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serious rocky desertification and human disturbance. Fortunately, national and provincial conservation and afforestation
projects have been developed to mitigate karst rocky desertification. Ecological stoichiometry, which approaches questions by
analyzing the balance of many major elements needed by organisms and determines how those elements affect and interact
with processes, provides new perspectives for studying ecosystem processes in fields ranging from leaf physiology to
ecosystem productivity. In terrestrial ecosystems, the close interaction between the C, N, and P cycles constrains most
ecosystem processes ; therefore, the N and P status, and the N :P stoichiometry of leaves has been studied intensively to try
and determine how these factors limit plant growth. Exploring the stoichiometric properties of the primary elements (C, N,
and P) in live fresh leaves and leaf litter is very important and could provide constructive information and guidance for
ecosystem recovery and the reconstruction in ecologically fragile karst regions. This study examined the concentration of C-N-
P and the related stoichiometry of live fresh leaves and leaf litter in three primary forests and compared them to data from
three secondary forest communities in northwestern Guangxi. The results showed that the N and P contents of live fresh
leaves in the six forest communities were greater than that of leaf litter. However, the N :P ratios showed opposite results,
which indicated that the plant N reabsorption rate in this karst region was larger than that for P. The C, N, and P contents
of live fresh leaves in the six forest communities were higher than those of leaf litter. In addition, the mean C and N contents
of leaves in the three primary forests were higher than in the three secondary forests. However, P levels were slightly lower
in the leaves of primary forests than in secondary forests. The results also revealed that the C:N, C:P, and N :P ratios of
live fresh leaves from the six communities were all less than for the leaf litter. In addition, the order of the C, N, and P
stoichiometric ratios for both live leaves and leaf litter in the six forest communities was C:P > C:N > N :P, and the C:N
ratios of secondary forests were larger than that of primary forests for both live leaves and leaf litter. The C :P and N :P ratios
of live leaves and leaf litter in the three secondary forests were all larger than the primary forests, which indicated that the
secondary forests had higher growth rates. The N :P ratios of live fresh leaves in the three primary forest communities were
between 13 and 15. The N :P ratios of live fresh leaves in the three secondary forest communities were between 11 and 12,
which is between the upper and lower limit thresholds for N and P nutrient levels. Therefore, the N and P nutrient status of
the three secondary forests (after 28 years of spontaneous recovery) has reached a relatively stable stage through long—term
environmental adaptation. A significantly positive relationship was observed between the C :N and N :P ratios of both live
fresh leaves and leaf litter. The N and P contents of all community species were positively correlated, and the N :P ratio was

positively correlated with N content, but significantly and negatively correlated with P content.
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Table 1 The basic characteristics of the three primary and three secondary forest communities

LRI Ji A WA
Outline Primary forest Secondary forest

HE S i Stk — I RER e AL Eivil
FEVE SR Round-fruited e Round-leaved Chinese Negundo
i e . Eurycorymbus Wing-hackberry . !
Constructive Species Dye-tree (EU) (WH) Tallow-tree Alangium Chaste-tree

(RD) (RT) (CA) (NC)

1% * Height /m 5.42+0.45 8.12+0.57 8.92+0.67 5.68+0.55 4.02+0.53 2.17+0.41
ARFA B Canopy density 0.57 0.60 0.51 0.58 0.71 0.66
YR ER Species number 13 17 9 27 30 34
¥)5)BE Evenness 0.81 0.79 0.82 0.62 0.64 0.59
¥ ARAEEL Simpson’s index 0.84 0.82 0.89 0.58 0.67 0.63

# JIT 7S e A AR 14

3 Ffr RN A MR T B0 T v [ R 2 e A 0 BT R A 25 R R 5 UL 3t ( E108°18”57"—108°19”58"
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Table 2 Averaged C, N, P contents of live leaf and litter

