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Abstract: Cynanchum forrestii Schltr, an erect perennial herb of Asclepiadaceae, is a wild plant with extremely small
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population( WPESP) in China. This unique plant grows in a variety of habitats such as plateau and mountain at altitudes of
1000—3500 m. The root of C. forrestii is often used as a substitute for the traditional Chinese medicine “Baiwei”. In Jiulong
County, Ganzi Tibetan Autonomous Prefecture, western Sichuan Province, China, this plant is confined to alpine meadows
in valleys at the altitude of 3100—3500 m. The rhizosphere is a part of the soil ecosystem where plant roots, soil and the
soil microorganisms interact with each other. Soil microorganisms actively participate in soil material transformation and play
a leading role in nutrient cycling by influencing the transformation of mineral elements. Most of the nutrients needed of
plants come from soil and enter plants through rhizosphere interaction. The chemical element characteristics of plants can
reflect the supply of nutrients to the soil. The study of plant and soil stoichiometric characteristics helps to understand the
growth strategies of plants and their adaptability to the environment. Investigating the stoichiometric characteristics and
element enrichment of the C. forrestii-rhizosphere soil system under the alpine environment will help to analyze the survival
strategies of the extremely small populations and their adaptability to the environment. In this study, we investigated the
effects of rhizosphere soil nutrients and bacterial community on population characteristics and photosynthetic characteristics
of C. forrestit in the alpine meadow of Jiulong County by using plot and line transect sampling methods, physiological and
biochemical analysis and Illumina-MiSeq high-throughput sequencing technology. The results showed that compared with the
non-rhizosphere soil, the rhizosphere soil had higher P, C/P and N/P and lower C/N, and increased soil organic matter
(SOM) , total phosphorus (TP ), total nitrogen ( TN ), available nitrogen ( AN), available phosphorus ( AP ), and
available potassium ( AK). The Pearson correlation analysis showed that the value of N, C/P, N/P in C. forrestii stem were
significantly positively correlated with the rhizosphere soil P, while the value of P and C/N were significantly negatively
correlated with the rhizosphere P. High-throughput sequencing showed that the dominant bacteria in rhizosphere soil/non-
rhizosphere soil included 6 groups. Compared with non-rhizosphere soil, the relative abundance of Proteobacteria and
Gemmatimonadetes in rthizosphere soil was higher, while the relative abundance of Acidobacteria, Bacteroidetes,
Actinobacteria and Firmicutes was lower. The relative abundance of Bacteroidetes decreased by 45.53% , and the relative
abundance of Proteobacteria increased by 32.89%. Redundancy analysis (RDA) results showed that the relative abundance
of Proteobacteria was positively correlated with soil C, N and P contents. The average plant height of C. forrestii was 27 c¢m,
which was higher than the average height of other plants in the community. The proportion of above ground biomass reached
41.24% , and the population density and niche width also were larger than those of other plants. With the increase of plant
height and leaf area, the photosynthetic pigment contents and Chla/Chlb raised first and then decreased, but leaf mass per
area (LMA) had little change. Plants had enrichment effect on soil elements, the relatively high enrichment capacity for
Ca, Mn, Na, K and P, and high transfer capacity for P, Ca, and K. Analysis of C, N, P stoichiometry showed that the C/
N, C/P and N/P in C. forrestii leaves were higher than those of roots and stems, and the N/P of each organ was less than
14, indicating that N was the limit factor. In general, C. forrestii enriched beneficial soil microorganisms to improve the
nutrient status of the rhizosphere soil, enhanced the absorption and transfer of elements such as Ca, Mn, Na, K, and P in
plants, and promoted the ability to resist freezing and radiation. With the advantages of plant height and leaf area, it made
up for the defect of low photosynthetic pigment content, thereby improving the interspecific competition ability and fitness of
C. forrestii in the alpine environment, but intraspecific competition was intensified, which resulted in uniform distribution of
plant clusters. It was speculated that the intense intraspecific competition was one of the reasons for the limited distribution

of C. forrestii.

