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KEE,

AR Rl A S R G 5 LY R 2
e 1 A7 21, H v AR TR AR BB (arbuscular myco-
rrhizal fungi, AM) . b4 T8 MR H 1# ( ectomycorrhizal
fungi, ECM ) F01 [ % 41 14 ( nitrogen-fixing bacterial, N-
fixers) S AHY) Z B AR 8 TR K A& -0 5% 43
TR R, HA5HER 90% LA b A 4EE i 4
TS KR, 1 A DL (SOM) J3 i 5 T8 it
P A Em AR, AS ] B AR AR R LA A )
TR ARBUR M, AM B =3 21 8 A T A= B
& W) F1 SOM B 1 TEHLFR 43, ECM W il o A1 4=
AT L TR 3 W S A FIK i Al BE 98 LR Ak
SOM 1 [ HLFE 431, T N-fixers B Fift U] fit 9% 45
KA AN Fe ALY vl RS N, 7] DL ik
BEBRGE R N R, SR %00 R 1 A 1 22
M2 T EBON [F] R AR S RUR I Vi 1 o S o3
PERE A AN [F], E T 0T - 398 20 2850 A 7 A 1 K52 i), 145
A BB S 2 M 2R s : AM AR LE ECM
B R 95 9 R L iR TR, HECM
RS RE M AESRGE T, DR AT AL
o m kL AMB R CH EMAERRE TR L IEZ
70%"", SR, LIAEZ P T AM 5 ECM Rt i
YIS, X N-fixers B FpOCH AN 3D ST
FERH] N-fixers #Ap V&9 N L P & & 0 3505 T
JEFE AR AT, {H5 AM F1 ECM Wi 75 AT L,
o oA o 22 50 A o Tt — 20098 .
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BB AT R & Rt B S R E
B O SR MG AR B A L R E K B A
3 R AR A R % 184 B 4y AR 2 A 35 Chn
B RS SE) YN 32 ), ik ] DL s R
B K S A IR A R 4 | B kK 3 RE, peah,
JEVEYIFE DR £ E K dEds LN Iy A o BRMAE S
RGFRMEIA T L A AR, Hoa st
X TR AESREY RIEHA e . A8 R
SRR BAT BB X MY e o2
BEH R RN EZE RN R ", HIL AN F
RS TRURS b 8 Y2 00 1 2 1 T %) 25 S A 0 0 e 12 L
PRIZ P S P IR AE S R G U REIR IR 2 G 2L

Hh AR E B2 I B AT ROl 2 56 v R L
A LR A el 2 DA [ ol PR A L AR Ay A A 25
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Fht-JR 7Y C Ak T . 3700 % i DA S fb 2 it it
AE, LU A A 58 A () B AR 2 AR ol vt 00 5 400 - it ook
R T 38 C PR AR E 1 1 2 M) B2 AL B S At A
PR

1 HREXER

WAL T PG G T o MO B2 0 5% B
o Mol 5256 ot KE A I R B, T
1980 4F, BT A2y 37 ha, HA A7 1L AUA 13 ha,
HiTHI AT 24 ha, & RS A 22 KU X, WA TR,
TR, AEHIE 21 °C, S H (1 A) ¥ 125
°C, A (7 A) i 27 °¢, =10 C FHiE 6 000~7 600
°C, 34 H B4 1 419 h, 4ERFFT & 1 200~1 500 mm,
R 245 T 4-9 H 0y, FHXTIEBE 2 80%; Hi g 2 Y
Sy ML R W A VE M, M B2 TR R, MR
150~800 m, Hb iy 1 1 18 otk R £ 5 XU AR B 1Y 21 43¢
FE AT R e W3 R AR, 2800 30 Z24F 1 4= A5 K
2, BT B 28 DR b 7™ 10 5 U A AR V5 5 AR Sy
Pih £ & I H AR ARMBER, 51 2E R LR AP 118
F} 393 J& 680 F, Forpfr LA B 334 B, B2 i fE A
Th 76 b .

