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AN BB KT HEHEMR IR F R
A0

N 1.2 S 1 = A
LEFY XEa B I
Ve RV R B bk 2 5 R AR B, TN 510642; 2 R BRARE IR E 0, TN 510173

W FE RAAN)IEREE NS s B =, hn b b E G I 2038w s (P), P2 MR Rl T 28
FBEAET = A PR A, BHENT T AR LI AR . MROrB FE SO MR e R L IR L VR EE AN VE MR R, T s
B, N T RAMIEENFI PR I -5 bR 25 et kA S (Acacia  auri culifor mis) bk -3940 24 R R ISR, kAR BN AR
Bk 55 8 R 5 0 A BRAR LR AR Y, 10T 9T T-20135120154E, DAAFHA[E S5 (1 667 2 500 4 444F110 000 trees-hm 2)
104 A KA BN THONFFR X R, 43 BIEATIRIIN. PAIN+PALTE, ZEiRIG 45 oI SR 420-10 cm-13%, X HpH. HHR S
BN E. PERMMHE)SET TIESIT. 45REW: HENFINPE R EFRE T TR pHAE K & &, W T Mk
RN . HNE RER S TR LN ANS &, EPRERS T LiEpH, BT ARG LIENAENS R, JEPAM
N+PEZER T HIEANT . RPHAMPE &, WERS BRI, &4 tgaim. &N, B#EN. 2P, AXPH
KA R ER . Ny PUSIIAS IR LB R A AR 3% pH, A HURAIN, Py K& EH BENZHAER. Mk
SKF, NUSI PUSIN. AR 5325 B S A8 ELAE FH X ORI S 3 2 1 o 35 5

XBEIE OKMAEE, AR RN BN, LS, R EAEA

TR, XIVEM, BEL (2019). ZUBEININBObK 73 25 BT A PR 0 22 M R ) sl R A= 45 2441, 43, 1010-1020. DOI: 10.17521/cjpe.2019.0168
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Effects of nitrogen and phosphorus additions and stand density on soil chemical property in
Acacia auriculiformis stands

FENG Hui-Fang'?, LIU Luo-Yu', and XUE Li""

College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou 510642, China; and “Forest Resources Conservation Cen-
ter of Guangdong Province, Guangzhou 510173, China

Abstract

Aims Due to human activities, nitrogen (N) deposition is increasingly serious, and phosphorous (P) fertility is
widely applied in the soils of subtropical forests suffering from P deficiency, but there are relatively few re-
searches of N and P additions on soil characteristics of subtropical forests. Difference in stand density may affect
light, temperature, water and litter water holding capacity, which may influence soil characteristics. The effects of
external nitrogen and phosphorus and stand density on soil chemical property were investigated in 10 years-old
Acacia auriculiformis stands in order to provide a scientific basis for stand density and forest soil management.
Methods In this study, five subsample plots were established in the stands with four densities (1 667, 2 500,
4 444 and 10 000 treeS‘hm_z) and treated with N addition, P addition, N+P addition and control from 2013 to
2015. At the end of experiment, soils at 0—10 cm depth with different treatments were collected and pH value,
organic matter content, N, P and K contents were analyzed in the A. auriculiformis stands.

Important findings The results indicated that soil pH value and available potassium (K) content significantly
decreased, whereas soil alkalized N content significantly increased after N and N+P additions in the four density
stands, and soil total N content significantly increased after N addition. Soil pH value significantly increased and
soil total N content significantly decreased after P addition. Contents of soil organic matter, total P and available P
significantly increased after P and N+P additions. With the increase of stand density, the contents of soil organic
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matter, total N, alkaline N, total P, available P and available K significantly increased. The interactive effects of

density and N and P additions on soil pH value, organic matter, N, P and K contents were significant in the stands.
Generally, the effects of N and P additions, stand density and the both interaction on soil chemistry property were

