2016,35(11):2067-2076 ol IFOE R ¥ ¥ IR 2016 4 11 A

Journal of Agro-Environment Science

XEB, ZRAERF, RIEIE, 55 RRHFRDRHRF R 22 7 P[], Al FREERL 2444k, 2016, 35(11):2067-2076.
LIU Deng-lu, LI Ting-xuan, YU Hai-ying, et al. Evaluation of differential cadmium accumulation ability in different tobacco species[J]. Journal of Agro-Envi—
ronment Science, 2016, 35(11):2067-2076.

A EMREM BRI R E =M
AR, BT, REEL K BLE §e

(LR R A BB, AR 6111305 2.7U)1 1A MHREAS Rt A ], P9Il 74 E 615000)

o E iU AR AR R R A R B AR AR R S AN SR AR DL 93 (3R AR RS B2, SR A K B, LA
T 1 4 SRR T B AR AR A [V B A R AR R T IEA , RTINS BE IR, I 20 b AR AR B ARRAE . S5 SR 3REH - (1) WA~k
FEACFN AU RO R . R85 52 BIASRIRE B B30, ELADRHRIZR BN W25 22 5, IF AT MR BOh RIS b KA L 4R &
it | A AR 3 2, A it PR AR e T M PR R 2 v AR A L . (2) PRk BEAL BT, H s it 1 b ek AR
BRI R ZE R AR & B RIS b7 B rh it PR L AR R i AR A AL R 3 285 7 2 mg - L AR A PR FRAGAIT
TR B 12 4y, 76 10 mg- L™ FBAL R T 3R45 10 4. (3)VIRFR R P AR SN = A B b _ 330 A= o i s AR S L M B A BV S 1Y
BRG0S0 AR A R A MR R AR AR B ek b A S s B B AR L 22 RN 3 (RO O i
AR R B E LT R SRR T @S F AR B 22 R AR AR BT IR 7 1%, 25 “ 41 857 “HhE 907 R
. 5” “CF986” ,“RG11”,“91-5%"F1“9601"" X 7 {3H1 R 7E M AR AL HIL N H4 3Bt ARAR B4t vl A b5 B AR (B B o i 4
(SR By o

SCHRIA < HEL 49 Tk s AR 2 R 0E M

i E 4y FEE.5572 X HEFREAD: A N EHS:1672-2043(2016)11-2067-10 doi:10.11654/jaes.2016-0646

Evaluation of differential cadmium accumulation ability in different tobacco species

LIU Deng-Iu*, LI Ting-xuan, YU Hai-ying*, ZHANG Lu*, WANG Yong?

(1.College of Resource Sciences, Sichuan Agricultural University, Chengdu 611130, China; 2.Liangshan Branch of Sichuan Tobacco Compa-—
ny, Xichang 615000, China)

Abstract: A hydroponic experiment was conducted to obtain tobacco germplasm resources with lower Cd accumulation characteristics from
93 tobacco species by evaluating Cd tolerance index and accumulation, so as to provide species and information for the further researches on
the genetic characteristics and cultivation of tobaccos with lower Cd accumulation characteristics, of which Cd accumulation characteristics
were also analyzed. For the different treatments of Cd, the shoots of all tobaccos were inhibited and showed significantly difference among
species. According to the cluster analysis, all species were classified as three types of high tolerance, middle tolerance and low tolerance.
The biomass and the tolerance index of the high tolerance and middle tolerance species were significantly higher than those of the low toler-
ance species. There was observed a significant difference in Cd accumulation of middle tolerance and high tolerance species. According to
the cluster analysis of Cd content, the medium tolerance and high tolerance species were classified as three types, which were low accumu-
lation, middle accumulation and high accumulation species. 12 and 10 kinds of low accumulation species were obtained at the treatment of 2
mg-L*and 10 mg-L* Cd. The biomass and Cd accumulation of the low accumulation, middle accumulation and high accumulation species
decreased with the increasing Cd concentrations, while Cd content in shoots of tobaccos increased with the increasing Cd concentrations.
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There was not noticed a significant difference in shoot biomass between the low accumulation species and other species, but Cd content and

Cd accumulation of the low accumulation species were significant lower than other species. In this study, 7 kinds of tobacco species with
lower Cd accumulation characteristics( Yuyan85”, “Zhongyan90”, “Cuibiyihao”, “CF986”, “91-5%” and “9601%) were obtained. And
these provide excellent genetic materials for the cultivation of tobaccos with lower Cd accumulation characteristics.

