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OE: N TR AR ST A A i SR R AR, e R IX. 8 A [RITG Hi SUR AR TSR BT ik S B K b ) 4
i, 38 ALY R IR TOOCERME T NLEWR . 25, 0 JERI - HeRE S A&, b T BFAE NN S AY s I RAE . 25580 ©
ML N ZEWrE A L 25 0 L AR SRR A TG % A A L2350 R 0.029 ~ 94.87 . 0.008 ~ 39.45., 0.040 ~ 123.14, 0.026 ~ 143.94 F
0.6 ~ 277.3 mg/kg, HAFIFEALAIAN 5 00 & i 2 AR 0 E ARG s @R NS Sl Xl 4 A6 ) e 4 RECRN e 18 R4
53518 0.012 ~ 0.727 1 0.279 ~ 2.200, ¥JLIZEIRAN; ORI LWl Y5z ZB00T LOK IR AE 00 B2kt 5 o A i & R R AIE =
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Ak, AARERNEETHMRES, NE TRMMY . AL R SWie S i T 1R E MIF & HA SR X,

KEIF: IZEW; MiEE; B ; SUEERE; iR

HRESZS: Qv48.113 MR A

Selenium Contents and Characteristics of Selenium Enrichment of Wild Dipsacus asperoides

in Enshi

WAN Zuoxi',YANG Wannian', LEI Hongling',YANG Lanfang®", XU Jun'

(1 School of Biological Science and Technology, Hubei Minzu University, Enshi, Hubei 445000, China; 2 School of Resource
and Environmental Science, Hubei University, Wuhan — 430062, China)

Abstract: In order to understand selenium content and characteristics of selenium enrichment of wild Dipsacus asperoides in
Enshi of Hubei Province, samples of Dipsacus asperoides and their homologous soils were collected from eight different regions.
Hydride generation atomic fluorescence spectrometric method was used to measure selenium contents in roots, stems, leaves and
flowers of Dipsacus asperoides, and in soil samples. The ranges of selenium contents in roots, stems, leaves and flowers of
Dipsacus asperoides and in soil samples were 0.029 — 94.87, 0.008 — 39.45, 0.040 — 123.14, 0.026 — 143.94 and 0.6 — 277.3
mg/kg, respectively. Significant linear correlation were found between selenium contents in roots, stems, leaves and flowers of
Dipsacus asperoides and in soil samples. Selenium bio-concentration factor and transport factor of Dipsacus asperoides were
0.012 - 0.727 and 0.279 - 2.200, respectively. The two coefficients were the lowest in stems. Based on selenium transport factor,
the samples of Dipsacus asperoides were divided into two types: Leaf enrichment (LE) which was in low soil selenium content
and flower enrichment (FE) which was in high soil selenium content. The results revealed that Dipsacus asperoides is a plant
species of selenium enrichment because it can grow normally in soil with high selenium content and has strong capability of
selenium enrichment. This study has practical significance to breed and develop Dipsacus asperoides in selenium enriched
environment.

Key words: Dipsacus asperoides; Selenium content; Enshi area; Bio-concentration factor; Transport factor
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T, R HIR AR 2 I E T 2k

B A iy T AR IR G ER R ™ EE R A A B
BN AREAIER A0 BT B LA 2R
S, sl . R . HER PR SR,
AT 5 25 o JUE 0 AN AR A DG, 3 b SE A
PR AR RIS AN (L RETRBIT ST S S , S RES DI | AEZ%
=, W) B AL T EE R, B
il 5 ] AL 2 T 525 2 10 e A M X, A T A
O R L PREE LRSS A SRR R, 4
ARCHTIZ, SR T RS OBE X 7 X S b A A
A B FLURACLURAT A58 ) 1 22 W i SCHRBERL, ASE 7
03708/ VAN VASEE D' (RIS IS N - Eod Tl NI BT= N ]
A RN SEW T FEZE R AER R BEIR  fLs2lior
PR AT ) WA G| SRR L AR
A BT N W AR A B2 R 7 T IS e DL A . AR
JUE VBT BTG 50 R AR AL, XT3 BT A A B
XY S W BT, ST SEWTR 25 | PRAEFIZ85F
(IRIERREN =8 QS MR INAY sV T S ge ey k=4 )
AR DL B AL, A SN L XSRS T3 73 B A
NIEEIBTAE IR SR A B SR &, 28T 1)1 2B 45- 38
3 BRI 5 K S S 5 e DG AR | 1 B T )
AW e AR AR BN Az 2R, DASYI DA Rt st DX ) 3 o
L9 RN IR Y 5 BT A 5 2R R TR BT O B2
e o

