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FEE AEVLIRER U s B ALK BT (Spartina alterniflora) 88 EFGHE(MF) , HAEK R AL 1a(SAF-1) ,3a( SAF-3) ,5a( SAF-5)
1 12a( SAF-12) BEHb , SREE 0—20 em )2 IR, 40000 22 384 HLEK (SOC) it [ A HLBK ( RC) FiEPEA ALK (LC) &,
WAL (C/N) , H 3 AR AT ALER 1 8" C H, /3BT BALK B 0] AR oh R HUR A 43 A BORIRAEfk, 45
FEW:(1)SOC RC.LC FEHA T 0.82—7.60 mg/g, 0.58—4.02 mg/g Fl 0.23—3. 58 mg/g, i1 i fifi 52 i3 184 4 34 SAF- 5>
SAF-12>SAF-3>MF>SAF-1, AfZ 12 a 1) SAF- 12 ¥ % + SOC it e K AR RRICA B R K 1.8 v/hm® . (2) HAEKFE IR
SOC.RC Ml LC & 843514 0.06—3.01 mg/g.0.04—1.06 mg/g A1 0.03—2.00 mg/g, 45 i 5.75% —47.40% 6. 77% —31.77%
13.20%—64.40% , HAELKEIRIE SOC RC LC FH I il 1 22 15 38 4 34 . SAF- 12>SAF-5>SAF-3> SAF-1> MF, (3) HAEKE
YA SOC RC \LC &4 | Wl 5 AR A B 3 IE AT 54 (P<0.01) . HAEKFE AR LC BIEIER X RC BISZIHE/N, (4)
Bl 2 AR R3S, BAR K RORIRAE DR A RS T 3 SOC 414y, DL 25 RER 5 0 ) B 8K B3 10 A (R REf%
PR IR AE

SR L 0L ] 1 BILBR 5 3 PR DB s R e Bk R 6 3R 5 B MLB 2 4

The effects of Spartina alterniflora seaward invasion on soil organic carbon

fractions, sources and distribution
WANG Gang'?? ,YANG Wenbin' , WANG Guoxiang”,LIU Jin'e”* ,HANG Ziqing’

1 College of Environmental Science, Anhui Normal University, Wuhu 241003 , China
2 Jiangsu Key Laboratory of Environmental Change and Ecological Construction, School of Geography Science, Nanjing Normal University, Nanjing
210046, China

3 College of Urban and Resource Environment, Yancheng Teachers University, Yancheng 224002, China

Abstract ; The exotic C, grass Spartina alterniflora was introduced in China in 1979 and transplanted to Xinyanggang coastal
wetlands in North Jiangsu in 1989. Then it had expanded rapidly on the mudflats and become one of the dominant vegetation
of local salt marsh. S. alterniflora invasion has affected comprehensively on biodiversity, sediment characteristic, landscape
and especially on soil carbon cycling of the local ecosystem. The effects of S. alterniflora invasion on soil carbon cycling in
China had been widely demonstrated; however, little is related to how the S. alterniflora seaward invasion influences the
fractions and sources of soil organic carbon (SOC). The purpose of this study was to; (1) compare SOC, recalcitrant

