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S ARFEIMEAZ AN AR L SRS A RS PSR 105

AR BRSNS s e SR AR TS, ARBREZ
AR R R HLYE M/ N £ XU A5+ 4
Fsci e sh i AT, AR R i o)
KI5 P RBET AR AR 5y 2400 + et pe st (AR
PR AEAR bR 385 250 (4048 pH {H . fED
i, RIERETETE . KOTSRS ) iR,

# K ( Cunninghamia lanceolata (Lamb.)
Hook. ) 7R3 E B2/ MR R, A T AR
JEFRE AP, SR, KEIMEALSEFERA
MHFE IR, IF5 1R IR YR 45 H Al
SRR, R F R E AL AR A K AR
il A2, b R A RO F AU AR G Y g
P, AT RASFR B W BOZ AR 3 A e
1, AT i IR A T RS 1 AR AL AR
B ik, ARSCRATR E S A R R AR AT
MAFFEXS G, e AR PR S HERR PR 45 5 /A

FHOC AR P N LB A P R BT, P TR e
PR Ak BAR PR BEAZ AR 1 AT B B i A2 A
fit, B AN TARRMEALE BT f 22205 S 1t
FHEmds .

1 R HBER

TR A, TR A TR X, AR R AR K
SV IEECE MY (26°33' N, 118°06" E ), J& it
RN P = WA, AERIREK & 1 817 mm, 4
ISR 19.4 ¢, £k 200~500 m, + 3
RUJ 414

KAz AR R 2, EEAFKL BN
EARNTHM (7THFEAGEIR . 15484 Pig Ak
24 A B 34 AR AR AR ), AE R ARIAZ
A, HE 44 20m x 20 m IREDT, BASK
B3t 4 N, SRR ARMEAE AL 1,

F1 RWHERER
Table 1 Basic characteristics of experimental plot
e g4z Wi I S P W WE
Stand age/a  Diameter at breast height/cm Height/m Stand density/(¥k-hm™)  Crown density ~ Slope aspect  Slope degree/(°)
7 10.5+0.25 6.1+0.18 2850 0.5 R 29
15 17.8+0.26 13.9+0.28 1913 0.7 il 26
24 24.2+0.38 15.410.11 1594 0.8 & 25
34 27.9+0.57 16.1£0.10 1148 0.8 & 25

e B bRz

Note: Data are shown as mean + standard deviation.

2 HRF &

21 TEXRE5L4E

20194 7 1, EBAFE T WA KRGO
I (B FIR AR - 250E ) 1 3 B2, SR
£ 0~20 cm AR BR SRR R, ARPR IR
i RAER BN, AT IN 3 BRAZ R L4
FESENZAE TR, 16 DT 96 MREN,
(MRPRS5AEMRPR 45 48 4~ ). KB 3P AY Atk
FMRSEZ NG, o 2 mm G, 0850 43R 2 43
—f AT, HTIE -5 pH, 2AaEA; Ji—
MAE 4 °C VKA R AT, T EKE . &
R BHAE . ATEEA PR A A M E
22 TEHESSH

A KRR 105 C M T I pH R
FH pHHIE (K 1225 IBEHHE); L3
2 mol'L™" KCI iz fE)5, BRIEMMESEAMELSHA

& i 14 A g E Wik 2% 23 BT ( SmartChem200,
AMS, B ) MEPY, mrE A MLk S R A
S BLER 4> BT A ( TOC-LCPH, Shimadzu, H
A) WA s D A A i R 4 U T &R 3 i AY
( Vario MICRO cube, Elementar, fZ[FE ), B-f
EBEF M (BG) . B-N-Z Mt 4 5L 7 4 B 1 i
(NAG). Ixl§ (URE)., MM:HE B (PRO),
SRMAILREE (LAP), ffRE)JAEE (NR)
TR ek, FRT WL BE v, I i
FAETF R R A R IERE R, 4l 1 o
fiH pmol-d™ g7 HAEFIR
2.3 HIEAE