Key Words: Cynanchum forrestii Schltr; population fitness; soil environment; nutrient uptake; alpine environment
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R I Ak 2 T BERRAE A B T 7 A 0 00 2 SR e Lk RS 38 R 1 A /INRRE B 2R A )
(Wild Plant with Extremely Small Populations, WPESP) %4844 sl pke 725 | < 1132 2 /0 AR R 30 i aa i &2
I PR A A A B i R SR D | LABCRP R A AR i BRI /D I8 TR A7 1% S PR e/ N AT A7 3%
171 TR 1 2 2 DRI P 8 A A A0, K 280k o LR A ™ /IR R S A A 00 14 2 B A2 R PR 3R A 458 PR B A
o b BE T A R ELVE DA R B g A BRI A5 T SR AR B ST SR T BN R U A
( Paranephelium hainanensis) 7 76 7% Fo 4+ HERE T3 10 W B V% BiE B V% 2R BT 5+, KB AT ( Cynanchum
forrestii Schltr) 7% EERL( Asclepiadaceae ) M ( Cynanchum) W Z A B HARN 8T KA, 95
AL FE R 2L (04 %-%%*ﬁ%%) B JCSE ( Least Concern,LC) e/ e , EE A AE TR E VY e H
UL B 2 S, A TR 1000—3500 m (10 785 B Ly b 2 22 AR s e U AR B AR SRy e 2
B AR BT, KRB AT R AR AR 2 Y e T R R B AL R A 4
IS AL, TR e A A R A ELRR (0, AR 7 I S R 2 ) B L S R O L
SRR AEAR AT 5T G 1 7 9 o SR AR B - SR X W/ N e B 2 R S i, A NP - R S Y
TR AR R d AT 0l U B2 T PO A8 PG &, H BOB0% F IR AR A8, B AR AR E101°00'—102°
00",N28°40'—29°20" , J& T 5 P4~ i 5 7 7 i JL A5k Y b nfy , b 35 vy R IR 8 42 185 22 R, It P o Ji 11
RSB S AR IR T A w0 AR AR DU K 4 [ v 22 e A 0 ] AR TR 7 U e B R BUR B
T2 AR HTRAE JR B 5340 TR 3000 m AL {8 43 Hbdy fry v S8 B b R RERRCER ARG 8 T e R
M R EUR R B SIS (Polygonum capitatum ) VI 5EE: ( Ligularia spp.) . T FEF )X —Fpk BB T, K
PR A AR 2 AR P S SRR A N AR R 7 AR RCE AR W RS DL T A A R /R A itk
TR} 2 [ RGP TE A TPA B R ) A A8 ) T 3 1 O B R R SRR R O, BT,
AW FEAE TR AL 3BT L B e FE R ) R AT AR AR A L, i — 20 AR AR AL A T H R 256 Tllumina
Miseq e &l PP HOR  BIFSE T RBEFRT DG G R & & LU BUR R E 8 B ICR & & LUK TR PR 4
FAEAR PR - A AP o F A T 2 REPE R 22 57

1 #RERHE

1.1 CREEHIASEAENL

FE AR AE M T U e B REEE T 76 AR T8, 43 G B BLI 5 kem 2045 (T 1), HL 8] il S A g 2R AR
BEIEAR BRAK EDL B i FERif) . SRAEHIIEIR 3100—3500 m, T-2021 47 H 3 4 4 1 mx100 m BIRERT
FERFARERE I PO I R 26 B VR R R M) O SE MR R T (3R 1) A I EE U BRI TR T A
G3A IR

F1 AEBREBAAEREHNIFMERFE

Table 1 Environmental characteristics of Cynanchum forrestii in Jiulong country

v i . s ;3 12
FEML B 7 ) s s it T s b
Sampling location Transect code Latitude/N Longitude/E Altitude/m pe >ope i p ’

gradient/ (°) aspect/ (°) position

Je T 1 29°0'26" 101°34'12" 3316 15 S161 LRE 22
2 29°0'18" 101°33'59" 3299 3 E117 ERE 22

3 28°59'58" 101°33'49" 3274 13 E104 LRE 22

Er Y i) 4 29°0'33" 101°33'11" 3161 28 ES139 T

1.2 FEF A AR RESEO &

R0 100 A 1 mx 1 m B/NEETT o G0 s/ IVEEDT R ORI A DA RSORI AR DA R R B e 8 5 7
B R BENLERE 5 A/INEETS  IC S/ IETT G5 BBl A ) 44 B PR R bR (A ) BORI SR RE 0
28
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Fig.1 Geographical distribution location of Cynanchum forrestii in Jiulong country
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1.4 FEY)FN - SFEARE SR AR T ER 1 I R B A R v
1.41 FEMRE