carbon (RC) and soil labile carbon (LC) pools at 0—20 cm depth between S. alterniflora salt marshes of different seaward
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invasion period, and (2) evaluate the effect of S. alterniflora seaward invasion on SOC, RC and LC sources through stable
carbon isotopic analysis of8"”C. In June of 2011, five sampling sites of mudflat (MF) , S. alterniflora salt marshes of 1-year
(SAF-1), 3-year (SAF-3), 5-year (SAF-5) and 12-year (SAF-12) along Xinyanggang coastal wetland were arranged and
three 1 mX1 m sampling plots were randomly selected at each site. The different invasion time of S. alterniflora was
identified based on historical marks. Three topsoil (0—20 cm) cores were taken at each sampling plot and the soils are
mixed for the determination. The fresh plant and litters of S. alterniflora were collected in each plot. The soil samples were
analyzed for SOC, RC, LC, and total nitrogen( TN) concentrations, C/N ratio, and 8 C of SOC and RC. RC and LC were
determined following the acid hydrolysis procedure. The leaves, roots and litters of plant were analyzed for 8" C.
Meanwhile, soil water content, soil salinity, grain size and plant biomass were determined. The results showed that; (1)
The SOC, RC and LC were between 0. 82—7. 60 mg/g, 0.58 —4.02 mg/g and 0. 23—3. 58 mg/g, respectively, and
increased as the same order of SAF-5 > SAF-12 > SAF-3 > MF > SAF-1. The highest value of SOC occurred in SAF-12,
where the SOC accumulated byl. 8 tC / hm’® per year. (2) The SOC, RC and LC derived from S. alterniflora were between
0.06—3.01 mg/g, 0.04 —1. 06 mg/g, and 0.03—2. 00 mg/g, accounting as 5.75—47.40% , 6.77—31.77% and
3.20—64.40% of total SOC, RC and LC in soil, respectively, and increased with the same order as SAF-12 > SAF-5 >
SAF-3 > SAF-1 > MF. (3) The contribution of S. alterniflora to SOC, RC and LC significantly increased with invasion
time (P<0.01). S. alterniflora invasion increased soil LC more than RC. The fractions of organic carbon in soils
performed a significant positive correlatation to S. alterniflora biomass and sediments grain size. (4) The fractions of SOC
were changed significantly by S. alterniflora derived SOC inputs ( P <0.01). The results indicated that exotic S.
alterniflora was of great importance to carbon sequestration in the Yancheng coastal wetland because of the high input of the

organic carbon from S. alterniflora and alteration of sedimentary environment by S. alterniflora.

Key Words: recalcitrant carbon; labile carbon; 6" C value; soil organic carbon fractions

b 1 A HLER (SOC ) S A BRI b hsk 127 Y T B2 4 B 43 , Xt S ERBRAGIAAG EHE R, SOC Hh 48 Fh kB
AR WA [ 5 T AT LAY A [ A WL (RC) FI3E PEA HLRR (LC) Bk . — ki &, RC 5 SOC
FLEE K, BB A AR T v X b 3 A 1) 1 30 1 47 DA R 38 i 3 R LC ( SOC HeEE /) AR A
o B AR G P, SRR B AR A S B R AR X — A X 5 LC I RC ORI R T b R A S A
TR LFRATF S () B Ly T o SR IR Ve Y 2 T ] o AR e K | A S 2RI 5 4 | A A i S 24 1 AR D)
SRR AR IR B G, 1989 AF SR IRV VTR S | A T AR K K R e 4 AR e /) 1 AR
Ffvhe , 22 i i 2 T 0 VAR R 7 e 2 A R T R A B AR K R R X SR A S R G e T R R
Hp e FHACK T AR G 588 HLTRR & A8 1k LA R 23795 sl 25 55 J T A0 52 i [ 9 A0 B2 K SOk 4
TR KR SRR Y C N BRI B T — B e g ARG T AR K
TE TR 1) AR B o0 6 HUBR 2245 4123 (R DUk FL R DL R AR A a3, M e = SR AIF 9 . A6 e 458368 1) A\ 1R
ANFAEBR 4 B ALK FEER B AE NI X 4, B3] R 3k 0 V52 0 b B A6 K 500 1) AR FE v, %6 £ SOC \RC . LC Al
B I 1 25 1) 43 A SRR AE SR 26, R C /R B3I 8T BAE K BEXT SOC \RC \LC B BTk, IR A BR AR B AL K L
AT ERTE A ek PR A Yy M ER AL A0 PR R s i R AL S0 K
1 HRBREHARFH*

1.1 BRI

TR I T T b XV 1) AR 1 L AE K B ER TR (33°35'—33°38' N, 120°30'—120°40"E ) 1 A B 5% X J5k
HAEK L [ AR IR R, TR A BAER ARG IR B T R IEFLU — 1 BAER B ERVR . AR IX A
T AR ) B TR T Aok b e MR Y R KU X AR SR A T 13, 7—14. 8 °C ZJA] AEREIK 5 900—
1100 mm, H G4 STEEE 487—508 kI/cm®, DX A T-HUMR /I 1 0 i A B8 5 I 91 ol 9 o] B AR U Ay - D ke -
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HALKTEL(Spartina alterniflora)) Wi-E5 HIBHGZE ( Suaeda salsa) Wi-11 55 ( Phragmites australis ) ¥,
1.2 W55k
1.2.1 R SR

