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Effects of exogenous pb and cu stress on eco-physiological characteristics on

foxtail millet seedlings of different genotypes

XIAO Zhihua',ZHANG Yixian"* ,ZHANG Xiwen’ LI Ping’
1 College of Life Science, Shanxi University, Taiyuan 030006, China
2 Millet Research Institute of Shanxi Academy of Agricultural Science, Changzhi 046011 ,China

Abstract: The ions of Pb**, Cu® are two important environmental pollutants. Ph** is without biological functions but, once
entering into the field, reduces the fertility, inhibits crops root growth, hinders physiological metabolism, damages the
nucleolar structure and reduced the fidelity of DNA synthesis. Cu®" is essential element; however, large Cu** accumulation
in crops causes genotoxicity or even crop mortality. This study examined the growth, DNA damage, uptake and
accumulation of Pb*" and Cu®* among four genotypes of foxtail millet ( Setaria italica(L. ) Beauv) seedlings from Shanxi,
China using a pot culturing. The foxtail millet seeds were cultured in incubators at 26°C for germination with no light, then
planted in the pots spiked with four different concentration , namely 50, 100, 200, 400 ( mg/kg of each kind of metal ions) ,
respectively. The growth of roots and shoots, biomass, chlorophyll content, soluble protein content, DNA content, DNA
hyperchromicity and the uptake and accumulation were studied after a growing period of 30 days.

The result showed that the average of Pb’* tolerance indexes of D2-8, An 06, Huangmi, Zhaogu were 0. 87, 0. 81,
0.78 and 0.71, while those of Cu®* were 0.96, 0.97, 0.79 and 0. 74 respectively. In the photosynthetic pigment test, the
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total content of chlorophyll a and b of D2-8, An 06, Huangmi, Zhaogu exposed to 400 mg/kg Pb** were 33.3% , 52.6% ,
37.5% , 49.4% as compared with the control group; while those were 113.5% , 72.3% , 51.9% , 75.6% as compared
with control in Cu** (400 mg/kg) treatment. And the chlorophyll a/b values in foxtail millet of four genotypes were all
higher than that of the control group. The content of DNA and the soluble protein decreased with the increasing of Ph**
concentration, showing Cu’* stimulated the DNA and soluble protein synthesis at low concentrations (less than 100 mg/
kg), but inhibited at high concentrations ( more than 200 mg/kg), respectively. DNA hyperchromicity indicates the
disruption of the DNA primary structure, with the trend of initial increased followed by decline in all four foxtail millet
seedlings in response to the rising Pb’* and Cu® concentrations. In addition, the DNA hyperchromicity of Zhaogu and D2-8
were significantly affected by Pb*", so were Zhaogu and Huangmi affected by Cu®". The uptake and accumulation of Pb** or
Cu” ranks (from high to low) ; D2-8, zhaogu, An 06, Huangmi. The transportation ability of D2-8 and An 06 from roots to
stems and leaves was much better than that of Zhaogu and Huangmi. From the effects on the growth indexes and
physiological indices, it was found that the ecophysiological- and geno-toxicities of Pb** on foxtail millet seedlings was
higher than Cu’*. The tolerance order of Ph** was An 06>D2-8>Huangmi>Zhaogu, and the tolerance of Cu’" was D2-8> An
06> Zhaogu >Huangmi.

Key Words; foxtail millet ( Setaria italica ( L) Beauv); Pb and Cu stress; growth response; eco-physiological

characteristics ; accumulation and transportation
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B (Setaria italica( L. ) Beauv) J& RAFEL ( Poaceae ) 5] FE HJ& ( Setaria ) , BA T 52 M  Pridithss | i& M
PSR R EAL EE MR A 2" PR, AR IR ERR A R X T R TS YR
TN, B TR N A R AR, A T R S R R, O AR e A e e S E D H R,
[l N AN I HE 4 R 5 Y XA B RO B SR fE 3270, (A Rout AL Samantaray AU WIRESE T N
I XA F A BUVE R KGR AR BR 152 T DG Ph™ | Cu™ e X 43 40 v 1 2E 3 AR 2 s AL B2 1
FIRFIE IR A WARGE , FE T 0, AN SR FH 23 532 | AL PG 48 83 1 DU b i PR RS 7 R iR b ) B T AR
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Table 1 Effects of the growth and biomass on different genotypes foxtail millet seedlings under Pb**, Cu?* stress

