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Abstract

Aims The objectives of this study were to characterize the C:N:P stoichiometry of the “plant-litter-soil” contin-
uum and to better understand nutrient cycling and stability mechanisms in karst forest ecosystems in Southwest
China.

Methods Three representative forest sites were selected for each of the primary and secondary communities (28
years of natural restoration) in Northwest Guangxi, and measurements were made on carbon (C), nitrogen (N),
and phosphorus (P) contents in plants, litter and soils.

Important findings Compared with other regions, the plants in karst forest ecosystems had relatively lower C
content and higher N content, with a lower C:N ratio in consistency with the characteristics of plants. After 28
years of natural recovery, N and P absorption in secondary forests were at a relatively stable state compared with
the primary forest communities. The values of N:P ratio varied from a range of 16-19 in the primary forest
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communities to 17-19 in the secondary forest communities, without apparent difference in the mean vale between
the two contrasting community types. Soil organic C, N and P in karst forests occurred primarily in the top 0-10
cm soil layer, at 92.0 mg-g™* C, 6.35 mg-g* N, and 1.5 mg-g~* P, respectively. In contrast, the nutrient utilization
efficiency and nutrient resorption rate were lower in karst forest plants than in other plant types, with karst forest
plants exhibiting a relatively rapid nutrient turnover rate. The N resorption rate was lower, and the P resorption
higher, in the primary forest communities than in the secondary forest communities, indicating that the higher N
deficiency and lower P deficiency of the primary forest communities compared with the secondary forest commu-
nities. Determination of the C:N:P stoichiometric characteristics in the plant-litter-soil continuum in this study
provides a scientific guidance for restoration of the vulnerable karst ecosystem in Southwest China.
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Table 1 The basic characteristics of the forest communities
sty JFA:AK Primary forest WMk Secondary forest
Constructive species I A 75 A PAEA i TR J\Sa Bl
Platycarya Eurycorymbus Pteroceltis Sapium Alangium Vitex
longipes cavaleriei tatarinowii rotundifolium chinense negundo
7% Bare rock (%) 48 55 70 15 35 12
BERER () CPEIMEEhRE ) 4.92+0.56 7.67+0.63 8.88+0.71 4.74+0.45 356+0.38  1.86+0.23
Height of constructive species (m) (mean + SE)
8 FF1EE Canopy closure 0.55 0.61 0.48 0.67 0.82 0.74
WFPEL Species number 13 17 9 38 33 42
FAR-BURFREL Shannon-Winner index 3.22 3.14 3.48 1.67 1.91 1.54
)51 Evenness 0.83 0.77 0.89 0.58 0.62 0.55
AR 4820 Simpson’s index 0.81 0.78 0.95 0.55 0.64 0.52
F2GAMEEERY. FEYS HHENC, N PHE(mggT) CRIEERMER %)
Table 2 C, N and P contents in plants, litter and soil in six forest communities (mg-g™) (mean + SE)
G i H JEU AR WER
Content Item Primary forest Secondary forest
B RAL T 1 AEA T R iE| IS Cgiil
Platycarya Eurycorymbus Pteroceltis Sapium Alangium Vitex
longipes cavaleriei tatarinowii rotundifolium chinense negundo
B C(mg-g™) K% Plant 429.3+9.7% 438.8+10.34 432.3+93* 4223 +11.3% 4166 +12.0" 4259+ 12.4%°
JAVEY Litter 395.1 +8.9° 4129 +9.0" 399.4 + 10.5° 392.8 +10.6° 3852+11.1% 391.5+125°
+3 Soil 1064+ 62"  1124+7.1%® 100.0 * 6.6°° 83.5 + 7.4 76.9+6.0°C  72.9+52%
A N(mgg™l) K Plant 22.6+4.4% 23.0+4.1% 221437 18.7 £3.1% 1994274 207 +27"
JHYEY Litter 13.1+2.3° 12.5+1.8° 13.2+2.1° 12.7 +2.0° 12.1+3.1° 12.8 +2.4°
+3 Soil 6.4+12%C 5.7 +0.8* 5.9 +1.1%¢ 7.2+1.2% 6.8 + 1.0 6.1 +1.4%C
% P (mg-g™) 4 Plant 13+04" 14+04° 1.2+0.4° 11+03 11+04" 12+05
JFAVEY Litter 1.0+0.18 1.1+03° 1.0+03° 0.8+0.2 0.7+0.48 0.8+0.4
+3 Soil 14050 1.7+06* 1.6+ 060" 1.2+04° 1.5 +0.5%4 1.3+04°