2 ARFAIE

21 MEEDRE

2020 4F 11 H, 76K B A Bl 73 51 58 £ AM,
ECM HI N-fixers 4 fft 2 8 Fft (3 1), 43 /1> Bl ik B
34 RIS SR AR AH LR R 1 45 7 ELBEAT 1R
FRBTEE T R P . B DR RS R AR 200 ¢ VR Y,
WA S8 U, B MR IS WU RCE T 35 C SRR LT,
SR B PFRERL 100 g MU 98 04 ABREE (O kAT
IR, IS I A o 28 B O A, T AR DG AR 27
Esf o
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Table 1 Tree species with different mycorrhizal types

PR s Yish FriEE ARG A
1 HIEW Walsura robusta 1R} Meliaceae HER R
2 FBRAE Choerospondias axillaris ZEMEL Anacardiaceae FEN- R
3 R Deutzianthus tonkinensis K#Al Euphorbiaceae JE AT
e 4 R Parashorea chinensis JekiA#l Dipterocarpaceae W LR
5 SEEERA Cornus wilsoniana wanger 114 88 Bl Cornaceae VE - fiE
6 INIET MY Knema globularia A 5 Rl Myristicaceae JE 0T
7 WK Chukrasia tabularis BEE} Meliaceae A
8 WHEFR Vitex quinata JEHZF} Lamiaceae V& - i
9 WA Excentrodendron tonkinense H3ZERL Malvaceae W LR AR
10 H XKL Cyclobalanopsis glauca 523 % Fagaceae N
11 ¥[8k Quercus variabilis 523} F Fagaceae W L i
. 12 ZEEME Carya illinoinensis HHBEEL Juglandaceae JE I
P 13 WA Liquidambar formosana 4 2R Hamamelidaceae JE AT
14 TEHIAN Pinus elliottii ¥AFL Pinaceae ge G
15 ZIHE Castanopsis hystrix 523} B Fagaceae WAk
16 WAt Hainania trichosperma T B Tiliaceae P pE
17 A Erythrophleum fordii Bl Fabaceae W LR AR
18 A€ Lysidice rhodostegia &l Fabaceae ek rE
19 {EX2. Zenia insignis =] Fabaceae JE AT
U 20 341 5. Adenanthera pavonina T #} Fabaceae V- i
21 TSRA Acrocarpus fraxinifolius 5B} Fabaceae VE - [
22 BIEAIE Acacia confusa &l Fabaceae LR
23 [%#¥EA8 Dalbergia odorifera %} Fabaceae WA
24 A Leucaena leucocephala T F} Fabaceae TR

] %2 (ElementarVario, Hanau, Germany), 7] %4 C >k
H TOC 43 #74% ( Vario TOC cube, Elementar Analysis
system GmbH, Langenselbold, Germany) il & , A Jifi
R CPEYEZ M 4 KR 56 [ 58 AT A B IR 5
B ARED" WU, SRR K MR A T 40188, 7K ik R Vi
R F A4 2 AR e R, SR & RORH
J715(HPLC ) (Agilent-1260, Agilent Technologies, Santa,
Clara, CA, USA) i & . H.7° % i 2 M Hagerman Y
B~ T Mk 52 P g 0 R V% 0 R A B R A
Ak TR A, FH B A 55 B 1 BT (ICP-MS)
(Elan DRC-e; PerkinElmer, Norwalk, CT, USA) il & ##
V&Y P Ca. K. Mg I Mn # i,

2.3 HiR4bE

| Kolmogorov-Smirnov test(K-S K% ) X} Fr 45
- 308 2 4 1 RSO E AT IE S 0 A K R, ANl R OE
B34 AT Log,, ¥ Ao 12 H] Pearson AHIC /M4

FE PRV 1 25 Ak M T ) A A DG, SR B 2=
#:(One-Way ANOVA) 43 #7 AM., ECM Fil N-fixers #f
Fofr o] k2P o 1) 22 5%, B Turkey HSD #5474
K5 (0=0.05), 38 izt B4 5387 (PCA) #a 7 I 7 )
HALFRRIE 5 R 2B ¢ R . 5 SPSS
16.0(SPSS Inc., Chicago, Illinois, USA ) %} ¥4 #4745
114387, PCA 43 B 7E Canoco 5.0 Z4p 347, B H
OriginPro 2018 %1l .

3 RS

3.1 MEZEYUFHER W FFFEREXME

A5 5 ZB(CV) IR/ IN R W BEATLAS 8 1) 25 R
BV i U Vi o Ak 2 M B AR SRR R RN . — Rk
CV<10% F£H A 524 7, 10%0< CV<100% H
GRS, CV>100% i AR S bE . AR S R
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ALHN(ER 2), Y& C &8 R /N CV=6.92%),
TR 5578 S ARSI PR L R 44K 31
TEE C A AL A (239%~58%) , N, K., Ca, Mn ¥
537 1 (35%~46%) L S A= 1 FRAE (55%0~73%) 1)
J& T AR AR S i P(CV=138.75%) Fll Mg & &
(CV=130.77%) | S B HH 1o B AR S 1k

