oh E B RhAS 34 AR HAF ISSN 1000-0933
ER T T CN 11-2031/Q

FSEM

Acta Ecologica Sinica

#ohE 60 FHFE N BYEAT
ERMATFIZR

2010

rRE RS -
rh E R B AR TSRS AT ST AL
AL xR B Hi AR



EFEER
(SHENGTAI XUEBAO)

R S A % 30 & 5 23 Hf 20010 12 A (¥ ABT)

B X
1940—2002 4K 3z o T /R 5 AR KB P Hrb K B AR LR RSB FHTA -ooeeeee REE. 2 F,A0E,% (6309)
B R TAMEA L BELIRIE +oorerrerrrrttteen e e B W, ek, BT, £ (6323)
BEAERTANIEE B ELIRBEIAFIRR corerererrrerertten e B W, EA)NL,E &, (6331)
B g s BB A S RAEDEEME NP SRR BINEIRIFAE ooveeeereeeeees A, AR, FAM, % (6338)
K L B o AR AR AR I BB AT oo AEHE,RER, HHL, % (6348)
MEEBEEER I EBEELEMBEIE cooreerrerrereneeeeseenen s EAB,LFE E % & (6355)
LR BAEEN G AR R ATE A AR coverererereer st BE s, BRE,RYE, £ (6363)
TR KBIETE Z LA TF AR KRB IE DA oo eeerrrerrerreeremmmmtieee e VE BB E, THE, £ (6372)
FRR AL BT ETFABEF A BT coeeererrrormrrererttenten sttt e e e e RE® 7 = WEK, % (6380)
TR EE R AR IE T R ES A EMAEN AR e X\ 4%, ES L E, % (6389)
UM T T AAE J 6 22 ] T JFBE +oeeresemvrmeeneteestesen sttt bttt e e e sttt e e s ;OB OELA B4 (6399)
B EIR AR A Y NS FRIER G AEF cooeererrrreei REF,XNEE FRE,% (6409)
WL A B 6 B & KA BETEAELE MY oo rreser s ser e B ERIE N EF, L (6418)
KA KA AT T IBH B E L EEAD evveererrreneemiiti i B E, Fah Ak, 4L (6430)
RIFBRIER B G T OM A Z B E G4 EAPBER D FIMIBEILLE, coreeeeerrrrmr kAL, A (6442)
I AT IRBE B Tt 3E A R G B uh v vveeeenereeeen s ettt ke B4 FF s (6451)
BT PR TM HIE6 B H R A A IR eeveenrnmenmrnmenmr e L, ERT,RXE (6460)
EFCVM 6§ Z - R B AE B AL IR o ovoeeererrrereer e, HEM,E—F B ZE, % (6470)
B RN T B FAME R A AL VAT I A ALTT ] wooeremremsensensensnsnene, OB M, A, 4 (6478)
BRBHFRERORRFPSEH YRR FEARAFEBHEABEDEEG LR BAX, K #,4%3FFE (6487)
B I - = 0 PP A XMAE, I E L (6495)
R BB ARG R R E A AR B ARG Hr coveeeere B & TW.E .2 (6504)
B R R A A R R A G AR B LY REE oreererrerrrrrr s DAK, KRB BRE £ (6512)
F A b B T AT R AR AN W TR eereeeeer ettt o o4 T x4 (6521)
B B O RIEIEE B A R A R AGIED TG oo BN K H,KEE, % (6530)
BRRAEETIREAIRT R TALHLIE e T, ZmE, HE K, % (6538)
LT T KRR AL JA IR ZE A TE AL AE -+ eeeeeeeereeereereeneete ettt ittt ettt # B OREE,%R B (6546)
3E 42 JbH f P AR KB AE AR (L) MR ARG IE B ST <o ermrererrertee e e EER, B £ (6555)
AN BT LA R TR 0 S AR BRI L B AN A v Tl % % #,% (6563)
B R o i R Sk AR T 9 K — S AR T IR o WHLL Y W HER,E (6571)
EFHEFERNEEZATHRERARAI YT LB C NP ALZFBHAE oo X T R, E &, 4% (6581)
EREREEBELE L GRIG T SR T E eevrerermremermre e R ABE KiEMH, L (6591)
AT CEVSA2 B2 ) B A A LA vH AR K AIBB B RBAEFHED -ooeoveeemmereeennenneens BUEE W, EFR, % (6598)
P R A 8 1B -3y T PP WK, A FEHE L (6606)
TR5RR
N R Y DT b L T T PP PP PH PP PH PPN WAZE EBE, T24 (6613)
B R A B 2 ST PP PRSPPI B, T (6624)
B R T EEREIEITREBIEIN corevvrereeeree e MEE T EE RER, £ (6635)
MEE A
ETFABSZRGIBRENEORBAEBIME— VAL FE G AHB] oo, FLA,0 B, E2KT,% (6646)
A E R AR L T EEBETELE M covvverererreeeenn e e Y&, (6654)
e BARA T AR T A5 R R A R R AR B F R R OG- FEW,KHML,E F,HEE,F (6661)
FRORIE R T ik B A DB ARG U L+ oo reereereeneereemtenet ittt ettt ettt BRI, B2 HE &\ (6669)
EREESHE
GIS #rik BB RAA B EANE AW BAEPARIF PRI LI coveererermrmmiii A, ke (6674)