FIZUA K S 5 BERIRAT ARG - BER 7R 72 57 2.2 (p < 0.05).
Values designated by different capital letters were significantly different in the same column, and those by different lowercase letters were significantly different

in the same row, respectively (p < 0.05).
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Fig. 1 The N and P resorption rates of plants in different for-
est communities. Different capital letters indicate significant
differences in N resorption rate between community types
(mean * SE). Different lowercase letters indicate significant
differences in P resorption rate between community types.
* shows significant difference between the N and P resorption
rates (p < 0.05). AH, Alangium chinense; EH, Eurycorymbus
cavaleriei; PM, Pteroceltis tatarinowii; PW, Platycarya
longipes; SH, Sapium rotundifolium; VL, Vitex negundo.
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Fig. 2 The values of C:N, C:P, N:P in plants, litter and soil in
different forest communities (mean + SE). Different letters in-
dicate significant differences between community types (p <
0.05). AH, Alangium chinense; EH, Eurycorymbus caval-
eriei; PM, Pteroceltis tatarinowii; PW, Platycarya longipes;
SH, Sapium rotundifolium; VL, Vitex negundo.
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Fig. 4 The correlations between log-transformed N:P and C:N, C:P in plants, litter and soil.

R3S TR AR S TUBBT DR Y. TEC, N PR

Table 3 The contents of C, N, P in plants, litter and soil in Guangxi karst forest communities in comparison with forests of other regions

X% Item  WFSYXIE Region C(mgg™) N(mgg™) P(mgg’) CN C:P N:P ik References
L) TR TR X Karst region, Guangxi 4275 21.2 1.2 19.8 356 18 This study
Plant Jbst X EL Beijing and it’s periphery 451.0 26.1 20 17.4 226 13 Hanetal., 2009
FMAK AL Changbaishan, Jilin 4815 19.5 15 24.7 321 13 F s 2011
Wang et al., 2011
JTZR 4L Dinghushan, Guangdong 504.9 19.8 0.9 25.5 561 22 Fsts 2011
Wang et al., 2011
FE China - 18.6 1.2 - - 16 Hanetal., 2005
kY| J e iR X Karst region, Guangxi 396.2 12.7 0.9 314 440 14  This study
Litter Jb5e4 R 1l Donglingshan, Beijing 4473 8.0 0.4 559 1118 20 Wang & Huang, 2001
HAE E 1 Changbaishan, Jilin 496.8 12.9 0.9 39.4 552 14 F %% 2011
Wang et al., 2011
J"ZR 1L Dinghushan, Guangdong 522.1 14.2 0.4 373 1305 35 E S 2011
Wang et al., 2011
4Bk Global - 10.9 0.9 - - 12 Kangetal., 2010
+35 T VEvE R b IX Karst region, Guangxi (0-10 cm) 92.0 6.4 15 15.3 61 4 This study
il . . . .
Soi T IEE X Karst region, Guangxi (0-20 cm) 484 54 05 8.8 97 11  Yuetal, 2014
W ZE 5 Steppe in Inner Mongolia (0-10 cm) 253 17 0.1 14.9 253 17 Yinetal, 2010
[FEJYLYAT 136 b 18.8 21 0.8 8.9 24 3 EYEwraE, 2011
Wetlands in Minjiang river estuary (0-15 cm) Wang et al., 2011
H i B4 Mingin oasis, Gansu (0-20 cm) 3.0 0.3 0.3 10.0 10 1 Yangetal., 2011

