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Soil nitrogen and phosphorus availability in forest ecosystems at different stages

of succession in the central subtropical region
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Abstract; Soil nitrogen (N) and phosphorus (P) content and availability were examined in four ecosystems representing
different stages of forest succession; bare hillside, Masson pine ( Pinus massoniana) forest, conifer-broadleaf mixed forest
and evergreen broad-leaved forest. All sites were located on the luvisols red soil in the central subtropical region. Soil
nitrogen and phosphorus data were obtained by closed-top PVC tube incubation and Hedley P fractionation methods. The
results indicated that soil organic carbon, total N, net N-mineralization rate and neutral phosphatase activity increased with
the successional stages. Soil total P, C/N ratio, C/P ratio, ammonification rate, nitrification rate, resin P, NaHCO,-P,
NaOH-P, sonic P, acid P, total available P, and acidic phosphatase activity did not show distinct trends with successional
stages. All soil nutrient measures except for ammonification rate, resin P and acidic phosphatase activity were greatest in
the evergreen broad-leaved forest. Strong correlations (P <0.05) were found among most of these measurements. In our
study systems, P limitation to plant growth was stronger than N limitation at early successional stages and soil N and P
availability were improved with forest successional development. Our data suggests that the evergreen broad-leaved forest

shall be considered as the final purpose of vegetation restoration in central subtropical region.
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AL R WA R TL AR R B 7 , BRI R A , 44 /K R0, i VR SR AN, R LT B i
BRI . ZEHOK SRR AR RS AR, I B R M E B ARMAES RE, T K ERMES R
GEH IS5 DR R A S R R R E R o AR BRI P R R I E R
TEEAS XA, B T B IE (K £ 8 SRR FR R E , TR BCE TR Y BRI ) 1
PERRAH LR o LSRS0S N BRI 0 BT M 1 DR, R, F JR R AR SR B
HUIL ) S AR BT TR B T 3R A SR S A S AR B

THA(N) Fgh (P) Y E R REZOPIMESR TR, HAMEXN BRRA = IR EEEAERY
W1 o N BN R AR 25 R G S REE A ) A K G SRR T N ARl o e L (e R BT e
Eo B, N H L HIBTSTRIRA TN N ARERA T Bro PRI URBEE B AP A7 ) B BRI 57 53
TR, 14 95% ~99% iy P LIMELIFIFIHRRCRSAEAE, 2 5 EWAERR K P {UR 1384 P IMAR/NIRSY,
HAr i DR — RN LY W3 AR RIRRT o TR, P XY R X Y A K
WS FE T o F L P AT B R R, BRS R R R 523, L Hedley ) 138 P )48 g 2R, +
S P 9T REST BRI FRAR L P AL AT S i BB

AN, R NP O LS BOE R 2R 5 E K, 5 5 i AR AR B - o AT B SR TR R AT
SECEFRBAAIMEER . AUTRYN,EFLEHX P KEZ BARBA L WEYIER AR, HH B0 EY)
(R K3 3 32 B R , B2 R A 8 LA R N 5, AT R TR R 4 o AT DL, 3R43 TT 3R 22 181 1 4
AR RN AL AR B, TR, ST RN AR, AR NP G R R TH
waM

BT UL R E A SCE R IR SR Fr B 1 38 IX AR bR R B B MR o B3 &, FF /R + 3 NP L
B PR AR R Y RO G R TS, IS R R R A SRR AR AR BRI S
1 #R57E
1.1 B

B B T YIS AL, BT AR % 115°27" ~ 116°35”, Jb26 28°09 ~29°11" o SAGIRIFRAN , JB T H
X, WETH, MRS, FRE, ERK. FFRE17.5 C R R 1600 ~ 1800 mm , 45-F- K31
B2 77% ,4F H BRI TE] 1900.5 h, P2 XU 2.5 mes ™ AET0AEH 291 do KRR, B A H Lkt
Pk EFRRIRSCHK S AL (Pinus massoniana ) MRE , - EE70 0 SRy p T R ARR PELDI%, B ol T80 bk
HE AR, A /NEBUK L PR B AR EE L
1.2 PR RHLFEAE O

IR R BVLVEE R B TTRRRT R B B RS AR XA S S e R . EPT ST KT A, T 2007 4
7 HAE 4 FRARA BRI By, B SZ IR I LA PR 58 LU AR MR, (BT W TR S bk 3t St I bR 1A 51
REHLEERL—2 20 m x20 m fREH, SHEAZSER A AR LINEAEIL (K D) .