significant.
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interaction
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BT 205 IO A Je DA S N R BT e,
A BRI R AE(N) UL FF H ™ = (Vitousek et al.,
2010), §2Mm NPEGIAIPAT . KIARINYTRE S8t
FETCHUN P3G AN 3Rk, ik 7 AN AN
W% (Fang et al., 2007). H EINYTRE & 4k W Fi 5
ZJEHEE =AL(Lu et al., 2009), F0) 44 Sl
SRR X T 204F (NYIL P R B 30 kg-hm >-a™!
(Fang et al., 2008; Liu et al., 2015), +IEF LA
ACSZNYLIE AR sz, H 52 3RS (P DT R 152
i) o i ] A T L DX A S0 ARG £ 39l P, B2 AR
REK, NMFZHRESRKRGEH T Z/HHPE
Mr=EPE &, SNUFEIH AL, SMEHEPXT A
MR 858 5% 23 52 ) 9 B AT R 55 (2 s B O,
2017). ALth, FEABRNYTREAIPAE 2 R 5 R,
BF T AR P NI P 35 [ AR bR 38 4 25 4 Joi 11 5
DA% B 7 Ry BRAR IR 9% 0 5 3 B B B
A AELRR T ) PR FH I 55 o PR 2055 s e bt P R
WL JRRE . RIEYRKEM IR, X LA
TR IR A B . IR AR R
Wi - SR ()t 9 52 B B A o 491 T, Lie%5(2016) Bt
FFEW, HIKTE S (Tephrosia candida) %k a5 520
HHEAE 77, S EBHEEQ018)RIE, T E 42 (Picea
asperata) N L2k LI FR & B E, VT HESE
(2018) & B, B 5 KA (Pinus massoniana) bk % &
sk, AR M AR K) S 2 2 KE
NS, B SCEE(2019) R I8, B L ILvE T
Fa(Larix principis-rupprechtii) A T Kb 325 B 1) 3
hn, EEEPR. &N, P& E2EI e K5/
()& A, =B 5F (2019) I B 95 3 B, 2 (Pinus
tabuliformis) K AR 53 %5 BEE TP iy, H 3R, 4N,
SPERER R, THHHESQ019)KM, HHUFR. 4N,
4K, HKFEAIA (Cupressus funebris) A\ T.hk %5 i
PR S0 3 5 ke 35 . R MR BE A3 S5 (2019) B 9T T
N PS5 AN [R5 22 B AR (Cinnamomum

camphora) % % 41 i -3 R R, R LR —
A8 EAE P AR 43 RS (140

K AH . (Acacia auriculiformis) 2 & 25 %Rl 4
A B AR TR AR, BB 05 I8 AR R R [EIN, B
MO LA Sy, B0 E e, A AR
ORI K A SRR XU Y0 1 T R
] P A0 %5 1 K A S () BT 2 4R AR 7E o 1 % (Ellis
etal., 2007; FUIPFESE, 2009; Azad et al., 2011; ER
g ZUE, 2016) 4 K (Kumar et al., 2011; Srivastava
etal., 2014). TIE(ITFAZESE, 2006, 2008; JH FE 54,
2015; Chen et al., 2016). “EXECRUNINEE, 2009;
Feng & Xue, 2019)F1H754) 73 fifé(Feng et al., 2018)
EITMH o« AMJEYEN . PAIRR S5 BEX R AH RN AR
T FRAF A B AR WARTE . BT AMEPEN, P
FIAR 32 2 38 3 SO PR AR 1) 57 4 R A KT 24
A L IEFR RO, BARIR T =3 A TAE A anfe]
AR 2 A= Y T s N DS NI N R
FEFN LB E BAR AL S 2% R A th XK AR
JEPROMR 23 T b 25 55 5 N 88 AR PR O i K (14 5 T
AR A ]

1 #RA7E

1.1 WAREXHER

TR AT 7T 1A 7 EEM T B X /N4 1 (114.30°-
114.54° E, 22.95°-23.27° N), J&FE W # Z2= USfik
FEPHRIR19.5-22.1 °C, TAMFHRIR28.3 C, 1
H-FHSR13.1 Co ERER350-357 K. K
#1690-2 380 mm, ZETE4-IH, HIFERFKER
80%—85%. TIEJEIRLIE,
1.2 ARG