1 #REFE

1.1 HRRE

PEREE 1200 m DL b, 122l 3 9k K
BB LR B RN R T BE TR o SRAE I Pk e 4 34
HOA — B VIR, MR 1.5 m 224G, MR
K 3 A ) 2045 e (b R4 BE AR AR U . 2015 4F
9 H 15 HPEdG BACPPER ) B B A 7] 5 Bk 3 A4
M, RET 3 MM, Sralgns o I, J2 F1J3,
Hodr 13 RIS AR I EE b 2015 4F 9 H 17
H ARG BT & 7 B PP R R PR — b, R
LT 1ARES, S5k H; 2015489 A 18 H 7B
R 2 ROt G IE SR 3 b, SREE T 3 MK
i, ArgRS ok E1. B2 F1 B3, Hip Bl OMAfe
¥k s 2015 4 9 A 20 HZERI T AR EUA ARG BEHE
—AN M, RIET VAR, S5k Lo BEFEAR
Pt M HR NI TE R AT E 5 ~ 10 AL, B
RAE— R SRR N SEWTAE AR , B 25 MU RRIR & 72
—EBAER— . TERENZEWrREPRAFE s, /DN
BRARCKs - —h TRV RUIND, TR TR 20

em. SRJE MR T TE /MR L0 FHIZS 5 em J&
20 cm R — 2+, B S IR A E i,
AP RIA, REYWSE, kR
0.5 ~ 1.0 kg LA A A VM ZCRAE M B Y 1 458

Ft, S P TR B o SR bR i b A
M 1 fs.

F1 FHESMEBMNE

Table 1 Information of sampling sites

GEE £ Sz T4 (m)
El 109°46'43.06"E 30°1048.03"N 1591
E2 109°47'03.68"E 30°10'43.29"N 1526
E3 109°46'44.38"E 30°10'46.57"N 1571
H 110°15'58.01"E 30°05'35.78"N 1730
J1 109°56'16.02"E 30°30'47.78"N 1373
J2 109°56'26.27"E 30°30'49.91"N 1293
J3 109°56'35.34"E 30°30'44.10"N 1327
L 109°18'10.48"E 30°207.27"N 1543

1.2 #HEE&E

MR EG, 48R . 25, WRIERTT, Vet
KAy o AR RO 2 ALRAY, ZEBT ALY 0.5 cm /Y
INBEREAARES, MERIER A I ALRAE, 70 CHR
TEAF T, TETRES A HIEEA, o 40 Hif%E
ANIEU, TRAETE TR &

F Yl ML S, B TR SR, T
2, BIbRadoRR YRR E Tt 20 Hif, 2%
HIRA), FTRARBAETR . Wit 20 HREE
I 50 g HAERESL T 100 Hf, FASEBE
i, A LRSS,

1.3 {L=oh

R 5 R TR o ek e U, e &
ok R e e,

FEALE A . HYP-340 4L (LIFLF AL RS
AT, PF6 B2 B (b st b i AR
ABRTHAEA D)

2 HEREHW

21 WEE

2 2 AT UL BT R SRt B A 1 B W i % S A7 )
N 0.008 ~ 143.94 mg/kg, HbH, 2% M qE
PRI 5 RV FEL 43 1M 0.029 ~ 94.87 . 0.008 ~ 39.45
0.040 ~ 123.14 £ 0.026 ~ 143.94 mg/kg, L)t i
Hh 2 XA 0 U BT R R A EL A i
i, DAESIE B S T RO AN R AR H
=
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Table 2 Selenium contents in samples of Dipsacus asperoides
Rl R e - ik
El 94.87 +2.06 ¢ 39.45+0.87d 123.14+2.85b 14394+ 133 a
E2 3.04+0.11a 0.93+0.02d 1.28+£0.02¢ 1.90+0.08 b
E3 0.301 £0.008 ¢ 0.203 £ 0.001 d 0.369£0.013 b 0.530 £ 0.005 a
H 0.029 £ 0.004 b 0.008 + 0.001 ¢ 0.040 + 0.002 a 0.026 £ 0.004 b
J1 0.035+0.001 ¢ 0.010+0.003 d 0.049 £ 0.001 a 0.043 £0.001 b
12 0.035+0.003 ¢ 0.018 +0.001d 0.077 £ 0.001 a 0.063 £ 0.002 b
I3 2.50+0.02b 1.09+£0.01 ¢ 2.50+0.02b 297+0.02a
L 0.040 £ 0.004 ¢ 0.018 £0.001d 0.081 +£0.001 a 0.052+£0.001 b

