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Environmental gradient distribution patterns of wetland plant community

diversity and controlling factors in Songnen Plain

LIANG Daosheng, MU Changcheng” , GAO Xu, LU Yi
Center for Ecological Research, Northeast Forestry University, Harbin 150040, China

Abstract; Patterns and determinants of species richness are the central issues in ecology, but there is still a lack of
consensus on their formation mechanisms. In order to explore the distribution patterns and determinants of community
diversity along lakeshore-highland environmental gradient (local scale) in western Songnen Plain semi-arid region, species
richness , a diversity, B diversity and environmental factors including water level (WL) , soil water content (WC) , organic
matter (OM) , etc. were measured by setting up sample belts and cluster analysis in seven communities ( Typha angustifolia
wetland, Typha minima wetland, Phragmites australis wetland, hassock wetland, Calamagrosiis epigeios meadow, Leymus

chinensis meadow and elm sparse forest) along this gradient, to reveal the spatial variation and formation mechanisms of
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community diversity. The results show that, along lakeshore-highland environmental gradient; (1) both species richness
(2.00—18.00) and « diversity ( Simpson index 0.12—0.90; Shannon-Wiener index 0.23—2.57 and Pielou index 0.34—
0.88) showed a similar N-shaped distribution pattern ( Typha angustifolia wetland was the lowest at the lower deep-water
habitats , hassock wetland was the highest at the lower-middle seasonal inundated habitat, the lower at the middle-upper wet
habitats of Calamagrostis epigeios meadow and the higher at the upper arid habitats of dune elm sparse forest). (2) We
partitioned the generalized B diversity ( Jaccard index 0.56—0.96) into two components: species turnover ( species
replacement among sites without changes in richness) and nestedness ( species differences among sites when species-poor
sites constitute subsets of those with a greater number of taxa). B diversity was relatively high at arid habitats located in
upper half and shallow-water habitat located in lower half of the gradient, and it was mainly controlled by turnover
processes. At the permanently inundated habitats, it was the lowest one, which is controlled only by nestedness processes.
But in the middle of the environmental gradient, the turnover and nestedness processes control it togther. (3) The main
controlling factors of species richness and a diversity were significantly converted along the gradient. The high water level
area was jointly controlled by water level, organic matter and total phosphorus ( TP ), the medium water level area was
controlled only by available phosphorus ( AP) and the low water level area was jointly controlled by pH and water content.
Therefore , there were obviously spatial distribution patterns of species richness and « diversity, and higher 8 diversity along
lakeshore-highland environmental gradient in the Songnen Plain semi-arid region. Our results suggested that the main
mechanism was the interaction between the local spatial environmental heterogeneity created by microtopography and the
region species pool, which jointly shaped the plant community diversity. Thus, its spatial distribution patterns integrity

should be protected in the practice of biodiversity management.

Key Words: semi-arid area of Songnen Plain;plant community ;o diversity ;8 diversity ; lakeshore-highland environmental

gradient
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Table 1 Plot conditions
BRIV ROt ffi
Community code  Main species and their important values Sum value

B A i (0.93) +7KZ0(0.04) +135(0.02)

TA 1.00
Typha angustifolia+Sirpus validus+Phragmites australis

™ /N (0.68) +7K A (0.18) +/535(0.08) +2255 (0.04 ) + Bt 75k (0.01) 0.99
Typha minima+Sirpus validus+Phragmites australis+Heleocharis dulcis+Typha angustifolia ’

P P25 (0.68) +7RME(0.07) + R B (0.06) +HH1XTE S (0.03) +IRFEM2E(0.03) 0.88
Phragmites australis+Setaria viridis+Poa annua+Saussurea amara+Polygonum lapathifolium ’
JRIKHE HE(0.13) +1ERE(0.13) +AT L RE(0.12) +2257 (0.11) +H) F L3 (0.08)

H . . . . . 0.57
Carex appendiculata+Arthraxon hispidus+Juncus effusus+Heleocharis dulcis+Potentilla reptans

c T2 (0.70) +2£5(0.06) +AT.LHE(0.06) +FTHIAL (0.04) +H) H ZBE3.(0.04) 0.88
Calamagrostis epigeios+Heleocharis dulcis+Juncus effusus+Calystegia hederacea+Potentilla reptans ’

