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FEXE S RGN RELESF | A0 BEAL DAL B B AR 25
A EEE L AVPTNEPE E AR 7 A

SORAR R (X)), WK =S (8] U BT A 40 1
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2 H Wb T ALK B IAAERE A B Rk
T AL VR AT L) DX 7 0 DA 3 i1 SR 1F 5 X
(1) . BEMES TR H IR b b = 5% 5 R 0 R re i 4%,
e N, LAl 32, TERAE 800~1400 m, J&
VA 2 XS A, AR IR 19.4 °C, AR K R 1 149.4
mm, AR X ER S 45.23%; =B R2E
J& 2= Bt 1 S e Gk A AR A, LAY () v 1L i SR S Y
o 400~900 m, J& WA F KA, AR RIR
20.2~20.5 °C, P FE T & 1 615.0~1 693.0 mm, £
B X LAY R 43.32% 5 62.23%; 11 T 42 0,
TLIX 5 B IWAAETE A iR B R 2= 0t R AR kA, H
O FUAL [ AR B URL, MR 200~600 m, A H I #R
A 1) R ERAGHT 1 () ST, A PSR 18.9~20.4 °C,
FEREK R 1 470.0~1 566.6 mm, 759 X 5 Hb 4351y
83.65% 5 55.21%; K M % A6 B R = 5t R AR
TEMFFRAY, WER K 100~200 m, J& Ho T $os 25 XU Ak
AESIR 19.7 °C, X FEKEE 1757.7 mm, BIEUA % X
(7 EE 7.21%; BT Hb Ab AR AR G, B A B R e
JRHBER, HEARCA 100~200 m, J& IV $HF 2 XU M, 4R
U193 °C, AE R KB 19313 mm, A IE X & 1
T1.14%(F 1) o AW RS LUKE R 32, LD
B EaaKthE
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21 TEEGRPRESNE

S AIEREMEL (LL) . IR = EL(LY) . R E(DL).
WM T (HC) . B E (LC) | Bk B (RS) FkE Ak T
(GL) EIRXANEE A X 45 188 9 AbFEAMMAE R
KREHD, B AR Hb ] FEIE B KT 5 km, F— N HURE
ROERE 1A 5 mxSm AR, Fie R I8 A 450k Bl AL
BE 3 AN RAE S, 43 B 0~20 cm., 20~40 cm +HERE
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Fig. 1 Location of the study area and distribution of sampling points
1 REMHIFEARR
Table 1 Environmental conditions of the seven sampling regions
KRS ERIR/C KR /mm 7 E2H R /m FHBCRA
©12'17.75"~ °34'40.93"~ FEBE LATEA , FAKEY £,
LL 19.4 11494 105°12°17.75 24°34'40.93 842~1366 e
105°38'00.71"  24°52'12.92" FEBE 55 N 60%~70%
©3528.25"~ °17'45.96"~ TR IR . AR N &, DRI,
LY 20.5 1 693.0 106°3528.25 24°17'45.96 584~890 o i *
106°41'58.96"  24°24'25.95" FE Y 55 B M 709%~90%
©22/55.21"~ ©27'33.66"~ FEBELATEA . BAEY R £,
oL 0.2 L6150 107°22'55.21 24°27'33.66 201-806 53 fék %7& Y
107°24'45.17"  24°30'17.71" FEHE 55 H 50%~70%
107°56'03.78"~  24°39'34.45"~ B AR | BARRYIN £, ZETA,
HC 20.4 1489.7 07°56'03.78 39'34.45 188~256 R,
108°08'27.44"  24°43'28.96" FEHE 55 h 60%~80%
108°49'48.91"~  24°44'11.79"~ B LIEA | BAYI R £,
LC 19.5 1540.8 08°49'48.9 7 292~374 st oA
108°55'42.43"  24°48'38.54" FEH 55 2 70%~90%
RS 197 17577 109°12'01.37"~  25°00'59.25"~ 103135 R LARE R | AR N £,
’ ‘ 109°14'55.63"  25°05'14.77" FE Y 55 FE H50%~70%
°14'16.29"~ °03'19.20"~ FEBE LUIRR BRI HEA . WA £,
GL 193 19313 110°14'16.29 25°03'19.20 133176 ‘mif
110°24'05.22"  25°14'44.85" FEY 75 50%~60%

R Z v YR, ARG TR

W (P)

4 AIE 500 g Y
MISEG = . RIERE S AR T IR 0 7 (2 mm) £
F PRI PRE S A IS 80 % 5, 7E 80 °C ML T 2 1H
&R S . e HEEEPLR(C) . 2A(N) . 4
. R IERR B (pH) KA YR Ak (C) L &R

22 REREFRAE

TERF A1 Ay ik A o, XA SRAE AT A, 10
SRAEHL LR | AR MR . MR T R ARSI R
Az RARL, WO B B R A s i B AR R 3 0 20 4F:
(AR R K Bt AR SRAEE (3R 1)

(N) WE(P) . THEAEYIRES CON B F IR

i E T & 4 AT A AT R ( vario MACRO cube,
H,SO,-H,0,
17K
+ BB A T E (Multiline F/SET-3, Germany).