* R PR

PTG B E R F SR B SCIRITBE I Bh FARMOG R

R

* The element contents of plants and litter shown in this table were derived directly from literature or calculated as means of the values reported in literature for

natural forests

“r5520.09 mg-g™ (Reich & Oleksyn, 2004), f H.i&
T3 4 [ 753 il o A M 1 9243 (KT 2 {118.6
mg-g™ (Han et al., 2005). FWFFLAHI, v b fs
Pyt P i 5 A Bk RE A B O AR (T 1 A 45
2007) . AT 576 Fhobk M AE A P 7 OV 3 (EH A 1.2

mg-g™, B AR T A% BR REF 5T 0 OF 2 4 1.77
mg-g™* (Reich & Oleksyn, 2004)51.99 mg-g™ (Elser
et al., 2000a), {H-5 B [E 753l HAE 47 (¥ 50 &5
(1.21 mg-g )i (Han et al., 2005)(#3). HH: Fr
HRIETES A S8R SR AR HAROC
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2, ARAEKEBCRE A B COKAR 5 (Baldwin et al.,
2006). BIFFUFE SR AN R A KA, MY i
SALN. LFALRRKEWATESE, AKEBEG5
A, FERENE AR, FIEXIN. PH
EREEROR 2, 5 PN F AR FI R R 2 (2001) i 51 45
R EILRAE

TR A R R A K R TS A
T, EPDEEEN . B SRS RS e
I BERRRIL B DA G (AR E, 2014). ST
S TR AR MRE VS R 0-10 em B JZ0C. NL P&
SEIME A W 4H92.00 6.4, 1.5 mgg, FEor o ANt
B W J2 v N 580l B A [R] )2 9K % (0-10 em
J2)925.3. 1.7, 0.1 mg-g™" (FIHTSE, 2010), A1 /]
S5 (2014) T /) DX I H A B V0 52 45 HH0-20 em -t
JAR)LEEC, N PEE-FI{E 44840, 540, 0.52
mg-g~, T8 5 0-20 emt293.0. 0.3, 0.3
mg-g” (BHF L, 2011) (%3), W8 THm
18.8. 2.1. 0.8 mgg™" (0-15 cm+J2) (F4e#i4s,
2011), W] WLIE s L X AR AR 2 B, (HER)E 3
AHUTEN PR 4in) & 5t vmn, 7T g V5 rg v i
U b X AR A A AR T IR R N T B )
K, RGN g T LA DX sk (8 B S A
2012). AWFFL6MHEVA R )E10 cm 1 4EC. N PP
i U T ar R AE (2014) T RIS DX A B 23
(110-20 cm b 2780 &, T T R e 59 X Tk
R 2 IR TR RIE . BUiR e ST xR 2k
BRGMPIKE M EEZE, G KA (2014) % AH[F]
TIFFE DR ST Ji A bR 5 2R A AR (R 1 3EC N
PAEASAL AT RRFEREAT T 007, 19 ARk
C. PE AT IR, NERACT KM, RAMEE
PINP T R AEMRE 2 AN 2, AR AR N
RIS T RAEM, ARG R 8(&2), HF5EF
I 73 R A AR 4P . C:PL N:PI O JE A bR
FE T UM, CINZESRARE, SRR R
MAIECINE K TR, MCPNPYZERA G
&, RN A BI A 2 . AR, KIS
PR AN [F] SR I CNGP A AR Y H
BRIy S 4 (Han et al., 2005). W i My
HAEBSE L. AR e (R AT 4%, 2010), (At
FFRETE R RBE . T2 MR 2 (R4 -8 5 -+
BB BARIIC N P A R 5T+ b 22

