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(College of Forestry; Fu]ldn Agmultme and Forestry Unl\el’bl[)’, Fuzhou 350002 China) i -\ " o

]
=

Abstract: Soil enzyme activ 1ly is an important index to chardctetize lhe n{ment requirements and nutrient limnations of soil microorganisms. In this study, Pinus massoniana
plantations of different stand ages (9, 17, 26, 34, aid 43 a)/in mid- subtropical China Were taken as the research obJecl the activities of B-glucosidase (BG), N-acetyl--
glucosamlmdase NAG) , leucine amino-peptidase (LAP), acid phosphatase.¢ AP) _:,-polyphenol oxidase (POX), and peroxidase (POD) were determined; and soil enzyme
stoichiometric Fatios Were alsp calculated to investigate the $0il microbial nutrieit Timitations of P. massoniana plantation development. The results showed that the activities of
BG, NAG, AP POX, and POD were enhanced with the increase in stand age, and the activity of LAP was the lowest at 17 a, which showed a significant difference and
{luctuated a'mong the neighboring stand ages. The soil enzyme C: N: P stoichiometric ratio was 1:1:0.56, which deviated from the global ecosystem enzyme C: N: P
stoichiometric ratio (1:1:1). The enzyme C: N increased, whereas the enzyme N: P decreased, with increasing stand age, and both ratios tended to be stable after 17 a.
There was no significant difference in enzyme N: P among different stand ages. The vector length of enzyme stoichiometry was not significantly different among the five stand
ages. The vector angles increased with the increase in stand ages and tended to be stable after 17 a of stand age, but the angles were less than 45°. Redundancy analysis
(RDA) revealed that soil carbon quality index and pH were the main factors influencing soil enzyme activity and the associated stoichiometric ratio. Our findings indicated that
P. massoniana plantation soil microorganisms at different growth stages were all subjected to N limitation, and the N limitation was alleviated with the increase in stand age;
however, the P requirement was gradually enhanced. Therefore, the management of P. massoniana plantations should take care to increase nitrogen fertilizer at the early
growth stage of P. massoniana, and more phosphorus fertilizers need to be applied with nitrogen at the late growth stage in order to maintain the productivity and sustainable
development of P. massoniana plantations.

Key words: Pinus massoniana; stand age; soil enzyme activity; soil ecoenzymatic stoichiometry; nutrient limitation
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Table 1 Basic characteristics of sampling sites

B e ORUF wmeomw o) R0
9 1.25 7.5 5.3 303 0.3 [ 24 1 500
17 1. 80 11.0 6.5 359 0.55 e 21 1 800
26 0.40 15.1 10.7 383 0.4 i) 22 1 500
34 0.56 17.9 10.7 307 0.35 L] 19 600
43 1.93 26.4 18.9 316 0.5 F ] 14 900

1.2 SRS

FERF MRS T A N TR 8 4 > 20 m x
20 m FEJT, 3L 20 EE . H 4N (3.5 em BHLAR) #E
BEAFEITBEDLIEE 9 Ao, KRR TR 2 | B
0 ~10 cm Frif H4E, 5 3 A SR G FIERS —1
HHBE, 5 AR EE 60 A~ T AR R B ] S2 50

J&, JeABR A AR MR AR, 1 2 mm .
1 5 R3Sy R 2 A — A DL 4°C ¥ Tl 2+
HetoKE | BASE(NH -N) | SR (NO; -N) |, ]
WA HLA (DON) | Al A HLEK (DOC) LA K +
BC,NMPREHEM; —mHAKRKNT, HEEHT
WIE pH ., 2%, 28 20 AA 500,
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S (TC) FI4AZR (TN) 5 H H,S0,-H,0, & il & 15
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AT, AB-DTPA 24275 [ 1 mol-L~" NH,HCO;-
0.005 mol-L~" DTPA (pH =7.6) ] @42, 3 H] 1CP-
OES(PE Optima 8000, 3 [ ) & 3564 &4 ; 1-4%
BASA(NH, -N) 58 E (NO; -N) By & 24 1
HERESLF 2 mol - L™ KCI IR HE )5 , F 4 A Shial ki
Y ( SmartChem 200 , 2 K H)) il 2 ; +I3E ] %P
HHLK (DOC) K H B PR 7 4 ( TOC-VCPH/
CPN, HA) M5 ; H3Enlim A HLA (DON) HIA %
PERZ (TSN) FI Al PETHLA (NO; -NSNH, -NZ
) a2z 23T A. .
1.4 SRS M