Germany), TIEAEY RS P RS
HAEFE A LT IE, T8 pH R 1 -

2.3 HiEAE

K SPSS 22.0 F 4 #1780 HE 43 1, SR H Excel
160 K, HIHENMEY C.N. P SEHEYNHESE,
C/N, C/P FIN/P ¥ Rl b X +3ELL LM iEY) C.
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N. P & LUK C/N, C/P, N/P R FH B K 3 07 25 43 #r
(One-way ANOVA) #A4T FLEL, T A7 G 11408 LA 3
{H+prifE 2238 (M£SD) . X%f +3% C. N, P b1t 5t
FE ST %Y C. N, P & &iF1T Pearson
AT

3 HRENMH

3.1 HRAWLESRELECN.P HLFITTERE

A 2 AT, 7 A1 A A5 63 S TE R MK A
0~40 cm + € C. N, P ¥ 1{H 43 51 i 31.90£12.80

g'kg. 3.951.64 g-kg '\ 2.65£1.73 gkg ', B H R
3R 40.13%. 41.46%. 65.24%., H ' 0~20 cm +
BEC. N, P& & ¥ {H 5 5k 36531426 gkg '
4.33+£1.66 g-kg ', 2.71+1.80 g-kg ', 78 5 R K B N
39.03%. 38.48% Fl 66.52%; 20~40 cm+ HE C. N, P
SRS BN 27.26£13.21 gkg 'L 3.57£1.72 g'kg !
MM 2.57x1.71 g'kg ', A8 5 REU N 48.46% ., 48.15%
F166.49%. 0~20cm + 2 +1E C. N 83 & F 20~
40 cm +)2(P<0.05), AL ZHIEP R T R EE
5(P>0.05); TP SR T REMEE T L3 C
HIN, 1M 0~20cm + 3 CHI N & =25 ZE/NT
20~40 cm,

60 - 7 - 6 -
A A
50 6 5 4
T B T B T A A
on an !
~ 404 = 5 oy
& 40 ey % 4
) = S
@) 20 z 37 ~
B = B 21
+H 10 4 H +
1 - 1~
0
0~20 20~40 0~20 | 20~40 0 0~20 ' 20~40
LR em LR fem R fom

2 AEFRELXECNPEE

IE: AR RS FEFORFE—JC R A R LR 2 6] 25 57 2.3 (P<0.05)

Fig.2 Contents of soil C, N and P in different soil layers

Note: Different capital letters represent the significant difference of the same element in different soil layers (P<0.05).

H & 3 Bl %0, 0~20 cm A1 20~40 cm +3% C. N 1y
TR EZESF(P>0.05), 13 P 7B &R 257
(P<0.05), 0~20 cm + 1 4 B & & V- (i KAE N
4.18 g'kg '(DL), K H N 3.89 g'kg '(LL), fie/IMH
5 2.17 g'kg ' (LC) 5 20~40 cm 138 4 W 7 & i K AH
h3.68 g'kg '(LL) F1 3.67 g'kg '(DL) , /M H N
1.25 g'kg '(LC).

H I 4 AT, 0~40 cm + 3 C/N, C/P, N/P -3
B35 8.10, 14.82, 1.78, A5 5 R K0435 0 14.88% .,
48.78% F1 41.38%; 0~20 cm 143 C/N. C/P Hl N/P W
=T 20~40 cm 2. 148 C/N, C/P. N/P S fFAE
2 6] 2% 5 (P<0.05) , 0~20 cm 13 C/N fx KAH K
9.74(GL), f/ME N 7.12(LY), 20~40 cm + 3 C/N
HxmifEA 8.71(LC), f/IME N 6.66(DL); 14 C/P fix
KAE 4 HBAE LC ML X, fe/ME 3 B 7E DL HLIX
535 C/P AL, 3 N/P R RAE R U IRAE LC HbIX,

e/ MEY HPLAE DL #B1X
32 AEYWCNPEE

Mg s E A, Y CONL PR 5 N
416.23 g'kg ', 13.65 g'kg ', 0.88 g-kg ', A ] i A A
JA7EY) C. N, P AAE B & 4 | 22 57 (P<0.05) . Hirp
RS M X 4 & ¥ N & & & K (1736 gkg '), LC
(11.05 g'kg )M LY(11.47 g'kg ) & &8 /N, GL Hh
X A7) C & K (43523 gkg '), LY M IX J& 7%
Y C & f/N(403.55 gkg ') . DL HIX JHIEH) P &
HRAK(27gke"), LCHIIX 59 P& & &% /D
(048 g'kg ')

