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Effects of Long-term Nitrogen and Phosphorus Additions on Soil Enzyme
Activities Related N and P Cycle in Two Plantations in South China
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Abstract: Nitrogen (N) deposition has been increasing during recent decades and may affect supply of soil
nutrients and resources acquired by organism. Soil enzyme activity is an important indicator for reflecting the
nutrient acquisition of plants and microorganisms. To explore the effects of long-term N and phosphorus (P)
additions on activities of N and P cycling enzymes in subtropical forest soil, two plantations of Acacia
auriculiformis and Eucalyptus urophylla in south China were applied N and P fertilizers for 8 years, each with
50 kg/(hm? ), and then the activities of soil enzymes, including P-cycling enzymes [phosphomonolipase (PME)
and phosphodiesterase (PDE)] and N-cycling enzymes [5-1,4-acetylglucosaminidase (NAG) and L-leucine
aminopeptidase (LAP)] were measured. The results showed that N addition had no significant effect on activities
of soil N and P cycling enzymes. P and N+P additions had significant negative effects on activities of PME and
PDE, but which had no effect on activities of NAG and LAP. The growth of soil microorganisms and plants of
subtropical plantations in south China may be limited by P rather than by N, and P fertilization could alleviate soil
P limitation on plants and microorganisms. Therefore, these would provide an important insight for forest
management in the future.
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TAN s R R, AN RiE A R
JFROS1 AEPFRAE AN N ARt sS04 ) S HEBOR &2
() NEl, SEAER N JRFEESH ™R . JESRHED
AR R USE G AMEY A N R IEEOR
S N FEDESEYAN, & N YRR R
TS RAE ARG ISR T NOL, EAR
I RS A 2 GE R T AR N TR A T R
Fe(e-o1, (HIR B 98 2 4Bk N YR i ™ E I X 2
— 061, PRI, JRE AR X R N PP
AT 35 kg/(hm? )10, 376 i T ERER /X o HfF
AR, s N YIRS Rty SR Rk
51452 [AI R4 LR OC R A 02181, WP Ry ARpk 3
WHUE N G PR, N BT BRI R AR
WK P IR, A P R AT REdE— D4
VIR AE YR IE N . ST H BT X L5 181017
TEARZit, [RIRL, 4RZRTTRE N P SO me SRfE 5%,
XA T AN JURE FAEIRAEAE . A KAEEER.

TSNS A AR AR R A, VR T
W5 LIPS, AR T E LR BRI A
RA, XA RGP PEA I RE BRI O E . H
W, BERR A BERR 5 5 (phosphomonolipase, PME)
IR — e (phosphodiesterase, PDE), AJ 7K fif 3%
AL P AR lReEE, L ERR RS a5 AL A
AR B-1,4- £ FE W I (B-1,4-acetyl-
glucosaminidase, NAG)A L-+ 2 iR 2 FE IR (L-leucine
aminopeptidase, LAP)Z: 58 [ I IRZENIKIE,
FAIE N AR T DO SOR F /55
T, 78 N JEA R R RIRE, GHFFiERE, N UL
B BRI T e, s2nm TR v o fdt e
L, B n s A YR G AR 8],

KA B (Acacia auriculiformis) A1 2 H-#4%(Euca-
lyptus urophylla) &% E Fg77 B o) 32« P
FBCR I 3 Ll ZRAE R FRl19-201, 7E A2 2K RGBS
PR EEA AT BARE R o A Fu I B A1 i e
PHIERLE, HWAKMN. P I 2 N TR
H 5 NP G GRS P e 3 A 5 IR Ak
JRIRER, TR NFRAE R R AR AR 2R P bR 10
AR HEEIRAKYE, AR A B R L.