T AT RO /NG TR ) 27 [R]— A A il S [ AR A3 W] 22 5 18 B P<0.05 B B3R, TR

22 WS

H e 2 TR F A, AN [) M gt )| SR T G 5 B 45
WAL AT . HAA 1AL ED B2 fh &
WRSES>ZE, TERER AN 12.5%; £ 2 DFER
BRI E1 A1 E3 A6 & it S AE> >R >ZE 0 o A A, o
JIERAE S 25%; A 1 AR R I3 A & 542 4
e, ZREAK, HRRA TRz ZE, (A TR
FES, HEREEREUY 12.5%; A 3 ARESED 1,
J2 RN L ARG 5 i S > > AR>S ZE A A LA, 5 TR
FEREY 37.5% 5 A — AR SD H 20 fems , 250 AIR,
AL T FZEZ 0], (H B E LR, S
SBIY 12.5% o JITAT R it 1) ) ARl A 2 25 A G 5 o
K, BIORE, &R RS A 4 DRES, &
50%; fEREA 34, 5 37.5%; MREEHEA 1
A 12.5%,

23 JIEHESESTEMSENXR

JIT R B A 1 e W7 A K B = SRR A A b
BOR, M 0.6~277.3 mg/kg, VAaEIT bRl E1
(1) SRR S e, TRk 277.31 mg/kg. MIEOMT R
BI(ER 3), JIZEWil . =5 mb . FERml & &5 1 e
BRI R EIIE 0.999 DL E, i B E A
IR, 8 B 2T 7 5 G 5 i 2 (R AE
e Sk B B LR O

BERBBME LR T Ry TR AR
HEhizon RS RGE", & 4w, BRI
LEWTRE S A B E R AN 0.012 ~0.727, HAR |
25 UL G ) AR AR R B AR 4y ) R
0.043 ~ 0.727.0.012 ~ 0.222, 0.058 ~ 0.444 F/1 0.038 ~
0.519 Z[a], WAMZEMNEEREL) E2 Jer, U H &
i%; AR E RS B i, H ik, Hrh E2

£3 NEHESES TIRWS EMHEXNE

Table 3 Correlation of selenium contents in Dipsacus asperoides and in soil

ES R EN nf: 1E
[ )5 7 »=0.3430x - 0.3506 y=0.1472x - 0.1768 y=0.4467x - 0.9361 y=0.5220x - 1.0291
LIPS 4 0.999 3 0.999 5 0.999 4 0.999 4
K- P<0.01 P<0.01 P<0.01 P<0.01
x4 NIEHTENENEERE
Table 4 Bioconcentration factors of Dipsacus asperoides to selenium
kS R e it b
El 0.342 £ 0.007 ¢ 0.142 £0.003 d 0.444 +£0.010 b 0.519 £0.005 a
E2 0.727 £0.026 a 0.222 +£0.005d 0.306 + 0.005 ¢ 0.455 +0.020 b
E3 0.135+0.003 ¢ 0.091 £0.001 d 0.166 + 0.006 b 0.238 £0.002 a
H 0.043 £ 0.006 b 0.012£0.001 ¢ 0.058 £ 0.003 a 0.038 £ 0.006 b
J1 0.047 £ 0.002 ¢ 0.014 £ 0.003 d 0.066 + 0.001 a 0.058 £ 0.001 b
12 0.062 +0.005 ¢ 0.032+£0.002 d 0.136 £ 0.001 a 0.111 £ 0.003 b
13 0.158 £0.001 b 0.069 £0.001 ¢ 0.158 £0.001 b 0.188 £0.001 a
L 0.056 £ 0.005 ¢ 0.026 £ 0.002 d 0.115£0.001 a 0.074 £ 0.001b
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B R BURRSE>M>25 ) E1 M E3 E R R
FE>M>IR>ZE T I3 (Al & i S A>T =1R>2E ) J1,
J2. HH L WEERBEM>E>R>2E 0 AR
By, RUR R E A R BCS HE E ER B T B K
L MR L 2R B E S RS T R R A A
RARBINAT KB B E KT
24 JIEBTNFEIE RBFRREFZRE