=% 3 BT 7, Pearson A1 e 40 My & BH, 0I5 7%
Py 17 P Ak sz PR BT R B — AR OCHE, i C 5
Ca 7 5 i F A 56 (P<0.05), 5 C/P & B & 1E A1
% (P<0.05); N &% # 5 Lignin/N, C/N F 5 W & %
A 5% (P<0.01), {H 5 N/P H 54 3% 1TF M 26 (P<
0.01),

3.2 AEERLERRFEZE YL F R

AN AR RIS Rl C AH b2 3 2 (R B4 A
WE %S (P>0.05), A N, P, Mg & & LA} C/P, N/P
FLEEAEAREZES(E D). BERF N &R
16.1 g-kg ', &= TARHEAMR(10.1 g-kg ') FIAME R

MR RN (10.7 g-kg™) (P<0.01); MK H MR D P & &
(0.4 g-kg ) M & 2 5 F (0.1 g-kg ) RIAME AR
B (0.08 g-kg ') (P<0.01), T 4 A= T AR B Flf Mg &5
A (0.51 gkg ), B = T AR (0.19 g'kg )
FTE A (0.03 gkg ') (P<0.01) 5 [ Z B Fh C/P R
5710, 1.3 5 T B AR AR (2 029) (P<0.05), T [
RAMFI N/P £ K (200), 2 & TAME R AR (108) 1
A TRARA Bl (45) (P<0.001) .

33 AEHEREBMMHEZYHEERERS
S

A T[] A AR IS AR b - O 7% 0 Ak 2 R AE S A3
AT AR R 5 — G 24 AR A 43 B A
R P (17~24) R 1 24, KL AR (1~8) FI AR A TR
FRAR Bl (9~16) S — 245 5 — 3 Wl 40 s [ = Fh 55 41
A TR AR B P IX 2 T (T 2) o DA ASE T R T 20 A% ol
53 B T o0 A R B — A 2 R AT N, A S ELA A
RAENG) P, /N KN & &, C/P A

R2 24 MHEFEMUZFMER
Table2 Chemical properties of 24 types of leaf litter

MY E I B e kg BIEhRER 22 H/IMA HKME 5 ZREU(CV) 1%
Cib
fik (C) 448.19 + 6.46 390.66 524.45 6.92
EG5H R (NSC) 40.57 +1.94 19.28 56.27 22.91
IKEEHEL S (WSC) 224.96 + 14.40 134.09 375.59 30.70
K% (Lignin) 130.14 + 6.27 93.58 182.76 23.12
14k (Cellulose) 134.63 +7.99 70.92 229.65 28.47
L 4YEE (Hemicellulose) 88.02 +7.25 29.61 170.57 39.51
5 (Tannin) 4548 +£5.53 9.45 117.72 58.30
oy
A (N) 12.30 £ 0.92 3.45 22.83 35.79
# (P) 0.19 £ 0.06 0.03 1.38 138.75
A1 (K) 5.09 +0.48 0.95 11.14 45.64
#5 (Ca) 27.93 +2.37 6.23 50.67 39.66
% (Mg) 0.24+0.07 0.01 1.06 130.77
% (Mn) 2.51+0.19 0.71 3.69 36.33
2T REIE
A ZE/A (Lignin/N) 12.45+ 1.70 6.23 47.84 65.50
/A (C/N) 42.73 +4.94 19.87 144.54 55.44
/B (C/P) 4399.19 +639.16 343.64 15350.37 69.68
/B (N/P) 117.87 + 17.88 8.74 382.19 72.70
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Table 3 Pearson correlations of 17 chemical properties of leaf litter

