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Abstract: This study aims to investigate the seasonal changes of soil carbon and nitrogen-transformed enzyme activities and
their driving factors in successive rotations of subtropical Chinese Fir ( Cunninghamia lanceolate) plantation. The results
would provide basis for assessing nutrient cycling and soil quality in forest. Through canonical redundancy analysis ( RDA)
the relationships between soil physical properties, nutrient conditions, and enzyme activities were analyzed in different

generations of Chinese fir plantation ( FRP, SRP, TRP) and Castanopsis Kawakamii forest (NF) in Fujian province,
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China. A significant decrease of soil pH was observed in Chinese fir plantation compared with NF, but no significant
changes were found between FRP, SRP, and TRP. In December, there was no significant difference on soil total carbon
and nitrogen among different generations of Chinese fir plantation, and the SRP and TRP were significantly higher than the
NF (P < 0.05). In June, soil total carbon of TRP was significantly higher than that of FRP (P < 0.05), but not
significantly different from that of SRP and NF. In December, there was no significant difference on soil NH,-N and NO;-N
among different generations of Chinese fir plantation. In June, soil NO;-N of FRP was significantly higher than that of SRP
and NF (P < 0.05), but not different from that of TRP. Soil urease activity of NF was significantly higher than that of
FRP, SRP, and TRP, but no significant difference was found among FRP, SRP, and TRP in December. Soil asparaginase
activity of FRP, SRP, and NF were significantly higher than that of TRP (P < 0.05), but no significant difference was
found among FRP, SRP, and NF. The RDA showed that soil moisture, NO;-N, and pH made significant contributions to
variations of soil enzyme activities, especially positively related to the activities of soil asparaginase, B-glucosidase (BG) ,
and protease, but negatively related to soil N-acetyl-B-D-glucosaminidase (NAG). The soil physiochemical properties and
enzyme activities in mature and over-mature Chinese fir plantations recovered to different degrees compared with the natural
forest, and their variations were largely influenced by the seasonal changes. Additionally, a long-term observation on soil

enzyme activities in response to the environmental changes is recommended.

Key Words: soil enzyme activities; continuous planting of Chinese fir; soil physiochemical properties; canonical

redundancy analysis ( RDA)

F2AK [ Cunninghamia lanceolate (Lamb.) Hook | /& 38 [E w77 15 22 19 38 A F A4 B B, 76 3% B A T AR R
(1.21x10" hm*) , 24 (5 4 F A TARE A 25% " HAE L 05 A S Ml 5 TR A A TR AL, AZA AT
PRI RIS , th T8 o —  EARGMAE R T80T E R LA = TR BRI, A2
AL RIER S HOK S pH A0 4 R it IR0 R A R0 DL B b A bR AL 2 A8 SR F 7 LA
FEXHAZATEAR 5T 224 rh TG MRl AR, & A2 AR N TR G325 0y ek B3 R ARG 0 + 1y Pk

AL BLIR o AR Wi (0 A S0 O AT A ) ) LR T S T AP AR BT S
ﬁ: [:[:ZBJEQ\O

FIRMEALZ 5 8 15 SR 0 IR 36 A BLR Y B A A0 5% AL 38 5 A SR A5 H R LSO A B 2R
FRU DR A SO PR AR A A S T AT GV SR A S R S IR L (IR A2 it Ak TR
WrBO) R e bRt 1 ST R, LR AR RIAE I (Y R AR R B, A0 Dick S5UTR B AR E AN
U0 S | A it 55 LR R R 0 ) S DG OC R | Veerstraete F1 Voets' "' %2 BH 4 SRS Rl | -+ 38 IR A1 B-74
I BEF S S AR P ARG, TERRMAE S RS, IR A 7 L B AR AN AL Y A5 F R
AR L HE T SR T ORI T I 00 i L R 2O R A e R R LT IR E R BRIRSE, T
FURTIFSE (AR S 5 3k ) 0 1) 3 Al ok 1207 39 T R T v o R R 98 0 R LTI 2, bR
IMAIE BT X T b AR AL T 4 AR 2 R G S R M RE R S BT R X