HRBRE ( RE) ZARPR 5 AEH R A 3800 i 4
TR R HED, AR

RE = PR 35 /AR PR 35 1

A RE>1 ARPRIERLN. , RE<1 W kAR Br it
BN o
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FIF SPSS 22.0 # 43t B IE S 11434, XA
RIS | AR S H A B IXE e R
PO T A BERG PE A2, AR AR PR (JEAR
br) ZIa 2 R R 2200, RA /DN i3
2257 (LSD) Mt ¢ sk f i + e mES
PEFFRALPE T2 (A1 5C R Pearson AHE T, 2
FHZIt853 3 Fr ik Canoco 5.0 Xif A [ ki -+ 33
B PR S B B2 R D R TR 5T (RDA ).

3 HEREHA

TIEEAREUER
ANRIAREAZ ABRAR R FIAEAR PR SR B M

3.1

JULER 2, ANFEMES - HEE A AR EES (&
A4 A BRSN ) (p<0.05), HIFx 13 pH {E
X TAEM bR 3% ( p<0.05), 7 a #2 Kbk 133 pH
HEEET 24, 34 afF2AM (p<0.05), 15, 24 a
EAMEES KEBEST 7. 34 a2 KM (p<
0.05), 7. 24 a2 RMIKA LB E & T 15 a2
KM (p<0.05), 7. 24, 34 alz Ak ISR
FHEEST 15 a2 Ak (p<0.05), 15afK
MEEMERGREEST 7. 34 afZ AR (p<
0.05). MRIFSIEMPRESKE . k. 2A .
WAL . FIEEA DL . SRS A & R
SARBE (p>0.05),

R2 ARMREARTREEREUER

Table 2 Soil basic physico-chemical properties in Chinese fir plantations at different stand ages

T R nb £ Pt i Stand ages/a
Soil properties Soil type 7 15 24 34

. il 4.44 +0.05 aB 4.29 £ 0.06 abB 419 +£0.02 bB 4.20 £ 0.05 bB
P AR B A 4.51+0.02 aA 4.46 + 0.07 abA 4.28 + 0.06 bA 4.41 +0.04 bA
K% MR- 29.75 + 0.55 bA 33.97 + 1.06 aA 36.00 + 1.49 aA 30.12 + 0.74 bA
Soil moisture content FEiR B+ 30.10 £ 0.68 bA 34.87 +0.86 aA 34.55 £ 1.34 aA 30.39 £ 0.29 bA
S8 (gkg™ bt 20.15 £ 0.27 aA 19.44 £ 0.92 aA 21.62 £ 1.29 aA 18.62 £ 1.49 aA
Total carbon JeAipr 19.85 £ 0.54 aA 18.10 £ 0.92 aA 19.23 £ 1.45 aA 18.37 £ 1.48 aA
2%/ (gkg™ Hhrt 1.32£0.01 aA 145+ 0.07 aA 1.40 £ 0.09 aA 132+ 0.14 aA
Total nitrogen JEAR bR 4 1.32 £ 0.04 aA 1.35 £ 0.06 aA 1.28 + 0.06 aA 1.34 £0.11 aA
B MR- 15.27 + 0.22 abA 13.43 £ 0.08 cA 15.49 £ 0.22 aA 14.28 £ 0.58 bcA
C/IN JetRBr L 15.04 £ 0.09 abA 13.36 + 0.15 GA 14.95 + 0.51 aA 13.82 £ 0.59 bcA
AHEAEHLE (mg-kg™ bt 147.46 +8.64 bcA 174.96 £15.25 abA 202.77 £30.53 aA 104.63 £4.32 cA
Dissolved organic C JeAipr 119.52 £10.28 bcA 137.18 £16.15 abA 158.97 £29.95 aA 107.96 £2.88 cA
HeAE (mgkg™) ML 575+ 0.81 aA 3.07 £0.18 bA 475+ 0.29 aA 5.51+0.23 aA
Ammonium nitrogen JEAR bR 4 6.22+0.32 aA 3.26+0.18 bA 5.70 £ 0.11 aA 5.65 % 0.41 aA
AR/ (mgkg™) MR- 1.41 £0.26 cA 9.52 + 1.46 aA 6.73 + 1.04 abA 4.80 + 0.46 bA
Nitrate nitrogen JEAR R 2.05 £ 0.35 cA 8.54 £0.27 aA 7.22 £0.78 abA 4.60 +0.16 bA