HITIR A S :CN 11-2031/Q # 1981 % m % 16 % 374 % zh % P s ¥70. 00 % 1510 %42 % 2010-12



H 7 2 R 2010,30(23) :6338—6347
Acta Ecologica Sinica

RHETHRLUEKELESERENELSN
5 N.P 3 HRR A EEHFFHFE

AF D HARSE T BB AR R, T

(1. FRCRML REEARY SR S5 A PRI, IRt 21009552, JLFG48 | o AL 2A B/ (LA B, )il 332900)

WE GHFESRRB LS EESRESNA R REESRRZH TR 5T E AN T, XLRUFEE 5 REEY i
SRR ) ERAL 2 PE IR B UIAE G o SR S bR 2 AN S AU IR 07 o, 19 7 BN B 2 B 3 R IR (LR BE W T e A
SRGEVREN SRR SREW (1) BEASREARL AP B AR DRARSHRERETH
Aas AEY)E SR Y U i I T AR A8 G He ) R 2 AR R B, T A AR A A A ) S TS A A S AR W R 2 B BT
Heo (2) XRLTEYEEMEEN, FHD EZFR I EE W E I PR AFE, FANMEYESRS (N P) RRERE
AT EARMARE S, MEANEE ARG EARR AR H R0 BB R EEMEDZ. (3) MEESREAN
BAE,N P YR A YR AR A YR SRR AR W o0 R BB B AR AL, A W R SRR AR ) o0 R R LB B T R
B, M YR RRE YR ERANFIL -+

KR TR S ARG M BGBRAL s AR RSG5 5 37 00 TBIRARAE

Partitioning of vegetation biomass, nutrient storage and cycling of degraded

ecosystems from moutainous Karst region, central Guizhou, China

DU Youxin"*, PAN Genxing""* , LI Lianging', HU Zhongliang' , WANG Xinzhou'
1 Institute of Resources, Ecosystem and Enwvironment for Agriculture, Nanjing Agricultural University, Narnjing 210095, China
2 Botanical Garden, Chinese Academy of Sciences, Lushan 332900, China

Abstract; The system functioning and stability for resilience and sustainability has been increasingly concerned with
restoration and re-establishment of degraded karst ecosystems in the areas with rock desertification in Southwest China.
However, decline in vegetation biomass and nutrient pool has been generally associated with changes in ecosystem
functioning and sustainability. To address the relations between biomass, nutrient storage and ecosystem functioning, the
partitioning of biomass and major nutrients among the different vegetation pools were studied by a pilot study using a
degradation sequence of three karst ecosystems with different degree of vegetation decline from Puding County, Central
Guizhou, South West China. The results showed that: (1) there was a decreasing trend both in vegetation biomass above
ground and in soil nutrient availability as well as nutrient returning through littering, an increasing trend of fine root biomass
and herbaceous biomass with the degradation trend of the ecosystems. The organic matter storage in forest floor was
respectively 10 times as the herbaceous biomass and 2 times as the fine root biomass in the forest stand (FO). Whereas,
the herbaceous biomass and fine root biomass were 3.5 times and 2. 1 times as that of floor organic matter in the shrubland
stand (SH) , and 2.4 times and 1.4 times as that of floor organic matter in the shrub-and-grassland (SHG) respectively.
(2) The nutrient accumulations in ecosystem components varied with the vegetation biomass pattern. The N and P
accumulations in forest floor organic matter were significantly higher than that in herbaceous layer and in fine roots in the

FO, while the N and P accumulations in herbaceous layer and in fine roots were higher than or similar to that in floor
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organic matter in the SH and the SHG. (3) There was a sharp decline in nutrient uptake and decomposition percentage,
with an increase in percentage of nutrient translocated and returned to soil with the increasing degradation in vegetation from
forest to grassland. In particular, the bio-migration and bio-return ratios of N was in the order of SHG > SH > FO, but its
uptake and decomposition ratio in order of FO > SHG > SH and FO > SH > SHG respectively. Similarly, the migration
and decomposition ratios of P in FO > SHG > SH and FO > SH > SHG, and bio-absorption ratio as SH > FO > SHG,
and its bio-return ratio in order of SH > SHG > FO.

