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Abstract: In forested karst ecosystems,the effects of litter on soil properties are not fully understood. We conducted a study
in 60 years old mature forest(S1),20 years old earlier arbor forest(S2) and 10 years old shrub(S3) in the Nongla karst
ecosystem of Guangxi,China. Physical and chemical properties of Litter and soil ware examined to understand the effects of
litter on soil properties. Our data showed that the reserves of litters in S1,S2 and S3 were 18.4.16.9,1.9 t/ hm®,
respectively. The total nanual nmounts of nutrient elements( (N.P.K,Ca ,Mg.Si,Al . Fe.Zn,Cu.Na and Mn) returning to
soil from the litters at S1,S2 and S3 were 4. 657, 4.068 t/hm” and 0. 193 t/hm’ , respectively. The reserves of litters at S1
were ten times greater than that at S3. The effective water holding depth of litter layer at S1 were 11 times greater than that
of S3, enhancing the eco-hydrological function of forest soil. Properties of deeper soils are less influenced by litter than
shallower ones. Properties of deeper soils are more influenced by the rock, while the upper soils are more influenced by

plants and litter. Nutrient behavior in the upper soil , including contents of organic matter, available N/P/K,were controlled
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by the reserves,content and decomposition of litters. Litter can speed up the formation of limestone soil in karst area. Litter
can improve water storage in the epikarst dynamic system. At the same time,it can imputs more organic matter and CO, to

the karst ecosystem, accelerating its evolution.

Key Words: karst ecosystem;litter; soil physical and chemical properties;epikarst spring;karst effect

AWEBRERZHERERHANESRE ™ AR L2, RILR 1@ R1E, HIRE MR, E
PUikS TR, EFRTR AR RIS SRR AT R T A K ESEY . AKERIBRAELZ A
P M SRS A RN . A ES RGP R R R B A BIRA RIS (B R A
BN, JUH R 0 A K S A P TR U N ZERL) B T R B R AE LU o T2 R dE bk
KRBT T RIZE Bk AL R W R AR EY RS — B ERE . MiEYLET
HBEZ 5 2 22 18], 2+ RV 18] 4 R A 4 ) o DB, B B -+ 83 A e B R LR a7

A LA EFFHUE A S RGN B, A FRE SR TR YR K ERE VE SR TR MR, TR b iR L
R ASEBE AT T U, BRASEYx A K R R, S 3 P R A XA R A AR S E AR
AR B R TR AR R BEEISRYE
1 HREERFFGE
1.1 BFRXA

FEPLALT T PR THLX 1L B AR E AR, BEEL IR Yy 25km, s B AR AR AR 28 108°19'E, Jb 45 23°29'N,, i
RURA U N 3 35, 2 2 SR, RIR 2 T BRI AR v R E K. B HRIR 19. 84°C, EETRE N
1700mm 4 ~ 10 A 5T & H4EMTN R 82% , FEIHANHEE 85% . FE A NRERR KA B(D,d),
HaEAKL, LR PHERE0.5m, A ARERR . PI5KXA 20 4 60 ~70 £ ILF A, HHIKE BT (R
1,%2)%%,

(1) BWR(S1) 31l 60a JE B SR RE M AREE VR, B V& = BE 16m, 32 F 95% , BRI EE 24 0. 92, LAF X
( Cyclobalanopsis glauca) fi %, Bi 2 7T 35 34em, e KEEAZIL S0em R, % —E WA T, KT ERK D
(40% ) , EAWE N (35% ) o Witk PR IE 10em, HIEFREL) 20%

(2)Fr4hipk(S2)  HF1Li 20a FyH SRR MK, B9 55 BE 95% ; I+ AR JZ LB AL ( Engelhardtia roxburghiana )
PLH AR BE 0. 85 ik s HEJZ AR B A ( Decaspermum esquiorlii( Levl. ) Chang) Jafl#F , #E )2 T 25% ; BA
R 15% . HERAGTEYIREL) dom, 1R EL 30% , HIRBEE