LR ¢ NSC WSC  Lignin Cellulose C:fgose Tamin N P K Ca Mg Mn LigN CN CP NP
C 1
NSC -0.07 1
WSC 034  042% 1
Lignin 030 013 015 1
Cellulose 029 -0.49* -0.55%%-0.13 1
Hemicellulose -0.04 031  0.11 017  0.04 1
Tannin 0.06 -0.08 -0.05 012 -0.08 0.02 1
N 004 000 002 018 -011 -007 -024 1
P -022 028 011 -016 -033 -0.18 0.03 012 1
K 002 004 -0.07 -027 -024 006 -0.14 005 038 1
Ca -041* 0.0 020 -032 -042*¥ -035 010 -0.18 034 -020 1
Mg -0.09 -0.05 -037 025 030 -0.10 006 -022 -0.01 -030 -008 1
Mn -0.14 027 012 -023 -044* 0.02 009 022 011 0I5 058* -034 1
Lignin/N 025 0.08 -0.14 046* 0.3 0.23 032 -0.75**-0.12 028 -037 -030 -0.13 1
CN 036 007 -014 013 040 0.27 025 -0.74**-024 010 -036 -030 -021  0.87** 1
C/p 0.48% -0.13 -024 023  056** 022 -003 -0.04 -0.83** 0.05 -028 -041* -0.52** 037  0.59** 1
N/P 025 -0.18 -0.13 020 017 -006 -0.17  0.74** -0.66** -0.09  0.06 -022 -037 -042 -031  0.56** 1
T F R APearson il R AL *P<0.05, *#P<0.01,
Note: The data in the table are Pearson correlation coefficient;* P <0.05, ** P <0.01.
s S Yl e
2 400 [ AUl
gﬂ 300
iﬂ; 200
= 100 M
E=JN - § *
¥ T A . N
s N A 1] wsC
X" & "
Ca
40 b. 14
_c;o +*Lignin/N
&0 30 ~ cN e
gﬂ 20 - b BB AR AR A
& 10{28 10,
= 0 . b?a m . abl?a e .—1',0 1io
N P K Ca Mg  Mn Ay
75004 . ab b . - NI
3 6000 - E2 TREIERERKMHEEDLFEERER S S
Hlﬂ_ﬂ 4500 4 e E i A T A S TR 3k 2.
\Iﬁ: 3 000 4 a Fig. 2 Principal component analysis of chemical properties of
= 1500 1 : b leaf litter among tree species with different mycorrhizal types
0 T T ! 2 2'1 Note: The abbreviation of chemical properties of leaf litter in figure is same as
Lignin/N C/N C/P N/P

E 1 TREEREERHHHEEML MR

T AN /NG 5 B3RS AN [ B AR A (] I 4 9% ) 1 2 1 5 2 S

(P<0.05),

Fig. 1 Chemical properties of leaf litter among different

mycorrhizal types

above # 2.

N/P b2 e AL & o BeAh, o M s B 45
A2 B 22 1] Y ¢ 22 ] Pearson AH 56 1 46 56 455 5
AR—F, i C fil Ca, N Al lignin/N, C/N £ #5558 [
A ZR, N HIN/P, C/P FIET 4 I 5 4505 A 1F

Note: Different small letters represent significant difference in chemical

properties of leaf litter among different mycorrhizal types(P<0.05).

*H;ééé/\o
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4.1 MAZEDLEZMER

TP IREY) C & & 20 b & 1Y) 50%, H B A
ZFARRIRA 2B, AT PR/ &4 OBl
IR AN 245 BIANEVERR 5, T Sk & 9 (47 4k
FRE A MERERAREWORER), Xk
LB T KU/ S50 et ap B R 4
A AR, R 24 R R E Y C A
A 1 /N(CV=6.92%) , (BN [ JE 8L & 90, i a0
IKEEVELL 7 | 47 4 2 7 A5 R B KRR AR S
(CV>30%) o X bt H-Ath b X WF 5T 45 5, A B 52 24
FhAE Py P8 &9 C 5 5 (448.19 gkg ) Bk b
AT 25 1 W T RE AR 6 S F UL A AR Y 599.80
gk ", ELEL R R Y b R g B DA A
&I A AR VR 1 402.30 grkg 'Y, 575 24 R TR IX
25 Bl 75 A B B A= 4 R 1A 5195 0 I Y 451,90
g-kg P RV b 3 R X R AR AR 458.00 gokg P
FHEARFRF .

N Al P VR AR Y A A T 2R i i H 2 2 FR Y
BIRIUR, W HA R 5 R BN SRR E
PER ARHIESE 24 PRI ARBE RIS NL P
HAR S 5 2180, JUHE P 58 (CV>138%), &
BRI FR N P 3550 F FH 5 V338 1T BB A7 7R3 K 22
o BLAN, AT EEY N 2= (12.30 gkg )
55 4 R R 75 (0 - 4K OF- (12.03 g kg ) AHZE
ToJL, HEAL T 2R KF (1430 gkg ), 1 P 7
#(0.19 gkg DA E(0.74 gkg ) A BRI T2y
IKF(1.22 g-kg ) FREAE", AT 5E X 305 42
Al 3t X5 B AR A WA LT 5 32 PG AR,
N/P(117.87) ik i T4 18 (21.00) A4 ER (11.70) i
YK, 33X i — 25 B0 X AR 137 P FR
ik oS