ARMAES R G LSRG V52 Z2 80 N 520, A0 4% L8 IR 7 (88 pH &K & | 8RR A ML &
S5 U LR R RE ) A0 PR K 7 (BRI | 225 2 LA T ) 3k S8 A AR A R [l 47 1 e ol A= )
RET SR, AT 5000 (0 R ORGP 21 8 e MR 0 R A2 AR | B2 AR I T e PR35 %
PR, SRR RE D) R R R VR W O3 R R 1 IR A I A 32 BEL ELR IO R R 20 KA e R T 2
PO AZ AR BRI ISP IEERRFAE 2 T L SR R R U RS R Y ARl g, B L HLTOR
Feor LA R AL SRR R AR E Y E e B R A, B A AR T R N-C R S AR T S
55 T ERRAE IR R 0 b PR TR R M 14 43 i R AL A O, IR R U R A R
AR Sl AL R A EE 2 5 L A PR e, REAS K L P AN RDE S N 20 A 208 N AR i, x4
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N ZA A EE L B SRS AR N TREGE VLR BT 12 BEOCTE IR 2 R R A o
ARG, LRI 45 SR T BEAZ A AR ARBTG5 M2 AT R 50 (HERS T2 5 1 e AU 3R 7
ARG B -] A I | AR I Dl U S PR I Al R A TR G U A5 R o R 2 BT 98 1 A A2 R Al b
FIF AR BEAT | k=2 X PR i AR A S BR BRI . TR, 9F 58 AN ] 3 AR A2 AR N TP - Mk ( B-
FEHTY I N- S S A MR T ) O30 DR | 8 P AR PV D I R 3 DY | K 28 I e Il ) o
B A8 A B HE I [R5 W A2 AR RS B L 3 A SR A BRI 98 08

1 #R57FE

L1 B RO SRR

B TR A = IR AR 2 3 LT (R 28 11728, 643 26°107) |, Js iR Ll SZ K, W3k
175264 m, AR FERe A, SR RD 5 B I 208, 3852 80—90 em, 12%3b DX Hh S ity
7 A AR 19.1 °C L 4E TR 5240.2—6677.9 C |, AEHIRE K i 1749 mm , 4 F-278 & i 1585 mm, 471
AHXTREE 81% , 424F H RERT4L 1840 h, TLFEW] 300 d 25, F MK M B A 195 5k ( Woodwardia japonica (L.
f.) Sm.) YLFd & H ( Selaginella moellendorfii Hieron.) F1 = € ( Tetrastigma hemsleyanum Diels et Gilg) 4
KIRMRIFFE X TR JZ FEZE A% [OF% | B R A RIS S 15 BAS J2 2445 13 ( Dicranopteris pedata (Houtt.)
Nakaike) \BBY5 5 ( Gahnia tristis Nees) FI4E 11132 (Alpinia oblongifolia Hayata) S5

TEZE Ty RS R DA Rk W 1) 3P 45 B SR AROUAR LI AZ AR AR 37 12 B i 1 A
BB 4 A ERE RN 20 m x 20 m, BEHFEAFRERAEAZ AN TR (—M FRP AL SRP =
X TRP) FA A TARBR (NF) PSR, AN FE RIS AN TR RS L3R 1,

F1 X MEER

Table 1 The description of experimental plot

TR LR
FeAEACEL i/ a 3l 1] BERE/(°) WK/ m & RS Cultivation Current
Planting generation Age Aspect Slope Elevation Planting year density/ density/

( #/hm? ) ( #/hm? )
—fRAZAM FRP 46 [l 21 175—264 1973 2700 1380
AU A SRP 29 [i] 19 204—244 1990 3600 1050
=HAZABK TRP 40 (s[4 35 175—250 1979 3000 1845