SRFET 2011 4F 6 F kAT MR8 BALK SRR I 0] A AN [R] ST 5 R  GRE 2011 AEoK B A f24E 2009
AEKEAARAL 2007 AEAKFAAZAL 2000 4K BEAARAL , A= ISR 352 0.1 .3 .5 12 a, 435 F MF (mudflat) |
SAF-1(S. alterniflora flat of 1-year) .SAF-3(S. alterniflora flat of 3-year) .SAF-5(S. alterniflora flat of 5-year) .
SAF-12(S. alterniflora flat of 12-year) /s (Kl 1,3 1) . AR TIAR I AS [7] Bof 1A 228 Jok (5144 & I AR AR 9 1
SCINTAR S E . B FEHBRENLIE 3 4> 1 mx1 m WMDY 2 SR G0k 5 0—20 em UREEAY T 3EHE i
VERARGAERE A, PR T1 R AR - REAT 0] SE56 3 I 25 5[] i SR AR AL T N BLAE R R bk StV ) .

N
®BOA
,% e s i
MF
.°§AF-1
o SAF-3
o  SAME
SAF-12
s ;
= [l =
FE 51 “ Jeik
- g
WGV
O R i
) | | 0 0.5km
120°36'00" 120°37'00"

1 AREMRESSHE
Fig.1 Location of study area and sampling plots
JEME MF Mudflat; AfR 1 a BAEKE I SAF-1 S, alterniflora flat of 1-year; AR 3 a HAEKEERTH SAF-3 S. alterniflora flat of 3 year; AR5 a
HACK IR SAF-5 S. alterniflora flat of 5-year; A7 12 a HALKFALIH SAF-12 S. alterniflora flat of 12-year

F1 MR
Table 1 Descriptions of the plots

FRMEHEIE S /km

FEHL . Tk ENS R Y (g/m?)
Distance from . .. L.
Plots Soil water content/% Salinity Grain size/ ¢ Biomass
the seawall

SeHE MF 9.55 45.27 1.34 3.49 0

2011 AR AZAL SAF-1 9.30 41.94 1.38 3.64 64.25
2009 AR EAZAL SAF-3 9.16 48.75 0.75 4.07 762.11
2007 4 KB AR AL SAF-5 9.04 50.97 2.33 5.68 2470. 64
2000 AR EAAZAL SAF-12 8.35 35.07 1.02 5.53 1028. 66

FeE MF Mudflat; AfR 1 a BAEKFERTA SAF-1S. alterniflora flat of 1-year; AR 3 a ALK FERTA SAF-3 S. alterniflora flat of 3 year; AR5 a HAE
KFERVR SAF-5 S. alterniflora flat of 5-year; AR 12 a HAEKFERTHE SAF-12 S. alterniflora flat of 12-year

1.2.2 FEAAE SR E

FPIRE L 50 CHET 2 1H T, AR A VAN B K B A bk AR A I AR G V% 0 43 50l FH K BB 4Y ( Resteh-
RM200) #FJE 5 100 H i

A 452X+ K 43I (L ( TRIME-PICO64 ) 3370 + 387K 4, SRk, IRA T4 50 CHET &
THE, WFEE L 100 Hiff, #OBKEE Y (Malvern 2000 ) I 358 JF ALK B HL SRk I B 0 LG S0k s &

http ; //www. ecologica. cn
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(Total nitrogen, TN) & &,

