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Abstract: The natural forest vegetation degraded to shrub-dominated plant communities in karst areas of Yunnan province,
due to the geological conditions and long-term human disturbance. Plantation stands of different tree species have been
established to raise ecosystem services across Yunnan province, such the karst shrub areas, during the last three decades. In

this context, the elemental compositions of original soils could be influenced to a certain extent. In this study, we measured
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the total and available element concentrations of 13 elements (C, N, S, P, K, Ca, Mg, Na, Fe, Al, Cu, Zn, and Mn) ,
and summarised the stoichiometric traits of soils in the shrub, Pinus yunnanensis, Alnus japonica, and Platycladus orientalis
stands in Luxi county, Yunnan province. The results showed that firstly, soil stoichiometric traits of four communities were
significantly distinguished based on canonical discriminant analysis. Furthermore, soil total Fe, P, K, Mn concentrations,
and available Ca, Mg, and NH,-N concentrations, contributed to the differences the most. Secondly, cypress stands showed
lower total C, N, S, Na and NO;-N concentrations compared with the other three communities, suggesting that the soil
fertility was reduced. The soil NH;-N concentration was higher in alder stands compared with the other communities; the
soil available Fe and Cu concentrations were highest in the Yunnan pine stand. Furthermore, there were also significant
differences of C/N and C/K ratios among the four stands. Thirdly, based on a correlation analysis of the 13 elements and
the pH value, 35 pair-elements showed a significant correlation, accounting for 38.5% of all elements, suggesting that there
was strong inter-dependence accumulation of soil elements in these karst areas. Compared with the shrub community, the
significant correlations between the total elements and available elements in plantation stands were higher. Our results have

important implications for plantation establishment and management to increase ecosystem services in such karst areas.

Key Words: karst; soil nutrients; shrub community; plantations; stoichiometry
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12mg/kg &M P AT 2mg/g, W ARAZAE K Z 2 T P BRI T B AR AR 2 A R AR AR 43, 6 A2
K CEFRICREGRAIE L X e B2 w255 1, 25 548 o B A AR > R as Ak o AN TR T AT 22 5P i)
MRS, S8 EPNg, LS LUT B2 MR 1) 5 A AR AT, N TS 20Tk S il
SRR A WILE N7 2) SREATE I AUHAL N AR B L, A S — Fof A SR S0 b 205 12 BE 15 i o
Aoy L HE N S BTG UR S N JCERA KR AT R S e

1 WFRXIEHR

AT T A VR =9 S K% 103°48'—104°51", 4646 24°30"—24°3 1" Z [E (A 1) , %X U8 T
Sty 2 AR A, AF 3 A0IRL 15.2°C, AR die e I 34.1°C BRI =7 °C 4R H IR 21220, 4R 2 j R 4
979mm, LRI 272.7d, BIFSE XS A IS AL R Bk R A B M T K LURBEIE oK, oK TR ab | 352 4= ik
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¥ (Oxalis corniculata) . KA-H ( Plantago major) 3 =~ FEFAMRA 3 Ffr, 49 1) J2: v i B2 | KB R JE 1A IR 3 18 o
( Geranium nepalense) , WINEAT L2575 >4 ( Eupatorium adenophora) \JKA-RTSE ; MFAMAR R 9F0 3 F, 23500 &
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Fig.1 Locations of sampling sites
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x1 ZEPARIRRREMEBAER A THRAARERRKRL

Table 1 Geographical location of study sites and growth status of plantations in karst regions of Luxi, Yunnan province

R A ZEhE 552 Wtz e W
Stands type Latitude and longitude Altitude/m DBH/cm Tree height/m Density/ ( stem/hm?)
TEARREE 24°24'14"N 9134 o o .
Shrub coummunity 103°48'55"E
Z AR 24°24'18"N

2143 5.28+0.17 9.87+0.12 5033
Pinus yunnanensis plantation 103°48'54"E * *
ZIZLIN 24°24'12'N

