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Effects of nitrogen and phosphorus additions on soil enzyme activities in Acacia

auriculiformis stands under different planting densities
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Abstract ; In this paper, the effects of planting density, N and P additions, and the both interaction on soil enzyme activity
were studied in Acacia auriculiformis stands, which is helpful to provide theoretical basis for the enzyme mechanism
affecting soil nutrient transformation under different planting densities, N deposition, and P fertilizer application background
in subtropical forests. NH, Cl and NaH, PO, - 2H, O were selected as N and P fertilizers, respectively. Four fertility
treatments (control, N, P, and N+P) were used in four density A. auriculiformis stands (low density with 1667 trees/hm”
medium density with 2500 trees/hm’, relatively high density with 4444 trees/hm’, and high density with 10000 trees/
hm®). The four fertility treatments were used in 5 small plots of each density A. auriculiformis stand, which formed a total of

16 treatments with 5 repetitions for each treatment. The results showed that the soil urease activity and catalase activity
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increased in the A. auriculiformis stands after N addition. P addition significantly increased the soil urease activity under
high density stand, but reduced urease activity under low density stand compared to that of the control treatment. The
activity of soil phosphoric enzyme under N and N+P treatments was significantly smaller than the control and N treatment.
The soil urease and phosphoric enzyme activities increased with increasing forest density, while soil catalase activity
increased with decreasing stand density under N and N+P treatments, but reduced under the control and P treatment. The
interactive effects of different stand densities and N and P additions on the soil catalase, urease and phosphoric enzyme

activities were significant in the A. auriculiformis stands.

Key Words: N and P additions; planting density; soil enzyme activity ; Acacia auriculiformis stand; interaction

Tl F & JE A AR BRI (N) AR Y R St F R0 N LR H ™ ) e T 4Bk N R AR AT
i, FeER T X R R N ORI R, ) AR M IX KR N UL A 3.72 g m™ a7,
2004 % 2005 4 ALY XA KRS TCHL N A HLN f A5k 3.2—34 gma ' M 1.8 gm™a ',
SEFFHLIX R N VISR 4 g m™ a”' > N UUREAYIE NS 3R AL ISR K, B &5 R AR A2
RGLHI0E(P) BRI AR Hh X b ) 98 ik B P gz it P OIRT P ORE A A AR A AOR A S PR
P i %M X B R X P W R A ANIRPE PR AU - Xt P A BR O e 5 P Y
[FF e

RS M S AR R RRAE A BRSO A U AR O SR NP ORI 2x 5 e AR AR AR S
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WA 448 Mussaenda pubescens B4 W Rhodomyrtus tomentosa 64 V) Lygodium japonicum 1% % Miscanthus
sinensis . 1> Dicranopteris pedata M2 Ilex asprella KWEAE Eurya chinensis . | £ 1. Wikstroemia indica 4t
F} Melastoma candidum FETH P Breynia fruticosa 5
12 kgt

2003 AR M /NG 1A CBa il AR, RIBRARHD [ A5 5 MRS IR SEAR R AR 2R IS HRRIF /(A%
50 cmx50 cmx40 cm) 4% 1667 (RH5 ) (2500 (F 85 ) (4444 (5= 555 ) (10000 155 % BE ) R/ hm B bl 1 55
291 m B AR T SR W45 2 hm? o 2013 4F 4 73,7 4 FRPRL S EE A AR IS TR 57 1 AT AR
79 0.4 hm*(50 mx80 m) AUREHLH TIR%E . 2013 4 4 JTAE 4 FRRIE % BEAUREHLN 22382 5 A 5 mxS m B/
O (RIS ANESR) BA/NE T NIRE 4 FREECY 1 mx 1 m A90FE (B I N P i N+P) | 45 4b Hi ] 1% %2
A3 m BYGEmT . 2013 4F 4 A IFRRRERS = A X/ IVED SEAT MR BEI AR B 21) 2015 4R 3 A SE AT, Ao
TEMEAE IR T, A AT NE R FL S 2B TE 5, X et s T AREE 30m LN, BT A 31358 25 AR BL, 2013
AEAR3RE AR ARt JIE A B 5 (00 1l S A~ P B 0l WL 1 AR 2,

R1 HRSHEREHE

Table 1 Characteristics of the Acacia auriculiformis stands

. - Mz

i b 2 HIE : - ” -
B e PR B b st s
Stand Age/a d w_[:y ﬁ/h y2 at breast  Tree height/m Slope Gradient

sty ( m”) height/cm
% ¥ High density 10 0.80 10000 8.6 11.1 SW42° 27°
B E Relatively high density 10 0.75 4444 9.8 10.1 SW44° 30°
P Medium density 10 0.70 2500 10.6 10.2 SW44° 31°
%2 Low densit . . .