®1 tRgR
Table 1 The environmental factors of study sites!®
o it +50 #548.(m) S Wi ()
A Rock Soil Elevation Slope place  Slope direction Recover time
JREFK Matrue forest( S1) K EEA KT 522 il SE70° 60 ~70
Fr4l1Ak Earlier arbor forest(S2) Hza A K+ 523 52573 T 20
#E\ Shrub(83) Hz#A A KL 459 R 4 10
®2 FHANREIHEIEAFANOENIER(2)
Table 2 Soil chemistry of a typical soi profile in Nongla
i%)%’ TREE (em) si0, AL,0, Fe, 0, Ca0 MgO K,0 Na, 0 TN Org. C pH
Soil layer Depth
C 80 ~110 2.07 1.67 0.64 29.47 22.04 0.09 0.03 0.03 0.10 10.44

(3)FEM(S3) 385 10a J5IE BUHEYE , BV =0 BE 2. 8m, 2 JiF 86% ; E R LI B3 (Vitex negundo) , 2 [
( Pterolobium punctatum) A F ; A JZ i) "B 9k ( Nephrolepis condifolia( L. ) Presl) 35 &3k 80% , 3B H N, i %
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YR 1em,
1.2 Witk

(DHEDERENE  E MRS 1m x Im BFETT4 2 A, AEREY AR EE 555 A
ROCA BB BE , R IMRIZ 0 R JZ RN E 20 J2 20 0 BORE , BGRR 743E (95°C ) =B, AR, TH R HL B

BRE,
(2) Wi Rk PRI E IR MR EA P AL R K PERE . BURZMRIZ MR M E 22 58
Woke i AREE AR A AR, M R ARG 0.25.0.5.1.2.4.15 24h FEEZ. MEMEDAR)Z

YR B K S B B Ik R0

B BHEERS NELR 20 .29 A8 N/P/K 258 28 2B NemES &,

(4) LHOK T HEER MR 20em BUL , FRFATIRIE 330K 0 3 i . A 8 R KFeKE BERIK
2 B/MMKE JEBEILRE BEILBRE  BFLBRE

(5) £ ME  BFE 20em B4, % + 3% pH A VLR A PR .Ca Mg E& &,

(6) REAEBRIZETME B, i H pH Ca Mg B HIRE & &,
2 GRMOH
2.1 RREYBEMEYRTTRER

WY R (AR ISR E 3, AR EYHEEN1.84 ~18.4 vhm’ (T&E) , HEFIIF N -
PR > TRahbk > FEN, B REE LR (E RN T B T Y B R T IR  , sk ES 1L B[]
K, BHEXMRHF R, A5 i, R E K. BB TRIBURE , \RIENE S WG9 R B BR

®3 FREHLBHEWHEE

Table 3 litter amounts in different plant communities

p¥iiise A EHEE RIMEZ
it i) Total amounts( t/hm?) Half-and decomposed litter( t/hm? ) Undecomposed litter(t/hm? )
Forest type fif TE Ly TH T TE
Fresh weight(g ) Dry weight(g ) Fresh weight(g ) Dry weight(g ) Fresh weight(g ) Dry weight(g )
S1 35.37 18.4 33.03 17.18 2.34 1.22
S2 33.98 16.85 32.40 16.04 1.58 0.81
S3 3.70 1.84 3.44 1.72 0.26 0.12

