE0. 05K | 2 e i 3.
Bold fonts indicate significant differences at the 0.05 level.
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Fig. 2 Effects of warming on six enzyme activities (p-NP, in dry soil ) of litters in the wet and dry seasons. AP: Acid phosphatase; BG:

B-Glucosidase; CBH: Cellobiohydrolase; NAG: B-1,4-N-Acetylglucosaminidase; PPO: Polyphenol oxidase; POD: Peroxidase. *
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Fig. 3 Effects of warming on litter microbial biomass C, N, P and their stoichiometry in wet and dry seasons. MBC: Microbial biomass
carbon; MBN: Microbial biomass nitrogen; MBP: Microbial biomass phosphorus.
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Table 3 Variance analysis of warming, season and their interactions
on litter and microbial biomass C, N, P and their stoichiometric
ratios

- iR 1 B X A

= Warming Season Warming x season
Parameter

F P F P F P

C 0.227  0.647 34.230 0.000 1.047 0.336
N 2986 0122 10.354 0.012 0.360  0.565
P 2.345 0.164 1.610 0.240 5.031 0.055
C:N 3.109 0.116 6.086  0.039 1.582 0.244
C:P 2.323 0.166 1.927 0.202 6.886 0.030
N:P 0.224  0.649 23.689 0.001 4.514 0.066
MBC 0.640 0.447 24.561 0.001 3.509 0.098
MBN 0.253 0.628 0.275 0.614 0.044  0.839
MBP 0.002 0.963 3160 0.113 0.666  0.438
MBC:MBN 0.037 0.852 3.738 0.089 0.014 0.908
MBC:MBP 0.350 0.570 0.393 0.548 0.289 0.605
MBN:MBP 0.122 0.736  2.633 0.143 0.977  0.352

DI 544 R 7R AE0.057KF |- 2 5 (. 3
Bold fonts indicate significant differences at the 0.05 level.

=4 AEMC. N, PSREYEMEC. N\ PRELFEITES6HAEY
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Table 4 Correlations among litter C, N, P and microbial biomass C,
N, P and their stoichiometry and six litter enzymes

Pararfféter AP BG CBH NAG PPO POD
© -0.357 -0.694 -0.538 -0.762" -0.817 -0.575
N -0.605 -0.452 -0.354 -0.497 -0.536 -0.182
P -0.325 0.556 0.543 0.543 0.349 0.606
C:N 0.698° 0.329 0.249 0.350 0.449 0.050
C:P 0.370 -0.483 -0.439 -0.471 -0.272 -0.583
N:P -0.231 -0.767" -0.661" -0.789" -0.678" -0.610"
MBC 0.772" 0643 0590 0641 0.727° 0.434
MBN 0.016 -0.100 -0.114 -0.253 0.038 -0.084
MBP 0139  0.703° 0.620° 0.560 0.552 0.683
MBC:MBN  0.319  0.319 0.299 0.498 0.283 0.244
MBC:MBP  0.205 -0.028 -0.044 0.077 0.058 -0.285
MBN:MBP -0.141 -0.555 -0.485 -0.553 -0.332 -0.616

*FoRAbHE ) £ 5 3 (P < 0.05) .
* indicate significant differences between the treatments (P < 0.05).
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Fig. 4 Redundant analysis of environmental factors and litter

decomposition enzyme activity. * indicate significant differences
between the treatments (P < 0.05).
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