%U_g Pb2+ Cu2+
i concen LSS [} YR LSS [} YR
Varieties tration/ Root length Shoot length Biomass/ *%/%m Root length Shoot length Biomass/ *%/%m
(mg/kg) /cm /em mg HEAERTI /cm /em mg HEAB RTI
D2-8 CK 5.3840.12e 10.65+0.20 e 178.51+4.76 ¢ 1.00+0.00d  5.3420.17¢ 10.65+0.20 ¢ 178.51+4.76 b 1.00+0.00 ¢
50 5.26+0.32dD  9.40%0.16 cA 172.42+3.71 dA 0.99+0.02 dC 5.90+0.05 eD 11.23+0.22 eD 198. 14+5.28 dA 1.10£0.02 eB
100 4.65+0.27 bD 9.60+0.31 dA 171.21+5.78 cA  0.86+0.04 bC 5.70+0.31 dC  10.86+0.26 dC 201.32+9.68 eA 1.07+0.01 dC
200 4.83+0.55 ¢D 8.80+0.14 bA 169.50+12.1 bA  0.90+0.03 cC 4.61x0.20 bC 9.51+0.31 bC  188.50+6.23 cA 0.86+0.03 bC
400 3.88+0.91 aC 8.10+0.21 aA  132.53+9.19 aA  0.71+0.00 aC 4.30+0.29 aD 9.34+0.33 aB  146.33+1.13 aA 0.81+0.02 aC
%06 CK 5.06+0.22 e 10.79+0.19e  274.65+5.10 e 1.00+0.01 d 5.06+0.22 e 10.79+0.19e  274.65+5.10 e 1.00+0.00 ¢
50 4.91+0.45 dC 9.40+0.20 dB  248.90+8.19 dB  0.98+0.04 cC 4.63+0.23 ¢B 9.19+0.47 bB  280.21+6.70 dB 0.86+0.01 aA
100 4.35+0.31 ¢C 9.10£0.23 cA  220.60+6.40 ¢B  0.87+0.03 bC 5.89+0.19eC  11.06+0.66 eD 351.25+5.50 eD 1.18+0.03 dD
200 4.22+0.23 bC 8.80+0.17 bA 208.41+3.21 bC  0.97+0.01 ¢cD  4.53+0.46 bC 8.83+0.49 aB  239.63+4.30 bD 0.91+0.02 bD
400 2.17+0.40 aB 8.40+0.30 aA  199.21+9.12 aC  0.43+0.01 aA 3.57+0.27 aC 9.42+0.37 ¢BC 216.47+7.20 aD 0.92+0.04 bD
HOK CK 5.03+0.19 11.39+0.11e  320.97+4.70 e 1.00+0.01 d 5.03+0.19 11.39+0.11e  320.97+4.70 e 1.00+0.00 d
50 4.16£0.21 dB  10.20+0.17 dA  312.85+8.76 dD 0.83+0.00 cA  5.48+0.60 eC 8.60+0.54 aA  331.54+5.40 eD 1.08+0.05 eB
100 3.62+0.36 cB 9.80+0.25 cA 250.93+3.20 ¢cC  0.74+0.03 bA  4.56+0.49 cB 9.73+0.31 ¢cB  285.13+9.50 cC 0.91+0.01 cA
200 3.51+0.21 bB 8.70+0.23 bA 239.60+4.54 bD 0.72+0.02 bB 3.65+0.29bB  10.97+0.19 dD 230.50+7.90 bC 0.71+0.02 bB
400 2.07+0.30 aA 8.10+0.19 aA 198.91+7.20 aC  0.41+0.03 aA  2.27+0.19 aB 9.52+0.27 bC  217.54+8.60 aD 0.45+0.01 aB
Wi CK 4.01£0.18 e 9.85+0.13 e  312.85%7.70 e 1.00£0.01 e 4.01£0.18 e 9.85+0.13 e  312.85+7.70 e 1.00+0.00 ¢
50 3.65+0.32 dA 9.70+0.18 dA  268.72+9.43 dC  0.89+0.03 dB 4.45+0.36 eA 9.82+0.28 dC  320.76+8.20 eC 1.09+0.01 dB
100 3.22+0.17 cA 8.80+0.26 cA  250.98+7.40 ¢cC  0.77+0.05 cB 4.01£0.18 cA 8.91+0.55 cA  250.91+7.80 cB 0.98+0.02 ¢B
200 2.78+0.20 bA 8.70+0.22 bA 196.71+3.50 bB  0.67+0.05 bA  2.05+0.22 bA 8.20+0.31 bA 207.65+9.90 bB 0.50+0.01 bA
400 2.12+0.25 aA 8.30+0.27 aA  192.40+7.91 aB  0.50+0.01 aB 1.63+0.29 aA 8.07+0.43 aA  199.10+5.60 aB 0.40+0.01 aA