L FH(0.66) +HHLNESH (0.05) +1735 (0.04) +FIZE B E (0.03) +HF R (0.03) 0.82

Leymus chinensis+Saussurea amara+Saussurea amara+Astragalus adsurgens+Glycine soja

U FEREFRE(0.30) +7KH(0.18) + R (0.13) +RKMFE(0.05) +HA T (0.04) 070

Carex heterostachya+Agropyron cristatum+Cannabis sativa+Chenopodium acuminatum+Lespedeza bicolor
TA B HTREE Typha angustifolia wetland ; TM ;. /N5 38 181 Typha minima wetland ; P . 5 25 JB % Phragmites australis wetland ; H ; 52 A TH 5
Hassock wetland ; C e AR Calamagrostis epigeios meadow;L;iﬁﬁ@ Leymus chinensis meadow;U;TﬁAﬁXﬂfEﬁﬂ‘?f\ Elm sparse forest
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Table 2 Basic statistics of water conditions in different habitats

KAy A BE M B FE %L HfE brifE 22 e/ ME S ON1
Water conditions Habitat area Sample number Mean Standard deviation Minimum Maximum
KA WL/m w1 15 0.35a 0.22 0.13 0.64
w2 10 -0.04b 0.08 -0.12 0.05
w3 10 -2.27¢ 1.68 -4.43 -0.45
T IEEKE WC/ % W1 15 53.05a 3.89 47.47 55.94
w2 10 36.45b 4.01 30.75 40.72
W3 10 -2.27¢ 1.68 -4.43 -0.45

W1 = /KLIX High water level area; W2: F1/KZIX Medium water level area; W3 : /KX Low water level area; 25 USG5 /NG S SCF AR
[F) 25 27 [ — 2H Al ) 22 5 . 2% (P<0.05)
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HIE 2 Af DAAS 2, 7 FhBEYS ) Simpson $8 %X, Shannon-Wiener $5 (il Pielou 8§ 8 AF 15 & B % 2= 71k,
Simpson 885 TE 0.12—0.90 , Hir | BT e (B35 = THE 6 FiEV 7.1%—650.0% ) , HiB ARk 2
(EF R THE 5 I 52.7%—600.0%) , FRFf) 35 IEE 7 22 A MU Nl th S KF (3%
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Table 3 Water ecological type of communities plants along lakeshore-highland environmental gradient

BEVEACES 54 Xerophytes th74: Mesophyte 4= Hygrophytes K4 Aquatic plant
Community Code % number  H.fi] Ratio/% %L number  H.ffil Ratio/%  F4L number  Hoffl Ratio/%  F4 number  Hffl Ratio/%
TA 0 0.0 0 0.0 1 33.3 2 66.7
™ 0 0.0 1 12.5 3 37.50 4 50.0
P 0 0.0 12 75.0 4 25.0 0 0.0
H 1 4.0 15 60.0 8 32.0 1 4.0
C 1 7.1 6 42.9 6 42.9 1 7.1
L 4 14.8 18 66.7 5 18.5 0 0.0
U 8 28.6 20 71.4 0 0.0 0 0.0
JBUA Overall 11 15.5 46 64.8 10 14.1 4 5.6

Shannon-Wiener $§ 404> #ii 7€ 0.23—2.57, Horp ) RO AVR B vy (B 38 T H B 6 FPBEYE 14.7%—1017.
4%) MFE AR 2 (B THE 5 MR 68.4%—873.9%) , F-Himifa] 1 25 VE B AN 1 3w ) v 45 K
T (WEETHE 2 R 23.4%—478.3%) , /N T A B RARAE 35 v TR B VR (308.7% ) , BRI i
HPERAK,

Pielou 84053 M 1E 0.34—0.88 , o B N TA IR 5 (3 8 THVE 6 IR 10.0%—158.8% ) , fit B i bk
WZ(BEETHE S MK 23.1%—135.3%) ,/NEHIBERTHEKE(BE S THE 4 % 14.0%—
91.2%) , S HFfa) 25 B4R RN 25 VR PR AR E 355 T e A il TR R (64.7%—67.6% ) , B35 i V5
Ak,