RIRFK NF — i} 20 — — _

FRP ; First rotation plantation;SRP ;Second rotation plantation; TRP ; Third rotation plantation; NF;Natural forest

1.2 B3R SRR

2017 4 12 A F12018 4% 6 1, FIFH S BUBURE 1L 3 R AR B Fr il 0—10 em PTG THHERE S R TT
8 MRFERL, MR ERES A 2 0y, o 1 i R RERR 2 B AR R A IS 18 2 mm G 5CE 76 VKA
HRR (4 °C) , T H I3RS A (NH,-N) FIRS S 2 (NOS-N) 2 2 S BTG v (T i 2% FR 46 5 | R BR 4
F5 RIBE I 2) 3 53— AR TR, 5 18 pH &k (TC) IR (TN) & i,

1.3 S H b R RN S S0

+ 4 pH ECR A B #E PHS-3C B pH iFE A7 (Kb 5:1) . H 884k 4 F R H 70 E 43 B A (vario
ISOTOPE cube, Elementar, German) 7€, +HEEASZE(NH-N) GHAZE(NOS-N) H 2 mol/L KCl kiR #2 +
) SR FH 4 A ShIE W3 1% ( SmartChem 200, AMS/ Alliance , Italy ) Jll 5E .

I 5E - HE RS PE A E 1 F] PBS SRR (K 1 1:10) J5 , SR FH L 7 B 23 ] Elisa BRI 50028 73 BT 18 571
FAREC, R A Z I EREFR Y ( BioTek Synergy 2, Gene 5, America) 7EJ < 450 nm il 52 H: OD {H , £ )5 FArfE
YIRIMR L5 OD BT H A 2 1) [T A 05 B2 R A B WG B (OD ) AR A R 2, T3 H R W R B, 3 LA
R BRI, BIR AR i SEBve BE Y T e 2 SR DA BT IS A (g ) F B i) (k") P A o A 1 B R T
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7 umol ) A FAE . ZEAA ST AU Pt b 2 R P T P /K T, LR R S o 01,
Y . T 5 A 8 T, TR, i M BEFL o R A S S 7 R , 15
FR i LG (HRP) 10 R R ISR 5 2, TP b -G BRI A 0, 28 i G U e UG
WYV LI (TMB) 562, TMB 75 HRP B0 ffl R P Al G, JAERR 0 7 T 3 AL L1 8 6

AR IR i 1 B0 I i PR3 i il 52 TE ARG, LA e AT M5

R2 TEBERGE . BRSESEINE

Table 2 Soil enzyme names, the abbreviation used in this study, enzyme commission numbers ( EC) and their function

Tit 455 EPrordes  Thak Jjist7] Z:7% 3CHk
Enzyme Abbreviation EC Function Substrate References
WKTF Urease Urease 3.5.1.5 A3 PR K fi e R 2 urea Tabatabai F1 Bremner! 32!
M Protease Protease 3.421.24  KEANE NEILR ZJIK dipeptide Ladd F1 Butler!?)
R Rl NAR 1703 MECRREEIRA e NO;-N Fu Fl Tabatabail*
Nitrate reductase FRER

A JE TAHARER A S5 NO i
méz&u%% NIR 1.7.2.1 @t ML R TEARAER NO;-N Tabatabai*!)
Nitrite reductase 9 NH,4
ATk Jle it TK S R 2 ik e T R A& &, N Frankenberger &

S PO = = Lk 1-asparagi
Asparaginase ASPG 3.5.1.1 P KA Wi L-asparagine Tabatabail®

- X it e - B-D -l 1R 45 4
B'%*’%ﬂ@ BG 3.2.1.21  CHEFMERS RO BT pNP-B-D- Knight FlI Dick %]
B-1,4-glucosidase .

glucopyranoside
N-Z 1t 2 22 0 7 Wl A% 1 i N bt AR
Ny R Sy LT TRRG R B, R A 2 I
- NAG 3.2.1.30 KA FE o9 A LM B p-Nitrophenyl-N- Parham #l Deng' "’