L3 AT

FEGERE RIFEH AR K LA 4 A 10 m x 10 m (/DT , FREBUIMETT H , BEYLIEIR 5 &0, 533 AR 4
cm [ IO ~ 15 em 4, RIGIRA M — M RA B EHE. B, BRI IRTE 4 MR KR, BT
AFEHET 16 M, A E KRR . BAFEm RS HE)E, 83 e K- AT AN C 2N
Fg P {INGE ; 55— 00 T L4 P R IR REINGE 5 10 — 00 T 4R EG | b PR BRI BRI R P B TR A 1
e

THRUAEIE , HE R RASMEIRIE AL C &, Pl R g H 4 N, ST R E
2P,
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F1 WMEHBESER
Table 1 Basic situation of research sites
F-H e FH R g Ry

Average DBH  Average height .
Coverage Typical plants
(em) (m) * ey

WG B

Succession stage

2 BRENAE DRI G B EEMMAK Two young pine, a little

moss and lichen

AR 1113 Bare hillside — _ _

ILEHA Pinus massoniana , ¥ g T Gardenia jasminoides , ¥
10.8 9.8 0.80 Wi A Adinandra millettii, 11| B, Symplocos sp. , /N M Zx b3
Ligustrum quihout

TR

Masson pine forest

B MR MK W Hk Castanopsis sclerophylla , A7 Liquidambar formosana,

Conifer-broadleaf mixed forest 13.8 12.5 0.85 5,25 Lindera aggregata , 75 Syzygium buxifolium
LI R Cinnamomum camphora , ¥4 Castanopsis sclerophylla,

20.0 15.0 0.70 A fif Schima superba, 11| B, Symplocos sp. , % 24 Lindera

E broad-leaved forest
vergreen broad-leaved fores aggregata , MK Loropetalum chinense

L4 LH A SRR

LN AR PYC TR . B R 110 mx 10 m (/NS BEHLEEHLA /- 79
JH 2 A 15 o, B 4.0 em ) PYC TR ERR A+, A/ L BEF— MRALHESE, 55—
1 PVC BEHL, , S BV 1S I0 AMT , WSS N N B NOS N A B A, 30 d JRAE T A L
Btk WA HERIE 9 NH, N FINO; N ik, NHJ-N R 2 W (33U, NO; -N & B S s IR
A b

R mg-N-kg +30d '] = (34537 30 d J5 9 NH, -N) - ( -3E91441 NH, -N) (1)
AL R [ mg-N-kg30d '] = (138837 30 d 5 9 NO; -N) - (L3I HA ) NO; -N) (2)
TR L E R [ mg-N-kg 30d '] = (£3E8% 5% 30 d J5# NH,; -N + NO; -N) -

(-1 4E NH, -N + NO; -N) (3)

1.5 +TIEBERSRSHEHNE

B P 2 I AT AR AR R P, R IR AR 138 P & B SOUE , K BUOR i o — 1 5 6 1+
FAMBE S, ARRT G, RS i, Bse & TR LR Hedley ML TIE 5 MR SHARM P S8, Bk
g P.NaHCO,-P NaOH-P B iy P FRtE PV . i FASLR AT AL R 5 Hedley 1503607 B0 K25
S R B TRSLE, 7ESE I PR DU UREE (1) B TALEA S P & B AR, B0 TR R i T Ry 1 g 3
042 g, W66 R B S TS At RS FO R R A0 o 1 g, DABRASBRAR O B0ME 5 (2) 6 i NaCl £8s HCL 75y sk A
IV (3) SR U O B vk 22 B0 1 e R B A LN L (0 20 5 (4) SB35 BT I 4R WU S5 F X /K ik
AR IR iR %T 396 pH BIBEIR , SR V54 DR B0 T B SR A 202 9 3BT, A T W 385 S B o
1.6 I3RS