21 .44£0.1 .98+0.14 24
Alnusjaponica plantation 103°48'57"E 36 3.440.15 6.98+0 00
MR 24°25'55"N

2128 6.31+0.17 15.50+0.05 2500
Platycladus orientalis plantation 103°46'27"E * *

K2 ITERRLBHAMNSWAENEEZM
Table 2 Wilks’ Lambda of canonical discriminant analyses for soil total elements

PRIEIHG 96 *Ir

ilks" L i o
Test of Function Wilks” Lambda Chi-square d Sig
1 #] 3 1 through 3 0 145.421 42 0
2 F| 3 2 through 3 0.011 80.714 26 0
3 0.148 34.408 12 0.001
a b
10 |-
Ui LIN
s (]
o Mikark
/L o.a®
1 @ O o o
w9 oW AR
_5 —
_10 —
I | I I I
-10 -5 0 5 10

B2 AREBELETREEFFSHT
Fig.2  Canonical discriminant analysis of soil total elements in different communities
MEET HIETCE A0t 50 53 Hr P S R R L R BRI 250 KRR T DA HEVE (0 ) DA B AOR , b T S0 3878 &k (9 77 Sk R BEAR AL 3=
B ATV FIREE A TTk

%3 R T DA 05 TR PE TR 40 A BRSO 2 Sk . DO RE SRR M T 2 4 AT S
5 (P<0.05) {947 :C NS K Mg Na Fe Al fl Mn, SHEAREEML, Sk LA B EFHNK §&, 2
S Mn AL AL A7 DM S LA 35 S S 9 pH (B, B SR AY C N S Na Mn 8k, =Rl A Tk
He, DR 4 C NS Na M 5 ARG, A bk 1 K i s DUROAR LB Fe B350 F AR, 25 RibA A
3 Al TR T AR,
312 RIFEREE 1 HET % TR o B

CDA FIBIAMHT 0, DAV M50 22 7T A FH & B ELAT B 25 Sk (6 4) . 85— D30 Oy A e T
89.4% M2 SV, S AL SRS e B B SRR DX 43 TS 1 LA BRI Bk (141 3)

http ; //www.ecologica.cn



9124 JAE = 39 %

#3 AEAHELEpHENEZESE/ (ny'y)

Table 3 The pH value and total element contents of soils in different communities

AT K Plantations

S MR BE
Parameters Shrub community EAELA s fuiti
Pinus yunnanensis Alnusjaponica Platycladus orientali
pH 6.54+0.06b 6.57+0.01b 6.39+0.13b 7.08+0.07a
TC 38.81+4.13a 50.23+5.28a 41.26+4.41a 23.61+0.98b
TN 3.71+0.37a 4.54+0.10a 4.02+0.42a 1.90+0.72b
TP 0.50+0.08a 0.51+0.08a 0.57+0.30a 0.36+0.10a
TS 0.90£0.09a 0.90+0.03a 0.81£0.09ab 0.77+0.04b
TK 5.32+0.64b 3.64+0.21b 17.17+4.03a 8.32+1.84b
TCa 3.09+0.14a 3.12+0.26a 3.40£0.72a 3.68+0.75a
TMg 2.86+0.12a 3.30+0.18a 4.99x1.44a 3.48+0.90a
TNa 0.58+0.04a 0.56+0.03a 0.60+0.03a 0.38+0.06b
TFe 76.23+3.34ab 66.36+2.41ab 51.81£5.18b 81.98+13.23a
TAl 79.71+2.40a 82.59+1.34a 65.40+5.58b 70.91+6.21ab
TCu 0.17+0.02a 0.17+0.02a 0.24+0.06a 0.15+0.03a
TZn 0.20£0.01a 0.17+0.01a 0.19+0.03a 0.15+0.03a
TMn 0.94+0.06a 0.90+0.03a 0.46+0.11b 0.47+0.08b
K TIRMRIZOTR M &8 AR/ NS TR R — SR AR RS Z M 22 R 3%
F4 TEAFAEFSFHSTHFENRSE
Table 4 Wilks’ Lambda of canonical discriminant analyses for soil available elements
NSRAY LD <
E?:flqumclion Wilks” Lambda Chj—;:j;are df Sig.
1 %] 3 1 through 3 0.001 136.166 36 0
2 F| 3 2 through 3 0.047 57.907 22 0
3 0.231 27.846 10 0.002
1542
10 |-
5k HEARTEH
~ Ui LS Purark
g 0 d§o o &o u
Ll O B
-10 b
=15 |
! ! I I I I I
-15  -10 -5 0 5 10 15
1