KIIE, 7 AP V% %) Simpson 4545, Shannon-Wiener 5 501 Pielou 8 £HE 7 FEAS — 0 (B /Nl VH 0 A A8
AN, LARNTE IR R, M SRR 3, RSB TR B b T ) /N B TR R A AR KO T Bk i
Tl B, AR LR N F R A A
2.3 HEHEN B ZREMEVTIH I 2 M IR B ) AR T A

H 3 4 AT LIS 27 FBETR 1 B ZHE1E (Jaccard H850) A R38R 22 S, AR /N sl VAR 5 2 =B TR
T ) 2 R S ) S R R B 22 A5 (0.878—0.957 ) , £E N TR PR S RN E 22 8] AR K
F-(0.758) , M AERR 753 VA5 /N T VPR TR B 5 41 58 4] 22 ] 21K ( 0.555—0.625) , R IL, Vi 181
Jit 2 e MR B RA B TP ) 2P B R A B T Bk A B B SRR A

ULAN, i B G A Xt B 2R 1 STIR BN R (38 4) o FLW Rl R 5% 40 7378 33 B AE 0.000—0.933,
FE/ANE IR 5 25T T2 R SR R R ) S B ) S A R bR R4 5 (0.875—0.933) , (48X
PHA (95.5%—99.7% ) 5 16 P25 IRF 5 HENR R Z [H] JE P 257K - (0.666) , (5 L3 HLAT (88.0% ) , T FE Bk I 7
AR S/ NETIREE NBEES 87250 506 2 R AR K (0.000—0.250) |, {H I 7 20 A 4% 25 21 43 2R %o 4
175(0.305—0.625) , LA (55.0%—100.0% ) , [k, 7 FEEVE G B R AE FH oA 1l B =5 2l )
JEV G R AR H AR AUK AR 8 B AN R AR S i R ), AR PRBE AR B o ) 3t B P B e R S i R 3
EEEGIR
2.4 YT RE R MR BT B RV KA A A o

M 5 AT LAAR B, 7 FREEVE Bk AN AV AP e o (5 25 Sk . HORA 0 A fE-4.33—0.63 m, WY
Tt 5 v M PRI B AR S DR A | LA TR TR A AR — JBE R A AR 2 0 3 25 S v (™ B TR F S TR
B2 RVEARN ) s KB 5.8%—55.7% , T8 Bt 2 i AV | HLAS BF IS R R A E 2 b 35 25
SEPE (UM B S /NSRRI |
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Fig.2  Species richness, Simpson index, Shannon-Wiener index and Pielou index of seven communities along lakeshore-highland

environmental gradient in Songnen Plain

TA BB E Typha angustifolia wetland ; TM . /N 7RF Typha minima wetland; P 23578 Phragmites australis wetland ; H ; B2 \H %
Hassock wetland ; C ;4 5] Calamagrostis epigeios meadow ; L FH R Leymus chinensis meadow ; U : i BiAk Elm sparse forest; 12254k Fhr
WER 22 5 IR 222K 1/ ING eSO REFROR B ] 22 5+ 1. % (P<0.05)

R4 BBTROGHFESHREHERZNL SHEEHREIAS

Table 4 3 diversity index and components of communities along lakeshore-highland environmental gradient in Songnen Plain

HE LTS B EREHE IR R 11 L 1

Community Code B diversity index Species turnover Ratio/% Species nestedness Ratio/%
TA-TM 0.625 0.000 0.0 0.625 100.0
TM-P 0.957 0.933 97.6 0.023 2.4
P-H 0.758 0.666 88.0 0.092 12.0
H-C 0.555 0.250 45.0 0.305 55.0
C-L 0.921 0.880 95.5 0.041 45
LU 0.878 0.875 99.7 0.003 0.3

FE - IEAb 2B Ty T, A BB & A A TE 5.66—45.72 o/ kg, T 1% B 52 3 DB R A 1k (45 R 7% ) 22 S
PR E) s &R E B A 0.42—1.81 g/kg, Wb EHEA o St i oAV (25 Tk v 18] 25 S MR 2 1 2, R