P TR0 RDA -3 B AR, AR A
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B RGP ERAL R — AN ARG o, O
BT 57 3¢ W AR MK A2 A BT 757 70%-90% 1) 95 43 K [ T8 V%
W) R GBI R 25 1991) 0 WIFSY 6 Rl AR HL IR 75 4
C. N. PO 43 51 5396.2. 12.7. 0.9 mg-g™, #f
X6 T T B R (2001 o B i T b i 2 Y
Yt g R, HCH (KT /A #, MmN, P
ST o #E (ER3). 51 A (2010) %K i
TR R R AT AR T L YRGS A B A ) A
FELLER, AWFGT R RVE Y CE A R AIXHRAE . N
RO ERETRRKY, PESES 2K 5
(Kang et al., 2010) (£3). W& rhs ARk 754 I C .
N+ P LA T S R X 3 5, S0
XM C =N =) 5 R A T (R — 3, BT ks
ARMAEY) 5 I T )3 R DL AR B AR CIN, X i3t
B VR ) 50 4 TR TR IR P, X5 F4E A as
(20212} i M A P Y ok SRR AERIE ST 45 W) 5 o
FEIRIF7 53 FEIROBCR B S A ) 0] 58 00 AR AT
FIH BA B KT T3 43 3505 B0 55 1) 38 )3 B8 77 (Aerts,  1996;
2 R, 2011) 0 AR PE AL TR AR A a5 X 6 LAY 2k
PRI, NFFIR I R 32%-46%, PTFIR I 4
0 £ 16%—-38% ] (1) . Horh J A ARNFE IR %
CPEIE A 42.7%) 0 = T I AE AR (CFF41E 4 36.5%), P
T W A 2 (20.4%) W) il 25 1% T I AE MK (32.3%) (p <
0.05)([E1), s/ EMRIYING B T, L3N
E/NT UK, S L P EY KT
MR (ER2)FTEL, RWILE L3R TR LN AR G =
(15 T A4 25 B o P 2 I FR R, IR
[ e R ERE o S 7/ LSl SBTo SRR i F/
WAL I TR S T IRAEAR, NJG#E B AR
FEAE, 2 B 7 i 5 DX 1) D AR ARINEE = 1 ) e vk
FLIRAEARR, AP (AT ek K T SR AE AR . A
W56 HL AR s TR MRHBN . PRFIR IR 2 B A T
Han%%(2013) % 4> Bk 199Fh A AAE MBI U153 H N P
(1 TR ST (90 1) '57.4% 60.7%) LA K Tang
Z5(2013) X HE AR TR R AAH I 5 T 45 IRIN S PRI
W (43 ) R 49.1% H151.0%), & W]+ 35 55 70 N A
X R IO T, R T BE S EE LU IR A RS R
WAIE I N A G AR i SN2 e g
2011).
3.2 HEY-EEY-TIEC. N, PitELREHEXM
4 4 () C:NFI C: P ¥ fig S WA NI P 1 A
MR, —ERE W T b NAIP A Y,