Wi YRR ZEEERREYREA I BRF I — BN RE"  EEE &MY ook, IEELSEY
MR, BRI 4, BEE WA I 28 Kk e B L, A e K s

BLEHRR 5 F KB ICE (N.P.K Ca Fl Mg) KJFA &N 0. 64 v/hm®, H P2 NP K K &N
17. 36kg /hm* |3 FhigEILE (Si Al Fe) IHA & 3. 414 t/hm’ 4 Fi§EICZE (Zn.Cu . Na Mn) IR E N
13.67 kg /hm’ , FR&hHkE 5 F K BIGE (N.P.K Ca Fl Mg) fJF3AR & H 0. 612 v/hm” , oA A2 NP K 15
&N 12.35kg /hm® 3 FPEITCE (Si Al Fe) [IHA &N 4. 032 t/hm’ ,4 FiEICZ (Zn . Cu.Na Mn) )5
W& N 13.08 kg /hm*, HEMK) 5 FKBEIGE (NP K Ca 1 Mg) )T & H7 0.048 v/hm* , HAHAHRL N P.K
HIHR B 2. 766kg /hm® |3 FhigE LE (Si Al Fe) A8 R 0. 144 t/hm’ 4 Fi & T ZE (Zn Cu Na Mn)
MIEE RN 0.753 kg /hm’ (£ 4 FIK 5) .

FidEY) 12 FOCR B REE N FRGIAR (4. 657 v/hm®) > RS (4. 068 t/hm*) > FEM (0. 193 t/hm?)
itk EZ L Si Al Fe JyF . AERBBM, TR 2N, HFEYEFRTRNEEEZE K,

HERE B ZETAK AR, YOG 3 A SRR AR 1 PEIE 5 1L 40 4E N T MR A Z 2k it
FE7.72 ~ 145 v/hm® Z 6] (£ 4) , EFICE (NP K Ca il Mg) f BB 7E 0. 139 ~0.315 Z ], A ¥ X ZRAKR MG
EDAE R (BN 18.4 vhm®  FR4hHkH 16.04 vhm ) RIVREE K, S HEFITRNW BRI RZEAMN, &
0.6 vhm' 7247, FERABERXMEYH Ca fil Mg S BF , Mk W2 555 AR LEE RHH 4,
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®4 TEEDHEEEDFRHEEI L (/m?)

Table 4 Contents of nutrition elements of the litter in different plant communities

Fh532 A Forest type Tot. alffiums Ca Mg TN K P E; §
S1 18.4 0.252 0.137 0.177 0.067 0.0065 0.64
S2 16.85 0.213 0.194 0.168 0.031 0.0063 0.612
S3 1.84 0.022 0.009 0.009 0.007 0.0009 0.048
ZETi bk Seasonal rain forest!”] 9.66 0.11 0.044 0.115 0.046 0.005 0.315
Fi#k Rain forest!”] 8.86 0.055 0.046 0.09 0.03 0.003 0.224
4N K Evergreen broadleaved forest!”) 7.72 0.039 0.013 0.06 0.028 0.004 0.144
40 4E A\ T.Z 15k 40a Picea plantation!'?! 36.4 - — — _ 0.139
JEAE Z= A2 K Primitive picea forest[12] 145 — — — — 0.17
x5 TEEMHENEDFSMBEE
Table 5 Contents of nutrition elements of the litter in different plant communities
. AECN - AR
Y ae3it] Si Al Fe Zn Cu Na Mn available available .
Forest type  (t/hm?)  (vhm?) (vhm?) (kg/hm?) (kg/hm?) (kg/hm?) (kg/hm?) N K available P
(kg/hm?)  (kg/hm?) (kg/hm™)
sl 1.498 1.135 0.781 0.87 0.0379 2.86 9.9 10.083 0.297 6.982
S2 2.061 1.22 0.751 0.877 0.0106 3.11 9.08 8. 896 0.125 3.326
S3 0. 066 0.046 0.032 0.0831 0.0076 0.095 0.567 0.85 0.067 1.849

2.2 AP E Y RIR KPR

BRI B IK 3 190. 64% , HOK AR K, HEARZ , FFAIRIKIK A B/ o REBMRAG VE 1 1A 250
BHREK, 0 26.37 vhn' TR Z , K 17. 04 /b I BR K B/, 8 2. 30 vhm (£ 6) , Hik
PIERFFRE T RO REJT - AR > FThpk >