AR AOIE P RBUR ML T 3R A Z0R 0 T A b 21 AR B AR X 38 8 , A B ST B S 38 N 974k & P
T AR VIR SE (G, BIVIRES , T PR R EEA BR YR BR B /R N I 2 ROFE AR o K BF A SE IR A5 i — 10 i +
FELRAFAE — 20°C [ vKAR H , SES A, B FR70ff Ok Ja FHAE DL I 85 3% 24h, 7€ pH 6.7 B G thilR 5510 T Rl Be B
U o 0 PR TS 1 , JELTG M R O AL IR P e S R B B (mg - NH g 7+d ™) o 76 pH 5.5 1 7 ) 2%
WA T IR BRI 4k 20 I R rP b B R A R L B IR 0 55 1, L9 ek R O AL B ] PR 7 A T 0 R
(mg.% 'g_l'd_l ) [18] R
1.7 BRibHE

J7 25347 (ANOVA) FIsk LB A RAb B> Ml B, P < 0.05 HERBE,
2 #R
2.1 AT L

FRAREE X L4580 ~ 15 em ZEAB R MG 2 XX B B3 (P <0.001) (£2) . Hip+H5H
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Bl C BRER L3 < RAAAR < BHIRTR AR < B Ak Lo N W #RER L3 < SRR < IIRATH < I
w4 e PONETRIRACH < #REE L3 < D RAMAR < MK ; C/N EEARER L3 < M Ak < SRR <41
RSSHR; C/P Al N/P HUEINBRER IS < B AR < Do BARAK < ST RTRZSHR (2 2) o T IL, 34 P LA HL
C.& N WL EA B, RFIH BEE PRI R TR 4 i S, 7E4T IR SSHR P i 3L T B R AWK A9
E1E S

F2 HRIEAEHRWREABMER T BERBUSE
Table 2 Basic physicochemical properties of soils at different typical stages of forest succession in central subtropical region

ALK g e
3 o~ ’ :
fg&r&,.& . Organic C Total N Total P ‘3’"‘5 Ntt ﬁ’%”% Ptt ﬁﬁ’% Ptt
uccession stage
g (gkg™)  (gke™)  (sks™)
#2113, Bare hillside 0.86+0.03a 0.15+0.00a 0.19+0.00a 5.73 +0.22ab 4.52 +0.08a 0.79 £0.02a
I, 2 FAMK Masson pine forest 7.91+0.37b  0.61 £0.05b  0.22+0.02a 13.28 £1.03cd 36.98 +2.91b 2.81+0.21b
51‘@@5‘5% ) 13.43 £0.54c  0.92+0.06c 0.13+0.00b 15.01 £1.62d 103.95 +6.92¢  7.03 £0.39¢
Conifer-broadleaf mixed forest
oy I
T S5 A 14.16 £1.07¢ 1.43+0.06d 0.54+0.02¢ 9.87 £0.45bc 26.13 £1.17b 2.65 +0.05b
Evergreen broad-leaved forest
BT F31,=96.90, F;,,=113.66, F;,, =187.49, F;,=16.72, F;,, =127.35, F;,, =138.59,
ANOVA P <0.001 P <0. 001 P <0.001 P <0.001 P <0.001 P <0.001

[F) 5838 5 AR B R 22 5% 0. 05 i E /K Different letters in the same column indicates means are significant different at o =0. 05 level; T [r]

the same below

2.2 BRAMASTAHER

AR TS N BHZS N N R AL AR el (L R (P < 0. 001) Al +- 3R E AL A (P <0.05)
N2 RMER B BE KT . BAORE , LIRS N OV IRk < D RMR < Ak < 8RR L3 IS
N Oy B RAAAR < ST FTRSSHR < #RER LI < AR 875 N ObEH ISR < SR MK < BREE L3 < Mk (&
1A) s @AEFONBREF LI < MR < SRR < FTR ST I AL 00 B R < ST TR SR < #RER 1L
B < R T A E SRR IR L3 < S RARAR < ST RRIRISHR < B AR (B 1B) o AT, ZRARTE RS 9 AN IR L 2
BrBe AR N 1S 8-S HE R B &AL A LB R R ARSI UOF H A —B i, AT LAHERT -3 A
N & BB T HMAE W T B R A2, B2 B H B S R AP Ol b 5 12
2.3 HIRBRDBREH B