N-acetyl-B-D-glucosaminidase

G

acetyl-B-D-glucosaminide

( chitinase)

1.4 Bdlaortr

T X TR DA BRI AT A O3 A0 R0 7 26 SRR B, SRS R — M e A ASE A o 1) F 52 0 £ 5 2% (repeated
measures ANOVA ) 3B 3% 4 ARE SRAEZ= 710 R0 — 38 38 FAE DA 3B o Al 7% Pk X s i, AR R
PRI [ 322 AR A S S e o % s 72 A R R B PR 2R 5 22 73BT (one-way ANOVA) AT R 56, 3 LSD ¥
AT ZE A (a=0.05) , T IEFHE AP YA MR ] Pearson MG/, LA EEHE /0 A 4 7E SPSS
22.0(SPSS Inc., USA) A E4T, M ERVT L Em I P ) 52 ma R &, FI A Canoco 5.0 ( Microcomputer Power,
Inc., Ithaca, NY ) XTHGNGPEAIGE R 7 (T18 pH &K E 28k 2R BREA L SR HER) #TT0R T
(RDA),

2 EREH

2.1 ERFZARR LR T

ANTRIZE R AR BORR A 21 % AL I (48 pH Bk 2k A SR BSA MEA S =) f i
FHRW (R 3,P < 0.05) , RAEETTTHZER BN 2 AR TIE AR 2k 2R S #ULESE HMEA
GEARERW(EI,P < 0.01), H3pH FH R 12 HRRH(4.27—4.34) BERH TR =RERAT
$K(3.94—4.15) (HRIRMRF AN T AR 0 6 B3 25 5 1 6 A KA (4.3—4.5) BEFH THAN T
(4.04—4.32) fH— = ZREAANTHRZRITREZES (F4) , BHORULAZARN TAREHE pH EILT KK
M, 12 AR 6 Al FRE 6.9%H 6.3% (% 4) . 78 12 A, — A ARAZARN TAREHE SR E 5% 5 T RIRHK
(16.229%—18.98% ) , “ARFEAM 3 18 T— A0k (H = ARMRFI K AR AR 2 0] TC i 3 245 55 76 6 1, RERMRITAZ K
NTAHRZIA](28.53%—38.4% ) I35 22 57 (K 4) o 12 oy L3 2B M4 00 7 B A7 2 — AURROR = AUk
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(TC:20.44—28.74 ¢/kg; TN:1.5—2.06 g/kg) 3 = T RIRM(TC: 11.54—18.69 ¢/kg; TN:0.8—1.53 g/kg) ,
M— AT Z BT 22 57 (% 4) . 6 A2 AR — AU L0k & & 0 10T =AU (H— Ak =
RMARIRRZ B TC B E 257 AT BEAERBRIEZAR — = RERRZE TR EER(F4), HIE
C/N WLTCIBTE 12 Hid 2 6 A, WMt Z [0 35 0 i 3 25 5 (12.22—17.29, % 4) . 7E 12 H , RIAK 14 NH; -
N(18.24—40.99 mg/kg) i i 3 5 T2 ARN TR AR (4.87—10.89 mg/kg) , 20N J5 & 1) 4—6 5 ; 1T KK
MR NOS-N 75 (0.54—1.11 mg/kg) W EARTAZAR N TAREF b (2.88—6.72 mg/kg, % 4), TE6 J,4
ASMRHLZ 0] 9 158 NH-N S0 B 2 22 5, 21 NOJ-N & & BRI N AR — A =AM (9.19—16.18
mg/kg) & T ZAUMR(1.61—3.91 mg/kg) IR (4.67—11.21 mg/kg) , RIAME Z & T2 MK, M
—RMA =AM, SRR Z A 25 (R 1),

£3I TREHRBIEVTEANIBBUMRNEEFENESNER

Table 3 Repeated measures ANOVA on the effects of planting generations and seasonal change on soil physiochemical properties