1EJE TR | BEHLIGE B S — B KRB I RT 10 Bk, /AN IE T RGP R4 S AR 2 3 1m0 AR
Prt. SRJGFAERRUEE AT AR 25 0o JF, o B A B 48 8 TR G ZERAR KB A RT) 0.5—1 m
A3 B AR SR AR PR 1 SRAEREE A 15—20 em,, AEYIRE SR SEAE G 5% 8T 1] S 36 =, A A0 AE L FE 105°C
AT, TSCHZE T, B AR H 3R 22, 3 2 mm RIEG S 20 2 00,1 iy AR TR S 7E 5 i
TREE R 13 BT -80°C vKAF T DNA 421,
1.4.2 +3 pH IE

W A H IR EOK 1:2.5 (w/v) IDAZRIE K, B HE3 2) J5 B 30 min, i IR FE 31 ( PHS-3C, H1 [E)
I 5%E 3 pH
1.4.3 IR YT R & 5 i E

3R ( Available phosphorus , AP ) B 2 I % >R FH XUIR 1= 725, 882 nm P F I %2 W S {12 s AL
B (Available potassium, AK) >k H £ & & 12 $&--K 44 06 BE oF ik il E 4 A LR E A AL (FOSS,
KJELTECTM 2300 ) Al fi# 7% 157 B A3 1% 52 125 0 22 3 5% &L ( Available nitrogen, AN ) [ 75 5% 5 4 3645 LI ( Soil
organic matter ,SOM ) 25 0 & 5% ] AR TR AN 25 575, 585 nm P RN E OG>

ST MFREL0.5 g TR T AEFN 0.3 g AEIRE | FH i SRR B B VF VA TH A, 2 25 100 mL, F &AM meils - 50
PP AL E P &, 700 nm P NI OGP . EERRE A B TR & 5T 6% X ( PlasmaQuant
PQ9000, 7 [ ) i 7& K Na,Ca Mg .B . Mn . Zn Al Fe Cu & ; RHATLE ML (vario MACRO cube , 78 ) ] &
C.N &,

AR R FE A RTAR B Ak AR e R & i A AR I SR B AR e s 20

APRICRE =R TR /R TR S

YRR R =2 TR T BN/ RITR &
1.4.4  TIEAME AR E

Bt REDE R ER ) A W R A BR 2 A, A lumina ¥ 5 Miseq = 8 & 0 7 8 R 47 1 358 40 1
16S rDNA {538 I 57 4347 , AR Fr  FFEAR PR 145 10 MR

K F DNA #2277 & ( DNeasy PowerSoil Kit, QIAGEN , Germany ) £ BUBTf + K A KL K 20 DNA ; 7060 %
71 ( NanoDrop2000 , Thermo Fisher, USA ) &M #2H0 DNA J5i & Ik B ; LIFER 240 DNA WA AP BE 4 18 16S rDNA
) V3-V4 [X, 5[4 343F (5'-TACGGRAGGCAGCAG -3") fil 798R (5'-AGGGTATCTAATCCT -3") , K W& & (30
pL) :2xGflex PCR Buffer 15 pL ., FFHE51%9 (5 pmol/wL) 5 1L 454 DNA 50 ng Tks Gflex DNA Polymerase
(1.25U/pL) 0.6 pL JCEWZEKEME 30 pL, PCR ¥ 3TN . 94°C HiAS 1% 5 min .26 MG (94°C 30 s,
56°C 30 5,72°C 20 s) 72°CZASEMH 5 min, PCR ;=8 1.5% BRI L Pk RG N , REER 44k , 4l fb )5 = it A7
TR PCRYHS . X A PCR Y PR TR I O HT G BR 2640 J5 64T Qubit JE 2, MRS PCR P ¥k T i
AR IR A Hlumina 75 Miseq =8 500 P H RS T 1 S840 TR 16S rDNA 1538 525 I )57 5347
1.5 HdEgit5 0

H SPSS(v.25.0) #E4THLHZE 5 2250871 ( One-Way ANOVA) L5 H A (LSD) Fil Pearson A543 #7 ; Al FH
TUA T (RDA) (Canoco 5) AT RSN 15 LA Z M SE &