®6 TREHEBHEZEWFKES

Table 6 the water capacity of litter in different plant communities

RRFFAKHE(%) BRHpK i (vhm? )
AR Maximum water capacity Maximum water capacity

it el The effective

Forest type et holding, AOOHEE RAME . CKEAWE KA it

2 Half-and Undecomposed Half-and Undecomposed
(v/hm*) . . Mean . . Total
decomposed litter litter decomposed litter litter

S1 26.37 208.63 172. 64 190. 64 68.9 4.05 72.95

S2 17.04 188.43 154.48 171.46 61.04 2.45 63.49

S3 2.30 216.82 160. 67 188.75 7.47 0.42 7.89

FVE VIR KE B SR VE T P E R AR AR R K, i SAE Y P K S B K. FEAKE B EOR A
EVIRRK e BUBF . B3R T ML ), SR A R R R R P 393K B AR 2 E 0. Sh dok, bR
I 6] B HERS , 3570 BE R W ARG, 7E 24h J5 A ¥ )P B3R5 K R BE O T O, LR A ¥ M K BaA Bl i K 1H
MR AT DI IR K BERT , M 0 )2 A 00 J2 P 2R K B B R TR #)2 . 72 0. Sh
N SRR Y3k B BE R R, 961.3 g-kg™h ™' AR 911 g-kg b ™" LM R/ Ay 499. 9
grkg h o FEMAIRKER TR ADARMI R, AT BB B ol B LU B, A T8 ) LA T IR T B, 24h J5 R
IREEAAE L AT K IR BN AL
2.3 AREYHE TR BT

TERE P BERIRTE 2R IR T S R IRALIR B S 16 , 2 RS AIR DL Rk BE S AROK BE T HY
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®7 TEEBHEEWRAKEE (s kg™ h™")

Table 7 the water absoption of litter in different plant communities

TR BT [H] Immerse time (h)
Forest type H fems 0.25 0.5 1 2 4 15 24
S1 K4Hit)Z Undecomposed litter 238.51 252.87 337.84 63.22 9.7 0.98 0.16
2/t JZ Half-decomposed litter 578.73  1798.67 126.61 11.41 2.58 0.32 0.21
E.43f#)Z decomposed litter 850. 54 832.4 958.97 8.46 1.9 0.29 0.13
S2 F43f#)Z Undecomposed litter 136.33 335 307.08 34.9 11.05 0.63 0.39
2/t JZ Half-decomposed litter 220.48 328.78 200. 12 41.1 9.38 1.06 0.6
B4 #)Z decomposed litter 1146.42 835.85 24.66 6.17 1.03 0.06 0.06
S3 K4Hit)Z Undecomposed litter 1008.91 830. 66 108.73 18.72 5.35 0.24 0.3
£ /3# )= Half-decomposed litter 1440.48  1145.65 241.62 35.29 8.14 0.99 0
E.43f#)Z decomposed litter 25.52 756.55 131.38 29.83 7.76 0.36 0.08

GAER. HHEPREED , RAMATEE HRATR/D, BEARERK, FFHH 20 ~40em L BRER/N, LN
1.01g/em’ . BEE THREIINR , RBHEZFFE L AER, TN A EZEH LR, EAKEEEHL/,
MFEFRER, T B TR ABRS TRE L HE.

A HEPREE R, H )3k B AR K B LIS - BREAPK > T4k > A\, BREAPK i H () 35K B
AJ3K 54.89% . BEAE TSN, BEBVHR i FE 1E] K B A KRk B S NG WD, TR S Ak B2 W /) , 98 DA
O 2 A5 B/ J B

ARSI B FLBEE I - SRR 2. 36% , Fr 4k 2. 07% , M 1.33% , £ 2570 i) M LB AP
BHVERE N 52.81% ~60.74% . BEFE TEEIINE , A BETLBREEAL /N, Frahdk , B AR SE3E KIE AL/

BV, LK AR BRI 45 TSR , PR IK 1A T/, FUBREE A, F A3k B , L3
GRS, BB, KRR RE TR . FRAIARI 2 (1) .