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AR TR HE IR B0 1) 5 AT A S S e A A )
HeEAVERFIN TR A AR, RIS IR e RN
B2 O AR R AR S IR R AR, k2,
BIRCREME N AL, 70 R 80 AR O %5 2
&6, 2000). ASHIFFTERl ML 7Y WS i RE AR R V5 A2 CIN
RIC:PF-¥ME 43 7] 72£20.3F1353.6, F §h3t% (2011)HF
FORIK (1 L £ RV AS MR CINFIC:P A3 ) b 24.7
321, T A L BT SRR AR CIN CiP 4y
il k2551561, A 5T 1 6 g 7R A ) CAN I IG
T R TR A AR S AT Sk R AR, CIP S K
Ll Ay A AR AC PRI, Tz A1 5 0 L T Ry o 4
WA AR, (BT ST A CINAIC:PY i T b 5t e A
4 X R (5 SC T4, 2009)(3), AT BE b
S SR X PR A T AR By, M R
BRI AR A R R i i RS 22 (NP . DG &4
F e CH R 5 A8 57 00 3 1RO 8 A [R) i 4%,
WHCA MY EKMIRHIGER, CEERZHREY &
AR m HAR RN, DA, s C:NAIC: P 3=
LA 2 ENAIPS 5 ()42 4k (Hedin, 2004). AN[A]S7 b
ZAEIAING PREZR IR IR b 52 M R 420 (1 5% 3 WAL 1T 5%
e FCC I [ 8 K% figs A7 (IR R 224, 2010), Hdt—2D 3¢
Wi 3 V% 40 1 C:N:P AL 27 1 1 REAIE (Aerts & Chapin,
1999).
AR EE A Y B — AN B 12 T AR e
REA I R B NP A B B 58 560 R ) A K PR 3R 0 4t 2
PRI (G 4 RIS, 2005), Bl ALY 2% B ThAF S
PE A (R N:P R A0 Bk b A A7 1) B 0 AL o
NPT AR 4 Hb s AR 4D 1) A= a6 (E 4 %745, 2010),
FIEN:PRAEA YRR (1) A K34 % (Elser et al., 2003).
Koerselman Fl1Meuleman (1996) 7t BX #1140/ Hh y5 i3F
TV AR S RAE ML LI AT H, NP/ F 1458
NEBRGIEZNIREIN, NP R T16R RN EE RS
PRI, N:PAE14-161, ARG H N SZNAI
P 1) il =l 75 4> 7R R A Z Bl . TessierFlRaynal
(2003) FEIAIE 7% 7] B Fi7 H VR Mo R NP IS S 47k 14701
16. Gusewell (2004) WA NP < 101}, FEHEZNE
(IR, N:P > 2006, FE#EZPE IR, /~1-10-20
Z AV, it AR N RN 22 [) B A WA A D K &R
K TN 2 45 (2004) 71 P4 5 vt = 50 B J )it JIES S 560 42 B
N:P > 235 A PRRE], MNP < 200 JyNPRE . 4R,
PO AR KB B MY A2 el
YIFpRAFAEZE 7, XL I & MNP AL 22 T