[FIFI MRS R EUR R NG B R 2253 B3 (P<0. 05) s MR e AN RS R RUR R K S -8R 25 57 8.3 ( P<0. 05)
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FrMiHELE B RSN HA A AR | B R AE A i 2 3 BA ARV B 1) L o v vk BE AR BTG, IR 7E 50—100 mg/
kg BF IR EIE (Y, X IR 22 5% 1 35 (P<0.05) . WIFPEE 4 J@ X 4l i A K K AE e 3 I VE ) P> >Cu™

R ZR I 1 5O I AR ) AT T 4 B BB 0 I — N8 bR, 3 1m0, ZE B P> IR BE Y R L 4 il
B F A AR RN PERS BT X B, 2607 Po™ e SR R AR KA BB IEIMER . 78 Cu® Ab B4l 4 Fli4y
T4 AR R IR RS S ETHE R, 76 50 mg/kg (D2-8  BRAIHIZ) 1100 mg/kg (2206) B ik A
MifHEFE AR T 1.0 (CK) , BEBHIRMEBE Y Cu™ X ER R A K A —E R HEERH . D2-8 % 06  #E K M4
X P Cu® W25 5045 51 0. 87 0. 81 ,0.78 ,0. 71 F10.96 .0.97 .0.79 F10. 74, A U, 4 Fft & K I 45 1
X Cu” BT PEY) KT Ph*, D2-8 Fl% 06 X} Ph*  Cu® BT KT H#OK AR 2
2.2 Pb¥ Cu®™ A XA RS R RS 4 i 2R R R S AR asb (HAYRZ

M2 2 i AR AL T 7E— e FR I S W ERBE A F XA f s, AR 2 AT UL Bl Ph> YR EE (Y Tt 4
IS T4 3 a b M-SR a+b T HIZENE T, 7 400 mg/kg B R B AG(E . Hoh #OK AT D2-8 it
SR E R RRIE R, HEE B0 A5 B AY 57. 2% 1 70. 1% , HR ERIAT (75. 8% ) FI'% 06 (81.6% ) , Cu™
bR 4 PP FA R a+b S ENRIN G LR TR, D2-8 % 06 FIEAR Y45 2 & 7 50 mg/kg
A IR B AEL, 4300 S %o B 1. 70 4% 1. 42 A5 1. 52 4%, BOKTE 100 mg/kg & e, AR IRAY 1. 25 1% (P<
0.01) . ULHAMRRIE Cu™ ARSI R A BER , Pb™ XA T2l 2 R A BN B 58K F Cu™

®2 PV COHMARBEERSFHEMHERSENEM

Table 2 Effects on the content of chlorophyll in different genotypes foxtail millet seedlings under Pb**, Cu®* stress