K% Low density 10 0.65 1667 11.4 11.2 SW43° 28°

F2 MEARAERTEH L1 pH ERFMIRR CEHELRMERE)

Table 2 Soil pH and nutrient contents before and after fertility treatment ( means + SD)

$8F5 Parameter

b3 AL B K R AR
Treatment pH Organic matter/  Total N/ Total P/ Alkalized N/ Available P/
(g/kg) (g&/kg) (g/ke) (mg/kg) (mg/kg)
(= CK 4.12+0.09 35.66 +0.45 1.72 +0.02 0.30 +0.00 98.32+4.30 2.00+0.25
High density N 3.48+0.12 36.97 +0.86 1.98 £0.10 0.29 £0.00  216.13+5.50 4.82+0.54
P 4.28+0.10 40.19 +0.60 1.59 +0.03 0.54 £0.02  102.89+8.30 11.05+0.51
N+P 3.22+0.07 45.36 +0.26 1.74 £0.02 0.42 £0.00  143.87+4.70 7.49+0.37
B B CK 4.1220.07 30.02 +0.38 1.56 +0.03 0.22 +0.02 87.56=1.74 1.9220.10
Relatively high density N 3.35£0.04 31.47 £0.50 1.65 £0.04 0.25 £0.00  207.09+5.45 1.05+0.05
p 4.14£0.04 34.46 £0.24 1.47 £0.07 0.53 +0.00 86.92+1.51 8.52+0.21
N+P 3.45+0.05 34.36 £0.25 1.53 £0.02 0.41 £0.00  120.88+6.02 5.9420.19
R B CK 4,08+0.02 28.68 +0.27 1.27 +0.02 0.23 +0.01 80.15+1.19 1.8720.10
Medium density N 3.45+0.05 28.62 £0.22 1.44 £0.02 0.20 £0.00  180.33%5.71 1.7320.10
P 4.53004 31.65 £0.25 1.21 £0.03 0.48 +0.00 82.43x1.19 7.40+0.52
N+P 3.32+0.05 33.45 £0.74 1.43 £0.04 0.36 £0.00  119.15+4.82 5.31£0.02
ik B CK 4.26+0.04 22.70 £0.25 1.04 +£0.03 0.16 +0.00 53.32+5.00 1.48+0.03
Low density N 3.66+0.04 22.56 +0.37 1.11 £0.02 0.14 £0.00  155.94+3.43 1.2720.03
P 4.560.04 24.53 £0.38  0.91 £0.04 0.36 +0.01 53.85+2.15 5.70+0.32
N+P 3.69+0.05 24.66 £0.21 1.13 £0.02 0.28 +0.01  106.22+5.70 2.82+0.14
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H DT K RAE A K S % R0 o8 ik %) N IR &A% (NH, C1) , P AR B — K & iR — 40
(NaH,PO, - 2H,0) ,¥£J5 4 N P A1 N+P B4 5%] 8 NH,Cl 10 g m™ a™' ,NaH,PO, - 2H,0 5 gm™ a™',
NH,Cl 10 g m™ a™' +NaH,PO, - 2H,0 5 g m™ a™' & A BFT AT ML RHA MR 2 1 L 197K, W25 2534 51 B 78
4R, X IR (CK) DM AR [FAFR A K
1.3 LR E FEAR Sy

2015 4F 4 F X545 A ERRE 4 A% BEARST 5 ME IS CK I N i PRI N+P 2R B B AE 2 em (IR 10
em AR FH T BOREIL B 0—10 em 318, 36 80 A ke Sy [0 S50 % T RS PR A I 2 . IR
SR LRI, B DL 37°C FH5E 24 h J5 1 ke BB NH,-N (922 58 B 7R 3 TR 1 W TR TG 12 R FH
PR AE AN L (I | B PELL 37°C R 45358 2 h J5 100 g W #E T8 AL B 00 2 s 53 os ; o AL S B 1
KA 0.1 mol/ L 1y 4 B B Vi g 2 00 2, W6H s 1 LR IR AR AR R 3% 1 h 5 1 g 23H#E 0.1 mol/L KMnO, 1Y 2 T+ %k
TR,
L4 BERGiIrk