200344 H 75 B M /NG TR K e By FEAA bRiZs b,
E [ bRt B i T 5 (Miscanthus sinensis) . Bk 4 i
(Rhodomyrtus tomentosa) %5 24 B A e 2K f5, BRI
FEFES0 cm x 50 cm x 40 cm), %1 667 (K25 ).
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2500 (FEST). 4444 (BRI E) 10 000 ()
Fr-hm PHRAE T 201 mt) 24 AR AR R S A 1 %
2 hm®. 20134E4H, E4FNE L 1A HH BN TR %
ST IANEAH0.4 hm? (50 m x 80 m)FIAEHLFH T4
)it A 7 S o MR 7E R AR IS BT, V& HEAT Mt
HEBR AL E NS . R ER AT B AR 30 mPA A,
FITAE IR 55 2 AR MR ABL . 76 4R 5 P55 FR E b P 4 1) 4 S
A5 m x5 mi/NETT (RIS ER). FNINETT W
A FHHR(CK) JIN. JIP. JIN+P 4FpAbHE, %402
Z B A D3 mif) 2z (Feng et al., 2018; /i3
&, 2018). FEJ7 PAMENFIPRE A 8 N &= AN AR
5gm*a’, P2 gm?*a', NJE5 gm?Za’ + PJE
2 g'm >a!, 20134E4H FFAARERR3 A A Xt /INRE T i
T HL R B AL T 201543 A 58 Ak . NEiE
FINH,CI1, PAE % I NaH,PO4-2H,0, B A& # 1F i
T KB ET R ERA R LEKAF, HmE
%5 45 5 21 WG AE LI ER I, CKI T AH [ 44 AR
17K o 201343 50 Hh 4 25 55 bR 43 1) 2 AR AIE 3 DL
1.
1.3 HIRWEFMERNE

20154E3 A, 6 45 A R F A S BUREV R B
%2 emy ¥R10 emPH RIS 25 FEAR A IR SAS /RE
J7HICKS NS INPAIIIN+PALHE [£]0-10 cm 134
0.5 kg, i [El S8 = T L3I0 & . L 3EpH
KK 2.5 198 & 5 FpHiTH I 2 A LR H B 5%

R ORI ) 2 AL

Table 1 Characteristics of the Acacia auriculiformis stands

PR 25 JLVR I ; AN EMEYLIREN €, HA
S BN V2o - SRR A R S SRR YR, FH AR
W LE R AP, KAEE VI AS K BB N FH L A
P HOEM E; F10.5 mol- L' INaHCO;H2 B 4 ke
AR, FVAH W L (a0 25P; F 1 mol- L' iy ki
T BN B Y R B S, FH KA B T I T3 (B
Ui, 2000).
1.4 HIELIE

12 FiMicrosoft Excel 20035} T34k 2= i 46 b
HEAT AL E IR, SRAISAS S8 2% Bl k4T £ H kb
B, 025 AbF ) - 35840 2 % 5 R H Duncan’s i 4T
EA a8

2 RIS

2.1 AREAEAXMEERR T EpHA B R

KA JEMR 4N B R R 43 25 A0 3 ) pHYE FEL N
3.19-4.52, B TERPE 3. SAbH ) H3EpHEE
MG FER A S IR 24k . 5CKAREL,
TS IINRINA+PAL P 5]t 25 5% BE AR 7> L3 pHIW & T
BE(p < 0.05), 7P AL 3 0 3 5 A Hp 25 BE AR 2y 1=
R pH i 2 1 (p < 0.05), 1155 1 48 i AR s 25
A T

K HH REARAA 25 FE AR 43 & Ab BRI A AL & &
VU 22.56-45.36 g-kg ' (E12). BEZ PRI 55 (¥4
n, S A YLUR SR EE MNP < 0.05). 5

Ry NI il b1 W g4z e W W FERTHEY
Stand Stand age Canopy Density Diameter at Tree Aspect  Slope (°) Main undergrowth plant
(a) density (trees’hm™) breast height height
(cm) (m)
{55 10 0.65 1667 114 11.2 SW 43° 28 R I = W o 1 S s A 11 R S
Low density TEE. KWELE. FE4LPE. R
Rhodomyrtus tomentosa, Miscanthus sin-
ensis, Mussaenda pubescens, llex asprella,
Wkstroemia indica, Eurya chinensis,
Paeonia delavayi, Breynia fruticosa
Hh 10 0.70 2500 10.6 102 SW44° 31 RMGAE. BB, TURL T MR
Medium density ES - W R ¥ia
M. pubescens, R. tomentosa, M. sinensis,
Dicranopteris pedata, |. asprella, E.
chinensis
5 T 10 0.75 4444 9.8 10.1 SW 44° 30 THRE, PUEL R, Mg AE. et
Relatively high density At KgAL
D. pedata, M. sinensis, R. tomentosa, |.
asprella, M. pubescens, E. chinensis
I 10 0.80 10 000 8.6 11.1 SW 42° 27 EMEAE. B, BV, U, 1
High density H. AT