W FATARF/NG FRERR AR MBI AZ AN THARBR L (ERPR ) 2783 (p<0.05): AFIKSFRRRFE—HEAZ AN TR L HARPR

T 5IERE L ZERESE (p<0.05).

Notes: Different lowercase letters in the same row indicate significant differences among stand ages in rhizosphere soil (non-rhizosphere
soil) (p<0.05), and different uppercase letters indicate significant differences between the rhizosphere and non-rhizosphere soil at the same stand

age (p<0.05).

3.2 TERENEEEERRIREA

1 ZRBH . ARBRFIARES X 6 Fh 1 38 R 5L 1L il
AR B35 (p<0.05), HAZH AR +
HE NR JGPEAE7E & 52 (p<0.01). BG ik
TE7 a2 KR i, B E&ET 15, 24,
34 a A (p<0.001); 7. 24 a IZAM 1 NAG
TEEM W T 15, 34 a2 KMk (p<0.001);
14 PRO. URE FI LAP i&E¥I1E 15 a F2 A bk
ik, HEFMT 7. 24, 34 a2 AM (p<0.01),

ANFEIRBZ AR 132 BG. NAG, PRO. URE
HILAP 15434 1 3 = FAEMR PR £ (p<0.05), #
Pr 4 5 AEMR BR 1 A9 NR 36 P o AR i 5%, 15,
24 a FZ AR MR PR L HE A NR 35 M0 8 2w TR AR
Prt3 (p<0.001)., K2 £ KNEMBEAZAK
3 NR G R PRE N AFE R EER, f 15 a
EAMT R, BREET 7. 34 akZ KM (p<
0.05); BG. NAG. PRO. URE #i LAP i ¥ fi¥
FRERRN FEARIS ] 22 7 A 3% (p>0.05 ).
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60 30 60
#ik p<0.001 ‘ # p<0.001 i p<0.01
i p<0.001 % B p<0.001 HiBr: p<0.001
= Mo iRPR p=0.89 &= i< HBR p=0.84 5 i< HBR p=0.96
_‘?"40—a @< 201 g a @ 40}
I ! o] ©
& 2 b bc % S A ﬁ 5 2 a a
=5 " ¢ B s (@A o O] SR TN
LS 20t c Q& 10} 3 =0 20t - -
©Q c a9 B T2 B '
§ =z o
N
0 0 0
300 ¢ 6 0.6
iy p<0.01 Hi p<0.001 Hki p<0.001
PR p<0.05 HiPR p<0.001 PR p<0.001
T Mt HiPR p=0.53 T Ml xR PR p=0.86 = i< iR Ex p<0.01
()] Bl O
Z200} Z P4t = 204} xx
° T a a s
7 oF | g 3
=g o B A2 BE
5 100} 2T 2t b A ES
D 5 Ia Z
0
7 15 24 34

7 15 24 34
it Stand age/a

I 5% Rhizosphere soil

T ARG TR R A )RS ) A2 AR B A7 25 25 5% (p<0.05) 5 AN[H) KRS T BE 75 A [ R (8] A2 A bR AR AR B -+ 77 7E Bl 35 2% 5+
(p<0.05); **FIR[Al—MARPR SRR LAATENZ % 225 (p<0.01),

Notes: Different lowercase letters indicate significant differences among stand ages in rhizosphere soil (p<0.05), and different uppercase

letters indicate significant differences among stand ages in non-rhizosphere soil (p<0.05). ** indicate significant difference between rhizosphere

and non-rhizosphere soil at the same stand age (p<0.01).