PR AR 43 B [ R A (RP) AILIE LR (LP) < DA HCL ¥R (1 mol/L) 3 b B 24 h 75 5 - A L%
(SOM) , FRHL 500 mg SOM FLAGRE , A 20 mL H,S0, ¥ (5 mol/L) , % EJ57F 105 C 4 F W% 30 min,
B (TSR IR AR S, AR 20 mL ZEIROKIE VE, WEURBON A RRE b AR B L 1, FIARERE 60 °C
HETJEHH 2 mL H,S0, %W (26 mol/L) =R FRAGIRME 12 h, SRIGMAZEZEKH B H,S0, W % 2 mol/
1,105 CAMF N HERAE 3 h, B0 (M2 BRI ™) J5 i 3R 7 FEH 20 mL 2848 /K8 Uk , V8 VR 250 T
ARRf#Er=Ph 432 P 1L, LP [mA LP 1o 453 LP, Fla5kis HZE K IR VE PR, e R B e PR E 1y
Hiir 60 CHET 155 RP 5L,

[R5 2 i 1% 4% ( Sercon intergra CN) MAE AL S 87 C,SOM FEdh 67 C Fl SOC,RP k4 8°C Fl RC,

1.2.3 FdRgeitor

RIS HHE R G E SPSS16. 0 147 22 5t & MEAG 58 AR Gt 447
2 BEREHH
2.1 HARKEERAR T AIBAM A LA AR A L7 RRAE

SOC .RC.LC &4 4 F 0.82—7.60 mg/g, 0.58—4.02 mg/g. 0.23—3.58 mg/g, & it = T H .
SAF-5>SAF-12>SAF-3>MF>SAF-1, JEAS 15 30 Hy il 1] V5 3 0ok 53 A1 O RRAIE (£ 2) . SAF-5 A1 SOC \RC \LC {H
K, BERE T HARH (P<0.05), SAF-1 £ SOC RC \LC F AL, 5 MF 23 KR8 3E (P>0.05), B &K
T H A (P<0.05) ,

SOC ff &/ T 3. 820—21. 715 t/hm? , K/NIFJF K : SAF-12>SAF-55SAF-3>MF>SAF- 1, [RIARE 5 by il 7] ¥ i3k
TR AR (26 2) . SAF-12 #E#lL SOC fifi i fie i, A 21. 715 t/hm® , SAF- 1 ¥: 31 SOC i i e ik, v 3. 820 v/
hm®, SAF-12 FEHb 5 SAF-5 #EHL, SAF- 1 FEHb 5 MF FEh 2 55 AR 3% (P>0.05) |, HAbFEs 0 22 6] 25 53 g 3
(P<0.05) .

C/N AT 5.80 —8.80, K/NIUF K : SAF- 5>SAF- 12>SAF-3>MF>SAF- 1, i [l 16 1 2 T (% 2) .,
SAF-5 ¥ C/N fefm, o~ 8.80 ; MF A C/N H¢fik, >4 5. 80, SAF-5 1 SAF- 12, MF il SAF-1 Z [B] 22 % AN 8 3%
(P>0.05) , HoAthRE 9 7 2 7] 22 53 8. 3% (P<0.05) .

F2 TEAVE GEER,EERSE FIBREE SRRELL
Table 2 SOC, RC and LC concentration, SOC storage, TN and C/N ratio in soil

Bl ﬁm%é‘i I 'fiﬁi%é?i ‘Eﬁﬁff”zé?i B HLbRAE BA ‘ B
Plot SOC concentration RC concentration  LC concentration SOC storage TN concentration/ C/N ratio
/ (mg/g) / (mg/g) / (mg/g) / (t/hm?) (mg/kg)

S MF 1.05+0. 15d 0.67+0.05d 0.38+0.08d 4.227+0.331c 177.63+12.55d 5.89+0.48¢
2011 4F KB AfZAL SAF-1 0.82+0. 13d 0.58+0.09d 0.23+0.07d 3.820+0.347¢ 141.04+10.03e 5.80+0.53¢
2009 AR EAfZAL SAF-3 1.55+0.24¢ 1.02+0.05¢ 0.53+0.02¢ 5.053+0.682b  218.20+6.92¢ 7.11+0.52b
2007 4F K EAZAL SAF-5 7.60+0.22a 4.02+0. 14a 3.58+0. 15a 20.364+2.195a  863.54+10.03a 8.80+0.62a
2000 4K B ARAL SAF-12 6.35+0.30b 3.36+0.16b 3.00+0. 11b 21.715+1.970a 727.45+21.72b 8.73+0.42a