2 ZER5H5WH

2.1 REHATAF R
PR ] FEAE 7 v OB T E A W O, I b o A W R RV AR AR R R 41.24%
(F2) PRI (27 em) BLR R T HES T HABRLY) B-F 2R R (10—16 em) 5 KBH A% A2 2507 58 52 i ik
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0.96, XELHEIRIRH U H ORI TR 7% vh 44746 B R 5 B2 5 BY A48 I B 1 i oA AR A
P AR RR N B [ EE AR 2 5) o GEit o], A AR B 5—12 BRANAE 4 AN HEaly oh RS R AP D 13
BN 1(3R 2) , RIS 18] A4 Jm) A X 50 434t
x2 AERESEEGXEANHMBEYSEHENEES GRS
Table 2 Quantitative character and spatial distribution pattern of Cynanchum forrestii population in alpine meadow of Jiulong country

ER7/ L= A SN V0N TR/ MR TIBREL B

TR = S PR C

» Biomass Number Plant Branch numbers L. )
Transect code  Types of communities ) . ) Coefficient C
percentage/ % of plants density/m per plant
1 AREREE Form. Grass 47.21+31.69 a 2.0£0.63 a 23.6+7.41 a 12+1 a 0.51
2 RIEFETE Form. Grass 29.34x13.31a  2.4+0.51 a 10.4£2.01 a 8+1 be 0.68
3 SKAEZREYE Form. Polygonum capitatum — 52.73+17.85 a 1.6+0.40 a 15.8+3.07 a 8+1 b 0.47
4 FLEREYR Form. Ligularia 35.67+12.06 a  1.2+0.20 a 11.424.13 a 5¢1 ¢ 0.27

ANIF/ING FEARRAE 0.05 7K 11 8.3 22 551k

2.2 AFREFEEAL TR DA AR SR ES

FH P 2 R Bt AR e, 3 P iy ) ek T AR S R (P<0.05)  (HL e o AR A 1 35 (P>0.05) 5 1
T a3 F B AR R IS AR S 31—35 em B IPERZEFISAS N RS B s, & /DT 31—35 em B, A
[k DA AR T EER B E (P<0.05) , bRs KT 31—35 cm B, AR SR ROGEORS
AR, Chla/ Chlb (B AE AL RE S B R A 1 P38 55, Chla/ Chlb {EER R, Y65 1 M BRGR 1T Car/
Chl {ELAY = (IR S B 2 A2 5 e A DG, (R LT3 M 85 . MR &5 31—35 em A, Chla/Chlb f% 15, Car/Chl
A, 4358 1.86 A1 11.50, KRS 31—35 em B, KB AT HAD Fe i B A SR FERAR AT,
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Fig.2 Leaf area, leaf mass per area and photosynthetic pigment content of Cynanchum forrestii at different heights in alpine meadow of
Jiulong County
ARIING FRARFTE 0.05 K 119 i 2 25 v
2.3 R FEMRICER & B LR IR
FEARBR - FARBR + 1 pH 4351k 5.58 F1 5.64, )8 T itk +4
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Fig.3 Variation of element contents in plant, rhizosphere soil and non-rhizosphere soil of Cynanchum forrestii in alpine meadow in

Jiulong County
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A ATARFZE SR AR S Tk SAERE LA, BB+ C N SRR FE 2T, P S EEENIN(P<
0.05) ; AEAR B3+ FHRBR 1+ #9 C/N 43518 14.26 F114.03,C/P 4354 39.07 F1139.61 ,N/P 4351}y 2.74 F12.82,
HRBR 1 C/N BT C/P B, R BIH A ORI/ 0 fUE Py 38 A 3O s R 5K, Pearson AHOCHE 4347
T ZES5RPR IR KR ED], H N C/P NP SHRFRE 1) P &2 B IEAE(P<0.05) 1 P .C/N W 5R R
+ P 2R EAAAI(P<0.05) , R L1 P XK AR SRS E LR AR,

M3 0] UL RFIES B LK S RN ZESI >R, Ca 19 & i R > >25, Mg AL B Mn  Na [ 7 &
RIS >ZE Zn B9 EOAARS ZES 0 i RIZE R R Fe, BT AT 28 B BR K 1 Cu; Ca & i 7E M i i
(6.2 ¢/kg) ;iRPr+H9 B Cu Zn (&8 E 5 TAERPR £ (P<0.05) M FR L AEHEMRBR 49 K, Ca Mg, Al Fe
Mn Na B #3257 (P>0.05) . 5 ML AEYA K Ca Mn Na B9 #4505 , Mg Al Fe \B Cu . Zn
TR, ARPR A A AR o B3 KB AT XA W] 06 R WO L RS AN TR, A oI &R BCHE R
Ca(23.83)>Mn(13.40) >Na (12.13) >K(7.61) >P (6.42) >Zn (4.81) >Mg (3.48) >B(3.48) >Al(3.33) >
Fe(2.69) , =R ZE3EF M P(3.92) >Ca(2.80) >K(2.33) >B(1.55) >Zn(1.27) >Mn(0.94) >Mg (0.88) >
Na(0.37)>A1(0.28) >Fe(0.03) .