The results showed that the nutrient return to soil through litterfall was gradually decreased, whereas the biomass of
fine roots increased gradually with the increasing trend of vegetation decline. This suggested that major nutrients such as N
have undergone a relatively intense translocation and been exhausted in rhizospheric zone for their use in vegetable parts due
to loss under vegetation decline in degraded ecosystems. Compared with the forest stand, the shrubland and the shrub-and-
grassland have been vulnerable due to lower capability in self-sustaining and regulating under serious disturbances. Finally,
it is suggested that the biogeochemical characterization of major nutrients would be an important sector for the functional

stability of karst ecosystems.

Key Words: Karst ecosystems; vegetation decline; biomass partitioning; major nutrients; elemental cycling

FIMA S RGBSR A 550 5 D RE TS B TR BV (T A i 2, T s ki Ak B R SR AL A S i
RHEPEMBBBMASEEEIH TR . SASRESEWREEML, X TR IR L™,
MR ENSERREN RZRER BN HMEARE R VAR, WAFAAESRZRET YRR EN TN HE R,
HEEmTRERTREND . HTHEMRESREF M. HIEAMEE YA SN &M THRERE AR
G BERMEES AR AR TR, B ESRER AW EYR TR RS
AL R AR S RGARE T B A

FE AR R B R AR BTN R S R SR BER M BB, BT E IR R A B R
RIH B RMZE R BERILR ARESRAEBMED, TEEKEE 2, RS, AL EPER
TEEIRIFTE A OB RAE WA M ZE R R E 2B SR AR R T R A . XTHE
W ST 3 X ) SR B0 T B9, Z BTN E T e 27 56 F A Wy Bk 1k 2 7 T i 5 3 200 52 3 2
K A TR L KRS S R TR R AT R IEMMEIRE MRS R AR
A FERGR B AR AE B R R g R AR e e v A, B TR L TR AE S R E AT
R GAE R TR HUE] , LU TR D MO A = A 2 A S R R KR 5 = R LS KR
1 HREER

T 5 b s T 5 48 22 M o X e B3RO K F AT, 32 il A B0y 28 VSR I s i, W8 B ke 2 1
SramEN B A X R B R — LT v A s TR L o RS X MR AR 1300—1500m 2 8], AR, N
AR PR XS, I RIR 14—15.9°C W 783l , - I & 1100—1400mm H %) 70% £+ F 5—9 A
o BTFBRIRELAT Z 0, B e L E—aA KR EF, KM mAR Y 54 XK 30% —
40% , KR E HH SRR PRGBS A Bl TREA K LR TR RR
il , Z BB BAMIEE SRR, TR AESRIE T, KNEIRERZUR T , I R e
MR M BT 2o

WFFERT G R A1 1 B R0 T S5 45 140 359 S AE AU EL A 48 B 3 > 57 9 W B e i A L e, 43 591 Dl B S A
(SHG) JEARM(SH) ANRAETTAM(FO) 3 FAE AE D 2257, HEENRTE 20 tiE4D 40 454X LART AR
BJ5 , FEASINEMHER TR T BW R T MR A EARMETE 20 4 60 £ LERABRREBRH LT
FIRAEEAM, AR R Z BB EBRATI. B 20 4 80 AR, 4 Hh X S0 “ RARMAR T TR )G,
FRARTFIHERFEAE 1, (BATRFEAE B T-H0 Y HAMROL R T 132 HE) o FRARMITAR R 19 B 23 J& 37 F, P34
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Fe AR F A B R4 T ( Platycarya longipes Wu. ) F1 445 ( Quercus fabri Hance) , B 1EZEAE 05 5 Fv AR Z ) 95.
36% F1 72.66% , £ #5078 F#k ( Kalopanax septemlobus( Thunb. ) Koidz. ) .z 1% ( Cinnamomum glanduliferum
(Wall. ) Nees) ; WHIAZEW T H A 7 (ltea ilicifolia Oliv. ) F15tH- ¥ Hi ( Pittosporum glabratum Lindl. ) ,
CEZEESNSFTARZER 57.37% 1 29. 71% ;24 /T A 8 A4 1§ ( Photinia davidsoniae Rehd. et Wils. ) |
2% A6 ( Rapanea neriifolia( Sieb. et Zuce. )Mez. ) , JEARMYIEA 23 B 27 J& 32 F, Lh AR 12 B 13 J§
15 F AR BB Fh B Bt E ( Myrsine Africana L. ) AL FI R M B2 ( Rhamnus esquirolii Lévl. ) 5% . TR ARMBEIE N
FATEY) 5 AR ( <20% ) , EEAHEYIA 21 B 36 J& 39 Fi, FEE AN YA KK EL (Oplismenus undulalifolius
(Ard. ) Roem. et Schult. ), = ik M 48 %% ( Aster ageratoides Turcz. ) , & ¥5 ( Carex lanceolata Boott) , 71k H-Bk
( Polystichum hecatopteron Diels ) , 48 B ( Scirpus trqueter L. ) , i %5 ( Woodwardia japonica (L. f) Sm) , £ £ ¥
( Disporum seeeile D. Don) , %5 1% % ( Epimedium brevicornum Maxim. )%, JEARMAAS 32 £ 39 & 48 Ff, H
FRREAAE Y 9 Bl 10 J& 10 Fh, 1 33 K Ry /N R 3% 2% ( Rosa cymosa Tratt. ) , 7T H I ( Zanthoxylum planispinum
Sieb. et Zucc. ) , K ( Pyracantha fortuneana( Maxim. ) L. ) ; JERMEAMEY) 5 E —K, EAEY) 31 #1 45 )8 51
i, FEEARMEYE B 7T ( Elsholtzia flava( Benth. ) , T B )% ( Senecio scandens Buch. -Ham. ex D. Don) ,{Rf&
¥i ( Eremochloa ophiuroides ( Munro. ) Hack. ) , X B (Arthraxon hispidus ( Trin. ) Makino ) , K & 3£ ( Hydrocotyle
sibthorpoioides Lam. ) ,FRZE#E ( Centella asiatica(L. ) Urban) %%, JEFAARAHEY 19 B 24 J& 27 #, FTEHE RS
FEARMAL; EA R HE R ( >50% ), FEAEYA 21 B39 & 41 F, AP By 7 817 87 #, FEEA
YA BT, M, /3 ( Taraxacum mongolicum Hand. -Mazz. ) XKL, FAEE L