[l —F AR TR R 22 5 .35 (P<0..05)

2.2 HARKFORFEATE ST

C, FHHII 8" C N -36%c—-23%0,C, FHYIH) 6°C K —18%c—-10%0""" | AL AT MMy ¢, HY), A0F
FEMAF ALK EL 8 C HA T-12. 15%c——11.52%0, MWEALKFARFF 53 6 C 2257 KF i 87 C B3 /)
FARFAGE D) (P<0.05) WRS5HEY Z1H 6°C 27 AR B E, LMt AR 258" C FIMA-11. 82%AE N B ALK
Fakk 8" C FREAE.,

HACKEWG M ARG, T EACK A YA B SR A5 00, 25 FEHLZR 1+ rf SOC  RC 11 6" C A Bl B ALK FE
N AR BT [E] 3 1) 2 2 ka4 (3R 4) o DUISERENE R xd B (B 38 AR 4 %o B AR K B [ 7 56 DX 35 M A
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AT LA 2200 KRAE U G IR A AR R 10200 (5 1) MR B AR K BB A ) 3% - R STER Y SOC (RC HL F (X 2)
AU TR 4331 A K B R (36 3 ) FOETE AT 6 C (i (% 4) .

8°C,,, =fx8"C + (1 -f) x87C,y (1)
6]3C _ 813C y

- new 0 >< looq 2

/=55, - a0C,, ’ )

o f R ALK TRk A Bk SOC gl [E YA ML RC Hel, 85 C,,, 187 C,, 433k H ALK FLEL H A1
ST IR+ SOC RC 87 C (H (F£4),6°C,. BUHAEKFAERRM AR A7) 67 C FHME-11.82%( £ 3) .
HRAE B SPArR R (53 ), AT LC AP A K B mk A L)

ch - 0500 stoc B HRC Xch (3)

esoc - eRC
K fre fre fsoe 3 Z7R LC RC,SOC ™ B ALK B STHR 1Y LA, 0y O 73 01 7R 16 AT ALK RC ., SOC
i,
FH T ) i B AE K B BTEREY SOC \RC\LC B2 EFHEFH (K 2) . AR 1 a BY SAF- 1 FEHb B ALK B DTHR 1Y)
SOC .RC.LC 433124 0. 06 ,0.04 0. 03 mg/g, 4515 5. 75% .6.77% .3.20% , b5 FE V5 AR B[] O BG4 | B 48K
B TTRRAN BT 5, AR 12 a (1 SAF- 12 #£31 SOC \RC | LC H ALK B BTHR 4351 #5ik 3.01.,1.06 .2. 00 mg/g,
ik 47.40% 31.77% 64.40%

*3 EWKXRHFS'CHE
Table 3 83 C values of S. alterniflora

THY)FE S Plant material M Leavf R Root Ki7%%) Litter
8C / %o -12.15+0. 14b -11.70£0.25a -11.60+0.07a

[R—17 R R B R 22 5 |3 (P<0.05)

F4 TIBHHIE SOC. W EMER RC A9 6 C EF1 RI
Table 4 6% C value of SOC and RC, RI. in soil

Fed AT HL 5 C TR 51 C BATHLER RI TAEK SRV B RI,

Plot 8C value of SOC/%  8°C value of RC/%0 RI; of SOC/% Rl of S. alterniflora
derived SOC/%