42 AEEREBRFHIHEEDULFZERESR

AH ST R A AN ] TR AR 28 AU AR o - 0 95 4
CH A2 s A 35 22 5, M3 & & (N,
P. Mg) Flfb 24 T AR AFE (C/P, N/P) 22 53 18 3 .
I R C 2 i B A AT DR AE L He i 3 A KN
B AH G 15 55, 38 H A C & AR R B R
%) B P B O S ) 537 AR BE 7, A [ B AR 28 LA A

C HH b2 22 S /N HL AR 2 AR B R KO, — a8
PRI bR BT e AR IR Ak A 2 2R Gk R A
7T 5 B T AR 0 AR SR R RE ) R . I anE
TR WA XL ZDHE A R S R R EL A
JZ (H & & CHEEMNR IR R 1R S5 W ot 2 %) #4¢
JE, PR ELA SR P R . AR, A TR B AR 2 A
B b B 5 B (45.48 gokg ') B L A BRI 95 4 R
K 489", 1o BT i BEAS I AR £ 1k B A
XiF I A BRI R A AR, R K X Sk A 4
HAESR B HRE T

AR AR ZE BB RPN, P I Mg 324> & & B
22 5, VRE R B TR TR AR 28 R A B A R[]
14 35 43 F 55 TS0k o5 T S B0 R U A e
JHVEY) N i 5 A B AR R A A T AR A o B 7, 5
5T NS K B A B PR Y N B
T Al 1 U R G 25 SR A — BT R FoE i At
Az T L (R TR ) R I R AR
W S AT W Y, AT AR AMB A AE S R G
W N R R R N BRI, M F A
PR 5 W A SN & ARBESE AN TR
TR AR 28 AR o it ) 9 ) LA ARG P A RN
() C/P I N/P, B iZ L IX P K28+ 47 Bk, A4 AN
I Y Z 2 A P RREIYY AR P E
AW T2, — R AR R N i P
JCE; o — P 8 i 5 AR D S A R A A
Xt P A IR A 5 % I A A R AR BB T LA B
TR Z K 80% 1Y P E iR, NIt E P RE=
F14) DX A ASE TR AR RS o ¢ A1 A R T [ AR ol LA
TR P ARIBCAE 7, AT SUfH ML AR A it g v
YIP o AN, ASTR] AR S Fh ot R R4y
(] IS0 6 118 A [R] 0] B 2 5 SO A B AR B v 0 5
PRGBS PSRN S — D EERE, 2R
FUBE T AN [F) AR 288 TR0 A o 75 4 [l S sfe % 2 S PR
FELE IR, AL R AR B 55 Z Az TRAR B FP N [
BB FEAA ], AE 2 AP AR P I 3 5 A
R AR Tl = 129, A 5T v DA AR A o -0
) P it LA E TRAR A R S, AT A S A AR
R B = P IR R X — 25 . RSN
PRLARLARE o v 3 5 40 Mg & f e e, X R B R T4
A= TR R L TR B 8 3E 2 A I 2 A B T (H) FEE
iR, T AT T SRR 4 J2 8] Mg Y A8 e il &
Mg ¥ KAk, fi 2 RE 4 5T Mg T8 2 i IR I
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5 #itH5Ei

TR AR 2 T 2 S B3R BT A [R] B AR 2 R Y o
Vs YR AR ZE R B BN R . A
RS TRIR Fofr iU ¢ Wy e AR DG AL 2 1R 3 22 5 A (R 3%
HHIR > S A AR A B 22 5. A
BRI AR S TR b 57 70 AR MR ) AS [ 2 = O - v
PIN. P, Mg 555573 % i DL e a it i Ae e 3% 22
S BB o T EW BRI ) N SR C/P A
N/P 48 i, IBCRAR B Bl P35 B fe g, Tl Mg &
R e B SR TRARB Rl oAb, i 3R I
R AN ] A 2 5 BOAS () B AR 2 R Ao - 7 1) 3% 03 22
S F R R o R R 5 1 A v 4 0 i 14
HE N T, RV TR IS R AN (R R AR IS B AR ol
] vee FLAT AN [ 04 70 il R (AT AN TR TR AR 26 1
A o 8 9 0 % L ST BILB AL B 2 IR SR A D
1, AR A L o i A [R] B AR A AR o i 9 0 0 - e e
JE R/ INHIAS SE PE RS AT 5T

SE 3k
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Chemical properties of leaf litter among tree species with different mycorrhizal
types in southern subtropical China