M. pubescens, R. tomentosa, Lygodium
japonicum, M. sinensis, D. pedata, |.
asprella

www.plant-ecology.com

©U 00000 Chinese Journal of Plant Ecology



MRETTE: BRI AR 3 BN M A BRI APE B R52mT 1013

CKAHLE, N. PHIN+PALHE A% 25 2 AR 23 1 3 A AL
JR 43 D T 1% AN T 8% F19%, H# FE K434y
MR FFANAS B0 T 10%M0117%, w38 AR 9 2
BIBEIN T 5% 15%F114%, 1552 AR5 2 Sl 36 1
4% 13%F127%. &% FEAR 572 P AIN+P 5 11 £ 1%
HHLUFR I LLCKIEZ 1 N(p < 0.05), HENALEE ) %
ESCKEREZER, HRBEMEZEKTCK (p <
0.05).
22 ARGEARMHEERNLTIEN. PIKEE
KA AR AN B8 FEAR 73 8 Ab B () LI N

6 "OJOCK ON HEP H N+P

MK E Low density

B 91.019-1.980 g-kg ' (KI3). &ALERH 354
N S i o R 43 8 P (0 389 i S5 25 38 n(p < 0.05).

ECKA L, NFIN+PALHE AR 235 FE AR 4 1) 3N
G3 N T 7%HM9%, s FEAR 3G T 13%,
T 8 FE AR 23 AN T 5% AR T 2%, R AR
A I IN T 15%A0 1%, PARFRAMG. . BEA
1 R R T 12% 5% 6%F17%. NAb
PRI RS EM Y TR ANS B L CK I EE M, P
A 3 ) % B AR G 3 AN g /D B 3 D
(p< 0.05). N+PALIHM) &% EEMR D 1) HIBANG &

HE R Medium density 5% & Relatively high density &% & High density

MArEERE Stand density
B 7S[R] b B2 R A AR T 3EpH CPIAMEEPREIR ). CK, XTHR; N, #IIN; P, ¥RJ0IP; N+P, FIINAIP. RE/NE

FREORE. BRI 257 5 (p < 0.05).

Fig. 1 Soil pH value of the Acacia auriculiformis stands under different treatments and densities (mean + SE). CK, control; N, N
addition; P, P addition; N+P, N and P addition. Different lowercase letters indicate significant differences at 0.05 levels between ni-

trogen and phosphorus additions (p < 0.05).

[N
(=]

[ OCK ON EP mN+P

N
(=]

AN SR
SOM content (g-kg™)
o
o

[y}
(=] (=]

K% B Low density

FR#EEF Medium density {75253 Relatively high density 5% & High density

W4 E Stand density
E2  AS[E AR B A AR A MU & B CESEARE IR Z) . CK, XTI N, WION; P, ¥I0P; N+P, INNFIP,

AFENEFREFRIRE . BRI 23 22 57 (p < 0.05).

Fig. 2 Soil organic matter (SOM) content of Acacia auriculiformis stands under different treatments and densities (mean + SE). CK,
control; N, N addition; P, P addition; N+P, N and P addition. Different lowercase letters indicate significant differences at 0.05 levels

between nitrogen and phosphorus additions (p < 0.05).

277 OCK ON @mP MEN+P

—
oo

TEEEER
TN content (g-kg™)
e
o

(=

K E Low density

F#% BE Medium density #7525 Relatively high density 5258 High density
WA Stand density

E3 AR AbFRAN B R AR AR ) TR A R S B CPIMER R Z) . CK, X N, WSIIN; P, #I0P; N+P, IRIINFIP. AN

[FlNG P RERR R BRI INTE) A 235 2 5:(p < 0.05).

Fig. 3 Soil total N (TN) content of Acacia auriculiformis stands under different treatments and densities (mean + SE). CK, control;
N, N addition; P, P addition; N+P, N and P addition. Different lowercase letters indicate significant differences at 0.05 levels between

nitrogen and phosphorus additions (p < 0.05).
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BN (p < 0.05)8 38 .