SR MF -23.93+0.21a -25.58+0.35a 64+3a —

2011 4K EA AL SAF-1 -23.24+0. 19b -24.66=0.20b 71+4a 84+1a

2009 4EK B ARAL SAF-3 -22.47+0.23¢ -23.99=0. 15¢ 65+3a 63+3h

2007 4K EAfZAL SAF-5 -21.53+0.38d -23.43+0.20d 53£1b 2+2¢

2000 4F KB AJZAL SAF-12 -18.25+0.22¢ -21.25+0.28e 53£3b 36+2d

RI . W EPEMRFE EL Recalcitrant index

2.3 SIEHE MR R HZE 5

H ALK R Y TR RAR &S i 3R S A ML & 1) R B F (3R 5) (BB ALK EORIE SOC
RC.LC 5K AY R IR EHE LR (P>0.05), HIEE/KE HESEEEA RS &2 0 R E L
KAR(P>0.05), fEHALKFG M AR IR A A RE RN 5K S STk ML i e H fy + 3%
A LR A LA 2 LS i 5 AR BT TR 53 E AR C (B 3, P<0.05) , SOC RCLC HVH ALK B 1 RRAF
TIERM 0.27.0.09 0. 17 mg/g, STk LI EE4F LT+ 3.85% \2.45% \5.46% .,
2.4 A3 E R L

AR 2 4 5 E RS R (RE)

RI, = O 100% (4)

S0C
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Fig.2 Concentration of SOC,RC and LC derived from S. alterniflora and other sources
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Table 5 Correlation between C concentration and parameter in soil

R A T hitz TSR otz TN
Parameter Biomass Grain size Soil water content Soil salinity
A HLAR SOC 0.889 0.986 " -0.045 0.542
KB RIEA HLER SOC derived from S. alterniflora 0.548 0.884 " -0.532 0.102
HAb WA WL SOC derived from other sources 0.967 ** 0.914 " 0.242 0.724
B E A LR RC 0.896 " 0.988 ** -0.034 0.538
KA YE [ AT HLAK RC derived from S. alterniflora 0.616 0.920* -0.464 0.155
AR A HLEK RC derived from other sources 0.948 " 0.957" 0.128 0. 649
M HLAK LC 0.852 0.987 " -0.12 0.495
KRESRIFIEEA VLK LC derived from S. alterniflora 0.384 0.782 -0.669 -0.063
HABAIETE PEA DL LC derived from other sources 0.968 ** 0.84 0.376 0. 801

s AP 3 (P<0.05) 5 = = MISEMEM 23 (P<0.01)

3 itig
3.1 SOC.RC.LC & SOC fifs 3 Aii R AIE

NBRIEY AT A AR A 28 R G B AG IR L A2, AR FFT 25 8 R, % 1 SOC RC.LC F R4 BIAT 0. 82—
7.60 mg/g. 0.58—4.02 mg/g F10.23—3.58 mg/g, MLIEME, HALKT AR 1a J5,50C RC Al LC R &AW
EA(P>0.05) , A2 3 a5 a Fl 12 a B ALK FEREHL T, SOC MK 47. 6% 623. 8% A1l 504. 8% ,RC K
52.2% 500.0% F1401.5% ,L.C 34 39.5% 842. 1% F1 689. 5% ,iX F& W AAZFh H ALK F 0] LIA 3t i 2 +
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Fig.3 Relation between percent and concentration of S. alterniflora-derived organic carbon and invasion time

SOC: +YEFHLER; RC. AP ; LC. 1EHEA PR

BIEBAHIRA SR, SR AT ) SAF-5 ##4h SOC RC M1 LC it , RAEEHAUGT,
HACK R AR 5—12 a, 3+ SOC RC A1 LC Fa RIATiRIAT, 5540, %&£ SOC . RC F LC 7 & [A] AR
fEitaFAATR], i SOC Ay R 32 3] RC A LC 3 A5

A2 12 a 1Y SAF- 12 ¥E#ZE + SOC fif 0 21. 7 v/hm? AR BRICHE AR 1.8 /hm? , 2 7 4 BRI 3 %R
f 12 451 o WA R VR VA 1) AR B AR RV A B A IR A . R SOC fif & 1Y 4
AFHIERR , A2 12 a 1Y SAF-12 FEHb SOC fiff i i i, {H 55 SAF-5 FEHB IO .35 25 57 . 31X SR W E AR K B o)
A2 5 a )i, 1t SOC B Rl iA e (e, X ST ARFFTas RAFAE 25 5 V100 T X A9 92 ) /R L AE K
TR 14 a )5, R EWICRET M AU, 3 0] GBS PR R [RIBIFFE X 5% G BILRR A 23 A (8 DT FR A% 1 (i)
AR KA DL & i) R T (a0 Rk o R AR SR RS AR S E 2 ARG R R ) L DA
SRR B R G B BRI T 0 200 58 I AR, X2 5 22 TAR T 2 — SR AR 7 )
3.2 HAERKFORE SOC RC LC 5 f K E