FHER S Al Microsoft Excel 2003 X - HERFELHEAEIE], SAS 9.3 Gt 43 b A5 14 %oF 45 A 38 ik 07% 1k 4 A 70
0T SRIE XA .35 25 7 S EA T Duncan Z KK, P<0.05 H2ER BE

2 HREHS

2.1 R AH SR i Y A AP DR A

55 R AR MG NN P S R R R VR R 152—763 mg kg™ AN (I 1) o BE ARG R AU
N A5 AR FR ) R B R SR BT R, 5 CK A, N AR v | H IR 2 5 b 0 1) = 9 Ok i
TEPES I T 32% 31% \43%H1 56% ,N+P Ab BRI 4% FE AR5 00 5> 1 21% \53% .50% F1 56% , P 4b B
F14) 1o 2 P85 NS o 2 JEE R0 0 B I T 1590 11 3% , 288 3 VIR 2 B PR 03 0 s /D T 3% 1 23% 4595 JE AR
Jiti N Al N+P P 4b BRAY IR B PE Y 825 /NTF CK(P<0.05) , i P J& , M2 B AR A Y - 3 IR 7% 1 W 2R T
CK, =% B W28 T CK(P<0.05) , HA B M 5 CK Tk E 25

1000

500 r

e

Soil urease/(mg kg™'d™")

1 AEZEM NP A2 T KM H B4 T 8 REE
Fig.1 Soil urease activity of the Acacia auriculiformis stands under different densities and N and P treatments
AT /NG Ry AR ) RS I AR BR 1 AS [ Pl A 285 8 ) 22 53 Wil 285, A TR) K 2 RE RO AR TR PR 2 B2 1 19 AN [a] 08 5 o Ak 8 ) 2 S Wk 25
P<0.05

2.2 AIAH LR M A S R R T

456 3 RHIEMRE N 1 P B - SRS BRI VS B 421—1197 mg kg™ b7 (T8 2) , BEE AN
VN, SRR R B R S P R AR, 5 CK ATEL, N P R N+P A B ) 8 R A0 1 - SR IR G 1% 47 4
IEINT 1% FN08 T 16% 9% , B % BE AT 40 G T 6% s/ T 42% 42% , 3 BEAR 43 53 s> 1
6% .28% 11 30% , 2 FE RS 43 FIBEIN T 10% Ak /> T 32% 19% , TER—% T, it P A N+P i Ab #1)
B TR AR 1 1) B 25 /N T CK(P<0.05) it N AR B AS [P 732 B85 %) - S 085 T Tl 0% 1k 56 Wi A7 22 5 (R 3%
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Fig.2 Soil phosphoric enzyme activity of the Acacia auriculiformis stands under different densities and N and P treatments
ARG By 3R R R B R INAL R A AN TR FioAE 2 2 1] 22 57t b 2, R TR R S - R M [R) R 2% B2 T AR A T] R0 T Jon A B2 ] 25 Wl 25
P<0.05

2.3 RURE AR ki ) - 4 S A U T

BRI ARSEAHE N P S 0 e AU AU T P N 0.73—2.37 ml g7 b (&I 3) i N A N+P
Ao P11 A 398 5 S Ak SIS 1 B 2 PR B B/ IN T T 8, CKORTtE P AR BRI BRI %, 5 CK A EL N Al
N-+P Ab 21 75 85 B AR 1) 38 5k S Ak S0 T 1 23 502D T 60% 11 64% , 358 1 %5 FE MR 4343 sl /b 1 49% Fil
47% , TP FEMRIT 53 I T 23% 0 31% R BERR ST 53 0080 1 149% 1 16% 5 P A PRIy ey A pR o3
9 B Bk AL S TR A BN T 15% 9% 11%F1 14% . &A83 BRI N FI N+P J5 , 30 8 40 S
TEPEY BECT CK it P AR i 2 F CK(P<0.05)
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Fig.3 Soil catalase activity of the Acacia auriculiformis stands under different densities and N and P treatments
ANTE] NG PRy AR ) ZUBAS N A BT 1 AS [ ol A 285 ) 22 57 Wil 38, AR TR) K 2 RE RO AR TR P AR 28 B2 1 19 AN [] ZR0MA % o A 40 ) 2 5 Wk 35
P<0.05