R AH AR AN 85 FEE AR 73 48 Ak 28 (R BN 5
(Gl H53.32-216.13 mg kg (Kl4). & 4b i) 143
BBl A N 2 o A AR 20 2 B T G I B S S I p <
0.05). SCKAIEL, N. PRIN-+PALH [ 55 B AR 43 1)
T IEREAEN I T 192% 1%F199%, H1%35 FE Ak
O30 BIBEIN T 125% 3% F149%, F i %5 1 Ak 2323 5l
BN T 137%- I8/ T 1% 40 7 38%, =25 FE MRy
Y REEIN T 120% 5%F146%. NASF ) 4 5l N
ESELFHRKTN+PAH(p < 0.05), G&EE KTx
TR A EP AL R (p < 0.05) 0 24 A0FE 1) IR AN & &
B A bR PR 38 i 1 1

K AH R4 BE AR 7 & b HE ) 2P & B
FH90.359-0.543 gkg ' (KI5). &ALFEf 4P
S A PR 23 R 1G5 1A N (p < 0.05). 5 CK
FHEE, NACERAG w48 R o 2 5 A e ) 3
PRSI T 10%. 10%, 3940 1 13%F03 D T 4%
PHIN+P &b 38 (1 % BE AR A (1) L3 P2y 3 n 1
125%M178%, H& FEAR 33380 7 114%M159%, 4%

20F OCK ON WP MN+P

—_
oo
(=]

TR SR
AN content (g-kg™)
8

K% Low density

T FE AR 43 BN T 140%F186%, 1 25 FE AR 734>
SN T 84%F143% o NALEE (141K 5 5 Fl o 25 B hk oy
TIER AP A R ILCK R K (p < 0.05), Bm%
MR EM Y TR R P % % Kt
FHEM D LR APE BB E KT NP, 53
B KT XN EE ) (p < 0.05). SAbEEBEE
Moy RN, LIPS Ea TN,

K W AH AR 4N 35 B AR 43 4 AL 2R 1) A RGP &
YU FE11.05-1.05 mg-kg ' (16). & AbF i)+ 354 %%
P& 5 i 5 AR 4 R TR 3 0 i 2 2 0 (p < 0.05).
HCKALL, NAREEMIK. o B e AR A
FIEEPH I T14% 8% 45%FIIE TN T 141%,
P AL B [ 53 B IEIN T 286% 295% - 344%F1452%,
N+PALFR 43 G IN T 91%- 184%- 209%F1274% .
Jita PA R Y 3 AP A R B KT HEN+PALH (p <
0.05), Ja# & KT X RFAHENAE (P < 0.05).
HROEERE AR B R, HIBE AP ERET
e

K AH AR AN B8 FE AR 7 - AL B () 2K B 20

rh 25 Medium density {7 %F Relatively high density 525 High density

M43 Stand density

4 A [ b A L AR AR BB AR B SR A A RUS CP E EARMEIR ) . CK, XTI N, #RAIN; P, #R00P; N+P, #RIINAIP,

AFE/NGFREFOR R B INAA 5.3 2 5 (p < 0.05).

Fig. 4 Soil alkaline N (AN) content of Acacia auriculiformis stands under different treatments and densities (mean + SE). CK, con-
trol; N, N addition; P, P addition; N+P, N and P addition. Different lowercase letters indicate significant differences at 0.05 levels

between nitrogen and phosphorus additions (p < 0.05).

09- OJCK ON HEP mEN+P

o
=)

TR R
TP content (g-kg™)
o

{K# EE Low density

HZEF Medium density %575 % B Relatively high density =% & High density
H4r35E Stand density

E5  AN[E) AL B FE K AR R AR R e S B CPIEAREIRZE) . CK, XTEG N, #SIIN; P, #RIHP; N+P, FRIINAIP. A

[FING P RERR R BRI INTR A 235 22 57:(p < 0.05).

Fig. 5 Soil total P (TP) content of Acacia auriculiformis stands under different treatments and densities (mean + SE). CK, control; N,
N addition; P, P addition; N+P, N and P addition. Different lowercase letters indicate significant differences at 0.05 levels between

nitrogen and phosphorus additions (p < 0.05).
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I 918.32-25.61 gkg ' (KI7). & AbBRMHIEAKE
B PR 40 R P 3 T 3G, A e R
Mo B IR K &R E KT Mm% EMKRS P <
0.05). 5CKAHLL, NAERME. F. Bl E %

FEERS IR EKSESWNREREEZESR, M
BEEERSHHIESKEEEEMR TR <
0.05).