el P G
FEC Coneen  WRgREa WHEED MERwb WEFah  WEEa WEED HREab K
Varieties  tration/ Chl o/ Chl b/ Chla/Chl b Chl a+Chl b Chl &/ Chl b/ Chl a/Chl b Chl a+Chl b
(mg/kg)  (mg/glfHE) (mg/g ) / (mg/g ) (mg/gBfTE)  (mg/g BETE) / (mg/g fiEH)
D2-8 CK 1.25:0.11e  0.4620.01 ¢  2.7220.03e 1.7120.01e 1.2520.11e  0.4620.01c  2.72%0.03 e 1.7120.01 e
50 1.20£0.01 dAB 0.42+0.01 dAB 2.86+0.07 cB  1.620.03 dB  2.3620.17 dB  0.55:0.02 cA 4.29:0.02dA  2.91+0.02 dB
100 1.05£0.31 ¢B  0.43£0.03dC 2.44£0.03bA 1.5820.07 cC 2.2120.05cB 0.500.01 bB 4.4220.02¢C  2.7120.03 bB
200 0.66+0.12bA 0. 37+0.02bB 1.7820.11 aA 1.030.01 bB 1.9820.12¢C 0.4320.04 dC 4.610.03bA  2.4120.02 bC
400 0.3420.01 aA  0.2320.01 aAB 1.4820.01 dA 0.5720.01 aA 1.6420.06aA 0.30£0.01 aB 5.45%0.03 eC  1.940.01 aC
4206 CK 1.27£0.02 ¢ 0.46:0.01c  2.76:0.09¢ 1.73:0.03d  1.27¢0.02¢  0.4620.01¢  2.7620.09 ¢ 1.73+0.03 d
50 1.23£0.07 beB 0.45£0.02dB 2.73+0.12bA  1.64+0.04 dB 1.96+0.08 cA 0.49+0.02bA 4.00£0.05eA  2.45:0.08 eA
100 1.22+0.09h ¢C 0.43+0.01 bC 2.84+0.06 dB 1.64+0.08 cC 1.79+0.13 heA 0.41x0.07bA 4.3720.09¢cC  2.2020.07 bA
200 1.11£0.15bC  0.35:0.12aB  3.1720.17 €BC 1.4620.11bD 1.7520.14 beB 0.3720.07 dB 4.7320.12dA  2.1520.05 dB
400 0.70£0.01 aC  0.2120.01 aAB 3.33£0.02aC  0.9120.03 aB 1.0520.01 aA 0.22%0.03 aA 4.77%0.04aB  1.2520.02 aB
#k CK 1.65£0.03 ¢  0.51:0.15d 3.21:0.11a  2.1620.12¢ 1.65:0.03¢ 0.5120.15d 3.2120.11a 2.1620.12 ¢
50 1.11£0.02 dAB 0.33£0.01 cA 3.36+0.04 eD 1.440.03dA 1.9720.06 cA 0.55:0.07 cA 3.580.07dA  2.5220.09 eA
100 0.740.01 cA 0.2320.03bA 3.2220.05c¢C 0.9720.02cA 2.1120.02bB 0.5820.01 bC 3.64%0.03 cA  2.69%0.05 cB
200 0.70£0.02bA 0.2120.01 abA 3.330.01dC 0.91£0.01 bA 1.71£0.01 bB 0.4120.02 bBC 4.17£0.01 eA  2.1220.03 bB
400 0.6220.03 aBC 0.1920.01 aA  3.260.02bC 0.8120.02aB 0.9120.01aA 0.2120.01 aA 4.33£0.01aA  1.120.04 aA
e CK 1.17£60.01d  0.43:0.12d  2.72+0.07b  1.60+0.01e 1.17¢0.01d 0.43:0.12d  2.720.07hb 1.600.01 e
50 1.08+0.04 cA 0.35:0.01 cA 3.09+0.08dC 1.43+0.05dA 1.8820.17eA 0.55:0.09 cA 3.4220.07eA  2.4320.09 eA
100 1.07£0.07 cB 0.31:0.04bB 3.45:0.05eD 1.380.06 cB 1.740.09 dA 0.45:0.06 dAB 3.87£0.06 bB  2.1920.07 cA
200 0.93:0.05bB 0.320.02bB 2.9120.07 cB 1.25+0.03bC 1.2520.05bA 0.3120.05bA 4.03%0.04 cA  1.56%0.03 bA
400 0.55£0.05aB 0.2420.03 aB 2.29:0.01 aB 0.7920.01 aB  0.99x0.01 aB 0.22%0.04 aA 4.50£0.03 dAB  1.210.03 aAB

[ 51 [ (R BN [F) /NG PR 3R 25 53 i 2 ( P<0. 01 ) s A IRI MR BEAS ) B R BUAS ) K5 b 3R0m 2 5 i 2 ( P<0..05)