ST Source oH @_7J<% . ERq . éﬁ WAL %ﬂ}ﬁ ﬁﬁjéfk
Moisture Total Carbon T'otal Nitrogen C/N Ammonium Nitrate
ZHY Time (T) <0.001 *** <0.001 *** 0.01" 0.01* 0.26 0.001 ** 0.001**
FAAEL Generation (G) <0.001 *** 0.002 ** 0.01* 0.018* 0.14 <0.001 *** <0.001 ***
T x RAERE T x G 0.07 0.004 ** 0.01* 0.01* 0.36 <0.001 *** <0.001 ***

KPR EEEME T2 PE, » P <0.05,"" P <0.01,*** P<0.001

R4 FREHKHEEAANTHRIIRAKTEBUERILER

Table 4 Comparisons of soil physiochemical properties in different generations of continuously-cropped Chinese fir plantation and natural forest

%*iiﬁ Ji%aﬁéﬁl Sk /% R %/)F?k %szS/EL ﬁﬁ%ﬁ’fi&
Sampling Planting pH Moisture Total carbon/ Total nitrogen/ Ammonium/ Nitrate/
season generation (g/kg) (g/kg) (mg/kg) (mg/kg)
X7 FRP 4.00+0.03¢ 21.43+0.45b 22.45+2.18ab 1.54+0.09ab 5.81+0.28b 4.96+1.00a
Winter SRP 4.19+0.03ab 27.46x1.23a 25.58+1.79a 1.77+0.05a 6.38+0.68b 4.58+0.48a
TRP 4.07+0.03bc 20.51+0.13bc 27.15+1.66a 1.75+0.12a 7.97+1.00b 4.81+0.44a
NF 4.30+0.02a 17.06+0.65¢ 15.83+1.60b 1.13+0.15b 30.69+5.05a 0.76+0.13b
HZ FRP 4.23£0.02b 29.05+0.28a 21.72£0.91b 1.54£0.04a 5.70£2.59a 13.49+1.00a
Summer SRP 4.26+0.03b 32.78+2.04a 26.00+1.78ab 1.79+0.09a 7.40+0.18a 2.97+0.57¢
TRP 4.14+0.04b 31.06+0.64a 29.82+2.22a 1.88+0.15a 3.16+0.35a 10.58+0.58ab
NF 4.42+0.05a 28.41x1.62a 28.60+2.25ab 1.81+0.07a 6.65+1.47a 8.61+1.40b

FRP R — 2R SRP HERAE A2 A TRP A = AUZAM NF 6 P KK bk 32 BB AP BH{E AR ER (n=4) , R
I T BRI — 9 AN Rl U [ 47T 3 22 5% (P < 0.05)

2.2 5 en R A R RS

AN R AREN 2 5 ek G PR S P TC W E 520 (R 5, P > 0.05) , AN [RIRAF 215 % 5% Uil PR i I il
Z A A 6 T SR A BB (25, P < 0.01) , T RAEZE R AR B A2 BAE FH AT 3 4 ik
JF Tl TSIV P 30 B S AT S A (R 5, P < 0.05) o RIRMRFNAS [R]3ZE 4R A REICRZ ACRR - S ity 1y ) e 45 SR 3R
B, TG 12 Hif o2 6 3 o0 K 2 80 - R 9 06 M0 T 0 2552 ) (181 1, 2 Pl B -4 28 1 1 G L A TR A8 )
fify VAR A SR N- £ B S 3 A T Il ) . A AE 12 7, RERPREY - HEIR B % 14 (0.018—0.025 pmol h™'
g ) BERE TIERZ AN THA(0.005—0.014 wmol h™" g™') , AN G 2—5 1%, A FACE S FAZ A 1 58
RIS A D0 Wik 35 2 e R OB 398 S A MG P T80 1 (22.09—30.92 ol ™' g7") 18 25 8 T = ARGE M AZ AR
(10.84—25.61 pmol h™' g™, 5—M ZAERIEAMIF I B 22578 6 J1,4 Flhobihb iy - 58 IR il Fr K 4 1k
FemEE S L B EEZR (E 1),
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Fig.1 Changes of soil enzyme activities in different rotations of Chinese fir plantation and natural forest in December and June