it Stand age/a
[ dEMPFR+ Non-rhizosphere soil

7 15 24 34
Hil% Stand age/a

1 FEMREZARATHKLREREUEEE

Fig. 1
g 4
=
3 a
2o a a
Xo a
1‘2_":’ 218353 aaa| aa—aé_1 3a b
=g < a—aa al412 b
il
N
%o
BG NAG PRO URE LAP NR

+ R Soil enzyme activity
J7a[fA15a¥d24a[]34a

T ANE/NG FRFIRAIF G R A L% 2% 5% (p<0.05).
Note: Different lowercase letters indicate significant differences
among stand ages at the 0.05 level.

B2 FREWSEZAKATIKR SR ELEETEN
R PR3 Kz
Fig. 2 Rhizosphere effect on soil nitrogen-cycling
enzyme activities of Chinese fir plantations at
different stand ages

3.3 tTEEAMRNTEREVEEERZm
F 3 K. WPr 3 BG G pHHE B

1IEAIE; PRO A NR {E SRR bR H S K E 2

W A OC; ARPr+3€ URE. LAP IG5 C/IN

Soil nitrogen-cycling enzyme activities of Chinese fir plantations at different stand ages

BEIEME, JEMRPR1L1E BG. PRO. LAP ity
5 CIN R E MG, #Prt4EBG., URE, LAP
W ZAERPR 13 PRO, LAP IS 58 A&
R EIEMIE, IERPR I NR G SEEA S
R IEASE; ARPRHE BG i ME AR PR 1
ENR MR SR & & 2R B NG, JER
Fr+ 48 BG. PROGEHH HMAR S &R B EMN
FH o

+ S S B AL IR T 2 18] U A A A
(RDA) %545 (B 3) K. MFrE5 1 A
2 T B R T BTG T AR R 1 44.6% F1 9.4%;
JEMRPR 55 1 SRS 2 o e R T G I A
514 31.9% F1 13.8%. AW ATk 8 4~ HHEH{k
DA X AR s - S T A g, Heh R
RIA IR LS A & i IO I L 7
XFARARBR TR MR AR W5 5, SRS
S O S PR IR
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®3 TEEMEESTEBAERNEXSHT
Table 3 Pearson correlation coefficients for relationships between soil enzymes and
soil physico-chemical properties

I et S8t

Soil properties Soil type BG e _— s i NR
@ LR 0.53* -0.04 0.01 -0.24 0.14 0.23
H

P R 0.08 -0.16 0.05 -0.17 -0.04 0.32
- R -0.42 0.15 -0.42 -0.21 0.25 -0.41
20l B EaTiE: AR -0.34 0.25 -0.67* -0.21 -0.37 -0.66**
o R 0.09 0.29 0.004 0.09 0.49 -0.27
Uil cRisa AR bR 037 0.10 0.07 -0.07 -0.005 023
o R -0.16 -0.05 -0.12 -0.27 0.10 -0.33
Vel Rag e AR BR 0.03 -0.06 -0.33 -0.24 -0.42 0.08
B LN 0.41 0.49 0.20 0.60* 0.60* 0.15
o AR 0.53* 0.21 0.59* 0.22 0.58* 0.24
A — R -0.33 0.45 -0.10 -0.06 0.32 ~0.42
ElizEhies e © AR bR 0.005 0.37 -0.34 0.19 -0.07 -0.35
. R 0.51* 0.16 0.30 0.56* 0.56* 0.12
dionliitog= FEAR bR 0.50 0.13 0.60* 0.40 0.76* 0.68*
— R -0.72** -0.11 -0.40 -0.43 -0.35 -0.21
D T e[ -0.58* 0.10 -0.66* -0.43 -0.46 -0.82*

e FOREEMRK (P<0.05) |, *FR B EMK (P<0.01).
Notes: * indicate significant correlated at 0.05 level, and ** indicate significant correlated at 0.01 level.
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il 1 L
RDA 1 (44.6%) RDA 1 (31.9%)

I#: TC. DOC. NO3. TN. NH,. C/N. BG. NAG . PRO. URE. LAP. NR ﬁ%d?@i‘"ﬁ AR SR 2R, BEA. WA
o, B-HIZMETTRG . LIE-B-D-2ULHA MR . KNG, IR, SeERELINEE . FERRIL T .