B3 AEEETEHRESRSHR ST E
Fig.3 Canonical discriminant analysis of soil available elements in different communities
MAHE T 38T 3R AT I e S 550 S B rh SR IR PR S 1 AN RRER 250 KRR T USRI REARLOCR b 1R T 3R AR H R Sk I B AR
HLTE R AR A IR V& 1) BTRR R/

5 R T U 1A AR PSR O S R pO R L 22 Sk . DU REVR AR M T R R A R A
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A 225 (P<0.05) LR A BASR (NH-N) (AR (NO3-N) (K Ca Mg, Fe Cu Zn Fl Mn, o, SHEARE
VALE, TR PESR >, B AR R B B A B Fe A AL Cu M AL Zn 51, EARBISCHE Mg &4 5
AR R R A NHE-N &5, SRAYSSHtt Mg & & 5 MR AR L HA SR A NOS-N FISSHet: Ca &4k,

x5 AEBHELEpHEMAHAEFSIE (myky)

Table 5 The pH value and soil available element contents in different communities
T WA N THK Plantations
Parameters Shrub community EAELA 7 Mty

Pinus yunnanensis Alnusjaponica Platycladus orientali

pH 6.54+0.06b 6.57+0.01b 6.39+0.13b 7.08+0.07a
NH;-N 4.54+0.63b 6.78+0.49ab 7.84+0.87a 4.35+0.28b
NO3-N 4.06+1.12a 3.51£0.65a 2.31+0.79ab 1.07+0.13b
AP 5.91£0.91a 6.59+0.38a 7.95+0.43a 6.88+0.32a
AK 160.44+21.37ab 86.15+10.73b 197.14£21.73a 123.79+28ab
ACa 2316.86+211.36a 2130.14+176.41ab 2019.00+144.74ab 1589.43+£194.95b
AMg 318.06+29.63a 238.79+18.33b 136.12+10.54¢ 336.01+£32.22a
AMn 150.07+9.93a 65.36+6.85¢ 77.41£10.02¢ 114.51£12.67b
ANa 8.17+0.40a 14.66+5.41a 9.94+2.61a 8.43+2.14a
AFe 8.58+1.32b 34.65+8.19a 5.91+0.97b 10.84+3.76b
ACu 1.43+0.16b 3.65+0.53a 1.81+0.23b 2.07+£0.56b
AZn 4.55+0.23b 6.78+0.59a 4.57+0.46b 5.71+1.46ab

K A TFERRIZITTR ARG ; AR/NE FRFRR R — LR A RS Z 028 5 3%

32 AFEE LA AT R R

JGR F i U EAER A CR Z MR sCE R PG R . W3k 6 Fon, AFRFE L5 C/N C/K HfEZ R F

A RFEZRE,
F6 AEBETELFTEFHE
Table 6 The soil element ratios in different communities
W —— A AT #K Plantations
Ratios Shrub community EA LS BN JLgi]
Pinus yunnanensis Alnusjaponica Platycladus orientali
C/N 10.42+0.12bc 11.05+0.07b 10.26+0.16¢ 12.44+0.33a
C/P 84.33+8.42a 131.82+34.91a 82.69+9.88a 155.87+34.85a
N/P 8.09+0.80a 11.93+3.17a 8.12+1.04a 12.75+7.04a
C/K 7.99+1.31b 14.08+0.87a 2.64+0.49¢ 4.35£1.29bc
N/K 8.09+0.80a 11.93+3.17a 8.12+1.04a 12.75+7.04a
P/K 0.10+£0.02a 0.14£0.02a 0.04+0.01a 0.08+0.04a
Ca/Mg 1.08+0.04a 0.94+0.04a 0.75+0.12a 3.78+2.77a