SRR AL G T L W . ARSI T 6

[

PRI 5090 BB A A (BG ), V-2 -6

R IS(NAG) . Fe by

PR B (AP, 22 W 4Ll (POX ) 71 5 R Ty i
(POD) L T BHL, B 4 £ 6 (BG) 203 A X -

ST A 1 242 - A i
400 ‘i H 5k J5 WM -7, I -B- B T A L Y

(NAGY) B N-Z -84 3 B 11 2 S
S, J HAE 400 nm A FR R ; 25 TR ALK
Bl (LAP) o 73 fiff L 2 %o i S5 2R Jhe A ol 0T il 56 2R
Jie, J5 5 1E 405 nm A f5 KW W TR M 0 IR I
(AP) « AW 3R K Al 7 2B B 2R, TEBRME 2R AF T
Ji 2 W A SR R R Ak B W A A B L 7F 680 nm A7 4F
TEMZ ST s 22 By S AL I ( POX) < W] AL 4B 2 — 1 Al
D-LAS R AR 7=y, g A BT FE 460 nm 44T
RS 5 3o 48 ARt (POD) RETEH,L0, HH i AL 48
FH SRR 1 A A P 4R H AR SR B, %™ WD E 470 nm
Rb A AE W WA . AR 0 e B (e A AY
(Labsystems Multiskan MS, 25 %) 7E 47 I K T 2L
WAL 88 2o I W S T v R T B % i 3
TG P . TR 1k SR DA g R BN o i A 7 AR T Y
JEE IR BTt R F R [ wmol - (d-g) 7' .
1.5 Hdnabi

SCHRE RS B S ORI A AT 5 RS 43 A
5 255V B C: N: Pid@id In(BG): In(NAG + LAP):
In(AP) TH5. R HI 5 T B 10 K BT &R -4 48 R 45 41
(LCT) VA - Heh b 45 4 AR

LCI = In(POX)/(InPOX + InBG) (1)

K, POX Ky £ W A AL TG, BG S B-7 % Bl 1 i
In(POX) 5 In(BG) 73 5l ¥ | 5 73 fiff ik F4 FH X F
FE R (2) B (3) TR Ak 2= 3 1 1) d K
(Vector L) FIFfJE (Vector A) !,

Vector L = {[In(BG)/In(NAG + LAP) ]* +

[In(BG)/In( AP) ]*}'? (2)
Vector A = Degrees{ ATAN2[ In(BG)/In(AP),
In(BG)/In(NAG + LAP) ]} (3)

K NAG N N-Z T -B- 28 K] A WE 7 g , LAP D5
SRR IEIKE. Vector L 194 1 3277 + B 2E Tk
PR AR B A Al Vector A Y R/NE R A Y)
B DA BRAR LI (R 851K, X4 Vector A JiBS 45° 4275
R B R, 1) LR R B, 2 R
SR, 1 F (R BB BE R, 52 28 B

K BRI 2R 07 22 53T (one-way ANOVA)’%H?K
[t ] 5 s AT S 3 A R o B
P Bk 27 b DL Vector LA Véc?ﬂi'r A h"]%
Rl Revégan LAY decorana 58 AT 49T H i
o R A TR S M 5 W A
5 Rl R AERTRG TR AT (RDA) IR {8 T 7
MK PA T (VIR 107 Al 2 ek ] e 2 )
VIF > 10 W 7 75 3 2% 1700 7 50 16 3% 2 b, ol 4
Pearson AT RN 44474 ] b i - Mz g
5 - SR e HA 2 i 5 5. R AT SPSS
22. 0 AF1E4T ANOVA Fll Pearson 43#r ,RDA K& VIF
THEAE R 1IEF B vegan F2IFA T 58 K. FIH Rstudio
PRI, R A SR I + AR 5405,