AN[E)ING SRR [ — 2 L SRR A A A ) e AR AR A7 AR 35 28 5% (P < 0.05)

RS5 FREHKHNEVEAN LEBEENESHFENESTER

Table 5 Repeated measures ANOVA on the effects of planting generations and seasonal changes on soil enzyme activities

; g e e s . N-Z kA%
e RO AN BR KA MBI WA
Source Protease B-Glucosidase Urease ASPG NAR NIR DNAAG
215 Time (T) <0.001 *** <0.001 *** <0.001 *** <0.001 *** 0.008 ** 0.253 <0.001 ***
FeAEICEL Generation (G) 0.513 0.556 <0.001 *** 0.466 0.462 0.556 0.241
ZA x FHHEAB T G 0.065 0.664 0.124 0.017* 0.334 0.036 " 0.075

K FUEREEE M T EMN P, + P <0.05,* P <001, P<0.001

2.3 HIEEEE RS A T A DG

Pearson A G/ AR W], + A RGP 5 HIEE/K S NOS-N S S W 3 IEAHE (£ 6,P < 0.001),
5 43 pH [ TC FIl NH-N S MK (F6,P < 0.01) ; 155 -2 Wi BHE PE 5 35 K2 HNOS-N &
R R FEIEMIE(F6,P <0.01), 513 pH TC TN I NH;-N it 2 B EHKE(F6,P < 0.05) ; T IENRHET
WtES 3 pH A& KR R B E IEAE (K 6,P < 0.05) ; IR BEHEREG M 5 1% pH & /K R A NOS-N %
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R R E MG (E6,P < 0.05) ; TIEMRIS ARG PE S 138 pH SR EE B FEMKE(E6,P <0.05);+
SV YRR DR S 3 NOS-N SRR B E A (E 6,P < 0.05) ; T3 N-2 Bt 5640 2 01 B % vk 5 135
pH & 7K8 1 NO3-N SR R E MM (FK6,P < 0.05), TUARIIHT(RDA) SE—Hl A% — 54 B ke 1 i i
PEEAE S 72.2% M 1.5% (B 2) . H PSR B B H 5 LR GG P %) e i el 40, 385 K & (NOS-N &
SR pH X M A R, S R | R AC TR el | B - A 0 1 i N - £ BE 2 SL A A0 0 1 I L A PR A
J AR RS MG R VI (E 2)

*6 TIEREESINERTFH Pearson HX DT (n=32)

Table 6 Pearson’s correlation coefficients for relationships between soil enzyme activities and physiochemical properties(n=32)

RO BRI M KRS WSS SRR

Protease B-Glucosidase Urease ASPG NAR NIR “NA G
pH 0.40 0.49 " 0.65*" 0.37°* 0.38* -0.08 -0.58*""
%7K Moisture 0.74** 0.71** 0.38* 0.49** 0.39* -0.10 -0.57**
25T Total carbon 0.38* 0.38" 0.04 0.17 0.05 0.04 -0.15
A% Total nitrogen -0.02 0.36* 0.008 0.12 -0.002 -0.02 -0.22
BRE L C/N ratio 0.24 0.24 0.09 0.17 0.16 0.18 0.11
B 75 % Ammonium -0.38" -0.40" 0.08 -0.11 -0.11 0.11 -0.05
A Nitrate 0.58*** 0.58*** 0.33 0.36* 0.18 -0.39" -0.42"

F P RUE R BRI R B P A, BT EE N 12 A6 A PIUCRAERYEIE; = P < 0.5; % P < 0.01; #** P < 0.001

3 it os T R

F KM F 3 # A TR L HE pH R 06 |
0.11—0.30 1 f (5 4) BT RAMFHABAAT 04
e R S AR R 5 o2 >
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