2.4 NP ESINFUMR S5 E 0 58 EA IS - S % A1 1) 52 )

R PR SEUMC b £ = R 1 7 5 PR 53 2 (B RS (] NP S IA B ) 354 3B v 22 e o bR 30 R X IR it
WML & CK AT P A B A 1o S8 A SR P HAT 8 38 T A0, X N A N+ P A 38 0 5 S Ak U ) BL A £
RO, ELR A SRR P ) A PSSR, 1T NP S0 Ak B b 38 0ok 804 S PR RS2 IR A, MR 5 BEF NP s
JIAL B ) 52 E A PR ORI SE AR b 1) = R R PR 1A 25520 (3R 3) .

3 iTFig

3.1 NP IS IRIAR 358 B o - S3E IR I 106 P B 52 i)
HWFFEHE L, AN N TN G0 18 K - SR B A 52 AN g R AR SRRV RS R X6 B2 ME ( Betula
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luminifera) N TR HERGEE P BT h &2 B0, N A BT A IR A 4 LT BRI T 11.3%—44.9%, 53
— BB ST RGE T N AR IR B VA MR ARFIR 4 R 45K B it N R N+P Ab PR +
ST RBEG MR TR IR B, ) NH,CLAE Sy N ARSI T+ g AR B vl B 38 7 HErh iy AP,
Fe' %54 Ja BHES 7 (35 2, 6 3Gl W V& 1 — e BB MR R AR ST v 45 R4 B85 B R N s
b B - SRR A R R W R T R AR B ( P<0.05, 3 2) 3k 3G I T -4 N TR (R R 2 i
T HHER N BRI, T80 e R R 0 S I IS Pt b 2 B AR e AR TR Y
it N Ab B SE B SRR T 1% pH (B ( P<0.05,35 2) W58 T T SRR TR0 R T RIS 2
®3 EESEMAASZEN LEEEENTEER

Table 3 Interaction between density and N and P additions in soil enzyme activity

W NP #0 LS PR HAE

A Density N and P additions Interaction between density and NP additions
Parameter

F P F P F P
X Urease enzyme 1424.962 <0.001 703.976 <0.001 30.280 <0.001
WL Phosphoric enzyme 490.592 <0.001 185.764 <0.001 15.597 <0.001
AL A Catalase enzyme 36.530 <0.001 807.406 <0.001 57.489 <0.001

Jiti PSS B T i AR ) SR PR TS A AR TR B A A 0 - R S v, D R AR P
WM R T IS P FIARL P S5 (P<0.05,3 2) % 1 8BRSy 105 PO RR S T A W R
EPE, SULRIE, P et TR R K R M 5 N AU, 5 - 4 N R R, fE A
HIPIAR 22 2343 WA B 22 () IR R 38 T %ot - 38 N AORE . Xt TR BEAR 1M 75, P IR b A - 1e 4 P ANy
P EE T HABMAT R (£ 2) , AERAY P SIS 1 R b IX A R PR LT XS P AR 77, 35 rp
iR P 5 Fe Al 5% Ca B FA5 A MMM T P ARIHRCRDY | SMNENE NP I it 2Rk 4 SR s v i 76
FORARTA], AT RESE A FAE S R G - HEBRAL R I 70RO RIS R W R I8 4 ¥ 22 S ir S 30 Y
3.2 NP ERIRUBR S BE X A Sl R T 15 1V 114 5 i)

ARG P AT N+P SN PHFP AL BT | 45 Mo B A SEml e 1l 1 14 38 i 2/ N X IR (P<0.05) . EARZE
WFFTFE Y P VS fInT - SFEml o e A P AV T, S8R v 2 2 T AR S L SRR X AR R A B 52 4
P IR S 50 2 R AR S AORN B R AAARIY) T IERER B M . P WS INZEM T MRHb 1351 P BRI, BEAK T A9
I A P RTES Y Y T LRI P o H A 2 A B R B Y fE ALY L R, P ES N
i+ i AR W R AR R 08 T BRI 4 I Y 5 IR ShAE A AE 4 P S R e X A 3R A oK
L AE R 3G, S A= AR 3G 0 T AR C N A H A T B3R A A B0, A O B4 R A il 0 M B 2 T T R
BTG PR R BeAh, C RN J&A U BR AR (1 AV ELJEAT R P AR T g S 8CE e R Y ¢ FI N
AIHER AR K | 39 SRR A A K I R S P Bt = 32 3 PR AR