3 AT RE LA HIREA VAR R 2R (R 1) o HEAM(SH) + R (soil depth, SD) FAEHE
T/ (vegetation coverage, VC) 5T AM(FO) WA 257+, MEAN SHEEMN(SHG) ZH EAHRK BEZER (P <
0.01) . VEXEPFIFEARMAEH 1 355 7K & (water content, WC) FI75 HLHk ( soil organic carbon, SOC) & & Z B
AES, SIRAETTAMER BEZF (P <0.01) ;X F LA RA (available nitrogen, AN) FIH % (available
phosphorus, AP) ,3 MM [AIFF7EMR B 2& 25 (P <0.01),

F1 BIBESAEHREEEARIBRERBECPHE  frfi)
Table 1 Conditions and soil properties of the studied karst ecosystems ( mean +S. D. )

A BB AR IR

/ S/ %

Vormion Howin Vegion I REWe Ao ke

8 8 Soil pH value Soil depth Soil organic Available Available
types (m.a.s.1.) coverage .

carbon nitrogen phosphorus

HEE A (SHG)
Shrub-and- 1312—1415 30.7 £22.6B 7.6+0.6 22.9+25.2B  51.32£11.70B 244.60 +72.39C  1.66 +0.57 C
grassland
ﬁrj:lj]tni]SH) 1286—1425 70.4 +32.5A 7.8+0.3 41.35+31.35A 49.68 +20.50B 338.79 +73.23B  2.55+0.79 B

FrAMk (FO)

Forest

BUHE AR KRE F/RR 0.01 K P LEFBE

2 MH5RHE
2.1 HgOAE S EEYRMAE

R FARES JEA J7IR " o 2007 F12008 4R T—8 A #E 3 AR IREALER B MM BORETE P e BRI 3R
b B (3K 1350—1450 m) 5 B i A b , A — B2 T LU g b B, 300 BE 25—35° AL TRl AR o . T
ARMAHE AL TE AR 8m x 25m , FF AR 30m x 40m , FF7E RS W5 R A B BENL B BAE DT 5
A (EARMFIFE T 20m* , FAM 200m” ) , Fe3t 2400m” 8 F DA FIHE ACHR 74 1t A 3300 43 B 10 4 Sm x
4m FIRETT s TR ARARBE TR 73D 10 A 15m x 8m JIRETT , B MEDT NFRCE 1 4> Sm xdm METT . ERA
FET7 TR AR RIS = A2 ( Dy, ) FIAREL, BEA R BE A2 (D, ) FIAREL (BRIETT AR YW 54078 , RIRHE R

1309—1456 83.5+£12.3A 6.9+0.7 42.19 £27.16A 65.56 +10.74A 430.46 +87.22A 3.96 £1.28 A
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FEH IR B SEM R SRR A S BRI B R . 7R Sm x4m BTN A BEHLIKE 1 4> 1m x 1m )
AMEITYERA A , R XN B GE T B A A ) & (herbaceous biomass, HB) ;3f HIEAA> Sm x4m HYPEJT A BE
PLEE 1 2m x 1m BYIFEAE 54 (forest floor organic matter, FLOM ) WLZERE T .