CHAO Lin"**, LI Zhongguo’, MO Zhenzhen’, HUANG Huilian’, WANG Aihua"’,
ZHANG Jianbing', HU Baoqing', LIU Yanyan'

(1. Key Laboratory of Environment Change and Resources Utilization in Beibu Gulf, Ministry of Education, Guangxi Key Laboratory of Earth Surface
Processes and Intelligent Simulation, Nanning Normal University, Nanning, Guangxi 530001, China; 2. Experimental Center of Tropical Forestry,
Chinese Academy of Forestry, Guangxi Youyiguan Forest Ecosystem Research Station, Pingxiang, Guangxi 532600, China; 3. School of Geography and
Planning, Nanning Normal University, Nanning, Guangxi 530001, China; 4. Key Laboratory of Vegetation Restoration and Management of Degraded
Ecosystems, Key Laboratory of Plant Resources Conservation and Sustainable Utilization, Guangzhou, Guangdong 510650, China;
5. Huitong National Research Station of Forest Ecosystem, Huitong, Hunan 418307, China )

Abstract The sample plot is located in the Experimental Center of Tropical Forestry, Chinese Academy of Forestry,
the southwest of Guangxi, China. In a typical southern subtropical monsoon climate, the annual temperature of this
area averages at 21 °C with the lowest average at 12.5 °C in January and the highest at 27 °C in July. The average
annual precipitation is between 1,200 to 1,500 mm, and shows obvious seasonality with the wet season from April to
September and the dry season from October to March in the following year. The area is characterized by a typical
landform with peak-cluster depression at the elevation ranging from 150 to 800 m. The main soil type in this area is red
soil developed from carbonatite.

Taking the leaf litter of 24 tree species with different mycorrhizal types (respective eight species for arbuscular
mycorrhizal fungi, ectomycorrhizal fungi and nitrogen-fixers) as the research object, we measured the chemical
properties of leaf litter (non-structure carbohydrate, water-soluble carbon, lignin, cellulose, hemicellulose and tannin)
and nutrient concentration (N, P, K, Ca, Mg and Mn), analyzed the relationships of these properties, and explored the
effects of different mycorrhizal types on the chemical properties. The results indicate that the chemical properties of
leaf litter exhibited a fair degree of variation in carbon-related properties, nutrient contents and stoichiometric
properties. There were no significant differences in carbon-related chemical properties among tree species with
different mycorrhizal types (P>0.05). However, the nutrient content (N, P and Mg) and stoichiometry properties of leaf

litter (C/P and N/P) were significantly different among mycorrhizal types. Nitrogen-fixer trees showed a significantly
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higher leaf litter N (16.1 g-kg ') than the trees with arbuscular mycorrhizal (10.1 g-kg ") and ectomycorrhizal fungi
(10.7 g'kg ). However, tree species with arbuscular mycorrhizal fungi (0.4 g-kg ') exhibited a significantly higher P
concentration than the trees with ectomycorrhizal fungi (0.1 g-kg ') and N-fixer (0.08 g-kg ') trees. The concentration
of Mg (0.51 g-kg') in the tree species with ectomycorrhizal fungi was significantly higher than the trees with
arbuscular mycorrhizal fungi (0.19 g-kg ') and N-fixer trees (0.03 g-kg ). In addition, the C/P and N/P of N-fixer trees
were significantly higher than the tree species with arbuscular. Hence the differences in the chemical properties of leaf
litter among different mycorrhizal types should be considered during the restoration of degraded ecosystems, and

appropriate tree species for restoration will be selected according to the strategies of nutrient utilization.

Key words litter decomposition, mycorrhiza, stoichiometry, carbon cycle, ecological restoration

(h# HRME)

(E3#5 435 70)

replenished directly through sinkholes, karst pipelines, karst funnels, etc. The isotope D and '*O of groudwater in the
study area presents obvious continental and elevation effects. It is believed that springs show more closure properties
compared with wells and underground river systems. Since the study area is a karst landform in an arc-shaped
mountainous area, the terrain is severely cut, and the elevation of the sampling point is not very representative of the
average supply elevation of springs and underground river systems. The deuterium surplus reflects that the spring
system is the one with a faster cycle and shorter retention compared with the system of underground river. However,
the underground river has a longer supply source, a wider range of replenishment, a longer movement time and a

longer flow of water underground, and stronger water-rock interaction.

Key words karst water, hydrochemical characteristics, hydrogen and oxygen isotopes, northwestern Hunan Province
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