2 HBREHM

2.1 AN[FEPAREE E AN N TR+ e A BT

M N T AR 4 e ik 2 2 P (pH 3.83 ~
6.48) , BEARIE I N BB BRI (K 2). 34 a F
43 a HkHh+ 55 /KR . DOC FI DON e T 9. 17
F126 a ML (P <0.05). MM L TN, TC I
TP Fr s BIR  MRIS 8 2 T # 78 34 a 35
H RAE H 3 = THADAMIE (P <0.05);9a 517 a
LR EIE TN FITC W E/NT 43 a 526 a
PRHL(P <0.05); 9 a MR+ TP &8 B EMT
17,34 543 a bkH (P <0.05) , HiAhkifd 1a] O i 3%
Z5(P>0.05). THEA MBS RAE9 a Ml 17 a bR
o A A H R I T A AR (P <0.05). &
HENH, -NTE 34 a MHh 5 it e =y H I 35K T HoAh AR
(P <0.05). 43 a B AN TAHTIENO, -N& &
e HA 3 KT HAWARES (P <0.05) , H Al AR 7]
TR FEEF(P>0.05). 17 a LEMKLEE C/N &
FHBERTHAMM (P <0.05), 9 a MHb AR
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B 43 %

H 5 E T HAAE (P <0.05). +3% C/P A N/
P 3 RIS B 3G 0 S 3G i FEAIG, 76 26 a M
KB KM, Hdh 26, 34 543 a SEMMKEZF KT

9a517 a(P<0.05). T3 LCI B & MW 0418 iy
FEA%, 9 a EMA LCI &5 T HALAME (P <
0.05).

®2 TEHKRDERAIHALEERLERY

Table 2 Soil physicochemical properties in Pinus massoniana plantations at different stand ages

. Mt/ a

LR 9 17 26 34 43

pH 4.66 +0.04b 6.21 £0.05a 4.61 +0.03b 4.31 +0.05¢ 4.00 +0.05d
Tk % 13.75 £1.38b 13.72 £1.28b 11.04 £0.81b 21.77 +0.97a 20.12 +1.28a
w(&H) /g kg ™! 0.51 +0.09¢ 0.82 +0.06¢ 1.77 £0.17b 2.67 £0.27a 1.95 +0.24b
w (&) /g kg ™! 7.80 £1.90¢ 17.45 £1.53¢ 31.86 +3.31b 46.28 £5.74a 33.79 +4.56b
(4 /g kg ™! 0.19 £0.02¢ 0.31 +0.02b 0.26 +0.03bc 0.41 +0.05a 0.31 +0.03b
o(F3WE) /mg-kg ™! 1.26 £0. l1c 1.44 £0.22¢ 4.11 £0.20a 2.60 £0.25b 3.26 +0.37b
o(TETEAPLRR) /mg-kg ™' 163.41 £30.38b 189.49 £21.51b 207.25 £9.76b 439.99 £13.18a 425.06 +24. 66a
w(BEBH) /mg-kg ™! 3.82%0.7lc 3.56 +0.82¢ 7.46 +0.98b 11.67 +1.91a 3.69 £0.62¢
o(EAR) /mg-kg ™! 1.27 £0.53b 1.26 £0.44b 4.55 +0.55h 4.25+1.11b 11.14 £2.09a
o(TTHEMEAPLA) /mg-kg ™! 52.75+1.52b 52.63 +2.30b 51.49 +1.02b 70.82 £2.75a 67.20 +2.60a
C/N 13.85 1. 11¢ 21.33 £1.19a 17.93 £0. 60b 16.95 +0. 44b 17.05 £0.55b
C/P 37.92 +5.84h 61.43 +8.89h 144.83 +24.45a 123.71 = 18.20a 145,51 +18 64a
N/P 2.58 +0.25b 2.75+0.26b 8.08 +1.33a 7.25+1.03a 66650y 9ga
bR KL 0.62+0.01a 0.58"+0.00b 0.56 £0.0lc¢ . 0.56+0.00c 0.55 £0.00c
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T M B AR A (L B A S 8 Tk 34 (AL7E 33 a ARl
FiE 15 A I T, b 26 a 134 a AR E] 5 34 a Al
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MR R A 25 5% (P <0.05).
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0.7 ~1.35,9 a T3 C: N (K H W &M T17, 34
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¥
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2.3 LERAl P o R I &ﬁﬂs%ﬁ*—ﬁ’]
S ¥ F

A e 2 it 5 S R A

T4 (33) .6 FEHEEES TN . TC. DOC.