M43 a/b (HSBT LR AL 28 AL, FE MO SR A XDERE R IR B, th3e 2 T, Y
Ph* JPp8 T 4 i S 3R S BB T R HAANR]  BEE P> R BE T 2 06  BEURFIIA 47K a/b (51
LB BT T D2-8 BHERER a/b (NN SETHE R T B 7E 50 me/kg IFIABI R OR(E, Cu™ AbHRZH 4

http ; //www. ecologica. cn



34 HGAE E AN A I XA ] A 2R AR 40 v A B A SRR AR IR 893

PR F R4 a/b (H B A BEAL R B ()3T 32 80 T 3, 76 400 mg/ke WRE R IR B, S5xF i 2E 57 0
FE(P<0.01), XEWFLE Pb™ Cu™ WM N, B FLHME a TR REIL T4 b, I g 5 e
AU AR 25 R P T A SRR
2.3 Pb*  Cu® B XS AN [ 5 R AU 7401 v m PR 2R BT DINA 5 2 RN €000 119 52 i)

ATV PE R T AR A R A ) 2 B A AR Kk F 32 BRI ) B AR R . B3R 3 W UL, 7 PhP RbEEA
Bk D2-8 7£ 50 mg/kg B ATV PE 2R 1100 75 dt LU HR IS AT 38 0 (4. 87% ) A1, ik 3 Fh L A4S T AT R B 1 BT i
TG A BRI BN T TR, SR IR A R 3 (P<0.05) o AR Cu® BG4 R 740 i vl vk &
BT & i B R B IR B (50—100 mg/kg) (£ 32F Al i vk B (200—400 mg/kg) FYANTEIFEH . Pb**  Cu™ i
TR FVEOK R W] iR B B R R, Ph Ab B P-4 X IR 68. 8% T 70. 4% , Cu b BHLZH -1
XA 80. 0% 1 78.9% , 1] WL, WA MK (W a] i8R (SO0 Ph* | Cu®™ Whaa di h fUEk

®3 Po* Cu*XMAFEEERAFHEEMFAREE SR .DNA S 20 &Y A0
Table 3  Effects of Pb**, Cu®* stress on the soluble protein contents, DNA contents and hyperchromicity in four genotypes foxtail

millet seedlings

Ph** Cu?*

il fifn ﬁ‘fﬁ‘ﬁ?ﬁ['[?ﬁ DNA & Bt 0 ﬂ‘i@‘ﬁﬁl'lﬁ.ﬁ DNA 4 £t B AR
Varieties tration S"l“blet ”Tt"’"‘ DNA contents/ DiA h,“?fr' 501“%’1‘1 pr:’tem DNA contents/ DTIA h,y‘?fr'
N SR P S PRt
D2-8 CK 12.92£1.07d  119.43£5.32¢  8.4120.19¢  12.92¢1.01b  119.43x11.45¢  8.41x1.01d
50 13.55¢1.11dA  113.70£1.07 dB  12.73%1.13 €A 18.56£0.99 B 159.63£10.12dB  8.89x1.30 cB
100 11.60£0.96 cA  102.60£2.09 cB 11.49+1.53 dB  17.8522. 11 dB  153.90£2.67 B 4.13%0.89 cA
200 10.53£0.82bA  90.801.17bB  7.07+0.01 bB  11.05£2.99 cA 113.50£9.64bA  2.34x0.01 bA
400 7.4620.45aA  69.07%0.99 aB  0.0420.01 aA  7.8720.45aC  99.57%4.51aA  1.0120.02 aA
06 CK 13.61£1.07d  119.27#2.4le  7.32¢1.55¢  13.6120.89c  119.2722.72¢ 7.3220.98 d
50 13.23£1.45dA 108.90£0.95 dA 14.91+1.87eB  14.7121.33 A 147.00£10.49 cA  8.1320.39 cA
100 12.99£0.13 cB  98.23+1.89 cA 11.27+1.12dB  13.72£2.04dA 136.70£11.09 dA  5.090.05 bB
200 12.76£1.02bC  72.77¢2.01 bA  5.32+0.80bA  13.2920.31bD 112.4325.50bA  3.99£0.01 aC
400 9.16:0.14aB  64.23x1.03aA  0.05:0.01aA  5.9120.55aA 102.70%3.91aB  1.17%0.01 aB
Bk CK 19.681.26d  151.7742.89 ¢  12.7720.99 ¢ 19.68+2.98 ¢  163.63x3.33¢  12.77%1.02d
50 19.73£1.05dB  145.50£5.79 dD  15.42¢1.45 B 22.2422.11eC  187.2722.78dC  13.1120.51 eC
100 15.54£0.88 cC  133.33£10. 11 cD 18.1322.09eC  20.53£2.01 dC 188.17£3.61 ¢D  6.27£0.22 cC
200 10.9320.65bB  121.30£7.79bC ~ 7.07¢1.01 bB  12.2220.22bB  162.73x11.56bC ~ 4.1120. 11 bD
400 9.1920.31aB  100.70%2.98aD  1.07¢0.01 aC  7.1220.16aB 133.63£10.67aD  2.1720.01 aC
W CK 20.83%0.47d  163.63x10.41 e 12.19£0.31d  20.83x0.98 ¢  151.77£10.99c¢  12.1920.79 d
50 20.51£1.01 dC 138.0325.97dC 12.99+1.27 eA  23.56x1.04 eD 201.3027.52eD  13.2120.53 eC
100 16.4820.98 cD  129.9742.78 bC 10.1721.07 cA  21.7720.99 dD 181.5024.31dC  9.99£0.56 cD
200 10.9920.54 bB  130.60£0.55 cD ~ 8.70£1.09 hC ~ 12.75:0.65bC 124.97+8.11bB  3.1520.49 bB
400 9.37£0.37aB  93.7022.01aC  0.7920.01aB  8.59%0.49aD 116.37%2.19aC  1.1220.01 aB