Notes: TC, DOC, NO;, TN, NH4, C/N, BG, NAG , PRO, URE, LAP, NR denote total carbon, dissolved organic C, nitrate
nitrogen, total nitrogen, ammonium nitrogen, C/N ratio, pB-glucosidase, N-acetyl-B-D-glucosaminidase, protease, urease, leucine

o
()

PRO
&

h 2

RDA 2 (9.4%)
2
RDA 2 (13.8%)

aminopeptidase, nitrate reductase, respectively.
B3 +TiEfmEES HERYEFZENTRST
Fig. 3 Redundancy analysis (RDA) of soil enzyme activities and soil physico-chemical properties
4 ik BR A, A RERIERZ I, AT
41 HANTH BN RSB s T TR YR A SRR PR, AT,
BEEMARRIABER, RGN RIS AR S0 U L i 5 PR AR I B I 5B R s
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Soil Enzyme Activity Related to Nitrogen Cycling in Chinese Fir
(Cunninghamia lanceolata) Plantation with Different Stand Age

PENG Zi-wei, JIAO Peng-yu, GAO Li-wen, GUO Wen, LIU Xian, HU Ya-lin, WANG Yu-zhe
(Forestry College, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian, China)

Abstract: [Objective] To study the variation of soil nitrogen (N)-cycling enzyme activities and rhizosphere
effect during the development of Chinese fir (Cunninghamia lanceolata) plantation and its driving factors.
[Method] Rhizosphere and non-rhizosphere soils were collected from Chinese fir plantation with the ages
of 7, 15, 24 and 34. The enzyme activities regulating soil nitrogen cycling (B-glucosidase (BG), acetyl-p-D-
glucosaminidase (NAG), proteolytic enzyme (PRO), urease (URE), leucine aminopeptidase (LAP) and ni-
trate reductase (NR)) were measured. Redundancy analysis (RDA) and Pearson correlation were conduc-
ted to explore the relationship between soil nitrogen-cycling enzyme activities and the soil physico-chemic-
al properties. [Result] Forest age and rhizosphere had significant effects on soil N-cycling enzyme activit-
ies (P<0.05). The enzyme activities regulating soil nitrogen cycling in the non-rhizosphere soil decreased
at first and then increased with the increase of forest age. The activities of BG, NAG, PRO, URE and LAP
in rhizosphere soil were significantly higher than those in non-rhizosphere soil (P<0.05). The difference of
NR activity between rhizosphere and non-rhizosphere soil varied with forest age. The NR activity in rhizo-
sphere soil was significantly higher than that of non-rhizosphere soil in 15- and 24-years-old Chinese fir
plantations (P<0.01). The rhizosphere effects of soil NR activities in 15-years-old Chinese fir plantation
were significantly higher than those in 7-years-old and 34-years-old Chinese fir plantations (P<0.05). The
key factors regulating soil N-cycling enzyme activities in rhizosphere and non-rhizosphere soil were C/N
and ammonium nitrogen content. [Conclusion] Soil N-cycling enzyme activities was the lowest in middle-
age Chinese fir plantations in mid-subtropical China, indicating that nitrogen may still be one of the main
limiting factors in the fast-growing stage of Chinese fir plantations. In the future, we should focus on the
middle-age Chinese fir plantation, so as to meet the nitrogen demand of Chinese fir and achieve the pur-
pose of sustainable management.

Keywords: Cunninghamia lanceolata; stand age; nitrogen; soil enzyme; rhizosphere effect
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