— A B TR R SRR IR G
B HLIERR A is 2800, & 5 ATOL, FERIIZEWiee
XA I8 2B 0.279 ~2.200, Hir. Kz
F400.279 ~ 0.676, T A LS ZE N8 REBU/NT 1,

DIRE S H B9/ IR 3258 0.421 ~ 2.200, 17 6
ANEES IV ZEORT 1, 5 75%; 1ERYE s RBUE
0.626 ~ 1.789, WA 6 MMEMFLE RECKT 1, i 75%;
El. E2. E3 Fl1J3 4 PFES—3, fhiz RECR 46>
M>Z5, BRT E2 FEREEE R BUNT 141, HATER
Beis ZBERRT 15 Wi HL I, J2 AL 4 MRS —EX,
is ZBARIRM>E>2E, BN REI KT
1o PRMAR S 1 22 Wi i (1) 32 2 88007 LUK TR AR 11
JNSEWTRE it o WIS, WD 4 D ERYFE I8 Z 8RR,
AIFRAAEE SR, J5 I 4 R FHE R, TR
it AR,

RS IEE AR RBFURRIEIERE

Table 5 Transport factors and secondary transport factors of Dipsacus asperoides to selenium

B il LSRN 4 Wi M
= iy 1 - 1
El 0.416 £0.009 ¢ 1.298 £ 0.030 b 1.517£0.014 a 3.121£0.072b 3.649 £0.034 a
E2 0.306 £ 0.007 ¢ 0.4210.006 b 0.626£0.028 a 1.377£0.021 b 2.048 £0.092 a
E3 0.676 +0.004 ¢ 1.231 £0.043 b 1.767 £ 0.016 a 1.819 £0.063 b 2.612£0.024a
13 0.434 £ 0.006 ¢ 0.998 +0.008 b 1.188 +0.009 a 2.297£0.017b 2.736£0.020 a
H 0.279£0.035 ¢ 1.360 + 0.064 a 0.880 £ 0.148 b 4.880+0.229a 3.157£0.053 b
i 0.298 £0.074 ¢ 1.406 +0.025 a 1.232 £0.026 b 4.712£0.082a 4.130 £0.087 b
2 0.514£0.027 ¢ 2200+ 0.024 a 1.789 £ 0.045 b 4.291£0.046 a 3.489 £ 0.088 b
L 0.463 £0.037 ¢ 2.038 £0.022a 1.310 £0.009 b 4.409 £0.048 a 2.835£0.020 b

T R RTERENG TR 73 53R Rl — R AR 7 SR 18 R R 24508 F 80 ¢ .35 (P<0.05).

Y TR SR S ATt RS
T HABFR R e iz 72 500N gk sl ls:
Wi (I e iz 280 1.377 ~ 4.880, LMK H bz
FHAE 2.048 ~ 4.130, JIT 7 IR G 12 ZEFTRT 1,
T 4 AR E SRR S IR B s R AR BN >
W, i SRR IR s R AR >4k

3 e

MR N S Wk b i & B R, AR AR Bl gk
Yi, 4 0.010~143.4 mg/kg, feihlh e R &
HAYIE 14 400 £, GARIEHY R 3 2K, 2R
G 5 ek 0 2 R AR, A B AR AR B L AR AE 5 5
TR RE M SORE 24 5 G T A K R A L FE
FURAR X RS V2 AFEAE s 5 = NI RE ) 22 A
FE G L1 EA R 22 B A, LW )8 T
SO, BIVRR ML ISORE 50 A T AR K OE A
PR A 49 S 277.3 mg/kg 1Y 38 bW RE I 4R K
[Fi] s G 7 S AR A b DX A AT 0 A o AN SR BEAE ) 3 2R
RS . AR Y A B e A 3 2R A
Jiti )1 B2 W 10 12 i T SR ATAE ) o PR Sy ST AT ) B 7 1 i