()51 4 [ 2 R YA ) /N 52 3R 22 57 .35 (P<0. 05 ) 5 4[]k BE AN [ S P BUAN ] K =B 3R 22 57 {35 (P<0.. 05)

Pb** | Cu®™ WA XA A LR TS FZ 1 DNA & B2 mAA e 225 (2 3) , ANFEMREE Pb> i T 4 F
FERTUARF-41 1 DNA 75 2k Bl 5 A 3LV B (R 34 T 2 BT KA, 76 400 mg/ kg B R R IRE . 55X IEAHLE , % 06
FIFAZ Y DNA BRI KT D2-8 FIHK, Cu® AbFRALNZRIN Ny 4 Fi AT 7€ 50—100 mg/kg B} DNA & #3545 44
1,200 mg/kg LA_E B Bl VR S INTT 280 T B, 5 Cu™ WE X 7l (s s ke A 18], nT LA
Pb>* X DNA & AR EHEE R T Cu® . Pb™ X HIZF &2 06 DNA & BUISE M5 R 1 2, Cu® X BOK FIEH 4%
DNA & & B2 ik

Bt (3500 S L T 4 A A T DNA S 11 W7 24 RIS R S I AN . B3R 3 AT, 2 PhP VRSl 50—100
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mg/kg I Cu™ Ky 50 mg/kg KPR , AIRIAS T4 DNA B8 (03500 (44 17 S i T X BB ( P<0. 05 ) | 2 IH i i 91
RIS DNA SRR, 24 Ph™ ¥ BE KT 200 mg/kg 1 Cu™ ¥ JE K 100 mg/kg DL I, 4 Fh4s T4 HT 1Y
DNA 38 (RN AR BIK T X5 8 A2 BEYE I A Ph*  Cu™ ‘530 DNA 4[] 32 ¢ 8 5 2 11 B2 3k, AT fff DNA
fRE R BB R . LA Ph™ | Cu™ WA X 45 T4 B 8 (0 350R 52 ], mT LAAS S Ph? %) DNA 45345388007 1) 5% 1l K1

Cu™ WYZIE . 4 FhIEPIRIAS 1+ Ph?*  Cu® XA FIEOK 9 DNA 38 (800 52 0l foe by WA
2.4 Pb™ Cu™ FEA[AIHE R RIAT T2l R N RO WIS R 5 1 7%

W R B e T A - 4 T 4 TR Y AR RE T, FR 2 AR ARE S W T 4 JE TR R A A P 11832 B AN A AR
LT HEE 4 T B PH Cu®t A B E Y 1 K, AN TR DR R A8 - 1 AR PN B R 4 A R T I, &
400 mg/kg A IAFI I A, 5 % BRALAR HE 22 53 10 35 (P<0. 05) . 1F 50—400 mg/ kg ¥ J3 15 Bl 141 , &) 1 M6 11
Ph* Cu™ Er Y T i L, R 4 R U A GRS REB R TR, AT M ESR W
WRE 117, Ph> (IR R B T Cu™ , KW P> 45 Cu® B 55 I HHEHE AR IR B 4, Pb™  Cu™ 4
B S I M A A S e A 2 ARG R Ih Cu® i RECKT Pb™, UL 5 Pb™ i)
i RIS R 2%, 4 PRI 1A LB, B4R A D2-8 X Pb** | Cu® B MR I 2 ik 7 3 T 42 06 Al