. C/(mg/g) N/ (mg/g) P/(mg/g)
Type HE7E Species fif nt- PRV fif nt- UG fif it UEREA
Live leaf Litter leaf Live leaf Litter leaf Live leaf Litter leaf
AR RS AL (RD) 416.3+2.5% 378.4x9.1"° 23.4+4.2% 19.6+1.2° 1.7+0.3* 1.2+0.1"®
Primary BAEA(EU) 429.6+6.4* 401.1£9.2* 23.7+3.3% 19.4+1.98 1.6+0.5% 1.120.0"®
forest FHHE(WH) 408.3+7.8" 369.4+6.6" 24.9+2.7*4 20.2+2.28 1.7+0.8* 1.20.1"%]
WA B0t 543 (RT) 404.4+3.7" 388.9+4.5% 19.9+2.8" 17.9+4.3 1.7+0.6 1.5+0.8°
Secondary JNHAPR(CA) 397.2+5.1% 364.2+4.6"8 21.2+2.3" 18.2+7.1 1.9£0.4* 1.5+0.4"
forest I (NC) 372.4+4.8° 356.7+7.5¢ 21.7+3.7" 18.8+3.4° 1.9+0.7% 1.6+0.4"
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18.3) 1 C:P N :P(209.1.242.8) M/NTJE A4k (240.2 307.8) , JRAEMREEIF N P bl 13—15 22 Ja], f7&
N :P W7E 16—18 Z[f] ; kA bk N :P o 11—12 Z 0], M7 NP HLfE 11—13 2Z ),

RD, EU, WH, RT, CA 5 NC 4351483 3 B J5 £ MBE 7% [B 2R {6 #F ( Round-fruited Dye-tree ) | 2= £ AR
( Eurycorymbus ) 5 % 18 ( Wing-hackberry ) f2 3 1 Uk A4E FRHE 7% 8] i 5 4 ( Round-leaved Tallow-tree ) | /\ f i
(Chinese Alangium ) #1531 ( Negundo Chaste-tree) .
3.2.2 HEYEEHSHTE C N NP EAHDCE

FEPEEEFIPHIE T C N 5 NP HI R B A 5C (P R 4391120 0.8855, P<0.01 DL &% 0.9709, P<
0.001) (K 2) . 6 REEIETEM B NP & ik B 2 IIEASC (WK 3,R*=0.1839,P=0.164) , MY N:P
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Fig. 4 The relationships between leaf N :P ratios and leaf N, P concentration.

MR R R S 5 U Y NP N TR (BT 1) 3 R U E AR T 5 MO SR A s R
N :P U5 P8V Y100 i 54T 5, — B0 N PRGBS &, UV WD i 52 P 3R R AR | 20 it SR AR X
RGO AR 3 A AR RN RIS N P IR T A 3 SRR U8 A MR I 0 45 A A
XN AT FR5F MR o WA DIk 14 3 B 75 5%, S BB R R 43 T e iR gk R e TR TR AR
SEAT M T UR e W0 o e CERR K IR AR R R 70 i A H B35 3R TR S K, R TR ) 31 - 4
PRI SR g SRR RREAR DS 22 DR BR S 3 LA AR A M Wi, BRSSO TR A1 AR SRR

B R B A S R G4 AR =2 N P s A LB i AR B 2O A AR
FON P W E R/ NI BTSRRI A S R Ge A 1 2 BN Fh T2 A BRI T 2% 220 AR v S A AR i N
P 13—15 ZIA] TG RHEIE T Han 5 N2 BT [ 753 FpREHBAE Y M 04 N P I 28 i th i J LA -
P 14.4 DL 2 BRFEIKF-(13.8) 11 1 S W bk £ 2R T LU R R RHE . WAEMEEH N <P A
11—12 Z [i] , d14b T Giisewell 557 15 Tessier 55 Fr S M ARAA Y N P 3253 BRI SHE 2 18], K WI0E Ry
s X 3 AR YR A bk F SRR AE 28 4R AL AT REXT AR i B e A W] R ACR | 3 R A1 Bl i I R
SRR AL BB AE L, AR F B R0 MR R SRR RS ARES

FWIH B9 C:N AL C P HERAEE A WORCE SR ITRE[RIL C RORE ) fE—E R E B THEIR) N P 37
SR HRCE A R E SR Y AW 6 MYt C N C:P HI{ES 0 17.8 2449, 3 C

http ; //www.ecologica.cn



74 TIREE  AF P AU Ry DX AR ARG R AR I AN v A 2 AR 7

N H/NT 2B KCOF 9 22,51 AT AR5 R AR R 5GTT C 2P IR T 2Rk P14 2321 e e i 2k
AR P 2R BRI TSGR B R, XA S e TR AR A AR P B T sk, IR XSO IR T DL
VeSS AR TAPL R R (R b THZ X 280 H R Bk R ™ i, il B S SR o R M
DT RACR AR