BRAAE P Ah, ARARGEE X 3% NaHCO,-P \NaOH-P 5 P R P FILEA &L P R i 22 Ak XA BIHR B
(P <0.001), Hr, 3 NaHCO,-P Sy B EAAM < ST RRTRSSAK < BREF L3 < &k NaOH-P 1 [RTR AL
M<ERERILE < BRI < FHAR; A3 P Ot IR ASAR < SR MAPR < #RER LU < MMk BR1E P vt IRTR
k< Ty RAMAR < BRER LI < MK SRS P W RS <BRER 1L < T RIMK <MK (K 3) . AU
R MERE, 5 RRSSARE S A P RERWAR P LISMYHEARRE P 23K, X 5 H 134 P Wik
o RIS, BAT AR I BLEA R P I P 39K E , NaOH-P Sy WHGH B 4T IX ARAR T3 B AR P I £
ZE K, Mg P Al NaHCO,-P P i EL AR AR (K 3) o
2.4 TIREGTEIE

ARRTERE X L SR G | R W TR T T PE BRI R e ) 22 S PRIk BIMR B3 (P <0.001) o o iR
B AR TR LI < BHRIRACHR < THRRAAAR < WAk BR LR BRI v i M AR < #R 88 L3 < SRR <4 IR SC
s FpPEBR R U BRER L3 < D RARAR < 4T IIRSSH < MAR(B 1C) o ATRAR I, S FTRSSH H +- R B A
WEI PR P - SRR R BRI 15 AR RIS N A P BERDEANAAT , (EAR R TEAIT 8
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K
Rate (mg-kg™-(30d)™)

S N s

e TS - :E:: Vltﬁw:-:-:- ,,,,,
BAN MAN RN AL AR AL R G AL A

NH4*-N NO;™-N Mineral N Ammonification Nitrification Net mineralization

i
Concentration (mg-kg™")

200 C

O ¥R 13k Bare hillside

I, FABK Masson pine forest

£ FVE R AK Conifer-broadleaf mixed forest
B % 4kigHHk Evengreen broadleaved forest

b
2

Acitivity (mg-g™'.d™")

100

W
(=}

SRR
G

(=}

ik i R YL BERR G v BRI
Urease Acide phosphatase Neuter phosphatase

BT PO B SRR S B B B ) R AR (A) LR (B) FIEHE P (C)

Fig. 1 Available N (A), mineralization rate (B) and enzymic activities (C) of soils at different typical stages of forest succession in central
subtropical region

R3 PEHAERWHEE TR R T HBESR

Table 3 P fractions at different typical stages of forest succession in central subtropical region

S~ W HEwE NaHCO; % NaOH # Vaki2 [icded B
g‘ i . Resin-P NaHCO,-P NaOH-P Sonic-P Acid-P Total available P
uccession s (]

o (mg-kg™") (mg-kg™!) (mg-kg™") (mg-kg™") (mg-kg™") (mg-kg™")
#8213 Bare hillside 1.24+0.34a  1.31+0.22a 7.46 +0.51a 7.75+0.87a 4.59+0.19a  22.34 +1.25a
I, 2 FAMK Masson pine forest 0.94£0.08a 0.63+0.13a 11.96+0.33a 6.98+1.12a 4.58 +0.18a 25.10 £1.13a
%ﬂ?ﬁ‘(ﬁi“cﬁi . 1.94+0.24a 1.1820.10a  6.63 £0.22a 3.53+0.10a 2.46 £+0.24b  15.74 +0.39
Conifer-broadleaf mixed forest
Ay, It
W L3 A 1.22£0.22a  3.17+0.19b 89.93 £2.49b 29.06 +1.74b  7.94£0.39¢  131.31 =1.22¢