KL D2-8 FI%E 06 Xf Pb™  Cu® [FEZ HE I R FEOKFIEAA

®4 PP Co*ERFEERSFHEENHRE RRNIH

Table 4 The uptake, accumulation and transformation of Pb?*, Cu?* in different genotypes foxtail millet Seedlings

Ph2* Cu®
(1353
i Concen i1 L SR T G g UTEN s AR WA UTES N
Varieties tration/ Leaf and stem Root Uptake %ET]/? H Leaf and stem Root Uptake 5’31?_[?%(
(mg/kg) /(mg/kg) /(mg/kg) coefficient /(mg/kg) /(mg/kg) coefficient
D2-8 CK 30.56+5.03 a 66.5413.71 a 3.31:0.05 e 0.35+0.01 a 10.560.59 a 16.53+0.56 a 1.09+0.01 ¢ 0.64+0.01 b
50 120.43£10.44 bD 165.70£5.79bA  2.36+0.03dA  0.7320.00eD  74.57+4.38bD  97.39+8.22bB  1.39+0.05 dB 0.77x0.02 dD
100 149.4248.87 cC  226.85+9.13cA  1.89+0.02cA  0.66+0.01 dB  86.649+5.71 ¢cB 135.40+10.66 cB  1.13+0.02 ¢cB 0.64+0.03 bC
200 211.639.75 dAB 369.32+6.04 dA  1.68+0.03bA  0.57+0.01 ¢cC ~ 114.0427.77dB  164.52+12.26 dB  0.75+0.00 bA 0.6920.04 cC
400 243.63+8.39 B 564.24+13.71 eB  1.34+0.00 aB 0.43+0.02bB  149.7949.32 eB  244.62+13.86 B 0.58+0.00 aB 0.61x0.01 aB
%06 CK 28.74+2.01 a 54.53+6.33 a 2.71£0.01 e 0.53+0.03 d 9.3310.82 a 11.69+0.99 a 0.77+0.04 b 0.80+0.01 ¢
50 56.8+3.92bA  178.11£7.9bB  2.54+0.02dB  0.32+0.01 ¢cB  57.63+6.01 bC  108.70+5.06 hC ~ 1.72+0.01 eC 0.53+0.02 aB
100 65.4+4.56 cA  223.98+32.17cA  1.87+0.00 cA 0.29+0.03 bA  135.3149.61 ¢cC  174.57+13.95¢C  1.4520.02 dC 0.78+0.04 bD
200 80.62+5.56 dA  364.07+17.71dA  1.65+0.00bA  0.22+0.00 aA  158.18+7.81 dC  195.43+11.54 dC  0.89+0.03 cB 0.8120.00 cD
400 116.99+8.96 eA  487.57+33.16 A 1.16£0.01 aA 0.24+0.01 aA  196.0446.29 eD 245.92+8.85eB  0.59+0.01 aB 0.80+0.01 hC
HOK CK 26.33+4.72 a 42.3549.25 a 2.1120.02 b 0.62+0.02 d 5.02+0.65 a 9.95+0.66 a 0.66+0.04 b 0.510.02d
50 73.04+7.13bB  193.58+12.39 hC  2.76+0.03 dC 0.38+0.02bC  28.51+1.71 bA  49.1946.25bA  0.7020.05 cA 0.58+0.00 eC
100 103.59+7.88 cB  352.28+22.62¢B  2.93+0.03eB  0.29+0.01 aA  34.21+4.92cA 106.85+8.18 cA  0.9020.02 eA 0.32+0.01 aA
200 211.1349.92 dAB 514.21£19.33 dB  2.34+0.02 cB 0.410.03bB  57.79+5.67 dA  152.30+14.09 dA  0.7620.03 dA 0.38+0.02 bA
400 302.8+19.81eD  627.31+20.53 eC  1.49+0.02aC  0.48+0.02cC ~ 88.27+12.76 eA 183.95+15.55eA  0.46+0.01 aA 0.48+0.03 cA
e CK 24.61+2.59 a 44.7243.41 a 2.23+0.01 b 0.55+0.01 b 8.0310.84 a 19.87+0.97 a 1.31£0.05 ¢ 0.4110.04 a
50 92.1+9.68 bC  305.84+14.61 bD  4.36+0.01 eD 0.30+0.01 aA  48.55+4.17bB  109.194+4.28 bC ~ 2.1820.03 D 0.4420.01 cA
100 122.7148.64 ¢B 428.63+17.91 ¢cC ~ 3.5720.00 dC 0.29+0.00 aA  84.22+4.72¢B  206.88+7.32¢D  2.0620.05 dD 0.41£0.01 aB
200 392.16+29.07 dB 614.40+23.52dC  2.79+0.03 cC 0.64+0.01 ¢cD  167.7849.19dD 252.41+6.57 dD  1.26+0.04 hC 0.67+0.00 dB
400 478.46+32.46 €D 721.30+21.33 D 1.72+0.01 aD 0.66+0.03 dD  180.27+7.49 eC  383.0549.48 eC  0.9620.02 aC 0.47+0.02 bA