KA REPR AN 25 B R 23 4% Ak B ) - 3 T AU K

SR H28.90-67.54 mgkg ' (K18). & AbFH )
5 ALK B 2 B A AR S RE (3 i 2 25 5
(p< 0.05). HCKALL, NALBEAMK. . B Al
B AR B B 3 k> T29% 24% 31%

o B IR AAKE &5 B T 2% 82> 7 2%.
13%FMRFFAZE . PRI ED T5% 6% 16%
FIHEIN T 8%, N+PALEL ) 43 AP T72% 1%~ 14%
MG T 4%, N, PRIN+PJG, K25, s BN

—
N

[ JCK ON WP MEN+P

co

ot V2D g Ty
AP content (mg-kg™)
S

s B Medium density 3% & Relatively high density %% High density
P44 E Stand density

{45 Low density

Bl6  AS[E)AbFRAIEE B 1K AR AR I 35 i & B P E R ME IR ). CK, X8 N, #RIIN; P, %INP; N+P, ZRIINAIP.

AFENG FEER R BRI INIEA B3 % 5 (p < 0.05).
Fig. 6 Soil available P (AP) content of Acacia auriculiformis stands s under different treatments and densities (mean + SE). CK,
control; N, N addition; P, P addition; N+P, N and P addition. Different lowercase letters indicate significant differences at 0.05 levels

between nitrogen and phosphorus additions (p < 0.05).

W
N
1

[JCK ON HEP H N+P

[\)
~
I

®
)
o
o
o

o0
T

TEeREE
TK content (g-kg™)
T

FR2 F Medium density 375 % ¥ Relatively high density =25 High density
#4325 Stand density

1% & Low density

E7 AR AbFEFNEE B K AR AR ) AR R CRIM AR AE R 22) . CK, XTEE; N, ERIIN; P, ¥A0P; N+P, ¥ IINFIP, A

[F/NEFRERIRE . B INEA B3 % 5% (p < 0.05).
Fig. 7 Soil total K (TK) content of Acacia auriculiformis stands under different treatments and densities (mean + SE). CK, control;
N, N addition; P, P addition; N+P, N and P addition. Different lowercase letters indicate significant differences at 0.05 levels between

nitrogen and phosphorus additions (p < 0.05).

o
S
1

[OCK [ON [@EP HEN+P

(=)
(=]

W
(=]

TR S R
AK content (mg-kg™)

(=

25 B Medium density %7525 B Relatively high density %5 & High density
M5y 85E Stand density

K% E Low density

8 A [ Ak R FEE PR K AR KB AR R 3 2P & B CP I bR e IR ZE) . CK, XTI N, WRIIN; P, #S00P; N+P, FSIINAIP.

AR/NE FRERIRE . BRI RA 2% Z 7 (p < 0.05).
Fig. 8 Soil available K (AK) content of Acacia auriculiformis stands under different treatments and densities (mean = SE). CK,
control; N, N addition; P, P addition; N+P, N and P addition. Different lowercase letters indicate significant differences at 0.05 levels

between nitrogen and phosphorus additions (p < 0.05)
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F120%, PACEE 4 598> T 2% 80T 18%. /b
T 8% A BE N T 22%, N+PALFE 4y Hv D> T 12%
18%- 8%M17%. MINJG, &% FEMksr LI R HAK
EELEERT X H(p <0.05). HPAIN+P)SE, oy
REE MR EEEN T IEESK S B S5CKER &
ZEt. TG ERMR P, T MK
I E KT (p < 0.05), HEN+PJG 22 /N T X7
(p<0.05).
23 SNEMRBERMAMK S ZEX LIBEAFE MR
Rz E1ER

EE RIS W0 (LD N W £ N D N
(FIpHAN T A 7% 73 8 b3 A B3 2 (p < 0.05), %%
AbEE R R T EpH, JEE N T RIEA LR
MIN. P. K& E(p<0.05), il I35 kb3 48 1
YER X CA_EFebrth A B3 520 (p < 0.05).

3 THERLR

3.1 RBERIMX A [EFEZE A HER L EpH
BRI

ARFFEH, ANEPENFINGPIR N3 52 FA1E T 4
AN E R 1 L3 pH, T MR PEPYR I i T
AN FEMR S HIEpH. X2 T2 BRI RIK
SPRIRREEI (Rl e, IR AENIERIRINGR R, &
PR R TR L RS, 51 3B PR L (Gundersen et al.,
2009; Lieb et al., 2011; Wei et al., 2012; J&J}#He4,
2015). [FIRS, AHFF0H FINHCIES 0 & AT REHE %
Mo I ANAE AT R, NYAENO; B N 7Kk
ke, #HEKERK . Ca Mg 251 &+,
H {# B 7 24 " (Boxman et al., 2008), #5]#e+1%
PRI (PR S5, 2010). AMEPEP{R S+ 3 7 70 (R 55

2 AL AL PR XS R AR 3k 22 P 58 HLAR

P, PR TR NI ECR, b TN#RR,
Fr LAt 38pH FFt o AT HENP S T RIER AL,
FWAN. PRI 7R 035 A 22 AR NH, 17 NO; [ 1k 5%
NOs LR, UtBIZA N EZAEH .