M FAE PR AL 8 C M EERNE, HHSIE S AR 6" C EH3Z 5] AP 87 C (H Y53
FUSEm, B BALK R REI RN, SOC RC 1 8V C A TR (£ 4) , R B AR T AKX L34
MUBR I ST RS TR0, B K R ) AR XS R e, Jommas 55 H B g K . AR R IR b i s
DU F 2R [ TR S S e v A TR DU FIE VD 1 8 C B 290 -25%c——23 %o , TR P Fif U5
BIRRZI 5 50% 42 ARG XOGMEDTRUY) 3258 Fh RIS DURUY) FEB V7 7 A A B VD WA BT 1, 3 T RE S et
T 8" C {H-23. 93%o 518 S il b C, FEPHC T IR BF AR A 45 5 /R i VA 6 T T 8 b 1—
2 km LISk, A=W 6 183.88 ¢/m”, Hifm T SAF- 1 FEHLHTAE B ALK F A Y Al SAF-3 SAF-5 SAF-12 #
L H AR E AR 7% 18% 24% , P75 &3 B ALK R & TR AR 2 BT 7= A B AR AR R 22 ik U0 Ve nT Rt 2
A BT FEA IR 11 I A R A o s K AN, R e R B AR DR R
I, AR5 B R M 55 b 35 A 0] B AR BT ) 47 5k DX SRR W A WL ()5 i s /N T DL Z20
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DISGRE A X 1R 220 B3 5 25 AR A5 ), SR FH Bty oA 28 103 R K R X 3 A HILAR 9 Dk, 45 R
7 B AR B[] AR B[R] 36 K, B AR K B4 44 SOC RC | LC DUk & A HL i35 22 b THia 3 (& 3) .
LB IR M AT T R T a1 SR EAE K R AR =R BE R ( Scirpus triqueter ) BF T4 8 a Ji , X 1 SOC.
RC.LC BB T 5% —10% ', 19348 FHmm st i i o5 22 00, 1o i b 5 19 T AE K B ARG VR 14
a Ji K1 SOC MBI N 18.7% P AWM R BN AR 12 a ) SAF-12 FEH SOC RC \LC 1 H fEKHE
Y Tk EL A8 0l R s 47.40% 31.77% 64.40% , i T HT N AWF 5T 25 5 | H 3 B2 R nl GE 2 AWF 5% v B AR K
B 1) AR DX IR A JC R A K BRI AT 9 DX I P = 5 E B Rl 25+ A R R H A DU IR —
FETTHR . SAF-5 b SOC \RC \LC & 45 HE AR 5, (H BAE K BEXT SOC . RC \LC 19 57 Mk 5 1 57 ik 58 34 g 25
AT SAF-12 HEHi(P<0.05) , X Ut I 3R T B ALK FORIR SOC RC\LC 18R 2] fE A fa A B 04 T Y
EE

C/N AT HISE48 R A AL A SR8 38 3 A AL C/N>12 MHFEAHLE C/N AT 6—92 | A#gih
B FEHL C/N AT 5.80—8. 80, H4/NT 12, 15t BH VA VR Sy A X LR AT ML A0 R JRAT L5202 [A] 43 A
e, R B 0 7 1) C/N 23 Dk A, A T L S et 380 e B 4 v i D52 R VA V5 A LS 4 B 19 A2 £k, YD i
& HACKELARBENAHE K, B K FOR IS LTI BB B 1 VI8 ML L ok /) X 5 8 C
HIBIFIE 45 B IEARFALT (B BAFAE—E 225 . SAF-5 FEML C/N d5k {8 87 C 20 Mr 32 B IZRE B AE K SR IR A
HUBR H b 19.99% 3%l g i T C/N 2480k 403% sh FIAE 40 W Ac 25 22 b A P 100 2 Wi, i 7 ) Y0 4 3 3 2647
(75 ) 22 PR
3.3 HAEKFEXF SOC .RC.LC W55