RRNG FHRERIR R — TR A RS Z 0 28 5 3%

PUBR TS 1% C/N FUAEVEFITE 10.26—12.44 Z (8], i 5 BRI O IFAMK > = B RS BEATE I > 2R
Pk ; C/K HAETEBIAE 4.35—14.08 Z 18], f1 i BRI UCN = AR MRS TEA TRV SMAA MRS TR iz, DU e
VEAHLL, R oy LR TR A AT PR AR AR AR TR FU (B (BR C/K Ah) 2%,

3.3 RHOUE S KA VS A S A

X PURREESE 13 Fh TR AR LS pH MEATHI S M W, 35 XHoe R B W AR G (P<0.05)
b A TR A B 38.5% , Hirp JEARHEYS 3 9 Xon R BAT BB MEM 6, &~ A AR 19 X, Rk
+- 38 16 X, MM LI 21 XF (Kl 4) , 7ERKEICER S, WUFEEE R C RN EFE7E B E B IEADESE R, Bush, A
N AHSCTCE b BEARTEE £3E 1 X (N AIS) , ARk 4398 3 XF (N A1 P N A1 S N 1 Cu) , MIAAAR 358 1 % (N Al

S) HA B EAMAE
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P<0.01 P <0.05
THGTR AR

ZHA

P <0.001
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E4 AREEETETRESEMANAESEBRNEXE
Fig.4 Correlations between soil total and available element contents in different communities
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X PUFPEEVE 10 FPoCZE nl R HYE SRR pH (EAHSCTES TR I, 11 XOCE & B WA, 5 T oo & X
B 16.67% , Ho JEARREE 1 5 X0 B B, R L35 3 X}, JRg bk 3 5 %, MlAa Ak £
HFEOX(K4),

P<0.01 P<0.05

— P < 0.001

Z R

w @OOOREBHEEOOD
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0 OOOQARADOH®
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Fig. 5 Correlations between soil total elements and available elements in different communities

TUR MG RHBA WM, LR AR WF ARG, AR B fu G

X PR 13 FhoCR AR 11 Foe R al FIHE & EAHSCHE A Ir R W (B 5)  HEARHE 3 15 P B A
BERNE , ZE AR E O X, AR Ak L8 19 XF MIATIAR 135 14 X5, SR hksr R34 C NP .S 55 NO;-N
B IEARSC,NH, -N Fl NOS-N 5 HA T R IEAH BB Al =B E 5

4 itig

4.1 ZFEVEIRR X EATE A TR R R XS

AHIF TS B 1 25 1 0 G T I 2 v 5 L b e X DU A D RE 7% 398 (0—10em ) 4 N & H7E 1.9—
4.54mg/g Z A1 (£ 3) , 5 T4 E 0—10em HIEAFHIKF(1.88mg/g) ) EART T PEIE kb X 3964 N
Fr(6.40mg/g) P DURNEETE THES P A RTE 0.36—0.50 me/g Z ], A% T4 F & 28k F ¥ 7K F (0.78
mg/g,2.80 mg/g) > X 5w R LA M X - e e P A ILG A — 2, LS Ca Mg S EIIME 3—4 my/g
Z 18] RBRE T RE X -3 5 Ca Mg BORRME, ZEARUERE ALY REYE T, B34 K & R Pa b g g
Heh s X TR HE A4 K S 7 | s JE g T AR 72 v 0 st IX 00 K SR, 940, 5w Hofth
W TR XA [, AR 14 N 85 {H NOS-N Fll NH;-N &K (2 5) , BRIl 4R W R FH ARG N &5 21K
ANt Fe ARERAR