XFFARFEH Y 3 A B A ARG 3 S UCAE AR R UG, HARD S A 70 €N 5 NP L R
FHIEARSC(F 2) XABRE T M 3R 5r e R A AR R 6 DRI i NP é‘%iﬁ*ﬁa@é
Z (K 3) MR N P OGRS EE RGLIERCHRE TH NP HEMNZEFEZ/NT N P SRR SR Z S
P, BN =P HCBAT A BORSSE T, I S 1A [RI AR AR BRI R NP5 ) ADOS — B30, 3ok 2 e A5 il A A
Py C-N-P JCR TR i AL R A IR AR R 22— R T @ b C B NP SR
Or R AU, A RO R BUA N E%‘%dﬁ%bﬂki%%ﬁ@ﬁ%ﬁ%ﬁ%?%%ﬁ i PN
P LU BRI PR A R, IR R T DR R A — e R LR T AR R R, R B T A
TEVE R RS YIS

RSO R DR 3 AN JEU AR PR TR AR 5 3 S UR A MR v el R A AL A 1 200 ) B - R R A
5 C NP OCER & i S S A TR R T 104, KB 6 Rl xt N MR T P A BRAEAR X
Z (DR B IR0 AR WA, B RETE IO TR £ AR 3R, 0 28 AF 1 FARIRAE 3 R CE MR v A 1 2
T B X PR A I Ik B AR E BRI . WIFFE N XA MR B A — i W98 B X (B3 % AR R4
ARSI (4 57 0 BRI PR DL , A J5 7 E— 2L TP SR AR ST 5T, LAIAS B4 T R GE RO A58, g S g 551X
ALY PR 4P 5 R 02 o st e (3t B el 5 s S8

5% 3L HK ( References)

[ 1] Elser]]J, Bracken M E S, Cleland E E, Gruner D S, Harpole W S, Hillebrand H, Ngai J T, Seabloom E W, Shurin J B, Smith J E. Global
analysis of nitrogen and phosphorus limitation of primary producers in freshwater, marine and terrestrial ecosystems. Ecology Letters, 2007, 10
(12); 1135-1142.

[ 2] Vitousek P M, Howarth R W. Nitrogen limitation on land and in the sea: How can it occur?. Biogeochemistry, 1991, 13(2) . 87-115.

[ 3] Elser]JJ, Urabe J. The stoichiometry of consumer-driven nutrient recycling; theory, observations, and consequences. Ecology, 1999, 80(3) .

540-550.
[ 4] Fdear, WREuk, BAEE, A, SRR, 7 0I5 A 0 35 P-4 v 4- 1 9 0 itk RO A A5 AL 2 T AR AR, AR S22, 2011, 31(23)
7119-7124.

[ 5] ShsChr, R, HBREE, BRAEE, 20T, a8k, TRz, JUat B8 s Y H B BB TR THE RHE. JbatR2 4. HARIERL,
2009, 45(5) : 855-860.

[ 6] Vitousek P M, Turner D R, Parton W J, Sanford R L. Litter decomposition on the Mauna Loa environmental matrix, Hawai’i; patterns,
mechanisms, and models. Ecology, 1994, 75(2) . 418-429.

[ 7] Giisewell S. N: P ratios in terrestrial plants: variation and functional significance.New Phytologist, 2004, 164(2) ; 243-266.

[ 8] Sterner R W, Elser J J. EcologicalStoichiometry: the Biology of Elements from Molecules to the Biosphere. Princeton: Princeton University

Press, 2002.

] Sterner R W, George N B. Carbon, nitrogen, and phosphorus stoichiometry of cyprinid fishes. Ecology, 2000, 81(1) : 127-140.

1 B, weE. EBATHE Y IRRMADERRE S RGNS — e, MR, 2010, 34(1) ; 2-6.

1 OB, BT RS SR A RO RO A A, 2005, 29(6) ; 1007-1019.

2] RGSE, RU, X, LA, SO BT 3 AR AE Y T R N P AR TR R L. A SR, 2010, 34(1) ; 23-28.

] Zhang L X, Bai Y F, Han X G. Application of N; P stoichiometry to ecology studies. Acta Botanica Sinica, 2003, 45(9) : 1009-1018.

] EvObk. ARZSNESS XA S IR UMA R R, b E AR AR, 2001, 9(3) : 86-88.

] WEOP, WIRER, RIENG, Ewsk, RIEH, REH, WHEE. RIS Ay T X B SRR 22 5 REE AR, RS0,

2007, 27(12) ; 5110-5119.