IAE T 1Y B bR L 2 RE L A REAR T, A7 LA B B
TERTE D A A T 2R R bR S B[R] 178 ka4
(1 5). H, C &R /b 5 (R =
0.8876), N AR bt S A in s idi (R =
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T AR NG TR A — TR AR R L2 7] 22 57 2 (P<0.05)

Fig.3 Contents of C, N and P in the seven sites

Note: Different lowercase and capital letters represent the significant difference of the same element in different sample soils (P<0.05).

15 - 0~20 cm m 20~40 cm
A A
AB a
%10- I b Cpe BC . BICbC I 1% ab T ab
= I l
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0 : . . ; ; ,
50 -
40 1 A
S 30
© 304 B a B
b B
a0 BCh. B ¢ I be be
0- : : i . : . . .
41 A
& 3 | B ABab a s -
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22 ] |
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S

T AR, NG TR — =00
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A RIRE M 2 7] 25 57 .35 (P<0.05)
Fig. 4 Soil C/N, C/P and N/P

Note: Different lowercase and capital letters represent the significant difference of the same element in different sample soils (P<0.05).
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500 y=1.484 3—7.571 6x+417.61
o R=0.887 6 2
24501 ab ab a ab
3 c ab
R
5z 400 1
350 : : : : : : .
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T 2=,
T 20 ] a R=01508 a
&0
Z 15
R
2 10 |
5 |
16 a y=—0.060 1x+1.114 2
PRI R*=0.253 7
1
g 1.0 . be b b
I C
2 0.8 I
= 0.6 1 c
0.4 . . . — mm . .
LL LY DL HC LC RS GL
EES

5 JAEYCN.PEE

TE: REVNG FRERIR R —TeR A R A 22 7] 22 5 .35 (P<0.05)

Fig. 5 Contents of C, N and P of litter

Note: Different lowercase letters represent the significant difference of the same element in different sample soils (P<0.05).

K C/p

60 -
ac T be a ab
cor 5L 1 I
] I <
E g 1
0 : : : : : :
1500 -
a
1000 1 ) } b
C
cd od bd
500 - I I ‘Ii I I
0
40 -
a
s AP
bC be a
204 ¢
0 I S P T L
= 10
0 : : : : : :
LL LY DL HC LC RS GL
P

B 6 HESEEY C/NC/PFIN/PEE

T A/ NG FREFR Al — 0 R A R 2 18] 22 53 2. 35 (P<0.05)

Fig. 6 Ratios of Cto N, C to P and N to P of litter

Note: Different lowercase letters represent the significant difference of the same element in different sample soils (P<0.05).



1112 o

2023 4E

0.150 8), P f & B S 4R M F A (R* = 0.253 7).

i & 6 FJA1, C/N. C/P, N/P F-3{H 435114 32.94,
577.37. 17.61, %8 5 R4 53 51 °h 28.81%. 47.66% i
36.25%, /N [AAE ML TR R 75 ) C/N. C/P A AF7E ik 3 2
5 (P<0.05), T N/P 22 5 Ak 2| i K ¥ (P>0.05) .
LC 754 C/N K (39.22), & & T DL(27.41) .
HC(28.86) A1 RS(25.27) ( P<0.05) . LC iy I 7% ¥
C/P i K (961.92), i 3 & T H A Hi (P<0.05), DL
HIRTEY) C/P B /N(355.78) .
3.3 TER. AR BESMERTHEXE

Xf 4% C.NL PO BT R, 3 C M
T4 N RN IR IEA KK R(R=0.92), TIECH+
Hp, HENSLEEP EPEEMHILKERRSHH
0.47 F10.53), HAHCHR IR B 2 K- (P<0.01),

SITIE T XA A LA TS R G TR A kA
TR FRE 5 BT R F A DG M (32 2) R BR, 4R REK
S HEC, PREPEFAMCKLR; YR L5
C/N S0 25 5 AH 5C OC 22 (P<0.01), AH ¢ Z Ut +-
J2 TR B YE mng g0 s WA S A PR AR 3 E A
KK FR(P<0.01), 5+ 4 C/P, HHEN/P R E R
KK R (P<0.05) ; + 3 pH 5 20~40 cm 13 C/N
BB R(P<0.05); &Y N 5 0~20 cm
M20~40cm + 3 C, N, P& B & IE M 6K &
(P<0.05); J7% Y P 5+ P 24 B3 EMHCK R
(P<0.01), 5 0~20cm + 3 N 2 I F [ E X R
(P<0.05), {H 55 43 C/P, N/P ¥ 54t 3 A 56 56
% (P<0.01), 5 20~40 cm 1 3 C/N & g 3 7 M 56
K2 (P<0.05) .