Keywords: tobacco; cadmium; tolerance; accumulation; differential evaluation
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Table 1 Codes and names of tobacco species used in the experiment
G B TR R 45 MR R R s MEH TR MR
Code Material name Material type Code Material name  Material type Code Material name Material type
T01 20 85(JEFH) Je& Y T32 KRK26 & 1 T63 799 55 Y
T02 =M 85 Je& S T33 MSK326 55 T64 K358 S
TO3 I 87 $54 T34 NC55 P2 T65 cvar P I
T04 =M 97 55 I T35 NC71 M T66 RG8 4
T05 = 99 54 T36 NC102 ¥ K T67 RG11 55 M
T06 =4 100 P25 T37 NCTG55 55 T68 G28 S
TO7 =M 201 55 T38 NC82 55 T69 Coker319 A
T08 = 317 #5410 T39 JI 15 0 T70 CF965 ez
T09 MS 4 87 K4 T40 B 6 = 0 T71 BEHL 1S AEHR
T10 SHE 15 2 T41 MIL=% e T72 BEHI 35 AR
Ti1 B 2 5 55 T42 T 25 55 T73 *rKH15 AR
T12 B 5 & K54 T43 Z:41 96 5% T74 *kH2%5 AR
T13 i 4 5 vz T44 gy 15 = T75 4 15 g
T14 4 90 vz T45 mwl1s $540 T76 MSCA Epin]
T15 rfH 100 I T46 Kt PE T77 CP/2012 EFHiH
T16 rhif 101 Je& I T47 fe Kk 202 & 1 T78 MNC e
T17 FE 103 K54 T48 LIy 55 T79 MF2s EgiL]
T18 B S5 = vz T49 AR 0 T80 99 KA
T19 B 65 #5410 T50 /N4 0088 55 K T81 TR Sl
T20 B 10 5 2 T51 LA R A 0 T82 (SN KA
T21 B 11 = K54 T52 MSLS-6(fi1/\) 55 T83 ELPG 8# Sl
T22 EAW oy N o K54 T53 LS-2 K54 T84 MS Z: 4 85 KA
T23 LT A 55 T54 Ricks Broad 55 T85 fHEZE MS 4 85 FA
T24 Knterk P25 T55 Delhil 34 55 T86 91-5% A
T25 e R 40 $54 T56 6603 $540 T87 91-5% HA
T26 b P24 T57 Cokerl76 540 T88 930032(1)# HA
T27 RAE—F AR P25 T58 MScoker176 55 T89 930032" FeH
T28 CK FZA—5(F/\) 55 T59 Del Gold 55 T90 9601 FA
T29 K326 54 T60 Islan Gold 540 To1 J2 HA
T30 K326( (146 #\ #5410 T61 Vall6é 540 T92 GL939 ER
T31 K346 54 T62 CF986 ¥ K T93 91-5 R
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(CV=38.48%). 1t 10 mg-L* AT , & MHE AT RLH
HRAE -2 {E Ry 0.63 g+ £k (CV=33.70% ) , Hiif P
FE B A 0.40(CV=37.10% ), Hi b4 0 R /s
{E AR KB 430 0.23 g+ Bk™ F1 1.25 g+ k™, 22 573k
) 5.43 5 AHNLR 45 £k 0.16~0.86 , i KAE N e/
{EY 5.38 fif . IXULPATERINA ST , £ M B A b}t

AR A2 B[R AR A, ELXH R A4 i 2 B H B
WAYZESE . AE 10 mg- L FRARBER A M OB R4 1Y
A 2 mg- L AR g
2.1.2 A[RIMHEERRHERIN PEPEH

DUt bR k45 RO It dn, KRB 22
S5 AR AT R b, X JH B A AT R A A2
HTIE 1 AT, SRR R A 13.98(2 mg- L) F1 10.87
(10 mg- L), ALK 93 3 KA B B4R Foc B it 24 o AR 2
oy 32, BIREMRHPE | AP e Pk A AL e (R3)