LIFAE TR s 28 S B0 TE 0.12—0.45 g/kg, A TEREERE R h Be iy 2 5 R P s (s T
BEREE 40.6%—275.0%) ,HE 5 FiEE G T hARKF (835 m TR AR 125.0%—166.7% ) , T i B4 i bt
I SO B B A 7E 3.64—33.22 mg/kg, SRIEFRUK I 3 FhAERE (Bt B TR /NEH TR A 35T
W THE 4 P (12.8%—812.6%) ; SALH & 8431 7F 80.79—186.56 mg/ke, RUr BUK Y 3 FhiET%
WERTHE 4 FPREYE (79.6%—130.9%) , B A VA BRI 7 250 5 f) 30 35 5 1 5 50 5 ) R AR 6 AR
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(15.6%—26.3%) ; pH WIZELIE FIFE 6.05—7.98 , /INEr i TH B R A5 3l VR 38 3 v i (7.23—7.24) L Hi

PEBAR R TR (6.05) , AL T (B b B 1) 4 FhRE 9% 18 S it (7.55—7.98) o BRI, 7 FRRE V& IO K 067

KR AP AR SR 3 ha R B, JH O R R A e R AR B W T R AR BRI AR AR R
£5 BHTERHRESHIREEES R 7 MEEEREET

Table 5 Environmental factors of seven communities along lakeshore—highland environmental gradient in Songnen Plain

BB T A Community Code
Environmental factors TA ™ P H C L U
ZE/K L WL/m 0.63+0.01a 0.28+0.01b 0.13+0.01c 0.03+0.01c -0.11£0.01d  -1.23%0.07e -4.3320.15f
FIKE WC/ % 55.61£0.4la  55.65+0.21a  47.88+0.52b  39.58+1.02¢ 33.32+3.12d  21.55+0.24e 5.81+0.61f
HHLF OM (g/kg) 45.72£0.09a  40.76+0.12b  37.00+0.12¢ 34.16+2.33d 29.64+2.08e 19.59+0.29f 5.66+0.24g
5 TN/ (g/kg) 1.81+0.06a 1.51+0.02b 1.23+0.01¢ 1.11+0.04d 0.59+0.04¢ 0.42+0.01g 0.50+0.05f
2T TP/ (&/kg) 0.29£0.0led  0.30+0.01be 0.45+0.01a 0.31+0.01bc 0.32+0.02b 0.27+0.03d 0.12+0.01e
M AP/ (mg/kg) 23.94+£0.70b  23.87+0.55b  33.22+0.23a 6.92+0.88d 21.17+0.31c 15.32+0.40e 3.64+0.38f
B AK/ (mg/kg) 186.56+£0.35a  183.48+0.15a  183.33+3.50a  96.98+3.90b  102.08+8.17b  84.33+2.96¢ 80.79+1.92d
FRHBEE pH 7.24+0.03d 7.23+0.03d 7.95+0.03ab 7.55+0.04¢ 7.79+0.07b 7.98+0.07a 6.05+0.23¢

RIEING PR FIR AR 2 (B PR R 722 53 .35 (P<0.05) ; WL A= K 27K A Growing season water level ; WC . & 7K Z Water content; OM ; 4
ML Organic matter; TN ;2% Total nitrogen; TP : 4% Total phosphorus; AP ; U Available phosphorus; AK ; S {4 Available potassium

2.5 AR ESHBYIF F R o ZREMER TR T
3 6 155 ,3 DMK ER BN F & B o 2R FEEFAE R 22 5 76 S KA X OB 75 1
HPE NP 2500 WA F 5 S AL R & G, 52k 03 IEAHOC, — 3 Al fif B H AR 1k iy
46.0%F1 52.0% ; Simpson 8 41 . Shannon-Wiener $§ £ fll Pielou 8 £% ¥4 5 7K {7 i & A 3¢, A] @ B = AR 1k Y
65.8%—99.4% , WUAEEKALIX, Wy Fh 3w B A HUS B SL R 4 6, 1T Simpson $8 4%, Shannon-Wiener $5 %%
Fl Pielou $8E8 332 K i 45l .