®2 ITEFSUFTEFESHRERFHEXRY

Table 2 Correlation coefficient between soil nutrient stoichiometry and environmental factors

0~20 cm 20~40 cm

C N P C/N c/P N/P C N P C/N c/P N/P

EREKE -036  -0.12  —0.40 0.02 0.14 0.17  —-036 -021 —04l 0.10 0.12 0.13

AEHRR -040  0.61 0.14 —090" —045  -0.11 038 067 021 -079" —034 —0.16
13 012 0.5 0417 013 029" 028 015 020 0447 —020 -030" -028

THpH 008 —0.04 002 -0.16 -0.12 -007  -0.05 002 008 —029 021 0.5

Crsen 022  0.19 0.05 0.15 0.20 0.19 016 012 0.5 0.25 0.22 0.17

Nigsen 0357 0437 029 -007 -018 -0.16 029° 032" 029 -004 -020 023
Py 016 026 068" -0.17 —050" -049" 010 019 066 -028 0517 -0.52"
C/Nyumy  —0317 —039"  —0.29" 0.08 0.22 0.20 -028  -032" -029 0.06 0.24 027"

ClPyswy,  —0.04 —0.19 —048" 025 0.58"
N/P gy 0.18 005 038" 027 0.55"

051" —0.12  -020 -0.50" 0.6 0.52" 0517
0.48" 0.06 -0.03 —039" 031 047" 045"

e ##P<0.05, **{8FP<0.01,
Note: *: P<0.05, **: P<0.01

4 3 i#

4.1 FEFEM—LHEC.N.P UEITERHE

T3 CONCP R E, S T R A B4R
FR WFSEIKHE A BR 0~20 cm 13 C. N, P S P
YI{H 5 50k 36.59 g-kg '\ 4.32 g-kg ' Al 2.69 gkg .
R Al 4 55 R 3 A IR o bR E, A
HH -4 C R B bR, N I P S A E —4
e, HPHEC N PEER THNZE & E
(253 gkg'. 1.7gkg". 0.1 gkg D", s T+ 5

JR(3.0gkg"'. 03gkg'. 0.3gkgH", {H 41 CE
TR L b rp B AR R e A L
BB, AV AR A I ES RGN LRSS
SEIEAIR, R O i, X 0] AR R AT X P
A T S W 1 A RN BB, TR s v AR
FARS AR, P 2 P LR EA L, X5
HoA AT X A 45 R, (HAFFE— 2 25 5%, WS 56
B—T A BB A B X C NP &S
W H 45.61 g'kg ', 2.54 g'kg ', 0.70 g-kg ™, U E ER
TTIE L) -4 C. N, P & 4390 55.08 gkg '
5.63 gkg ', 0.76 g-kg M, )G S SRR 06 A ML IX
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HHCON. PEHERS M N 627 gke’ 57 gk
0.9 g-kg ' BAR b, WFST X 4 A HLAR B WK
FHACA R X, -5 m & B & T HALASE
X5 &R mIS T S AR X, (HRAR T 2R, P
X, 3T RS A5 KR B AR KR A 5, Bt
OGS | TP ERYL TV S A X AR R e A AE i
A B A ARG, MR RIR S, B K £
TEIK 37, R A 0 - 9 5R 43 B IR 1 e 1)
Je P LR WA P 5 P S AR, Tl
Il 2 DR oAy 3 B A0 0 e O A o 7 55 5l HL 2 AR5 3
T/ TE AR b, W P IRV VR A5, T FL Y

TR IX R Ay HE R S AR Sk
ARG A4E CLNL PAR S R B0 B A 40.13%.
41.46%. 65.24%, X J& R R 2 5 1R 28 R G5 v B
FEHA X R BEHOR AN ELL A, H AR5
ZEME . BEA L MU MR | AR 2895 3 4
ZRN TR, T3 C. N, P &2k L2 MR E

BN R AR A Y, IARAFSE H 20~40 cm £ C N,
P& &ML 0~20 cm 1 )24 BIFEAK T 25.38%.