[16] W&, i, Erosk, T, R4, FEE. MEEHTRAEA LA PRSI EY C 0 N« P A B HERAE. 2EA243R, 2011,
31(2): 335-343.

http ; //www.ecologica.cn



8 ZSO O ¢ 36 &

[17] Elser JJ, Fagan W F, Denno R F, Dobberfuhl D R, Folarin A, Huberty A, Interlandi S, Kilham S S, McCauley E, Schulz K L, Siemann E H,
Sterner R W. Nutritional constraints in terrestrial and freshwater food webs. Nature, 2000, 408(6812) . 578-580.

[18] Reich P B, Oleksyn J. Global patterns of plant leaf N and P in relation to temperature and latitude. Proceedings of the National Academy of Sciences
of the United States of America, 2004, 101(30) : 11001-11006.

[19] 2t 905, SCMEHE, Hgs, TRUboR, (A ORI B b pog St B 0 S I e R B ISR K €2 N P ARZATH IR RAAE BSR4

AR, 2011, 35(8) . 801-807.

[20] Giisewell S, Koerselman W, Verhoeven J T A. Biomass N: P ratios as indicators of nutrient limitation for plant populations in wetlands.Ecological
Applications, 2003, 13(2) : 372-384.

[21] Han W X, Fang]J Y, Guo D L, Zhang Y. Leaf nitrogen and phosphorus stoichiometry across 753 terrestrial plant species in China. New Phytologist,
2005, 168(2): 377-385.

[22] PN, EfLsi, adeds. IR M A R B L7 T R RHE R . 425524, 2014, 34(8) : 1965-1974.

(23] IMIFF, BRRZ. AR G AR BRI 5720 (9 25 3h 2515 OGR4 352741, 2001, 25(1) : 76-82.

[24] Aerts R, Chapin F S III. The mineral nutrition of wild plants revisited: a re-evaluation of processes and patterns. Advances in Ecological Research,
1999, 30: 1-67.

[25] Chapin F S III. The mineral nutrition of wild plants. Annual Review of Ecology and Systematics, 1980, 11 233-260.

[26] Edemr, 21, B MEE. AR BTl fe i 3 ak R BT SRR AR M RHIE. T EEREER, 2010, 30(10) : 1369-1374.

[27] Elser JJ, Acharya K, Kyle M, Cotner J, Makino W, Watts T, Hobbie S, Fagan W, Schade J, Hood J, Sterner R W. Growth rate-stoichiometry
couplings in diverse biota. Ecology Letters, 2003, 6(10) : 936-943.

(28] Edslh, R, 29022, ERE, W, @it PEFZRARIA EZLBMPIT C: N. P AR 2T, Y4870, 2011,
35(6) ; 587-595.

[29] E@iR, TOth. LEREMAPITR M AESHATH AR, 28, 2008, 28(8) : 3937-3947.

[30] Tessier J T, Raynal D J. Use of nitrogen to phosphorus ratios in plant tissue as an indicator of nutrient limitation and nitrogen saturation. Journal of
Applied Ecology, 2003, 40(3) : 523-534.

[31] XiaC X, Yu D, Wang Z, Xie D. Stoichiometry patterns of leaf carbon, nitrogen and phosphorous in aquatic macrophytes in eastern China.
Ecological Engineering, 2014, 70, 406-413.

[32] Zhang L X, Bai Y F, Han X G. Differential responses of N: P stoichiometry ofLeymus chinensis and Carex korshinskyi to N additions in a steppe
ecosystem in Nei Mongol. Acta Botanica Sinica, 2004, 46(3) : 259-270.

[33] BE%, EAME WILKIE 32 Fhig s i (8 77 SRR, AR =244 . BARBLEIR, 2003, (1) 92-97.

[34] i, BdigE, #E0h, DCan, BUak. Tt IR R A M R 2 I i AR R T ARSI, 2010, 34(1) ¢ 17-22.

[35] &%, Mg, MUAE, W2, WRB3, SITTLAE. BRVC= MU 3 R B R MR B TR AR 0T A S k28 T AL 2. M A 4, 2010, 34
(1): 58-63.

[36] Niklas KJ, Owens T, Reich P B, Cobb E D. Nitrogen/phosphorus leaf stoichiometry and the scaling of plant growth.Ecology Letters, 2005, 8(6) :

636-642.

http ; //www.ecologica.cn