F6 INKNERMBYHESTE o ZSHEESHEERFHETEEERSERAZH

Table 6 Multiple linear stepwise regression analysis of species richness, o diversity and environmental factors in of three water habitats area

BB SRR B F Environmental factors i @ ,
Habitat area  Diversity index WL wC oM TN TP AP AK pH Intercept
Wi S -0.417** 22.673 ¢ 14.470 0.980 0.003
D -0.839 *** 0.672°7* 0938 <0.001
H -0.239 *** 1.5237**  0.99%4 <0.001
E -0.531 0.701***  0.658 0.005
W2 S -0.704 *** 22.885"**  0.949 <0.001
D -0.028 *** 1.092***  0.967 <0.001
H -0.098 *** 324477 0.969 <0.001
E -0.022*** 1,034 0.946 0.001
w3 S -0.361 *** 18.546 "¢ 0.971 <0.001
D -0.006 " -0.115***  1.553***  0.976 0.047
H -0.145 *** -0.237***  3.045"**  0.99 <0.001
E —0.115***  1.494***  0.959 <0.001

# R P<0.05; * * 0K P<0.01; = * = fRFE P<0.001;S. Y FEFE Species richness; D : Simpson 54X Simpson index ; H ; Shannon-Wiener $§%% Shannon-
Wiener index ; E ; Pielou 1541 Pielou index
TEF KA X (N RFEFRI T2 5] M) Fh 3 & B Simpson #8 %X , Shannon-Wiener $840F Pielou $5 %0 5
A 35 TR OG, AR LR AL Y 94.6%—96.9% . SCTE T KA DXl F R o 2 AE PRS2 B AT
o
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FEAR KA DX (A MR R = B R fa) ) P o = B2 5 5 /KR i 2 B G, T i B 2 4K 1 97.0% ;5 Simpson
FERCS RS pH B3 UG, B A BB Y 23.5% F11 74.2% ; Shannon-Wiener #8505 7K 57 . pH . 3& it
FHOG, ZH AT ff AR AR 50.9% 1 48.7% ; Pielou $8 %4 5 pH b 3 ARG, AT BEHAR AN 95.9%  SCFEIRK
DL X W Fh 2 B FEAN 32 % K R 42 1], Simpson 8 41 . Shannon-Wiener 8 £ Fll Pielou 8 %044 3 %52 pH B 4% il
(Shannon-Wiener 84432 pH 57K A7 d: Rl .

PRI, 3 AR A S Be i 2 8 2 o ZREPEI 3 R 1R A4 T B a4 7 v AROK A O R R
B ) B A P+ 2 R S KR ; H Simpson 5 %X . Shannon-Wiener 48 0F1 Pielou $8 %4437
FHEAZIKAL AW pH £

3 it

3.1 BEVEIH WiRh R o ZRETEI R B M PR A

A5 A5 B0 OT S G0 1 5 DXV I e 2 iy b IR S B A 7 Fh AU P R PE 2 | R B AR AR
IR B TR N TR RS 5 IR, 1 M RUK A BT RN 12 B ) R G RRUK B4 2 B A Ay
FeATBiAR I B PR 3 AR T T X R K R A 385 43 P43, (o5 7500 2 2 v L 1) 7K AN 320 ST R A % - 38
TR (R 5) U BT b zs [ 5% 5 0P, A 0 4 30 38 07 AS () A 358 2 PRt T i 17 4% PR v 2R A8
X5 T T B SR b K SC | - AR RN A B A b S R LR R S S AN A AR AR
WEHREE Y B TR E5e AT G

LA BEAR YR A3 A (R BE T (R W ol =F B B2 TN o 22847 ( Simpson 45 %, Shannon-Wiener 35 2l Pielou 1§
B0 HEF A —F, DL NIRRT SR S, SRR R ) IR R R ) RN VR R AL T AR K
S AR T TR I, BV B8 2L N FRU A B, Horp Wb =F 5 BE R 2R N ARV 5 =P
JE 2 0 T b XV AT VB 8 R AR IR B o W b = B SR ke 34 R TR) L o 2R SRS N I
HEAR 3 (W ETERER AL EAAAERORTA]) .