FRBR L AR BR H IR A 225 (£ 3) . BT TK 4b, MR PR+ 35001 8 25 TAER PR 1 (P<0.05) ,
T - 5753 0] KB I HTAR PR & 46, 8 T AR Br 4852 IR0

®3 ALESEEAREAMNREFERELHFIEE/ (g/ke)

Table 3 Nutrient content of the rhizosphere soil and the non-rhizosphere soil of Cynanchum forrestii in alpine meadow of Jiulong County

IR AL g U ol BA AL B
Soil samples (SOM) (TN) (TP) (TK) (AN) (AP) (AK)
jH{Eij: . 154.63+0.42 b  5.48+0.03 b 2.00£0.01 b 2.16£0.01 b 0.36£0.00 b 0.007+0.00 b 0.04+0.00 b
Non-rhizosphere soil

HRPR L

. . 167.65+£0.18 a  6.24+0.04 a 2.21+0.01 a 2.15+0.01 b 0.42+0.00 a  0.009+0.00 a 0.09+0.00 a
Rhizosphere soil

A5 ML : Soil organic matter( SOM) ; 424 : Total nitrogen( TN) ; 4= : Total phosphorus(TP) ; 48 ; Total potassium( TK) ; #5354\ : Available nitrogen
(AN) ; %00 : Available phosphorus( AP) ; 3344 : Available potassium( AK) s ANF/NG ZZRERTE 0.05 /KO 19 25 25

2.4 TIEUNIERETR SRR

X R ER A TAR PR £ FAEAR PR 438 20 A - HEREARHEA TAI B 16S vRNA (=il s, B P I 15 B F- 1
clean tags 4 58210 4% (4370 1 40027—73290 Z[H]) , Z8idt BBk A 15 159 211972 valid tags 2 49382 % (43
AATE 33313—67544 Z[A]) ,valid tags “FYJKEE AR TE 391.08—416.01 bp, % FEAS OTUs B 55 N 95.8% L I,
BHEA OTU MU TE 2489—4567 ZIH]

20 /> AFEREALRS HH AT 35 177 92 2K 225 H 385 #} 822 J& 398 i, Hirfr AL 1R[] ( Proteobacteria ) | Ji2
FFETT( Acidobacteria) JUFTFEE ] ( Bacteroidetes) iUZE # 1] ( Actinobacteria) JEBEEE | ] ( Firmicutes) . 2f F i B
I'T( Gemmatimonadetes ) 5 EUFFI1 97% Lk b (1l 4) . ZIEW T 1R &, HAEMRPR L AAEAR PR + i A=
FES 5 49.61% F1 37.48% , Hibr - SRR - 25 5 18 35 ( P<0.05) ; SAEMRPR A0 L AR PR 1 AR TE B T] 28
BTGB T TAEG = B e, IR BT AOURT IR 1] B P 1T TS A T DA XS = B A1 s L JBUFF A T 1A X 2 AR
it L ARAR PR 1= 8 & BRI T 45.53% , AR TR B 1 1A X 3 BEAR PR = FEAEAR B+ 8 B 89 T 32.89% , & B K P
RIS 2 B T R o ) L ) 20 B RV

ZREVE TR (2 4) R AR AN BEVS 1Y Simpson 5 %UH1 Chaol $840TC .35 2% 5, AR BR 4= 1Y w08y
FPECFD Shannon $8 8% 8 % = TAEMR PR 1 (P<0.05) . A & £ 4 R ( Nonmetric Multidimensional Scaling,
NMDS) s #12 B (I 5) AR B 53R MR bR - AN i 2 25 5%