A A 50 BT LA 6 =T AR 0 5, eI 0 B AR ] R M A, s AR S AR
V6 AL AA R R AT (& 1R 2) o o R AR S +3E C NS Na 4 it 1 18 I T HoAh = FPEVE , X
W B RAAR 398 0 I S A1, 5k Am P BIF 98 45 SR A — 3

PUFREEYE 3% C/N . C/K WEA BF 2SS , Hfhfb2A T B IVEL R E2Z 5 (F6), NTAHMEHE C/N LR
TE 10.26—12.44 Z ], BEAIL T 2 ERARAK 0—10em 2 F-HKF- 12.40; THEA RS 14 C/N Ky 10.42, 8 T4
BRI A BT KF 11,807 X REWREE 25 B U PG W SRR b X 1) + 568 WL fL RE 1 RE BILB o i BE T B AT
MR+ 48 C/N HAB SR, Rk C/N HCAELR/ DN, 6 WA AR - e 0™ Tk S8 | i o i AR - e Tl s 4%
P, — Bk, N/P B AR o0 22 BRI - HEHE AR FRATABFGE b, DURN RS L35 N/P BUARAE 8—
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12.75 Z 4], 3 5 T 2K 137K F 5.9 0 38 N A RS, N (FHBCR P R HRCR AL, 3
C/P eI E YRt P OCR M E S, DURNEETE 38 C/P b T 82.69—155.87 Z Ja], i T A Bk 7%
MR B 0—10em SFX/KT-(81.9,64.3) BT P I Rt X - 27K (61.0) 17 56 HH 5 HoAth 5 3745 3t
XAH L, AT XA 458 P AR 3R

4.2 7T R IR D E AR RN TR e vl R PR 40 B pH (2 7

AT AR SVEAR RS BT R i B A 2 HbE AR TR R A ER BRI TN T
MA 9 FhoTER BIH W2 25 5 (NH, -N NOZ-N 28 # it Ca 38 H#etk: Mg A4 Mn A 3L Fe A% Cu AR Zn)
REEZE B N MO 3 i/ i H3En R o] FHME & BIE L TR S R X S R A
NHFFE A A —2 AR A by, 38 ] 1] A 35 00 DR DURRRE 7 03 X 0, - 3Esg etk Ca S8tk Mg
HTNH;-N X DX 1) PURh eI A DTk i R (161 3) , B E N T RS BEARHE V& 2 0] S N TR Z 8] - 38 2 mT Fl H
P A 22 e R TR 00 T H e R o R M, (B2 TR TR S, "TA M P Na
TEVUFP R Z [0 9% A 22 5 A3 Mn 78 =P N TR 5 88 FREARRETS , i Hofh oo Z M)A £ —5
P& RI(K5) .

VUFPFEY 3% pH (EAE 6.5—7.5 Z 0], J& TPk 358, 55— By b XA iR Pk = 38 O[], S T s
TR i X 3 SRR S 35 pH (H — EURARMAE S KA P 3 R VA AR, B R B 4k
A A EE AR T AR B FRATROBESE b, DUAIAR > 1358 pH (B T HAG =Rk, 14
pH 2 B P (Y, B 2 0] A9 56 R B A7 AR B 5E A5 BI0E S MR AR Ca ELA W3R A9 & 2E
F1P) gt 4 pH R 3 2 s B BH S T S R O R A ST 45 SR, DR B S A 4 pH (E T RE R T
BN TARZ G, 3 A4 BHES T (AN 38 Btk Ca) W TR BT MU, 208 1 2 A S A i A 9 B S 3
(El4), BAh, B TTR A ITE S-S pH [EHA L MM X 5% 55 A iFE—8 , flin, +
HENH;-N 5 pH (R AAHEE R, F52E NH]-N A S50 BRI, S8Rk - mRrE
4.3 AR AR AR RN TR i i e o K %k AL YA PR A 48 5