FESLHT R A Y B AR B — & B, X AR IR EOR, R A 5 R I i X B
BRI KA b AR SR P AN AR (1) A (2) A5

S N
TR LIS EYE  AGB, = 0.0775 x Y, Y (DLH);™  (n=30, 7 = 0.9872) (1)

i=1 j=1

Ss N
WEARM EEASEYE AGB, = 0.1319 x Y Y (DLH)P*  (n=232, 1 =0.8842) (2)

i=1 j=1

LR AR AR D, TR KR, Dy EAR AR H AT AR SEARRN S, S, F1 S, A5 AR
FERFPE,N, TN, 43500 T AR FIEEAR RS
2.2 CREREAYE A
AR R A AT 2008 4E 10 A, WAEAEE s BEHL BB S Fl 3—S5 AMRUERIRE , e T
XA PA R B 3 DN ALIEEER T 10—20cm AL AR SN WAL, #% 0—5cm, 5—10cm Fi 10—15¢m
TEHARRE 8em B+ AEIZE A (EFAMAE R BAIR FEEH T L1 20em KL EHH)E) . B EEEA
HE4EH PSR =, A AR R A TUK B S, R R, X & B BRI A AR, SIREAR . AR
BRRIME B v R 5B XS B ERX IR, i — 220 2 MR (<2 mm F
>2mm) , FT A MR R AR A CTE 7 A BB M PIAE AR b (mm) , FIERFhr A o E IR R KO85 0.5 mm)
FREUEE B S B TR (70°C) HHE T (24h) EME , B FRFHRITE, TE AR EY RS LEMRERE AKX
(3) &, 42 (0—5cm, 5—10cm F1 10—15cm) F5WFPGE T 3 A4t 192 A~ L00RE S P &S T HE
A 3 AR A ERRKAT N, B E& LA RE, R IR = RS O A RR R AR
Py (t/hm*)
AARAEYIE (Vi) = FER BN TE(g) x100/(w x (8/2)%) (em?) (3)
2.3 HEY)S TR R LI ST
TEYRE S RE ST 2008 521 7—8 A 7EMFH N FENLIE B W Fl 3—5 ARERMEAERR , 23 3 R BUR T
(B E AR BEARAE) B2 ) 6 EE 24 100g FRff -2 30g, FFIUER 1m x Im AR W EAHEY) . 2008 4£12 7,
T AR AR T AR i, B RE B (SRR ) ML LU ER 5 M 5—20g Aidq o[RBT 7E 2m x Im B}
FERGTE DR T AR S0 V& W3 A it FR B B8 2, P40 1|4 — 2 LU 9 BE AL FR BB B 50—100g #E 5. TR
TR A T0CHEFE LT EAGEE (24h)  FRECT T, ARTEAE 37K SR B AL Hh LA A ) A V5 ) S A W
B R RIS 76 R SR AT 2 IR & i 2 i 5 s s @ RR ALK E BB E , R AR -4 2 L
vk, MR R BRYE - KA BE TR AE , 85 e IR A BLER ( HNO, -HCIO, ) VA fff-J5F ik ( PES100PC) il 5E .
TEEEERCRE ST 2008 4E ) 7—8 H , ZEFEHL N FEHLRAE 30—S50 M3R)ZE 14 (0—10em) , HUFE 500¢
EANRETHRSWRIRE, THEXNT EREYRRGE 60 HifisH, 13 pH ERAH(1:2.5 1/
KR ) B AR RE , R PR D AR RTINS E AL, B2 ZUR YLK E 2%, BUSECR AR
fEY B, 2R A S SRR TH Z A B bt Lk, AU R A 0. Smol/L NaHCO, 42 X -4H 86 40 bb 8. 1%
mE
2.4 BARLE 5500
SERBE TR SR 2R 5 22 70 M (ANOVA ) Hl Tukey (HSD ) AR 54T A0 3 (8] 2 B0 R & PR B, SE i1t
G ¥ SPSS13.0 1 ORIGIN7O |47
3 &R
3.1 ABRGHEYES
ARAEBRGZERRGEHAS Z AW EVBRAAEREER (K 2) . FIAMRKEE Y EFH S EVED
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ERTHAMAERE N AR, T ARMARAEY BB E S THAM(P <0.05) MR (P <0.01) 4
WREYE, EIRANEHREY B SEAMNE A 257, THRFAKRER R EY R BERTEAM(P <0.01)
FHEFA(P <0.05) . FEAMEAEY SHEREDBEERTTEEA(P < 0.05)  MEYEEDESHER
B ZES

SNMEBRENARAS ARG SEWBRILGIZNAE . EAR WEDZEMHARIH] 5T
HY ) 0.25% 2.04% F 1.33% ,FEVERM R G H 43 H] & 22.09% 6. 37% F1 13. 47% ,FEVEE N R G 41
H124 20.65% 8. 68% Fl 12.00% . TEIBALT™H BFE F AFIREAM AR A Y B B2 = T B i v 1 2
HYE (P <0.05) ;SR AN PRI ENZEYBEER TEAR, SERBAZEH.

R2 3NESRETRAARZAEMESH(FE SN NRHERS.E.)