AR B B LT WG TR R A BRI i A, BRI R R A T e
A i A [ S SR R ER BT P (R sk, R I 3k U 95 0 AR 2R A3 itk N 1 AT L R A BLRR 7
PR K A R I &k AR ZR 08I K B 77, [ Ah OB (R K R AR /N A R K
DURL, th T pURi te 2 AR, o 5 WA L, DR s hn 1 s rp A e S 50 ARWFSR S R R B AE
KA AU R AR R H A UK S A EE N R (R S) , X Gar A s 45 R —8, Beoh, 251 W
TN HAEKFRIE SOC RC\LC & i 5 ALK FAE Y e B T i E A OGO R (P>0.05) B E ALK EFRIE SOC RC
S 5RAE @ (HIEFH IEAHSE(P<0.05) 3% WA PR N B ALK FARE Y A 39 nT REA7 76 & 2% () S8 i sk A i
48 5 b X A F R

HAEKE M AR AR KR F YR IR SOC RC LG 555 A 35 5 A AR sk ] S 4 ol 38 1 A 56 56
R (P<0.01) , VLBATE 12 a N, B AGKRERE ) ) 3% - rf STl A A ATURG Bt A (R 3954 T 8288 o

LC Lk RC 9532 - MR R R R SRR s s ) SR 4 SR I, 38 v LK ORI LC 4R R
FEAUER R AT RC, X UL E ALK AR XS LC B2, X RC A2/,
3.4 HARKEFA MR 5 (1 5

RC IR AR TR NG LB W T 5w e AR AL 59, LC 47 G046 PR | 22 BRME S ) B R it 1 1k
G, BRI EA VURAFAEZ 2205 i DA S B AR OC R . AT SE 45 SR R B AR AR i 18] B AL
KEREE I R, 290 53% —T1% , 3% 5 HoA M 10 O AR 5 45 SR B2 0 | & T i 2k S R B F 5 45
LS TR PR AT i R 1 I P R A S PR T AR 4 R B TE 3h DY, R S B Le LR BB R, 1K
B, BEE TAKE AR R K, £33 Rl (RI 2 FREFS, H Rl Rl W8 FIEF X (P<0.01),
XU H ALK FRETE & B T LA R SOC H LC BN FL ., Bl 5 AR A TE] A 364 | B AR KR BRI SOC % A
WEMAE T 3 SoC 44,
4 ZitE5R=2

ZE L RTIR A LA ES . (1) 4 SOC RCLC 75 5t H I 0] il FE 7 522 38 1 A8 fb #a #4 . SAF- 5> SAF- 12>
SAF-3>MF>SAF-1, Af2 12 a i SAF-12 B 4 SOC il B d5e K, J2 i EAC BRI R 12 /%, (2) £+ H
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K FRIR SOC RC LC H i [ fili 2 S 13 1 # 3 . SAF- 12>SAF-55>SAF-3> SAF-1> MF, (3) B ALK HAE Y&
FTURRYPRAS SRS ISR S 0 F LR R . BAKFAEYRIE SOC \RC\LC &=, lWhil 5 Az
i ] & 25 TE ARG (P<0.01) . BALKE RN LC BISEIALK , XF RC BSEmE/N, (4) A AR RIS,
HAEK BRI SOC M%i AR E A8 T 14 SoC 447,

HAEK R AR N 1 b A 3 LR 2 8] 1 e i LB AR 2%, I ST 9 75 B D B AR AR AR H Ff b
XA ALABG J26Jo) 2 () s Wi, TN S6R O 5 0 ok gk WO T 9 L B AR 2R X ATL A P2 A FH LB ) F 9, [) B oy P o 2 T Bt
UNIEAG Bk ARk [R5 28 A% G LR IET T 50 #T .
Bt p UMK RAT[E 2 200 7 B AR A AR AR A X A& BRIl SR I8 R 4[]~ 5 B i, it
gt
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