ERR RO RIRFE N TR T A, H k2=t e S 2 AR AR B Rt 904N, = mafs
Mo EIERARL Fe AR Cu &2 035 5 THAD =A0EERS  IESS T EFHRIFN T L HEARL Fe AORE RIS MBS
S0 Fe JEMEER IA A AT Bl 4 8043, 7045 B A 002K 1 5 X R B Fe 51 % il 2k 549 6 R 7™
T EREH | SRR AR T AE TG oY X 4 Fe ASUMEMRPIRGL . B T =k I e Kk
5 X 1A Fe MmN (3R 3) . 5, BIEES RAE EAR AR A & T E ARG o, vl
DA 40 T W ORI ) 3 Bl A R R A W B A B Ay, AR FRATTRORFSE P, AR AR B NH-N
AR R T AR A R A RE S, REOR T LB RN S B Y R X T A
X B kAL N R R A EZAEH , (B SIRATEVIAIWAER , 7 134 N N/P 5 N/K FfA 35 5 T HoA
SRS BV R OO R T I NHG-N S (EORREIE S IR e N SR, AN, Mg IR P
SHMBERM LA BEER X SZAIAmieiE T AR P SRS  TTREES L P TR
FIEMRM N SRR 0 A, seah, A AR 4 AR ) 8 AT A =R EY% (C NS Na 2 & fl NO;-N
TH),

TEVIFE AT, 3 R PEAG FE bR R 4 Bl 98 L3 ML 3 pH HRL N AR P FIARL K, A
2B T AN ] R 2R 2 TR B R R bR v ST R AR RN TR 4 3 4 R A
FIHPEFE 3 FI A B a6 58 v e X, + 358 pH B, 1884 C & N .2 K. & P .4 S, fl+ 1% NH;-N zc#eik:
Ca ZCHME Mg FIZEHNE Fe W] LAGN ARSI XN TR R 385 & i PFA e dn b,

TIAN TEAR B FE Y  BERE AN TARFE AN AR 5236 B I B, 17 7 AT S b 25 AR AL L T
PRI, MR AE I N 58 4 — 20, AR S UL I 25 1 2 Ol SRy B AR N B il 0, i 88 N TR 36 AR B
L AR E , B R R A WAER A, FATT A A SR X B Bebk 7 5 3 R B 45 | X Su ko X £ 3
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A 12— A S e T B I AR A TS SC A 25 S 5l 5 A A 5T % HE RS 33k 8 i) B T e T
5 Zhig

FE Y P W 6 7 v ST e b DX E AR BEVE TR N TS, R e R e KT F S B 2 —En 2
S, Hrp 43 Fe P K Mn 218, 328tk Ca 324t Mg A NH-N XF X 43 PURP RS HIETTRROR . &%, S
ARBEVEHM L, AR 3R 1 81 (C NS Na £ il NO;-N 248 ) , A A AR A bk £ 3 5L AT 8 28 KA
Mn Al 25 ; fUAAAR R HE C/N = BIFAMKR L8 C/K TE &Rk 45 C/K AR, K, al R RS 7 A 1
TEATEE , =R TARE R P RISt Na Jo25 5%, A 4K Mn 75 23 B3 AL, i b s o R i, TR
WA BN R . =R TR TS 1A AL Fe AR Cu VAL Zn & &, SRR Sk Mg & & Ak
IR NHL-N &5, AR sc et Mg & i AR 3 A B NOS-N FscHett Ca &k, i, #
BEARREE , N TR 5 TR AR LU B & . Rk TR it A DG | 4 i MmT R M i
AHOCE LU 5132 Joe e, IRELAR - 49650 2R R R R & AR DG L il e s o VIR 75, N TR A3 R R B X0 D
B HEATEE L300 F0 pH (H, I HRFI A T Z AR RS, 7545 N TARE S, N %5 18 vE w4
Foloxet - S A R P S e S X A 25 R SRR S5 BRI,
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