TP X SRR PP & PR o 2RI B S 2SR N SRS A () SRR WA AE 2 AL . 1 0, E
T EE A WA 22 P2 5 3 A 1) AT R AR AR B AR 22 R ML R AS ], B A TR R R A 1 2 PR AR
IKAESE KA ARG (TERUK ST R ) BefE & R 28U Al (LA A b 3) ARz &
F AT RO L RIREAR] 2 FhfAs T REAS 2R AN TE Z AW R, X SE ML AR A A A Rl R O
A S RS AR B AU AL U A 85, FE K A FgR 4 B (32 5) , BEIe 1 BiZ A RE 2%
Y/ AEY P (HSERR AN T A AR Rl LR P R A TR X R R X S s T AT B
DX IR e AR R T B 2 B RB A I N VD e AR R R T A AN 2 (R AE R AR 28.6% 11 71.4%) , 31X SR
S B R s A B T SRR R A ZE R R VR 2R R R A A e ), PR
PR T3 N O R A, AR R LA REE HEBR L B R , BN PR SRR IS Y ek T3 A 2R
AAXTHAR , 3 AT AR BT e v AR EI SE ML ), R, 9 — IR s e 5 i VR B A T AR BUK AR
B2 AR KGR UR R , AN BEIE W /K W RS i P R BT HEBR , U BB AR A0 B LA K AEAE P Rl 3 AT A it
AT (CBUK) XS0 A RE SR A/ 6 (4 358 N R A SR B il A it >
3.2 HEEN B ZHEMEVTIN R 2 s s A B i AR (L A

TR v R B TP ) 2 B R AR B T B oK A B B AR R, HLAE R A B b B 2
B W A e AR L TR R AR RUK AR BE AR R i ik R ] AE PRBEA v ) b B pR W o 2 e
Bt I, X5 T = VT RN X V(R A TR IR MR T Y B AR MR G KT
AR, XA AR5 P A X IY K SC | - SEREIE DL K A3 A (A R I 2R TR R G

2 TUZM R BT AR N R BOX KA 4G B ZHEVE R I R | E 2R SR AE T A7 BT Ak iy 2R
AR, X 5] Fernandez—Aldez %5 % L) J5 bR 1% 4% 140 J2 Jth 39 K RUAH 0 B9l &85 40 1) 32 2 R B
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PR 2 A — 3, IR S ma b e T 5 M PR B AR B s A A A o R IR Sl it KB AR SRy . AHIESE P
BRI AR VD B A 35 0 o 3 AR PR B 22 5 43 O i I, T A R R M (MR R LR 5) AR5
J LR 25 5 T S B ) RN TS R A T AR B R R+ OKMEREIL TRV, R e —m T
R, B2 550, AR T L TR0 5 (5 5 5 ) o b A= 358 A6 S 34 et 1996 7 50 ) A 8 S AE
IKAE B 7K R LA B 553 )5 AT AF A 0 3 2 Sk, L9720 B ) A 5 o I 0 2R ) I 2 s AN BV 11
DRI T2 (B T IO R, 5 T8 S S Rh B 98 3 2 i R W A B 0 A el 4 B L 1 22 Sk
(]S, S DX Sl o 2 o B AN ) A SRR R 0 o 6 45 1935 g 2R B, TR B — BEVR 0 B ZFEVERS R, 5
BCIARL, P =B TR A N T TR B R RE A AR A B S i A 35 25 S /DN Tl VR R RO IR B 3 T =B TR 15 em, 1
HLTT RN 4 A AR X A e, {H Al R Akl LA S pH (B IS T 7 35 R 58, T - B0 PRI T 1 4 ol 2 1l B
ANT] o XA A o R T A LA R B R P 235 R e S R N TR B R R A o ] S i A B 22 S P =
TAEBUKRE R TREABEE 10 om, FKE 37250 DK pH EX 5 T RNEE, SEm e S8UR 0 8 5

EPRARBUKASE AU YA i R A ], U5 /N i V8 V3 B 0 9 o TG 753 o R K AR B, 1 17T 25 2k
T RKEBS YR, S B B i VR A/ VR A . T PREEA E vi R) b B Hhy e ) e e £ g AR A [ 4
il T BT RNV FEATAE BN 5 R R] 2 Pl Az e ) (A5 B DA VR R 5 4 5 i) 22 [ A b R A AR B
PE (B EJLFTRRUK) | A7 22 530k (AR T PR RBUK ) |, S 2808 5% i & AL A /E . Rk, 7 #h
I BRI B R R, HL 2L 2 W ) e el R 4 i), 7 DX 3l 2 )y 22 A e A7 5 BB v 359 7 o L 5
i,
3.3 AR AETEHB YR E S B o 2R EEF