Table 2 Distribution patterns of components’ biomass among three ecosystems(means +S. E. in parentheses)

b LR AR ik 2 0—10cm +ZA A4/ (/hm®)
TP /(t/hm?) /(t/hm?) /(t/hm?) Total fine root biomass of woody plant
Vegetation types Biomass above Herbaceous Floor organic i TE4IAR FLANR
ground layer matter Total fine root Living fine root Dead fine root
W 1.96 ** 0.69* 0.29 ** 0.401 ** 0.251°* 0.150 **
Shrub-and-grassland (0.35) (0.11)A (0.07)Bb (0.059) ABa (0.053)B (0.037)B
4.47** 1.70 0.49** 1.037* 0.505 0.533
Shrubland
HEACH Shrublan (0.55) (0.32)A (0.09)Bb (0.198) ABa (0.103)B (0.204)B
139.58 0.36** 2.96 1.927 0.735 1.192
IRAH Forest (14.47) (0.13)B (0.48) Aa (0.159) AB (0.089) ABb (0.070) AB

* & i S HIRRARFE RS 0.01 F10.05 /K FERBE, KEA/NEFRE RN RGNIERE 3£ B Z IR FH 4 2 5
0.01 1 0.05 /K -5 B3

3.2 ABRBEKANFRO GRS RNE
3.2.1 EBRERANFOEE

ARRGEMFAA S ZEEFR0 & B ERHEZER (K3) . BEANNEZARSEY N TEEERT
FEARM(P <0.01) ,HIFAMERZHEYFRL N &R EE S TEAMMERAP <0.01) ; BEARMAAE
VP SBEBERTIHAM(P < 0.05), MFFANEL P B EER THEANFEREN(P <0.01),

R3 3NMESRETRAHESNFS B (FHHE = frHER)

Table 3 Nutrient contents of components among three ecosystems( means +S. E. )

i Lt eS| ARAHEY) FAHEY) A WigyE K1 (0—10cm)
Nutrient Vegetation types Trees Herbs Fine roots Forest floor Surface soil
R/ (g/'kg) W2 M Shrub-and-grassland 10.71 £0.92B  9.74** +0.48B 16.68 £3.39A  12.24 +1.18AB 4.09** +0.12
Nitrogen JEARAM Shrubland 8.63£1.14b 7.92** +0.32b 14.51 £3.86a 12.16 £1.20a  4.12** +0.19

Fr AR M Forest stand 3.04** +0.27B 15.88 £0.96A  14.83 +2.11A  13.02 +1.63A 5.29+0.16
W/ (g/kg) HERE M\ Shrub-and-grassland 1.22 +0.28n.s.  1.71 £0.07n.s.  1.30£0.24n.s.  1.55 £0.17n.s. 0.195** +0.004
Phosphorus WEAM Shrubland 1.51 £0.26n.s.  1.56 +0.11n.s.  1.43 £0.2ln.s.  1.75 £0.31n.s. 0.185** +0.005

FrARM Forest 0.78* +£0.08Bb 1.79 £0.07A 1.38 +0.13ABa  1.54 +0.30A  0.284 +0.006

o H1# SPHIFRAFE RGEM 0.01 #10.05 K 1R B3, KEM/NG TR HIZR RGN HERER L Z SR IFL 5 2 8 0.01 F10.05 7K
FPLEFEBE s FRBEHER

AENARAD ZERFRS S RBUFERVEZER(KR3) . EEMIR N SRBER TASEYME
FHY(P<0.01) , SHEYREEA ZR EANARIAZHYZE N SEEER TAFHY SE4AEY N 5
B (P <0.05) ; MHEAMFRE AR AASHEY) FEAEY) ARAAEEYZZ0E P SBEAER FANESR
Y AIRAREYE N SR EER TASEY (P <0.01) , MEAMEY (P <0.01) &Yz (P <0.01)
MR (P <0.05) ) P & B BER TASEY , MRS EA MY M EDEREZR . ARAMEDZED R
GIRE TR W EZASY, ENNFRD T ERREAESRERMEIPERKPAG, T L, FEEES R
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Gept— 1B AL , KAV AR X RGE TR AP KR B4R =
3.2.2 ABRGADTHMERRENAHER

SR, BARE R T3 & N RS N R BB R T I AMFEASK, TR AL AR A £ 5
Hhg N FIARGES N fER M & TIRAMN (BREE A SRE MR, RLE2 P EMESHEEAZEL T
MRS (R 4) .

F4 INEBRGERL(0—10em) EEFH (N \P)EECEHIME + FrdER)
Table 4 Major nutrients( N and P)in topsoil(0—10cm)in three ecosystems(means = S. E. )

Fror HE A FrAM

Nutrients Shrub-and-grassland Shrubland Forest ¥ F Sig.