1 PRI ¥

1.1 BRI
W SRR AL T 2 4 485 Ll N AR 50 (S ot

FUG(112°50" E, 22°34' N), AW HGHZ RS %, T
FREKE N 1543 mm, WZEM 4 HHFFEEE19 H.
YR N 22.5°C, B H 1 AP N 10.9°C, i
A 7 AR 28.0°CRY, KN VIR SHEL)
H(43.143.9) kg/(hm? @)?3, +IERRR g+, &
AFF FT IR 2 /> 3 2R 11 g SV BT RN AR 8 A Ak
(Eucalyptus urophylla) F1 -k i-#H E Ak (Acacia auricu-
liformis), A AR R AR 35 2k IS 30 al?l,

1.2 REETTH

K FH BT At AR 42 ) 56, SR S8 A B AL IX 2H %
1. Z& Cleveland 5RO 5 v e B 7 At AR &,
N TARAHEE 500 m, FfHLAGTE 12 /> 10 m=10 m #
77, FETT JE Bl 10 m B8 B 2% iy DABT AR BT
WHE 4N SFIE(CK, AHEAE). i N AEHN).
Jiti P IE(+P). A N AT P AE(+N+P), N. P Jitifit
14 50 kg/(hm? @), REALERY) 3 YR E K 1856 M 2010
7 A, &2 AN 5 U5 280
NH;NO3 Fll NaHoPO4 (10 L /KI&AR), Xt BEAEHmS
WS B SRR 25 257K LAY BR AN IR ZK FRIEM o

1.3 SRAEIEEE 02

2018 4 8 H IRAEFE T WBENLAT SURAE, BT
4 cm ) LESFEALETE 6 £ 0~10 ecm K= 2, 73
BENF LS, 4CHORAF R KRR
RG], PRBARAERSERY), @il 2 mm L
f 50N 2 oy, —EB o AE B A7 20 COKFE A T
B S PR E ,  —HB 0 F T E R38R

3% 4% (total nitrogen, TN). 4=fik(total carbon,
TC) & & H A HLBK 73 HTX (1soPrime100, IsoPrime)
MI5E, 4 (total phosphorus, TP) & & FH iR = S 2
THAR-EHBRDT EE e o FH O R 56228 27 i 4
Fh %A (PME. PDE. NAG Al LAP)f &, Hir,
LAP D 7-% %:-4- F 3 45 & &K (7-amido-4-methyl-cou-
marin, MUC) AJEA, ) 3 Fh L3 LA 4- F R
(4-methylumbelliferone, MUB)NJEA. ¥ 100 mL
R 2% 9 (50 mmol/L, pH=5.0)n A 1.00 g i+,
FAEIENUNEHER S 1 min f5 i 60 H i e 2 AE
W FESFL 2SS FRFLATRAS HRFL A S1 2%
TR S BEHERYIE(200 wmol/L) 2128 S EEFR M
K PR 2 PR S B S VAL 1000 L, BB L 2 4
B ES 3 . PRSI0 500 ul L5585
HWAN 500 pl bRAEYDHEH(0~100 umol/L MUB B
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MUC). #&5J/5E T 20°C F#ELEEFE 4 h, 2 900xg
B 3min J&, TEIRISCEE Ky 365 nm IR S K
N 450 nm RIETOLlE. BESETE % (1) i
SREANRE ST M B MUB B8 MUC ¥ 2 (umol/L) b
2k, PAGHENE b, B k MR (2) RAEFEMTOL
y1 RGBS yo T AR RS 2R IR IR B2 c=(y1— Yo~
b)/k; (3) & P4 [nmol/(h g dry soil)]=c>n>v/(tx
m)><1000, X, n BFREAEEL, v R TREFE S HTHIT
ZEMIAARA(L), t IR B IR ) (h), m 2 3T = () -

14 BiEsatE

KRR 7 253 BT (ANOVA) AT Turkey Kramer
HSD EEAE N P AL 3R R N AR A S s 1 1 2
S, MOLFEA RIS H T 2 NIRRT
w25 5 (P<0.05) . R FH Person A5 HT #x bk 1358
BTG PR S L3R KAk 2B R LR A SRR R BT
BHGHorid FAEAGE g 2E SPSS 20.0 58,
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PR IR (LAP) VA M 38 8 R & 52
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Fig. 1 Effects of N and P addition on soil enzyme activities in two plantations. Different capital and small letters indicate significant difference among

plantations and fertilization treatments at 0.05 level, respectively.
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MR E LR, 5C:P AN P RE
K, ~N0.4~0.7. 1% NAG 1 LAP &t 5 + 15 0.6,

F UNL P IR AN AR 58570 Ffl 22 -k L 5

Table 1 Effects of N and P addition on soil nutrients and stoichiometric ratio of plantations