JEPFIN+P S E e T HIER AR & &, X
HEWB A KPE, W2 T EYM LIRS
(A 2%, b 7R LS AT 5 A T A G
H BT AR IEA TR T AR R 4, N
T T FTED o, B8 E T HIRIBE HUR e
JRACIE R, )T A LS Y 53 f# (Hagedorn et
al., 2003), T UM LR T 50 il A BT
N R K T AU T AGE .
3.2 TR A EMEEE KM B LIEN,
PHIK&EM T

AR, KHAHEMRAEN. PERMNE, HT T
RAPH AR AR, RN, PRI R A,
B bizdk oy RPZ IR, MW F8 HIEAESoE
RE R AR R, MRArAE 7= D R AEAR AR, T R 3
T4k . HANAINAP IR 2 380 T K AR AR 1) £
EANG =, 5B BHZEQ2013)MZEERERSE(2014) KT
FEER—8 X2 F NINEENE BN AN
FBRAEN & &, (2300 RN AT e 5 A4 o 2R
&, e T R 2 A4 (Colteaux et al., 1995),
AT A EANS & NFIN+PACHE Y B &3S
TR IR IR AN R, R R N BB N
TP RN (SR, 2009; FRESE, 2010).
it N+P Ak B BN R S5 T iENAR BE, AT R
SEFNFPFEIES AN, AR T 358575045, 3
TR ON N A S AR XN [E] 72 (Blanes et al.,
2012). JHEPPFEAR 74N EMR D I LIRAENS &, 7

Table 2 Interaction between NP treatments and density in soil chemical properties of Acacia auriculiformis stands

fit5 Parameter NP4 NP treatments

25 ENPACFE AT HAF

% Densit . .
L Y Interaction between density and NP treatments

F P p F p
pH 734.716 0.000 52721 0.000 10.57 0.000
HHLR SoC 379.581 0.000 2 764.643 0.000 36.204 0.000
4% TN 81.08 0.000 680.233 0.000 6.732 0.000
27 TP 2 445366 0.000 651.776 0.000 16.592 0.000
24 TK 4.887 0.007 189.284 0.000 8.448 0.000
TARE AN 1734.794 0.000 265.347 0.000 8.02 0.000
Bk AP 1 345.668 0.000 322.54 0.000 43.607 0.000
A AK 412.176 0.000 536.283 0.000 24.536 0.000

AK, available potassium; AN, alkalized nitrogen; AP, available phosphorus; SOC, organic matter; TK, total potassium; TP, total phosphorus; TN, total nitrogen.
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RESEPUNIMERE T -G HIN A AL 2 AT S it
P4 FERR A 1 L SRR AR N & S0 2 5. P
et 3 BN, HR I B3 PR
P BINE &, AR K AH R BN, -
e (A RNl LR AR R A B 7

it N 3 B A T 8 v R s R bR ) LA (1 4P
. XA R NYURE AT DA iy A 1 R I
(Saiya-Cork et al., 2002; iRA1ESE, 2009; ZHREE,
2011), (EFESPANIIN 2 iE, T2 m I A R EP
T, MRS T 2PERE. HPAIN+PI G E RS
T T AP E &, 2R NiEN+PAIP E Hh]
TIEREN T AP, S EARPIRETE T L,
i3 LM AP S B B3 & T . NAIP [ B,
IR ¥, AR TR AR R R % PR A,
DRI 17 HE B AR TP AL B 4P A . ASHF S0, il
NSO AN [ FE AR 23 1 A PR A — B IR
T Hp S B BR3 HEN G A 3PS B T B, i AR
oy N, 1X 55 4% (2007) B FENUL 042
K (Cunninghamia lanceolata) A\ T.#k + 3 %37 7
(IR T &5 SR — B —J7 T, AT RE2 AN Ik 17
MR, WS 1) - 398 2P i 51 2 13845 R4P
Jik/>(Mellert et al., 2008; Prietzel et al., 2008); ¥ —
J7 T, HENJE 51 EpH A HLP I 5 16 i3 %
(10 B, 3 FER S S A ke 1 56 1 PR 1
T AR T L3 2P & (Meiwes et al., 2002; 7K 5
HEZE, 2008). 1 2 BEAR A3 NS A 2P B 1) 35 Y
I, ATRESRMANG| S R ER AL JS, R B S M o,
1 38 ZOIR 75 R P a) AT A M B A AL (R AL 5
2007). HEPHIN+PALEE f5A P &1 R E G, &
RN P AIN+P AL S 85 3 AME P& 8ok, fliid
B TEHPEAFE LI, [R5 & - A EAR
L FE Hp AT e A S R R I TR A R Bl 2, AT
TR T 55 A WL IR R 7K A e A A ] LA WS A )
FHBI ATV P (28245, 2010).