I3 3 Al A JEBUMH RERRL b AR i it
PR O AR 5 0 5 A L (8 398 T



2070 VellE7N=pRk-St= sl 5 35 £ 5E 11 H

& 2 AEMREEM R EEBEMERENET RN ES

Table 2 Difference of biomass and relative tolerance index in shoot of different tobacco species( Cd2:n=93;Cd10:7=92)

b Cd treatment %%\ Parameter A7l Range { Mean value FrifE2E SD AR ZMCVI%  F R F-test
Cd2 A=Yy 5 Biomass/g- Fk* DW 0.27~1.65 0.93 0.30 31.84 **
it P43 %% Cd-tolerance indices 0.22~1.38 0.59 0.23 38.48 *x
Cd10 A=Yy Biomass/g- Fk* DW 0.23~1.25 0.63 0.21 33.70 ol
i35 % Cd-tolerance indices 0.16~0.86 0.40 0.15 37.10 il
36
iy cd2 L5 Cd10
T84 T63
T40 T76
37 86
Ti5 79
T90 T64
T65 89
7 53
T70 69
T67 T49
87 66
79 55
T8 73
Te4 17
T63 Teo
T10 T44
72 T02
T66 Tet
T02 70
76 35
86 77
T38 T18
182 T90
T35 58
T48 87
53 T80
T20 82
T05 T40
T59 T08
T69 T62
T04 T15
Ta4 52
T49 T92
o T2 v T75
=2 T80 = T4
S Te8 S ™
— T58 = T3
E 189 2 104
g 126 I TOL
= T55 = T2
= — = 7126
T93 T46
i ]]:][g T84 "
=T 1E 130
§ 25 > 107
%v; T62 -‘;‘ T05
T46 = 138
s = 1e
T03 51
T54 39
T08 59
I T47
To1 T93
T41 T28
T60 19
T31 25
T92 22
183 78
T47 T71
T23 T34
T28 T54
T39 T65
T30 T45
T07 T29
T19 Is2
To1 88
T21 T23
71 T06
T27 T85
T51 41
T85 T50
T32 56
T33 T83
T57 T10
T34 T27
T45 TO1
T8 T09
156 T12
T24 T81 —
T13 T16
T22 T61
T06 T57
T29 T74
T16 T31
T43 T21
T50 T13
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T88 T42
T61 T33
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T42 ' ' ' 1 i
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Figure 1 Cluster analysis of cadmium tolerance in shoot of different tobacco species
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Table 3 Differences in Cd tolerance and accumulation ability of tobacco species with different tolerance

AL FR %5 MR Y [[RéEiER e R R
Cd treatment Type Number of material ~ Biomass/g-#£™*  Cd-tolerance indices Cd content/mg-kg™ Cd accumulation/wug-£f™

Cd2 =P High-tolerance 16 1.15+0.07aA 0.96+0.03aA 114.50+5.19abB 129.89+9.42aA
Hiit P Middle-tolerance 37 0.98+0.05bA 0.66+0.05bA 109.70+3.07bB 106.33+6.17abA

%It Low-tolerance 40 0.79+0.04cA 0.79+0.04cA 118.41+2.44aB 96.84+5.62bA

Cd10 fE it High-tolerance 14 0.78+0.05aB 0.63+0.08aB 137.93+5.90aA 107.37+8.28aB
it Middle-tolerance 31 0.68+0.04abB 0.48+0.01bB 135.45+4.49aA 85.54+5.15hcB

%It Low-tolerance 47 0.55+0.03cB 0.27+0.01cB 138.53+3.02aA 80.46+5.64cB

T B A P AR DS s BUE S AN F)/NE F B8 7] — SR A 3R ASTR] AR HE] 22 55 8. 2 (P<0.05) , AN R K5 B 3R /R [a]— 2 BU B BHE AN [R] 6
Jb ) 2% 55 i 2 (P<0.05) . FAl,
Note ; Data were mean + SE. Different small letters after numerical value indicate significant differences(P<0.05) in different type species. Different cap—

ital letters indicate significant differences among different Cd treatments(P<0.05). The same below.
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Table 4 Difference of biomass and relative tolerance index in shoot of different tobacco species(Cd2.n=53;Cd10.:n=45)

ABALFE Cd treatment 2% Parameter A7 I Range H4{E Mean value #FruEz= SD R REL CVI% F ¥ F-test