AHIGE N AR IAL R A A M b - SRR B Gk A S e 0N, FLEE W A, — T, N IS Ak
PN T 44 N G N S RN T A s B AR B ) AR P SR (3R 2) XA
HET A 3 2 A R £ e A B WOSCRI R IR T R P BB L MR P AR AR, A sk
) 223 1o A A A 4 TR A A A S 0 45 SR S AR B S R A R P i 5 P B B R R
Yyl G R B 2 OB RR BRI i P AT R L N R A B R (I B G ER, N A AT
BRRREGEAY AR L B —T5 T, NS A - SRR AL A ) T - el A o A, s A N S AR 4 0 - B
A AT AR, S A Bl W AR R T R ) SR G A3 Y A AR HIF ST A N SN b B A T
4 pH AR, 6 3R Bl BR B T A FE R 0 DL B SRR A S 0T I AR PR M - S 1
TEHE I AL,

3.3 NP IR 23 B % 38t S Ak S i 118 5
A BITFFT RV, N B A FR S e S S B M R A 22 5. X Y IR AR
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AEADL N TR X L VG A LU TR AR I - 3o S P S A PR T, Ly S5 DR BT N oSN 8 2 3 T
e A SRR TR . PSSR R N OH N+P SN RE a8 il -3 A0 U s M0 ELFEAR L% pH, T
PSS e o A G PR A S RV E T, SRR AL I 1A AR 2R A 305 1 R M A A S AN N
5P C 455, SEGCEHELIAT C U, AR THEOCHAEYR L F 38 ol REm D U TS 1) 2 A1
T A Sl A IR P S5 A 0 SR AR T SN N VR o 2/ - 4 sl A R T 1 AR X B T
Ao S AL BB F LT 4300 7 Blackwood 52 BESE T N SIS F )2 I B9 E FIALEL, 48 1 N A 4
HICHLE R B ] TS A R N R A A BRI SRk TS e 3 9 L 8 P ARG, PR
T i TR R TR A KR R YA i gl R T i A A SR TR T

3.4 MROPEEREIE S NP AR SE AT FHOOE S I R A 52 )

T NRI WL G LS B P S A BE T Ao ST S I R R B AR B R T iR O i A
BRI PEAE N D N+P IS IAL BET B bR 7338 2 AR el IN T T e PR DR ORI AR ] B9 5 4 175 0 Bl 3 o e 226 2 ) 3
T AN, v AR (435 A R O T 2 A e SR o, AT BT SR ) R A M
AR EBE T AR YR R 2 1 M AN R AR A R TR 3R 40, LA, o 2 BE MR A3 AR 2 A e
PP R AT Kang 51 (BT R B, 37530 MR i 1 A7 7 1)k mT B 2 SAObR i, - 3984 450 v Tl 0 1
ARSI, R R A R 9 ) FIAR 2R AL 3 (0 2 3 5 B0 A ATLS R IS 40 , S0 1 (2R et S S M 14
Gl

AHRFE T, = b S P AE A5 bR 5385 BE (U RIAN ] NP WS INAL B[] 44 35k 28 5, bR BE )+ e i
b FIR VWA Tl ) A FHOCT NP SN, i AL 28 B8 58 A FH AR 23 6 B 52 0 Oy 32, BSOS B A B i 1 L0
IR T R R P 0 T TS P 5 AR 2 T i 44 S A I PR O 1 /N T BRI TR L4544 BEAR S N A
N+P J& , Z & WA EAE R 1 30 i S A SR 1 i P S o A A B R T S A A S
WEPE . ARG A IR 7 B RO, S A W AR 1) T 450 A B 22 BB i 2530 IR BGA Y o B R Y R A 1 e T
P, NP ESINAL BRREAE £ — 2 LR b 2R Ak o 5 Bl A 1A 35 4 BRI 5% 0 - M98 13 R 4 A0 5 43 vl R I, K

SEMAAASC ARG P . AR B RERE S M 4 388 JR ) I WS R A, 51 T 3R 20 S i A2 1k, A
SN NP S0 L3RRS ERRBOR . AR BRI R S BUE Y AMA 1 C N P S5 B BUE FROT R A R i
WIS RS 1 35 43 B, 3R T L S Y S s d AT RO RS AE — S R LR i R 1 NP )
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