o 15 SO = 7 e TN (T 04 o e | = 3 T = K £
fifi & B — /N T 1 mg/kg, b A A BE AR R4
AR A>T HR e HE TG 5 8 1) o3 P42, R I
it A A ) - 18 T el 3, e AN
Tl e IR A S AR, A 3 A
SLWTRE A IARAN B it . 4 )12k S 2 o i 1
AN ZEWTRE AR % 8 TR 7K F-(<0.04 mg/kg)-
P T 252 2% FB AN A 05 57 380 5 - G 5 ok S A
FIR AR S, Uh B SRR 5 B e ] SR T AT
o INSEWr 220 kY, DARAZS, i Bk sa
2RI i AR M e B S BRI AR SR 1 o AR AR )1
SEWTARAN & y 5 I AR x ICR y = 0.343x
0.3501, Zfi 1| SEIAR (4§ 75 1k 21 A BRI (0.04 ~
0.07 mg/kg), TIEEHIN KT 1.14 mg/kg, ZikF|E
FRIE0.07 ~ 1.0 mg/kg), THEMGEBRIVAE 1.23 ~
3.94 mg/kg, MR, AP SRR T 52 4 e
Mz A, Wz RS . R AChEAE
SR EE IR RO Ry T A HRF S R P N A R
A Ji WL — 20 3 A 0 AE N B2 T AR A B 28 L
T EEER AR
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O, HERR i A I A, TP AR
T LA 3, Btk R LA AR £ A o0 10, i
T S i s 75 57 3 ok A7 R 5 48k i = HE I B, PRI it
G PR AR L A8 P AR A A b i P2 e e 0
JAEATG A 2 P J e AT, G PR s 8 7K e e e i 5 e I
To T I A R il b R o T SR 1 L
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JKAFJ7 T R g B 5

— M HEY PR TR SRS R TR A
B LA E RIS HZOC R AR 2 BP0, A
HE RO, FIAAEYIXT IR B ICRE Sl B
B AR N SRRl A= 1) e 4R R BCH 0.012 ~ 0.727, HEAR
R R, A E R, (R
9 AR RS 1 AN B A DG I, B 1 22
W - ST 4 A ) A R R T % B R R
I, WHHMNEA L, HTRREERBGETH 0.7
DL b, UEEINSEWTfE—E S5 F T, X 498 ) = 4R B
138 SR LU I o X JBE2E A & i AT R B, DAL
SR B4 1 4R 39 A RS A X A 9T ) AR R BN
0.12 ~0.83, /& il + A & M R B Y, I Sewr
X - ST 1) B B RS AL . R Ak B
G P 5 4 2R 00 T AR e PP B AT ) 4 R 0,
T BH ARG B IR SR - T v (18 B2 ) A A AL
BB TEN S W YN AN ) & SERE T, i ad 44
WIS R AL e i — 2L AR

s Z 0T R VRN A YK o0 2= A HB T 6 1] Hb
ISR s E R T, UiE RECRT 1R, Ui
AR HET R R E A Ay, (R A A
TR EI M EE; YHREREBUNT |1
b, BEEZAE YT RO R EE R A R AT,
FIr AR ZE R i is RE/NT 1, 0 Z2H0RE AT

(s REAIRKT 1, AW LR R AL RE NSO
FHA- B BYAl, 3 BB LI 0 ik 2 b 1 &R 53
It HRETE— & iR AL an i B fE heg 4 iR 3 iz R AL
A4 I R AR 0 NSRS it 53 S B & AR RS A g B AR, 2%
A NEEWm & ok A, A6 5 5 B A G 5 A A
=, BI7E 0.2 mg/kg DAL, rfE - 3ERAR & i e,
BITE 2.2 mg/kg A b5 iR SRR SET AR ) AN L
A i AR, M /N T 0.08 mg/kg,
HEAl S 4/ T 0.8 me/kg, H I BB ZEARAR 4 52 R
B, NZWim S A gL e 7emt s 48, 78 = il 15
28 S o N A TR i e R e e o 2o s
A B IR i i ZREAT DA WA ) AR 2 di ik 31 25
PSR TG o) LA A3 Az R RE T, T )T ST it R Tk
Ptis FBOIRT 1, WIS W22 Al 25 ) ) H:
My b AR A ds AN FE 2R B 4R o FAEARAN 1 HE IR IR
T, WP R B e A, TR RS, 2
PR EAE T s 4 o R % iz R BORBIEFERE YR B I e
WAL, 25 AP RS T A St A7 X 95 0
Pis FELRER , BB IR IR G s RECRH 2.8 ~
4.1, XIS Wi IR P is R BOEA —2

4 e

1) JRie B A 1) 2 W AR ot G B AR R AR, AT
0.008 ~ 143.94 mg/kg. 7£ M BT 300 mg/kg
MIFAET , JNSEWHR IR A K IE R, U BH SR )| 22
TG G 7 i AR ) , HLAl & 12 ) DU 100 mg/kg,
Ui B ZE B s T SR AN )

) NNZAAA Y S0 5 FETE 0.6 ~ 277.3 mgkg,
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A ELm,

3) N SN RIS Al 5 it () o A AN ., (E#R
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