RDA JUAESHT (B 6) BR, ATEHT] C N P RIEASE, ERER T RHAT B 1145 fr 1 5637 0 2 S A
Ko FRIASILTET T+ 4 C N P A5 1E TR, JEERE B 1RO B 16 45 o0 HLA AR K s
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Table 4 Alpha diversity index of soil bacterial community in the rhizosphere soil and non-rhizosphere soil of Cynanchum forrestii in the alpine

meadow of Jiulong County

A

Soil sample

PUMUEIG:OEZ/E 54

Observed species

Simpson 75 4{
Simpson index

Shannon 84X

Shannon index

Chaol 8%
Chaol index

JEMR PR L Non-rhizosphere soil 3145.89+224.52b 0.981+0.005a 8.90+0.29h 4176.47+272.68a
#BR 1 Rhizosphere soil 3896.23+58.76a 0.997+0.000a 10.11£0.07a 5030.29+56.72a
ARG FERAERTE 0.05 KT 110 k25 24 5
m A = #AFE ] Bacteroidetes
Stress = 0.0811 =
= 3B ] Gemmatimonadetes ® FAFE ] Acidobacteria :2%2’;:% B
il
m JEREEI] Firmicutes m A JE ] Proteobacteria °
T2 %1 ] Actinobacteria o1l =
100
] - .
- : -
°
° °
S 80 o
e = & °
'§ 60 = o ©
2
S
= °
& 40 -01}
E::d
H#
&
ZE 2 ° °
-02 | I I !
0 -0.50 -0.25 0 0.25 0.50
s AR L NMDSI
Rhizosphere soil Non-rhizosphere soil
5 AWEEBEERAKEABRRR/IERER L 45 5% NMDS

B4 AERESERAAEAMRER/FERRTIHEFETAEL
B EE

Fig.4 The relative abundance of microbial communities at

a3
Fig.5 NMDS analysis of bacterial communities from rhizosphere

. . . . . . soil and non-rhizosphere soil of Cynanchum forrestii in the alpine
bacterial phylum level in rhizosphere soil and non-rhizosphere soil

meadow of Jiulong Count;
of Cynanchum forresti in the alpine meadow of Jiulong County J & y

3 e

3.1 K AR B AR AR T R FE IR A i

L3 A AR R R AR | L R A A 6 R S R AR R AR SRR AR ALY AR
TR AR5 Wi EL 3 4 BH G A S S T R IR, H 0 v B A B B A R T A e I Rk s B AR
BCE S sa e it et 2 ARHIF g4 SR 4 I, KB 1A BT A BRI H 0 - 2 Bk v 5 T SE ) A v A
LT AR B iR e 1) S TR LA A 0 SF- 35)  E , RBRHE X Y R B9 S G s Bt Ak s 18, R
R T ARG K AR R A2 S N Z 5 & Chla/Chlb SE38 IS FRE ZERR S 31—35 cm AR KME, A RIFE
AR ARG e I R AR AR K, G R AR B S A 6 & (6 R S BRI L B LR RO OB AR B 5 20
A AU A e g A ELA I A9 R i, AT HE BOGIM GBS  Chla/ Chib JEAE ) %t 38855 6 5 07 P g — ol
F55, Chlb 25 B I 4R AR FE 5906 T ADERE S DT RESUY BRI R I S S R i Yy e R 5 A
2.0—2.4 mg/g Z ] A SR 45 R W KRB AT it R B i I (B KAEAR 1.65 mg/g) . K3 HATHE AR = T
31—35 em BOEA A FR S A Chla/Chlb FEAR, AT RER MR =58 &7 , 32 e S5 5 O BEGRE i R A 0 4%t D641 il
JIT 505 MR ke v A T RR ) DG 3R D €0 2 /0 P SR 3 Ao 44 o v T AR T A5 B A , S BOR R 5 1 Lt o i
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Fig.6 RDA of bacterial community and soil nutrients in rhizosphere soil and non-rhizosphere soil of Cynanchum forrestii in the alpine

meadow of Jiulong County

AKX,

Az 2 AV SR S WL e R 5w i (57 AN FF A BB AR AR i S 18] 40 A1 4% JR 2R B0 L R B XS R B AR Ak 114 17 %o
HLURI KB A FTRR 5 R T REVE sh A T34 K | AR 2500 58 B A, 28 WA N IR 858 W VR R FR A 724, 6 Fil
[) 5 4 T ] AT X LA s B TR A S B4 50 3 A A JRy , A I HG Dt R 2 g o () 5 4 5 0k 559 17 - 5P
SE IR, 7E e FERAR) X — A XS P AR RS AT T4 O 2 i A A7 25 (0], P el A 70 B B,
P AR A A, S EOR AR B 5] 5040, 31X — R i R T — 2B TS IE
3.2 ARPRIREEN AL T Y R