17.55%. 10.51%, H +3 C. N & &2 8 3 FEAIL, X2
DKL SA U 9 0 A M P A ) R SR SR A See R R - b
A, BT BE R K S AR R 1) R RS

3 C.NL P HCAE AT A Ry 3% 50 BR il AR A0 A
LW RTINS AR, 3 O/NL B C/P R R R 3
A HUR VR A3 55, 35 N/P Al A5 R I
FR4r BRI 2 A 2 R AR ST R 0~20 em 4 3 C/N
C/P 1 N/P E-HIE 45K 8.50. 16.67 1 1.94, ¥I/N T
4 0~10 cm )2 ¥ {EHKF (123, 74.0, 2.2)™, 1
INTETE A BRI X AT RE R R RS RS
AR Z B Z NN TG, 145 P ik il &
58 T 3 C AN BRI C/N BEBHBIFSE XA HL A
BE R ER, X 0] 585 0 58 X R Y S R
B O BAKHY C/P FBIWFSY X L 48 P R B F
1k, 135 P AR ER s B A AL XA Y
BN S ON/P, UG A AR X R AR P A
S T i e IR A K ) S PR o R, o
HIREET (g 45 R —50

TEY R IR A R EE SRR, RAES R
Gt RGN E L7 . MER R G
KR 359309 70%~90% e [ I8 7% 1 1 B i . 0F
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Stoichiometric characteristics of C, N and P in soil and litter of
shrublands in karst areas of Guangxi

YUE Xiangfei'*’, LI Yanging®, LIU Peng’
( 1. Institute of Karst Geology, CAGS/Key Laboratory of Karst Dynamics, MNR & GZAR/ International Research Center on Karst under the Auspices of
UNESCO, Guilin, Guangxi 541004, China; 2. National Center for International Research on Karst Dynamics System and Global Change, Guilin, Guangxi
541004, China; 3. Pingguo Guangxi, Karst Ecosystem, National Observation and Research Station, Pingguo, Guangxi 531406, China;
4. College of Environment and Resource, Guangxi Normal University, Guilin, Guangxi 541004, China;
5. College of Forestry, Guangxi University, Nanning, Guangxi 530001, China )

Abstract This study was conducted at seven typical karst areas (Longlin, Lingyun, Donglan, Hechi, Luocheng,
Rongshui and Guilin) of Guangxi, China. These areas present subtropical monsoon climate, with annual temperatures
averaging from 19.27 C to 20.73 °C, and the annual rainfall averaging from 1,149.2 mm to 1,931.3 mm. This study
focused on the stoichiometric characteristics and the influencing factors of organic carbon (C), nitrogen (N) and
phosphorus (P) in soil and litter of typical karst areas. By field sampling and laboratory experiment, the stoichiometric
characteristics of soil organic C, N, and P, and litter C, N and P of 63 shrub quadrats in the seven typical karst areas
were investigated. Besides, the correlation between the variation in stoichiometric characteristics of soil and
environmental factors were analyzed.

The research findings show that: (1) the mean content of C, N and P in 0—40 cm soil was 31.90 g-kg ', 3.95
g'kg ' and 2.65 g-kg ', and the coefficient of variation was 40.13%, 41.46% and 65.24%, respectively. The mean value
of C/N, C/P and N/P was 8.10, 14.82 and 7.80, and the coefficient of variation was 14.88%, 48.78% and 41.33%,
respectively. The values of C/N, C/P and N/P in 0-20 cm soil were slightly higher than those in 20—40 cm. There were
significant differences in soil C/N, C/P and N/P between 0-20 cm and 20—40 cm (P >0.05). (2) There were significant
correlations among the contents of soil C, N and P (P <0.01). The stoichiometric characteristics of soil nutrients
elements were significantly affected by litter N and P (P<0.05) which was negatively correlated with the C/N ratio of
litter. There was a moderately negative correlation between mean annual precipitation and soil C and P. However, the
mean annual temperature was negatively correlated with soil C, C/N and C/P, which was positively correlated with soil N.

The soil C, N and P of typical karst shrubland in Guangxi presents high spatial heterogeneity, with the
characteristics of low C and high P, and the litter is characterized by low C, high P, low C/P and low N/P. Litter N and
P is the important factor affecting the stoichiometric characteristics of soil nutrients in shrubland of the karst area. The
increase of mean annual temperature will promote the increase of soil N and decrease soil C/N, and the increase of
mean annual precipitation will reduce soil C and P. Our research results have great significance for the theoretical
improvement of the stoichiometric study on soil ecology, vegetation restoration in degraded karst ecosystem and the

response of karst ecosystem to climate change in Southwest China.

Key words Kkarst area, stoichiometric characteristics, soil, litter, shrubland
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