W%yt e FREIR M B R 2 T T 1, (H 23 0 ~20em HIBEF R BE 02 0~20 2+,
TR T /N, BB B ROK , B H K Bt Ko
2.4 AFRMEWEELERSGE

MR TE Y AR ETE R B R R A DUR 2 LR R E BRI . BN, b TR YR FELE, Mt
TR T KBRS Y, BB BT AR ) R, T ELRES ROBK R AN L iiE Bl +
2, BAFR A R L E AR, SRR ISR AR

B AEBREE T, BUBVPR I 4 pH (AR, B HLBR 4 NBEB N/P/K SR EE . T4tk 135 pH (H 5
BB A K AMK SRS SRS, BEAEIRAMN AR K 52K, BEE AEREE. &
FSRTE , TSR AR PR BB > FR4ibk > BEA (B 2) .

W& IR INGR R TS Mt EL RS . T pH (EAS K, A HLR A AL N/P/K R A A & B
o R B RN 45 B 4 N/P/K AR R R I B (8 2) .

R FRIE 1 (0 ~20em) FIFR MM B K, 0 ~20 KE L, FFUMRBEIR 2 N BN BEHP,
BHRG BB R A VURE T3k 8% , AHXT BRAKRFIE SR, B Bt (18 2) . FE R ITR4hmk
WEYSAREBNEFRITE, AR E R, H T phE 2 + R NE R L3R EE L 55, K
R IWILINI N A=
2.5 RIRIEYBEE I AR

BT T R 2 AR M MR, 5 pH 8%, K 7. 53, FHES FHeBF BB F kB 8 CO, & & IiF
B CO, & BB R . MR T MR 2 A0 SN M BR , FE B B 7Yk B (B B8 YR B LB E CO,
B RS CO, & B MAERE MIMERIR(FES) . MR ERERE, KRR E AR NE RS B
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Fig. 1 Soil physical properties in fifferent plant communities

%o Byl THBAAE, N T K ERE YR | 392 B B i [8], [R) e, 7K B9 pH {ELREAIR, ¥ ik RE 0 3
S, FR A A E] 7K A EAE T, SROK AP BN ES TR BERE R o SRR A L T ZORIE T (1) A8, A
VEY B A USRS S O 5 (2) 13, 2R B BAE Y AR I AR H ALY
R AR o SRR T MRZEE R GRS BN LM (64. 12mg/L) > HEM(59. 15mg/L) > LA
MR(57. 15mg/L) o FIKH AR & BZMSEB MEW R FTRE  RAIR S REFEGRRNEN.

F8 IKALFEFHERT LE (mmol/L)
Table 8 water chemical character

mikm Rk o Ao PRTRIBETEE mico, wmco, gaw UM
Forest item Spring (mg/L) concentration concentration Stable CO, Free CO, Total hardness alkalinity
RBHR(ST)  2ZJERR 7.53 57.15 6.389 6.682 130.04 3.99 316.75 295.81
Fehpk(S2) SRR 7.86 64.12 5.683 5.429 115.79 2.66 282.07 263.39
HEN(S3) FRIER 7.96 59.15 5.416 5.209 106. 88 2.66 268.20 243.13
3 g

(DFMRAEEDHFRMERFE . REDEEFRESREEWRNHIRY, B R
RGBT KT, RIS RE I REMIEI o AW RS2SR RR 4L AR AR 5
R BARVAR IR RIBRAM BT AL (0K R A IR A > o SRR UK ARG ¥ P R A 9 10 5, 4
VEW 12 FOTR BRI 21 . SR S WK AR, TLPG MERHT (9 5 SR IR AR )1 P8 2 5 1 40a AT
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—®—CainS1 —&—CainS3 —o— Mgin S1 —8-pHinSl —aA—pHinS3 —o— O matter in S1
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H o T 80040 &