4>, Total nitrogen/ ( kg/hm? ) 3746.82 +110.24b  4304.83 +198.29a  4290.00 +184.67a 2 4.007 0.021
F AR Available nitrogen/ (kg/hm?) 205.95 +8.80 B 330.82 +11.30A  322.06 +11.97A 2 46.653 0.000
4% Total phosphorus/ (kg/hm?) 178.78 £3.95 B 195.08 +5.90B 238.58 +12.64A 2 15.777 0.000
%8 Available phosphorus/ ( kg/hm?) 1.40 +0.07C 2.44 +0.13B 3.08 0. 16A 2 48.671 0.000

HE 1 A0, FRARMAP R T IRER (N P) HAES RS H EF 2 B2 85% LU L ASEYE N Fl P 374
ERRAHEARZ M 10 5, EARMAERE ARG MEARZ 52 L N AP BER 60% UL, #EARMFIE
HENEARZ N REBEENEDZN 2 54  (HEANERZ P HEENMEYE 2.5 /5, MEENELRR
P R EAEEDIN 3 £S5 TEARMMEIEYZ N F P AR D E S TEARZ AR SH N P R, BAERL
FREEANEEANRGE D MEDEHRTEARR, F 5EARA S #E, TR ERKENES RS
o AR S X A S R G EREA T EENEA.

3.3 EBRGERSEA

123 MR ES RGE S MYX N R AW RCRAEX L P RE (N > P) T P RMAYIRERL N
F(P>N), HRUMARRGEH P ENEYEIBRMEY M ERCIAWMK ZEMN R, MEEASREABHR
1k, P RIEYEBRLE S KOTREBRIT a8, ERUEENESRET FEERTRENEY TS
RMEY I ERITZ:K >N > Mg > P > Ca(KS5) . 7EFAMS P R EW TR R4V iR B
B, IR RAEF AP > K > N > Ca > Mg, Y @FIIF K > N > Mg > P > Ca(K5),

N REAYTBMEYIRIERECOER N > EARM > FTFARMN, EYRBCRAEY SRR TR >
ARPR > FEET P REYEBED HERECITIARNK > EARK > EREN BAEYRBCHERK >
FEARMR > BRI, AYRERECAEARK > EEN > FFAMK,

4 itig
4.1 EWESHESFHFSHE
B FFRmE FARRIHHFMRAEDS R, KT TR Z 0G5 WK E B8 15 RGEA R4 5% T4 Uk

BRERVIARSE o A4 53T HlR A Y4140 0 E 3T U A FIAIAR IR o R AR, AT
RAMES R RABEENA D BRAFTANAREY BT EYAFTREE R TEANK(P <
0.05) FIEFR(P <0.01) HFFARMEARZAEYE B ZRTHEAM(P <0.01) MFEFEM (P <0.05) , i HLAE
BB O AT AR AR A AR B L R AR R LB B R TR (3£ 2) .
FARMES RGN EIAAEYRE IR G B S EA Y MAREA 25 (R 3) [HHEYZ NP R
RERERTEARMAR, 7T WAE YR B UERNESREFRMEINRAEEZEN . FEREAMME R
I EARYI IR SR S BT IE I MAIR B 250 (£ 3) (AEAZEFR TR RENE THEYE MR
Hor (1) AR EMEDEEAR BEER, T RERKENESRET, FARN REYFRIEHRMHRR
BHREZEM. ASITAMMEYZ YR EZIR) (N P) RBE W TEARMARERLD, A
HE R IR 2 A Y B AFR I BRR IR T R AR G YIRS 5 s U A FEE LA BB AL , R 7 0l 1 i
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TE 8 78 R i SR A LU B B R R 3, AT S B0 L SR A B T o ol e Tt B, B AR BRI 1 DA
ARG MG PEALANBT o RN, TR0 O RV, A S R I ER I IR AR AR P AR AR AR
117 L 2R 90 R 7 30 o e e BV 3 40U 0k 1 SRS K, PR A AR A B A R GE B3R TR BB 359 ™ A R
FAMRG A BERMHT I A RIS ™, Rk MR

RS INESREEFTRENENRY R TBFHE

Table 5 Absorption and migration characteristics of bio-elements in three ecosystems

FeAMEER R B2 W25\ Shrub-and-grassland

Nutrient recycling efficiencies N P K Ca Mg
A R i R %X Biological absorption ratio/ % 522.19 434.30 — — —
H WIiT R R %X Biological migration ratio/ % 194.28 119.58 216. 88 87.47 144.38
He W38 25X Biological decomposition ratio/ % 173.58 53.44 570.79 59.31 148. 63
H MR A R %Y Biological return ratio/ % 300. 83 812.76 - - -
Biological absorption N>P

Biological migration K>N>Mg >P>Ca

Biological decomposition K>N>Mg>Ca>P

Biological return P>N

FAMER R B2 WM Shrubland

Nutrient recycling efficiencies N P K Ca Mg
A R i R %X Biological absorption ratio/ % 497.49 573.43 — — —

