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Seasonal response of extracellular enzyme activity to precipitation exclusion in a
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Abstract: Soil enzymes play an essential role in nutrient mineralization and their activity is an exceptional indicator for
predicting the capacity of soil to supply nutrients to plants. In soil organic matter decomposition, soil extracellular enzymes
catalyze the rate-limiting step and their catalysis, production, and degradation rates are regulated by moisture. Due to global
warming , precipitation in the mid-subtropical region is decreasing, which profoundly affects the forest ecosystems; however,
research in this field is relatively scarce. To investigate how soil extracellular enzyme activity ( EEA) responds to altered
precipitation regime, we conducted this study to measure the effects of experimental reduction in rainfall by 50% on the soil

physicochemical properties, extracellular enzyme activity, and nutrient availability in surface soil samples from a
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Cunninghamia Lanceolata forest ecosystem, collected in dry and wet seasons. These extracellular enzymes were carbon-
acquisition enzymes, including B-glucosidase (BG) , cellulose hydrolysis (CBH) , phenol oxidase (PHO) , and peroxidase
(PEO). The results showed that the overall enzyme activities of the wet season samples were higher than those of the dry
season samples. Irrespective of the season, except for PHO in the dry season samples, the activities of almost all soil
enzymes, especially BG, significantly increased after treatment. Redundancy analysis indicated that the EEA patterns were
mainly driven by soil moisture, NO;-N, and dissolved organic carbon (DOC) in the dry season, and by microbial biomass
carbon, DOC, and NH;-N in the wet season. Our results suggested that the EEA in the carbon cycle in the mid-subtropical
region would increase with reduction in precipitation. This may be because, despite the precipitation exclusion experiment,
moisture did not become a limiting factor owing to the high rainfall in the mid-subtropical region. Alternatively, it could be a
response or adaptation strategy of EEA to the adverse environmental change of precipitation reduction. Our study could have

implications for carbon and nutrient cycling under changes in precipitation in the near future.

Key Words: extracellular enzyme activity ; precipitation exclusion; wet and dry seasons; Cunninghamia Lanceolata
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Table 1 The types, abbreviations, function and substrates of soil enzyme

/i Enzyme 455 Abbreviation TifE Function JEY) Substrate

it AL WG Peroxidase PEO M A & L-DOPA

P 48 AL Phenol oxidase PHO ¢S FNITES L-DOPA
L2 Z KA Cellulose hydrolysis CBH IKIRET 2 4-MUB-B-D-cellobioside
B-HI A B B-glucosidase BG KRR 4-MUB-B-D-glucoside
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Bl 225 Microsoft Excel 2016 4X{FAbFR G R I SPSS 20.0 S8 1 A4 AN F] b 38 + 345 48 bR A7 58 34
Bro MR J5 2250471 (One-Way ANOVA) HCE M AS [A] b B 22 ) &S S0 22 v & M . DRI R 5 2243
BT (Two-Way ANOVA) HH S Hr b g B 15 2= 75 - 38 B0 1 o R b S it M S5 48 A 19 22 57 . >R Canoco
Software 5.0 %K {4 L - € 3 7 340 M Jov K 3 A= 10 A= 0 Ok il R 722 80 23 29 B (Principal Component
Analysis, PCA) FITUAY 53 HT ( Redundancy Analysis, RDA) ;22 & B Origin 9.0 F4-5E RY .

2 #R

2.1 ISR PR T
TR P 25 R S AR B SR LA e AR, Co N ORI S Bk A B 1 R pH (H, 1B
RN BT AR, R R R A B B LT R SR, 20 2553 HT R B R R X R L
B A ER S K B HAT R 2 500 (P<0.01) , TR 1 2840 xf + 3 A (C.N S /KB pH BAT 2 2 520
(P<0.01) , & BERT AT 222 A 1Y 38 HAE X -3 C.N Fl pH EA W (K 2) .
*2 TEEAREMER(mean + SD, n=5)

Table 2 Basic physicochemical characteristics of soils at different treatments( mean + SD, n=5)
FEF5 Index

IS LA e

R Fiffect Soil total organic Total nitrogen/ C:N M(i;if % pH
carbon/ (g/kg) (g/’kg)
Qb Bf Treatment CT-D 12.58(1.05)a 1.30(0.07)a 9.76 (0.14)a 15.54(1.59)a 4.53(0.10)b
P-D 10.50 (1.16)b 1.20(0.05)b 9.14(0.30)b 11.38 (0.33)b 4.71(0.08)a
CT-W 13.02(1.14)a 1.13(0.04)a 11.60(0.26)a 17.71(1.55)a 4.48(0.17)a
P-w 12.15(1.07)a 1.00(0.02) b 11.85(0.45)a 15.55 (2.06)a 4.26(0.13)a
Two-way ANOVA PE o o o
PEXSE * o

SR T A AH ) B2 AN [ A 241 ) X BT B R T ) 22 R 3 (P>0.05) 5 + SRRk 3, ™ Rt 2 . CT-D. T ZX] i
AbF | control treatment in dry season; P-D; T 25 B R W9 Ak 2R , precipitation exclusion in dry season; CT-W ; ZEXF AL FH | control treatment in wet
season ; P-W ; ¥ 2= [ 25 o5 T &b 3 , precipitation exclusion in wet season; PE . IO 5 A T Ak B , precipitation exclusion effect; SE . TR 2R N ,dry and

wet seasons effect;PEXSE:ﬁ%g %ﬁﬁ%*iﬁ%ﬁﬁ&ﬁm,imeraction effect of precipitation exclusion and dry and wet seasons effect
22 ARG

Tt T3 % BR T DOC A H BLE 2 FEARAL, bR B FE I AL B NH;-N MBC \MBN #1 DON #57C i % 5%
Ml (3% 3) . WK 2 Fin, TR0 AN THRICHLAR EZIE MR (NOS-N) |, B 2R 52 $2 /= NO;-N

*3 EEERELETHIEFTUFTEE (mgks, meantSD, n=5)

Table 3 Available nutrient of soils at precipitation exclusion treatment( mg/kg, mean+SD, n=5)

BT Ab PR Treatment Two-way ANOVA
Available nutrient CT-D P-D CT-W P-W PE SE PEXSE
NO3-N 4.19(0.39)b 16.85(0.97)a 1.81(0.16)a 2.22(0.55)a
NH;-N 1.47(0.12)a 1.48(0.08)a 4.38(0.27)a 4.55(0.50)a
MBC 301.15 (47.45)a  294.80(4.10)a  183.99(74.33)a  119.64(43.17)a o
MBN 24.74(1.85)a 22.93(2.32)a  45.71(3.37)a 31.06(9.77)a
DOC 7.52(1.10)a 5.19(0.66)b  13.55(1.29)a 10.60(0.81) b o
DON 7.52(0.56)a 7.15(1.04)a 1.58(0.14)a 1.40(0.31)a

NO3-N AHAS A, nitrate nitrogen ; NHZ -N: #Z5 A, ammonium nitrogen ; MBC ; A W 5Bk, microbial biomass carbon; MBN ; 142 ¥ & & , microbial
biomass nitrogen ; DOC ; Al {& A HLEK , dissolved organic carbon; DON; ] 4 HLAL, dissolved organic nitrogen
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Fig.2 The proportion of each component of soil inorganic nitrogen
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Fig.3 Change of soil enzyme activities under precipitation exclusion in Cunninghamia lanceolata plantation
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