Cd2 e Cd-content/mg - kg™ 75.86~160.82 111.15 19.27 17.34 *x
FAFR 24 Cd-accumulation/wg - 5 38.90~214.22 113.44 38.78 34.18 ki
Cd10 f# &t Cd-content/mg- kg™ 90.76~188.55 136.22 23.90 17.55 wx
A Z 5 Cd-accumulation/pg - A 34.46~175.90 94.76 31.18 32.90 wx
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Figure 2 Cluster analysis of Cd accumulation capacity in the upper part of different tobacco species
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Table 5 Differential classification of Cd accumulation in middle and high tolerance tobacco species

FE LT Cd treatment ) Type

K45 Code of parent material

Cd2 AR 2 Low-accumulation

T86 T68 T14 T80 T90 T26 TO2 T67 T62 T12 T55 T69

rRF 2 Middle-accumulation  T20 TO5 T10 T72 T59 T54 T11 T66 T63 T40 T15 T65 T25 T17 T84 T82

=5 2 High-accumulation

Cd10 IR 2 Low-accumulation

T53 T38 T93 T46 T75 T89 T87 T70 T04 T36 T58 T35 T52 T48 T49 T73 T18 T76 TO3 T44
T64 T37 TO8 T77 T79

T62 T90 T14 T26 T11 T02 T67 T86 T92 T66

1 2 Middle-accumulation  T53 T72 T84 T80 T91 T36 T17 T55 T04 T89 T48 T69 T49 T64 T76 T52 T70 T35 T03 T40

51 2 High-accumulation

T44 T46 T15 T58 T08 T30 T60 T75 T63 T77 T18 T79 T87 T82 T73
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HHORE B AR AR A, BB A vk g 39 o i B R
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91 A R BE (22.03%~27.20% ) /N He A= Wy 4 e Tk
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R L S AR | 3 pHPA i NP2 A <
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Figure 3 Difference of biomass(A ) and tolerance index(B) in different tobacco species
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Table 6 Differences in Cd content and accumulation in shoot of different tobacco species

HBALFE Cd treatment 25 Type #EECE Number of material 457 & Cd content/mg-kg™ 4@FH 24 Cd accumulation/pg-plant™
Cd2 {RFLE Low-accumulation 12 85.78+1.76¢cB 88.26+7.02cA
HiF 2 Middle-accumulation 16 103.82+1.47bB 118.36+8.06abA
= 2 High-accumulation 25 128.02+2.12aB 122.38+8.77aA
Cd10 {RFLE Low-accumulation 10 104.68+2.23cA 75.22+5.30bAB
i 8 Middle-accumulation 20 132.03+1.75bA 97.70+7.45abB
= 2 High-accumulation 15 162.84+3.56aA 103.88+8.14aB

R FEA T E RN Z IR AR S, A, it
TR R R A TR T 3 [ VY e A DX AR b SR 4y
S | A, R IEACH T 1z HAPRHE AR 3K 1) 35
25, BRI ZIEM PR T A B 55 1 A, K
SR BT, AN [R] JH R S A [] — B 2SS ] A e
X 8 ) B R MR SRR R A AE I d 2 e B
AT o o e R i 5 M X, 16 AN HHBE 2R SRR R T K
B IO 2 B, 45 MR ot X i e 1 e o A
Wk HAA B B 25, 7650 mg-L 4R Ab 3T, M
K326 1 K346 X4 4 2 3 fe AN gUsk , 2 30 Hh B iy it
Pk AWFFEFE 76 2.10 mg- L fRAb B4 T, 93 14
SHEL AL b R 4 SO a2 7 B R
Z Rk 37.10%F1 38.48%, Hir K326(T29) i1 K346
(T3L)KHFEAA Ak %o ) AR R, Ja AR i )
MR, X5 EIREERA AR, F22H TA R A
B RFEABR R L, FRET I E 1R A AN
SEY L T O 42 10 AN 3R SRS T
FERM TERAAL B 3 mg - kg™ I, AN [ JH B it Aofr KA
TYEMER, W R R R Rk ER, H

H AR I R B R 1) e LA R/ IMEL Y 1.09

FEAN 1.29 5o AEASIRIG v sk AR A Ak 5
oM R R AR E 2R FE 2 mg- L A Ab
BER Hde KA 4 51 R fe/IMELRY 2.12 £5F0 5.51 £%, ¢
10 mg-L* Ha4b R 4351 2.08 541 5.10 %, 5 ik
WF 5T 45 B ELAA AR o (EASHI 5 (6l ek ] 22 5 o
K, BB FEARBR K,

AR AW 1 0 1 AN B AR S U
G — KA ARGEES, X HEYIEH A
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