TN 1 TC [8) A EA B 2 IEAH 5%, A2 RECN 0.3~

T Forest TP (mg/g) TN (mg/g) TC (mg/g) C:N cC:P N:P
*ﬁfﬁ_% 8 CK 0.25+0.01b 2.73+0.09a 37.69+1.62 14.16+0.15 165.60 +10.63a 11.60+0.66a
Qfﬁﬁion +N 0.220.01b 2.3420.15b 34.2142.36 14.6040.13 152.79+9.55a 10.4240.60a

+P 0.41+0.03a 2.67+0.08ab 38.49+1.37 14.3340.15 100.87 +7.32b 6.98+0.47b
+N+P 0.3440.02a 2.6240.14ab 37.84+2.13 14.3940.13 110.5545.72b 7.6240.38b
bk X CK 0.2140.01c 1.8640.06 29.18+1.22 15.66 +0.25 135.69 +7.38a 8.61+0.3%
Eﬂlﬁgﬁtﬁs +N 0.23+0.01c 1.77+0.08 28.67+1.37 16.33+0.21 125.93+6.10ab 7.78+0.34a
+P 0.29+40.02b 1.73+0.08 27.10+1.48 16.31+0.42 103.76 +7.39bc 6.33+0.41b
+N+P 0.36+0.02a 1.96+0.07 30.17+1.02 15.50+0.39 90.86 *7.05¢ 5.52+0.30b
[ 5t J5 AN ) B R R 22 57 1. (P < 0.05)
Data followed different letters indicate significant differences at 0.05 level.
2 IER VS R O Rk R LA DR R ()
Table 2 Correlation coefficient (r) between soil enzyme activities and nutrient contents, stoichiometric ratio
#REL Forest Enzyme TP TN TC C:N C:P N:P
MK PME -0.384™ 0.417" 0.429™ 0.272* 0.724™ 0.717"
Acacia_ PDE -0.399™ 0.286" 0.300" 0.255* 0.645™ 0.636™
plantation
NAG 0.078 0.568™ 0.563" -0.004 0.343™ 0.355™
LAP 0.358™ 0.520™ 0.464™ -0.028 -0.068 -0.087
Fpk PME -0.433" 0.292" 0.334™ 0.046 0.494™ 0.560™
Eucalyptus PDE -0.491™ 0.133 0.200 0.067 0.465™ 0.541™
plantation N N .
NAG 0.236 0.488 0.447 0.044 0.090 0.062
LAP 0.346™ 0.595™ 0.323" -0.337" -0.024 0.040

n=18; **: P<0.01; *: P<0.05.

3 ZHRAITT IR

AW FEN AR BERETT H) NAG A1 LAP 35 14
5 AR P L S BRAR[ 200y 12.9~73.6 Al 2.7~
112.3 nmol/(h g dry soil)]FFIAHITI 22, (AT 2240
FRHR[44.5~652.4 F113.0~560.5 nmol/(h gdry soil)]2&-291,
X BV A PR 9 7 Ry AR AR 4 & N IR HORE Xk
P, BRI AE P AT RE R 2L K E N 2R G
B N MR EEE0, DUK@E LIS A PLE P,
PME 1 PDE i 1 5 HoAth # i B AR [ 791 Jy 230.4~
1088.6 nmol/(h g dry soil) 1AL 728-29, (HiE+%
B AR PR [148.9~1303.6 nmol/(h g dry soil)]28-21,
X5 B ARy bR 5 T R A P2 A bR i AR
MR, Toi R AEYINT P TR H5E
IR AR LG, AH AR 3 1) PME 1 PDE &5, 1
NAG HI LAP y&MAK, BHE 4 B BB By 10
A AR R BRI AT PR T AR 7 A bR 145