Evergreen broad-leaved forest

2.5 ZAWEBLR KHME KRR
LAk e T RHT R 21458 IX AR AR LR B 3% C NP IR 57 S M SE R ARS8 A 20 AR T B R4

XS BT (EX T C NP KRR N AP Z AR S R R BA HATHR . Wl AF @ g % B3O R 2 )
A THEAREEAT ISR AT (R 4) , LUEIAT N Al P R & 2 R o R 4 T AL C 54 N.O/N &L
R AR 4 fE AR \N/P NaOH-P S A2 P M PEBEIRES A7 1 B3 IEARSE , 5 838 N KRB BE 7
FAR (P <0.05) ; LB N HERL K H AR EEHGAR, i04 NF R N F 0 (3R IR A 5 SR P AR K% HA
kR RS, g PUBAR P AP PEBRBREE Z (A AR BAE IEAESC (P <0.05) o [RIEF R AT, S B N 7l P
BERE R HA AN R EAR Z [BIANFFFEAR A, 0Bt N BB 1 BT 1645 SR P s B0 AP 7E SR C , I s
N HZS N N AL R A (L3 R SRR A Z 18] (P <0.05) o X ULH] 14 NP ft R A7 75 B B 1)
WE XA, T EAEFRME AR BB N P BERRF B e 25, = — S Bd 2.
3 g
3.1 HUABBL SHEE KR

MR 2 &, WBRER LIS s 2 W AR i AR P, 13 NN T 10 £, A 4L C3ghn T 16 £, T4
PRSI T 2.5 f% . 3% N/P LBl AR SR L3 BBt FTR SR B i LT, B % SRR bR S T T R 22 1L
o AT, FEFRMEE ARG B N A1 P AR RERFAEER . MAARBB N P AR L EAZL,
WA N SHEMP ST ERSAM P Z HWRE, 513 N/P AR EBA—, XY, N.P#H
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B REMURIE 32 N e P S EINA, B005% 8 NP ) B R SIR , B 435 N P AR
MWEXRR.

F4 TEEMBESHREHAXITR
Table 4 Pearson relationship for N and P supply and availability of soils

BAENBE RIBERREE PR

RIS AU S A WIRE NeHCOsBE NaOHBE  shumt  mitgy o OISR TR
Index Organic C Total-P  N/P Resin-P NaHCO;-P  NaOH-P  Sonic-P Acid-P .

available P phosphatase phosphatase
APk Organic C  1.00** 0.44 0.67* 0.29 0.46 0.54* 0.39 0.16 0.50* 0.30 0.88**
4% Total N 0.91**  0.71** 0.42 0.07 0.72* 0.80** 0.67* 0.48 0.77** -0.02 0.92**
A C/N 0.66* -0.23 0.71* 0.36 -0.28 -0.15 -0.25 -0.36 -0.18 0.79 ** 0.42
AR NHS-N  -0.75* 0.00 -0.74* -0.07 0.08 -0.08 0.04 0.18 -0.04 -0.71* -0.57*
MAE NO; -N -0.03 0.78**-0.57* -0.14 0.84**  0.77** 0.83**  0.81** 0.79** -0.93**  0.27
W Ji 2 Mineral N -0.09 0.75* -0.61* -0.14 0.80** 0.73* 0.79 ** 0.79** 0.75* -0.95** 0.21
ﬁﬂﬁ]ﬁ% . 0.63* -0.25 0.87** 0.34 -0.20 -0.16 -0.34 -0.51* -0.21 0.69* 0.23
Ammonification rate
ﬁ%ﬂ:ﬁig 0.50* 0.97**-0.19 -0.16 0.95**  0.99** 0.96 ** 0.87** 0.99** -0.61" 0.73*
Nitrification rate
¥ S N
@E"ﬂﬁﬁﬁ ot 0.65* 0.93**-0.01 -0.09 0.92**  0.97** 0.91** 0.78** 0.96** -0.48 0.81**
mineralization rate
R} Urease 0.66 * 0.72* 0.05 -0.22 0.46 0.72* 0.66* 0.62* 0.71* 0.08 0.84**

# N BEMR(P<0.05), = = i BEARK(P <0.001)

17 -39 NP By K HAT R R SR /Ar R A, S B N B A Rk 1A 5 IR PR B HA R 3
PR 1E] BEA LA AE B3 IEAE R, A —SIF e AR R, i A DB FFE R R ME (3R 4) o #E— T R 3L, N
AR RN (L R 5 NaOH-P R 2 P Z B AR R BAR 7, Siad 0. 90, X IEAF B T HFFE X 413 N
1P BERT B SERRIE DL, — 7 T, D3RO N BB 2R BN el (L 6, T HLAE R ZHARMAES RE P L
R LR T 55— LR P REI AT DA AR P kR, H NaOH-P RHEBEE A
PR X AR TR AT R AR LR R, W A K K M SRR AL . N B AR, eSS
N BHZS N N R AR AN o R 5 IR Ak A R I A A 56, 3R A 3 NP I R 77 7 B 8 1) 07 3t
. HATRENLAI R 158 N AR R I, REAME P IS , T BR TR R BRI P 9 4, IE4F T LABSS A
2P R, Bk 3 P THRE . [, 3BT LA B B N A P R K HA S G D B AR Z (B A AP TEAE R
P, anfk N GBS BT TEAR- S AR P, X R B RRARECE A R B B NP N R A B EA R P A
i, BN AP A SBER RIHEAR , BRI R WG P AR MEDERR AR SME B Sk b i A B A Bl i, X R W
e N P P {0 18 18R B R B BER 2 T R