Br T ARy, Ny PAIN+PACEL X HoAth 25 5
KA B LI AR S BREMA R, RN
NKEERE AR, 5 HERR K &
Y, PABQE R IR R A LI K& &
FEA R . NAINPAL S 25 (5K 7 W) 4%
(138 K & &, X5 B 5 1R %5 (2008) Fil 52 #4145
(2007)FRIF 7T 45 S — 35 Ji (R AT e 2 3380 BN RN
B, BT NOs IR, 1EANO; 1) H faf T 1 55 1 1

Kt M A3 bk 2k (Nakaji et al., 2002). JifiP 521
0T R AE AR T S K A R B OE BE R
X R ONPES IR B T BRI S T,
fERE AR B S A, BB T LR A K
TR K (TS E %, 2007).

33 FRBARMAMZEX KM EERTIELCEMER
K32 E1ER

AR TG TR, KA B AR5 5 FE 34,
TN, AN BN, 2P, A RAPHIE MK E
BRI EFER . R R & S Bk
SRR, AP S B E . R, AR R
FE3e SRl 7RI R AR s H A s
B ER, MR R W RS AN G B R S 4 A
FE T LU R bR 3R 78 R 374, 39
TR B EAE Y, (IR, MMiie s
TIHEH IR BT, 2013). — LB 5T RBLH
G TR I IR B 2 (S H A, 2018,
VT EZE, 2018; EUHERZE, 2019; #XFE CEE, 2019),
MAHFL s R s m % E Ry LR S Em, R
R A] e KA A AR R E A, MR R s &2
i, B MR AR R, AR E ) [ A AR,
Hor i P (Feng et al., 2018), A F|FAHLAL
(3G

SERSRE, BN NG 38 pH . A KR K
TR, WinT EEENUR. &N, AN, £PRE
PR, Mo R PR IREE i T % pH, 3G T
TIHEAPUFING Py K& &E. HTEBER I 42K
KR (FIE) /N TR 2 B, BTl = # 58
AR UMK S 2 FE 2 3, 3 RS HAE A
N Y A KON K 2 B BB S IR 5 3
BTy HIEGE LR . NAPE E, Hik,
(178 A B33 7 Moy HIEIA ML . 4N,
BN, PFIA P&,

SEE T NTRR A, TEAE R H X AN [R5 B (1K A
SRR IINFIP &2 0% 7 RIS i . N
A EE L E PR T MR IR ANARAEN A, B
FHRRAL T HIEMpHALE MK & & PR EiR S
T LA SPFIAMPE & N+PALEEE EE
BT IR AL . BN, PRI PSR,
BE PR T IR pHAI K & & Bl AR B
3E N, &AbPEE) AL . &N BEN. 4P,
A R A AR B B R AR . U A BRI B (A8
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FLAE RO AR R ) L3 pH . A HURAIN, Py K
BEARE R

T BN YT B A0 it PAE B FR BE R 1 R AR ),
TP 73 365 JE2 308 3o 582 e PR S PN S5 R = St A ke T
DR AR IR IR IR o« FERERNITIEALFIPAE 72
RLHIROE 5T, WE 7T AL A o BB AT AR
38 LR L R AL, X 3 I e AR AR
TR AR REER L. BATER 2 & T 5%
IINEAR 73 FEXT R IRE T pg5Em, JUF-50H 8 &
HAZ AR S IR IHRIE, Ik, BRIk
o AT EAR X LR e A R ) iz . IR
NHEFF 5T .
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