WIUH TN S8 N @ P i, HEYRMAEDREr 4
T ) P IREUEERIRFA ST B Z 1 P HEYR., X —
R O 2 I SRR A B SN At 78320, A%
BT &h Bl S X —H 0 . BES 22 AT e S R
AK, AARASRHEY R BRI E & T EE
BHEYIR, HixFphzR R GREY RGR B HRET
TR HRE, 5[ N GE %A B AR
AW N TR A E bk 6 Fh L 15 i 1
TR RN, o 2 AN R IGH AR AR IR Y
NAG Fll LAPI28], ix 5 AR50 45 1 —3. 25
Je meta 43t 45 FRL182 353614 55 AR 57— 35 o AHIF 7L
13 PME F1 PDE #J& T-#E IR EE, A HikiE L IERER
TS TR N5 H 3B AIRIE8. 300 5 2 (6T = 184
B23NZ5 0 N, AT N 5 3 R S 1 A2 Ak
A T IREGE T T RAE AR I R 18,
M 3EE NP, FLIG N ST IE 71, M
YNz 2] P FIBR AR, PRk, i N FTREA SR
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VDRI NS PR, AWFS 8NP RAEAR
ISR T IX— W A 2 a it N AL B 5 IR s 2
N. AEZS N AR P &3 TN S 2R AL
AL RAAL JENAEZS RGN OBGE R E E, TREA
S DL | A YA AR DA P AR BT I O, il N fS
M N B S IO S RFIX — W . 4, SENn i
PR L IERE MRS TR R R AR, AR
B, %04 MBC. MBN 1Ej N 4b2E 1 a J5
WA RAERFEALR, L3 C. N SEEMAEME
VIR BRI R 142, KRR R R CL N &
BWEARKAEZN . A AT R E W pH
1430, it N ALFE 6 a 3% pH WA B &AL, ghat,
SR AR RST8] K i TR 2 s 2580
FIRZHRFEA R, AFFH N P REUEHE L iE N
JE A B R X R R A R IS5 3

AT P A N+P J5H3% N SEU#E NAG
AU LAP WG AN 2, Taiki ZEMOHR 18 15k 75 Y
PO ARAR 135 N IREUEE S L1 TNL TC S B A
BEMIEMAKXKR, HYIE N SRR P, fE
YIRBAEYAE KASZ N R, IXASZE N SREEE
PEBUARMER . XGRS R —. LHEP
RIS 38 TP o 5 TP MGtk 251 &t 4 il A7
EMRRER . EMKKR, X215 PME
F1 PDE 5P T B F0 JER R o 3 55 A S0 475 2R P ()
Frgh FO8OMIAALL, it P LZfF T ARAK P I BLRIAISE
G Ik 77, FHPAHAEYIRD G R IREG A T, X
FFE IR RO R R, R A S5 S H R 1),
KA AR B P, B B RS ESR SR P 5
THFERE RO, [F i P 3N I A R P
(available phosphorus, AP) % &, HRHEREE(E S M B L,
H AR =40 AP HE N AT et 23 i M IR il A A A 22 4
s P AREUEE VA R R, IX R R AR A
IR TN e, 3 P SR L R N
P 7E P S IN(+P 5 N+P)ACHE B35 FRK, Ui bE P
A AR R AR AE D) P BRI TR TR 2 3L
ARG N BREIEA P R &I, H 23t —25n
YIRS P BR&INS, R P BlVF Rl N TRt
TR, SRARFE R AP P R o

WY 70 3 BH BRIt P Stk = S St 37 12 1 30 1
VERIESRZ, it N. P AJ 2R S P I8 RS
PER RIS . - IR R 75 1 5 -8 AP & BATAE
T FE KRBT, H N, P [EI 8N 3% AP
R LRI P LB IR /N, 3% AP &

BT felal e S 50T 3% PME Al PDE & 1 i
70, Yk, R iE NS P AU P 3% pH
B ARG s P AN ] (L1481, iy 2 398 pH A PRI AN K,
P IR AR K P T 8 BB G R 3,
SRR R T 25 S BV 0 32 o TR T 9 e e o 22
SR . RTHIZR IS INRT SR B, Bl N
T N B E. [ N ECRAATA YL N SR
AR, (5B P A N+P S5 B &5
e (38401, ACHFF FE 25 SR RAL, BEAH RN N P 1)
M 15 1] e 2 it Pt R

AHFFEH 2 AN HHE N AR 3R/ P 0
AORZUE L, (XS N BMA TG R E R, P S
2 53R P I RSN iE R W PR N ARG
VIFRED A K RSS2 P IR BT A2 N BRE|, H P
BTN FEAK N PR R 52, J84% PRI A
I, FRATTEE AR SRR [ A i XN AR B AT LA
5 EIEITIE M N P IR CAZEAR P KR, (2t
A ARSI .
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