&5 ERR  AB I L4 N P BRI A7 76 B B AR & 1 AR 5 A RIS B NP SRR AR5 1, BRAK I
By R AB B P A FRGIE R R T N5 NP {5 78 AR A 2 R A rp AT L A48 B4 A T 52 BE B A
BERL
3.2 HMEBESFIHE

3R 2 AT, 2P AHAS N WA N i E 2R 0 fed AR AL/ E O &, R E 540 pH K5
Ko BAAL BRI LB N & BAQR TR (R LB R AR R AR, X Ul R B LU P, T
SRR, R N BRSAE TR A AR N RBUR o FT I, R L (b B A Bt R R
WE A 17 TR B S 3 B BRR S YT R

B 3 AR, AR P W& BREOYEM A > DR > #REE 1L > RS, —Bokid, AP NEE
BEE ARG 2T N, TR SSARAL 7 BR ARG S G BE, I AL TV AR R ES R AR R I T, e N il
AR P IHFEINKR, KEM P HB ZMEYEN, BT N/P ILMIE . R 3 WEIREEEEHARE P K
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FEILA, MR EEAR P BENE NaOH-P, FRHAK ™ FEN 2 B I B LTS 5 TP - RSB 2% 14 T i P
A TR G JHFERL 3 B, TH7E A ARG TR PR R 1§ L0 T, NaOH-P 2R LA _EBIFERT, 5
HAbA B — I R A A K TR P2 KB R W TE S5 5 , £ 517 PR IE,
EREZTLH PIEEMBER PRSHA, SIEMEY AT R KA R P A, AT P A MIEKF 5
REAR>

FERRBR LD, T RO 22, B Z A Y , 3R R o £ i AR YRR SR IR RO E , 573 N A
P B 8 AL (LR R Mk 2] T — & MK, — B R Se B AR R 20K 8™ A8 T cb) i st R AT B
FR, 2R B Tk LR BB TR R TR, T 2 Y A K AT 2, 0 e &t — 2B 1k, T ok 59
TR DA X R, 38 F DA MR BE B R 2K JERIZE 1 ~200 m 2245 o ZE TS RAMGH I TR UK A3,
BT B ST ST TIRE S 2, BAEBIREERE N A/, ok s 3R B Y A7 38, LR it
B o UNFAB Y REIE RIS ) L3R 251 , B0GE L3I, GE T A W A A7 2R, (A5 L3R R
B, FRARKE B 2 REPERE I, B B AP N A S R G A = s, P AL N RIWTBLR, N/P
PN . FEE bk R —E B B, BRI, P iy T HB MG & B, ¥ RO R SF R,
BB FE I AR R IR A B Y B R AR BN R T SR B P AL, BRI A BHE LA
T (ERAE N/P Ll mi , i Tk Z P X BT S R GBI R R A T 1, P 7R O RGIH 7 BEE
HEERERE, D P A MR HS R SGE , RE PR R TR P B @i, N/P tpE 2 B, A2 N
P & RS — TR, AR B P AR R AR B el AR i — 25 R I TR AIE ) R AR
B ZEHES) ), NP RO A R ik 2 — B LA A R B A 7

ARIE LA 2047 , ASHFFEIN N ARRARE B R O S Al AR SR A A T 2P 4R 5 13 NP LR RE T,
TEWFFE X A A SR IR MO LB S B e X B FT AT ANERAR AR o Ao FEME AR S R P (7 45 56 P
TEOLEFEE 8 BRI ARE , S BRI SR 2, iR AL 0 ek R, SR S A B SR A8, sl bk oy o &, 35 2E
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