3 ARG A S MBI R R o 2R s T3 R A T B B (AR AR A X, R
w0 AP+ AL | % K F A5 5 Simpson 454X Shannon-Wiener 15 £ Pielou 5 %731 3=
BEZ KA R pH (EFE ) o FIE S R VLT R DR SCRR BE A R R e R R KA
T BRI K A3 5 ek AR A E B R TR 5 S T R T X R S IR AR B o R AP N E AR
i AR B EEAR A S A EURAA AL pH &R ALY ATl AT 0 R TR A A DX 7 S b ke ) 22 Rk
% Je 0 5 1] DR 28 7 TR SIS A7 6 46 R 25 S e, WOWT A [ A0 10 DX A 114 Jy A A0 22 R A% Jmy L BT S ALl S i

B FAE R KAL X Y 5 B S AL G R 5 AW IE AR DG IR L, AE T KA X — T A A T
AR BRI AR BT , A LT o s R AR, A T A LSRR ) 22 5 357858 /N il VR 3 RBe I il V3 156
FIF Ak A 55 O ARG BN, 78 HILTR R 2 it 22 36 11 (37.00 ,40.76 ,45.72 o/kg) , (HLHFh 3= & HIE 2 ik /0 5 55
— 7 T 2 A A SR N b AR T O TR R R TS VAR R Y T SRR N T
VBRI et T VR VA R o 5 R i B/ G2 T A0 A T 0, 4 Wl 5 i A h B 2 388 o i 4 = A B
I, A KA X R RE S S Ok S D VR T R e A B A W v A iR T L e A B PR A 1 A1
BRI B, 0 T AR A o T S b T2 ) Ry B A 8 (21,17 mg/ kg ) BRI T BB 2 (14 Hh B, i
MR BB AEBE (6.92 me/kg) PIFRSE 4555 , O VR BRI FP 42 & B i THb 728 ), MK AL X P b =F
SSRGS, WIAE T /K340, A5 R P A K B> | AR Bl =F 5 R 0 A 250 T % B )2
PR, S B Fh B ERRAR D | 8 ) A K R (21.55% ) , A R A bR A K| A7 A A 2567 BT BRI
T AR AR AR 7 7K AR (5.81% ) , A A6 B BT R Al AT 35 55 , SR AR s AR g o 3 B v 2

ZTAER T ROKALIX o ZAEMES B K AL S0 pH #2004 S BT DUIAE T e 7K 7 DX Bt 7K 57 A 7 i
DX IR P b R AR AT I K A S5 R Rl 20 R T RIS T 22 55 7K AR O 5 A TR A7 DX 5 sl 17
H & 4 D PR R b = 5 A 6 R — B0 R ROK 7 X 5 pH Sakf 56, n] BEAE T - SRR B 1 %2 24 A8 1k ( A
P ARER T (pH=6.05) 28 N 250 s il (pH=7.98) ) , BRI T Rt Bl Fh AL A7, BRAR T W Fb 32 5 1, iy g
KT o ZFEPE, X5 Schuster 25 5 Chytry %1 FEIRAT AN 5 WA i w0 )5 % B4 b =F & BEAE pH (H 6—7
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ZEA IR B (E A HA—EL,

4

¥

it

L5 LTI AN JRPG FR 5 DU I 2 2 e M A A P S 7 o SRR A B A R O i P 2
TET OB A T R =S PR B, H-S YA AR A e & A e b S 2 M B E S o 28
PERZERL N F RIS R, X2 2 FLH L RIVE TR AE R . BeAb, J5 i PRIR A0 a4 AR 25 0 i e 2 9K 3y JR)
RUEE B ZHENERS SR i) FEEHUH] . BeJm , AR ABHBCT X W h 2 RE AT 35 5 W B BRI X A e 28 e e,
W5 AR AR AN [ A BRBE AT RS IR I A A7 SR DRI, £ 2 ) 20 BRI A S B v IO 0 HL s 8] 3 A 4 SRy
SEREMEIN DL g AR AP
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