EReN Z 5 0030 0 ﬁé
g e < S 0.020 '
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~Zs 035 450 3z —8— S14:4t Total conten in S1
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Fig. 2 Soil nutrient in fifferent plant communities

z*’%%ﬂﬁizfﬁl&%ﬁg*ﬁ bE, FRALE T X AR i W R AR R ORI, B S R ERITR M ERAE
ﬁﬁﬁ%ﬂ’ﬂ EUL, HAp, Ca Fl Mg FRE . FRUAHEXMEYH Ca Mg T8 5 5 Fot

RRH), AR

RERHK 64% ,,J’é.%%ME‘J

HA 43% MRz 88 e ke # T RH 4,

(DERiﬁEiﬁﬁﬂP,i‘iﬂaﬁ SR A L F SRR, FRAREE LIRFER pH
16, MESEERE . RZLIRZMED R IR ER X, FZ HIROEER EEZ A
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PRICBRE . MRZ AR . MY RMEE oM 0 S EHERE AR,
ARN/P/K G AMFFABENEE, TR NSRRI KR, i HOTR 2 82 H -1 K H
TEERTIRER . RBRE TIRA T/, LR, HE Rk 8w, 13 pH [ERAK, PR & N AR N/
P/K SR, TIREWEN BB KIRIREE 158, TIRIE & o (ERAEYIX LR a2 4
7E0 ~20em, 7EX—RLZR, UMK EER/D, FBESRERK, HEFHKER, LRAIR 2 N AKX
N AR P ARG A& B, 5 RBTIEE L, IE N8R . EZRE NI 12 FhonR i HiE &
(4.657 t/hm”) BBk (4. 068 t/hm’) 5, #EM K 4. 85 v/hm’ , HAMEFRE B HIREHE .

(3) RFEWHIAAET] LMEHERRIREL A B L A M PO V& W AR 3R = L4l rp CO, R HLER ¥
BE AR BRIREE A MR AR . HIRE R A RS AR R A T E BARAIE Z —, T 39 R R U
FEREIHED R o TREFRARAEILE, EERREW, LR, LRAIEAE SRR, R E
TR TR o MV A AE AL AT LASEE 5 - 39852 B T I B0 B ot , Dok S TR K 6 3R R AR A, B YA
KPR B AT LUIE A LR AR R SN IR Sy o X T AR - 1 m I X R AR R E R

(4) REEWESNNRGEPREY FKRE ML, BB RBAEDNRGEF, LRE, A ARER
w ARSI AE Y BB RSO LT A0 MR K. &R & 1 0 K SRR « JRAAR
(190.64% ) > HEM(188.75% ) > Feahtk(171.46% ) . FUAMMTE YA AT RN 11 f5, HILRSR
IR ZER R AT TR, TR BB R BRI, £ER R, F MR RS 2R R K,
PR R T KRR ZH 8 SRR R, BB X RGO RI o BRI, HivE 2 IR
SHYURBEEMEKNR "  RREEFHHRENTBHEBZRTE, N RZEERWEREEEN
e

(5) MitE M EERRIZ AW N NIRRT EAEZ AR CO,. AFRBEHEER, LA RKERE
B, N B —RIIA R KRR, & 85 A K 23208, £ M ZHMER IRESE . T CO, A/K R IR E)
VAR FIBIRRS N o WEEE R O R A . WMEYRBRES REYREH R P EE
WA, AT T RRE FRYIIR, @S A My i 70 Al B R, TRIVK 3 s v 0 R W MR EL IR
REAWNNRED  BalESRREAEZHA IR CO,, 8 T/KMRIEES , Ind ¥ 3h 1 RS
51T,

HAT, RE PR A X AR 22 2 E R ME WS E R EEL " £ ARES
HEMWRE SRS A 7EE W3R R A K AR K GRAE BE 0 B IR, B LB AR, L AL B TAESEE , K 4R
PR Y, AT A RUIE . XFER REAEROBFNET , A K ERENT AN HRAER
AN FT Z W PR o
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