EU AR I AR AR Ak (Gusewell, 2004; B4 4 SR IE
4=, 2005). He%5:(2008)5% 4= [ 1= 2 B s AT 4 2R AL (1)
C:N. N:PAL2Eih s LLadb AT T 204, Fi th v s A
) R s 35 P BUHENGP v - A ik I Ay b X B
ARG, Han%:(2005) %} A1 [E (1) 7534 iy 4 il Hu At )
HAT TR RPBEb 2= AR5, [RIREIA Sy o [E
Wi B AR A A= K 52 P 2R BRIl A7, B L
ST W R 2 2 i 59 DX 6 R A PRI NPT 34 41 A 18,
KT E AR TEL6 (Han et al., 2005), #7%
PINP VYA A 14, KT AERAR AR FINPT-15
{12 (Kang et al., 2010), & HW& TEE RS A7 AE
PE it o T 3 I AR AR N PAE16-1922 [A],
3P IR AE MR N:PAE17-19 2 8], ~FHIME 14 N
17.4, JToWH 2 7 5 (K12), RIHE IS 284F 1 HAR K,
AERRAEN S P53 (W5 R 08 BIAH ARE 1Y)
R, JRAM L IENP AR T R AR, R U5 AR
THENBT = W Re vk m T IRAERR, AP Z R
TRARR, A DANCPAE A W5 R AR AN PR 2L
AR W e b, LI SR i 75 8 ek — 28 (1 ik
Tofs VAN N SE2 58 n ARA 5
McGroddy %% (2004) 38 iof & 25 tH 5776 [ 4 R Ak
EBRGTLE KRN, BRI S RGR
Ui, BRI FHIC. Ny PIRFHERE L 212:28:1, £
MISFEPIMIC. N, PJsT L% 43 007:45:1, %
FICEN. PHUE T FrIC5NL PEGAH
AW PR REIIC. N P T HE % 4913:39:1, %
T AP AT, KT E 5055 (2011) BT HRE 11 W1
Ps N AR A o S e bR S s ZE R AR, (R
TR FRAS AR . FEYIC. Ny PITEEERN
1163:32:1, [FIFETAEKT-¥I{E(McGroddy et al.,
2004) LA J . Aty i S i bR, R 5 I B TR AT
PR AT 2 AR IR K P FE AR [F) (CF di 455, 2011).
MK T R B R B T sk A
PR AR Y BE T (7T 2 ) DA N A 855 D1 1R B,
RITAE ) RE 1 3= ) b R HE 5 43 75 SR R T b B L AR
K IRBE 1A (R Al BRI R 2, 2005), 1M BT AHY)
& G E R ST 2 18] 1R P 7R B & (Sterner &
Elser, 2002), A ICEN. P &bl PR35 AW AR
10, AEAH B2 a) 2AT O B A D o e R i 59 X
TRREAEL:, KIRMTRRE )5S, WA WS
FEOP)VIR AR TEE, M TR BRI TR YA
&, C. N+ PICEEINIE M-I TEY)- T3 Sk
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Z IR A e ), LR C-N-PIC & 1 SRR IE S AH
RN AT DL AR AR A2 38 R R TR AT R e TRy
FIHRCR . ARG R BN, B AYIN, P
PrE BT IEAEOC, 1IN P I L U
K, Wia s LIEPNG B RAKR, PEE A
[T o SRR S, VAR NG AR S
KB 3), N:PTEREY) %) Ik B
R A 3 e NRITP, 6 I 98 9% 2 Wi ST it
FE T FEXING PHEAT T IR, BRI
C:N. C:P¥y& TR, RT3 . W
FEHE X 4N P S 2O (EAD i =, TREAZIRIN
PFR 73 P WO A AIG, ¢ W 07 Ry [X R ) 3
TH e WO - 43 R A T AR REA T 5% 20 1R PR OSei 2 AR K
oK T LI b X b R VA DA M UZE S vk 1
B2 M ARNEPTK LR A e 0 3 mont T SRR 4k
RGN ICH IR . PRIR IR R = fie
MR 22, MY RN PERAICNPIF &
FREAAAE R E B e, HAEARIAES. A
(R Tt 2 1) 51 S BILAE K 1) 43 e e i (Reich: & Olek-
syn, 2004; Han et al., 2005), X tH B T R % 24 1y
BT IE N o ARFFTH HIEICINEG NP 2 3
HAIE R R (p < 0.05), FHTEMIICPENP M B
IEAHSR K R (p < 0.001), TMFEAH C:NELC:P5 NP
TR E MK R (KA. PIWTST BT R R0 5%
DS A B, A Db A I Ry AR A a9 X T
Jee KRB . B 2 bR SIS R (1) R ) - T - e
BEEARIC. N PAEBETHE AT .

CEG NI, WE R L X 6 R AR 3N, P
TrEESANE, NPIEEY . HEY . HIEPARIK
FEAR, TEYICNECPER A . Fod R
AERRCIN I 2 TIAEAR, FPINPICI] W o 1%
Wi SR MAR Y A ARG C:INFIER B TRINGP, T 764
S BUNAES TR E . AV AL Ry X
T2, ER A, REESEIOE AR Y. R
P, B0 IR AP 7R R #E(C:NL C:P)
JREF7 53 (P RO 2RO AR, 17 52 T 8 e i 59
DX i v 7 398 2 (P ORI BE ) 6% X A i Mk 2 )
B JRUEMRNTRIROSOR W35 K TP, R0
JRAEMRNEE Z B2 TPE, 1M Js A ARP IR 6 f
T RARR, W BRI A ARPI B 2 o] g 1 v T IR
AERR, RAEARNL PRRIRISCR 25 e AN B 2 . DRI
UM HB AR S R B AT B, G AN:PAE Ay s 7R R K
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05050205). E % B %A #+5 A 4 (31100329. 5140-
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