P YA R st N E FROC R AU POk A S RS B AR sk e L R
A YIREE T AN R DR AR, AR TR £ 2 B E Y, HA R AR A LY o ff FIA ) A
AR Al ieAs 3 C/NM X C AN R A A Y AT EE A AR R SR T WA AL
VI A SRR B3 /PRI N/P EEZ A3 C N SRERN mPIELK C/N /PR
RIS FR e R ARIE C AYRET, T LS Al % 3243 o0 R R RCR Y 1E B R B = R s o ik
K &8, EFHRICE R FHZCRE, C/N Fil C/P AR E ™ N/P A2 b nl VR S b 4 BR o 5% 2 4 U
FIHEbRZ —"" 24 N/P<14 BF A £ 252 N TR 24 N/P>16 BF A K E 8% P on KR 24
14<N/P<16 Bf KK 32 N JCE R P e ZILFERRE , seoh, e N P S iZ Hi p S | +
HE P EE M N AR AEY N/P B P d: K YT S E 25 & P 1 RNA AR ELZNEA
JEP L ARWFE SRR SARMRBR E AT E , REE I RTAR B AT BT T AR P N AP AN C/P N/P
o, MTFF BT T C/N B, FRIAAEMRPR £ b ml R 0438 S 9 oA PR, 400FT 081 T T AR 32 B AR R A v, R
HE AR R B s EAIE T, o TARPR 3 P #2040, WA C/N o] LU AE B HE b A HLES E R 1
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Oy RVRR L T A AR T AL R R Y KB RIAR ZE A9 N/P BN T 14, R A
Kz N BRI M — s 3 28 S5 B B 4 AR e e g e Y KRB AT /N L C/P IR TR AN
22 HMHE C/N . C/P BEMRT 2R E 7K (16.88 il 364.67) M7 L) K rh [ % JE A M) - ¥4 7K S (17.9 il
231) 7 R KER (AT B 2 A0S SR T FERIARAZE . Pearson MXGHEMTEE SR B8 KB ARIIRIR L P 5
KA ATZEEA A H SRR A A SR 33X — 25 S R R B (R AR Br £ 224 E 25 A=
e, RIS AR IR 0 e B AT 3

MR G 5 HAR I R AT R R YA 50 | A Yy 5 22 0T i e A 4 A ) - S AR 1 T R
FIEBEPERRRE 17 L ARBFSTEE SRR BR T Cu Ab, KB PR oA o 2 A9 A i il R 80 K F 1, R
AR XL C R A BB X Ca Mn Na K P & #6615, [FIR ST P Ca K A RE 1455 .
Ca Mn K SEAEPIALTEICE , Ca A iR ELS R e e oiae , 2R W EZ NG S 01, YK R
WEARBE R AR AR I BRI ZE . K SHEWRGEAE AR M A HI 85 U AR G T Mn 2 40 j 7 22 A0 35 1k
FIH AR FERREE T ORI A RTEIA N Ca Mn K. P Z 0K &, A BY T 281 th 28 428 45 55 G I 45 0
Belan 5 R A3 R A I R e, AR M, DA 4R v TR AR S R RE T s Mg AE it S R 1 4
ICER AR TR P A& B AR T R ) & & X TR T R IR SR R A R s SR R
RN RZ —, Hisd 5 EIEMAE Y EAE, 35 T XA BRI HECE 8 T AV - &, (et THEY)
PR A 8k v T AT DR SE R C IR A RE T, okkh T 4 2R 5 i S BOLA BCRARM S |, A )
HTERETE A B L

4 Zig

KB A A A T A5 R 5 B E W o R A G AR BRI IR O, 4R S AR X Ca
Mn Na K P S5 I0ER I CRIELRL RE 7 , 34 S GT ARG S RE 1 , 2 BEAE Y I 2R 4G, A R e A TR BR B 18
e IRAN 1O E R S R B A BRI T 5 5 1 e e FEER AR v 1 i 8] 55 4 RE ) AN 5 B2, SR R
e PN S A S ECHRR A SR 2] A Db P S i R R B iR FR M I R 2 —
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