NO; -NFl+-4 C/P ¥R B EIEM L (P <0.05),5
LCI 2 W& M A (P <0.05). BG, POD, NAG,
LAP 1 AP {14395 pH 2 B E A (P <0.05),
S5HMBEM 1 NP 28 EFIEMX (P <0.05);
BG . POD ., POX, NAG Fl AP i% P15 + 5 & K&
B EEIFEMAZE(P<0.05); BG, POD, POX Fil NAG
WS TP A4 4E /N B EEME(P<0.05);
BG. POD, NAG #l AP {145 DON % i 3 1IF#H 3¢
(P<0.05); BG #1 POD {45 NH, -N& i 2 1EAH
X(P<0.05). # C/N 5 TN, TC, TP 1+ C/N
ERFEMHIC(P<0.05), 5 Tk R B E T
FHAHR (P <0.05) ; B C/P V5 +HEmR R 5 5
EREAMIE(P<0.05); B C/P 5 TN, DOC FI
T C/P B EMAIC(P <0.05).

A - S G 1 S HAb 2 EE A e AR i,
AL & € N, P Ab2Eit i Lo AR e b T
TURHT(RDA) . &5 R, + 58 Ak X 7 X + 45
il 7% 14 B LAk 2 i b ) S BRI R RN 73.5%
AR T AR Y 65. 3% 5 AR T AR R
19.9% (K1 4). Hrp LCI(F =28.9; P=0.001) , pH
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Fig. 1 Soil enzyme activities in Pinus massoniana plantations at different stand ages
*£3 TEHmFEREMETERSHEBAOERZ ANEXRYY
Table 3 Correlation coefficient between soil enzymes ,enzymatic stoichiometry, and soil properties
BG POD POX NAG LAP AP fiff C/N fif C/P fif N/P
pH -0.270* -0.369 ** 0.04 —0.333"  —0.725*  —0.443" 0.203 0.235 0.084
Pk 0.455* 0.379 ** 0.358 0.362* 0. 146 0.305* 0. 201 0.18 -0.016
2R 0. 656 ** 0.597 ** 0.488 ™ 0.562 ™ 0.339 ™ 0.593 ™ 0.287* 0.057 -0.271*
RT3 0. 648 ** 0.593 * 0.519** 0.571* 0.303 " 0.577* 0.291* 0.077 -0.251
e 0. 400 ** 0.395 0.572* 0.337*  -0.068 0.205 0.309" 0.242 -0.047
EER 0.530** 0.530* 0.249 0. 548 ** 0.522 " 0.592 * 0.125 -0.076 -0.238
RIS PEA B 0.516 0.622* 0.411* 0.413* 0.402 * 0.572* 0. 199 -0.093 -0.356*
A 0.259 0.351* 0.215 0.171 0.041 0.213 0.193 0. 046 -0.157
THAA 0.561** 0.562* 0.404 ** 0.472 " 0. 544 ™ 0.493 ** 0.15 0. 036 -0.135
AR LA 0.348 ** 0.323 " 0.233 0.420 " 0.244 0.397 * 0.012 -0.049 -0.096
C/N 0.300* 0.265* 0.496 ** 0.292* -0.113 0. 174 0.285* 0.217 -0.066
C/P 0. 506 ** 0.458 ** 0.308* 0.453 ™ 0.376* 0.533* 0.2 -0.013 -0.260*
N/P 0. 490 ** 0.441* 0.254 0.418 ** 0.410 ™ 0.532* 0.18 -0.045 -0.277*
R TEAR S -0.945  —0.640™ -0.580*  -0.621*  -0.278* -0.598 -0.728™  —0.483* 0.228

1) * A SRR G B KT P <0.05 Fl P <0.01; BG /R B-HI BTl , POX /8 21 AL , POD /R i A AL P, NAG 37K B-N-
A A EETT G, LAP FORSE &M 2 LK, AP F/R R LR MR
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