H WIiT R R %X Biological migration ratio/ % 129.06 119.55 129.45 73.32 77.36
He W38 25X Biological decomposition ratio/ % 175.90 60.98 473.71 95.29 121.90
H YR A R Biological return ratio/ % 282.83 940. 42 — — —
Biological absorption P>N

Biological migration K>N>P >Mg>Ca

Biological decomposition K>N>Mg >Ca>P

Biological return P>N

FAMET g2 FrAM Forest

Nutrient recycling efficiencies N P K Ca Mg
A R i R %X Biological absorption ratio/ % 534.38 528.04 — — —
H YiE R R X Biological migration ratio/ % 128.04 151.15 134.42 91.93 91.82
He W38 25X Biological decomposition ratio/ % 219.74 101.52 402.32 45.56 201. 88
H YR A R Biological return ratio/ % 243.19 520.15 — — —
Biological absorption N>P

Biological migration P>K>N>Ca>Mg

Biological decomposition K>N>Mg>P>Ca

Biological return P>N

WA BRRE = (BHFRSER/RLFNER) <1005 EYTHRE = (BHFRoER/EIFIEE) <1005 EY 0 R = (&
MgRor S R/ BRI &) x 1005 AYIRE R = (REWEFR & /R IFRTER) x100

4.2 EBRERDIEF

AR MRV RIS Mt A S R G0 T BRI 7, 3R BT RIS A 38 B 18 3135 19— b
BERFHRME S o RREFRRS &RV BES , FIIIFFARFR T N(P <0.01) 1 P(P <0.05) & &
BEMRTEAMMET, MEARTESEABRAREZRGRS) HENREN I NP FRNUE S THEAR
RIFD(FS) , DLW SRR LL DX AR o 1 35 40 U RSRAR XS LI AR AN 1 M BE A 4 5 R AR ITIR
1, HHEARA IR B BB U AR , M3 5 3 7 3 4 R PSR B MRS 448 2% LASE B a8 3R 550 o 3 4
FEARMMPEHAR T BN AP TR B E R TEANS (RS) , R FEAR @S FERTR R R XA
B H)— P B R
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2490 | BTN A 28l TP A
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ES470 - mEE RN EEIR[ W SAEPHR
€ 5460 == IHAMNGE A S 518 = wEaipER
<2450 | Szller
= O L =
2 440 | I £
w£4w= B2 {15 L
= kS xS N
®E 60 gi g B
&E S0f ®E 7L
FE 40} HE 6
E] m23 S|
E Z 301 A CE af
3 20tp 3 3¢
S 10 s 2
z 0 e : R &~ (1) N A N\
AN HEAR ARk AL VN HEAR ARk
Shrub-and-grassland  Shrubland Forest Shrub-and-grassland ~ Shrubland Forest

Bl 3MERRENMP FRANFIEELE

Fig.1 N and P accumulations in different components in three ecosystems

X—NERESRET S , Fe MR FERRA RS NAE S RAREENEEREY  ROMEHE
BRI EERHEE R SRR 2 R AR E . FRAAEZS RERIFR MBI BT
— RIHEFRIIEM , 1 40 25 R A R 2 B3R A U R B TR R B AMR R BORIR 8 R B, X S8 AR
SHRAFEBYIMAE o 763 MES RGN, TR TG RR B E 5 THAMFE A, BT AN
P 1A WA FIBCRAR THEAMRIE RN (£ 5) . BATTAMRES KTEWEWTBEIRFRP > K > N >
Ca > Mg, SWHHEHHIFESEE(P > N > K > Ca > Mg) " 2F L HEMELSREANEL,P X
(A W) TE R R TE TR BINUT h BWTEAR (£ 5) T H P ZEMRICRIET No SIS £ S RER
WHE AL, P R IR B AR AR N TS E RS, Bl 0, R S 5R ETRE TR, 184
WISV T R A K BRI MR (P) I RN BRI R BB 11 B 1%, VLRI E AN FIBR I 558 F
BRI P35 43 R R R BT R &

5 #ig

ABFFERT T W 1L X R FIHB A FR B AR A8 R G4 AN W B 2 B L3R A A TR . S5 3k, 18
BACE T R AAFIE B AP R AR RS A AL A B LB B E S ThRAM. MTEYE
AL JBALAE S R IE A WA 105 0r BB L E W R R MR . BREANMET 5
OB BER TIOARRRRT BRI ARF I THREM 503740 & B8 THEAR R, Hoft A W41 4 2 Al 1 37
NEBBAES . HEMEER AL RBEIR MR KA SR GBI, A SRR
S SRS R B B 2 N 3R 40 TG R TR A 2143 18] K AN SR B JEG A R 280 , A 5 - 3 o 30 A R I
WIS L 75 RGN TR MR UR I 20 i SRR
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