[F) 511 [ (R BN [F) /N PR 3R 25 53 .2 ( P<0. 05 ) 5 A RN BEAS ) B P BUAS ) K5 7B 3om 2% 5 i 2 ( P<0..05)

3 itig

BA BRI SR S R A R AR P e AR AR W AR 2 P R R S a2 ) a1l
o FESFE SN AN 4R T E S A ORI SRR T IR R ZER A R N R R R AR R A e 2
ASZEGUENT, Ph* | Cu™ BEALS T4 K A 28 B 73 AR R TEAR AR, SR Ph™ 7ERR SR B R R BE 1 % T Cu™
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H ) EA AR RE SIS K o, FER AT RS, Ph™* A g — R 5 PR A om i T 42 J8 JC K, WA ) 20 I s 45 4
EA R IR, 1 AR 40 5 S ) a5 k38 K, (o R 0 DA AR 1 A BRI O st s Wl Ph SRR R
PO B TR R TR AN, R, Ph> 7EAR R ANAH =22 L) PhCO, \Ph( PO, ), EULTEIE a4 & A7 1E, (L
) i BB s RNE T Cu™ VR AR A K R T AT RO R A S W R I, 5 A0 R A
PGS A IR UK T2 S Y st =Rl e K22 i TS SR 5 AR ]

t b B Y 4 T R AR A R — Bl sl R A X R A Y F B L R
ST A IR B E M ARSI AT, R R EE Ph> ilhaf X 45 T4l i BOAR K B A I
YERE, A=Wy B Rk /b, Cu®™ b FRZH D0 e 80y Bl A BV 38 5 L THJE R X 5 55 [ AE 0 R B oK
PRS2 AR R A R FORER ], P> BAEY AR LT TR R R 1) Ph™ &5 5 Ca® e 4G AL, Bl
Wi T Ca™ (#5284 , il CAM Fl Ca™ —ATP B AP  BHIAT 22 0 4 HEA T, S 2R R AR K AZBHL, e
JROGE BRI, B AR Co® JRAR YA KT AR AR S 50 Kl A Cu™ RERI Z 0 A ik
ity 20 (0 2 R AR e PR RGP AR K T Y G I 4 AR AR P A KR T M R S A% A il A
HRARSZH, I 2 A i A i 0

2 25 P B 1 AR — e R R WU AR IR ES . AR rh AN EE Ph> X} 4 B AR 7
YH SRR O A I RISON 1T Cu® Ab SN R AR BE (<100 mg/kg) MY A2 2F Al s Ve B ( =200 mg/kg)
FIIIHIVE A, X 5 58T RSP e/ N SRR A AL, Ph RS R M-SR AR RS M A T RE Y
W3R PS T\ PS IL[R]AY HL A% 38 32 BHL, 520 -2 345 B T o0 5 1) P % 2 T2 T 30 D T 0 P 7R 2 56 - ) 13 PR 1Y)
B, TSR R A B NS, Cu™ FE—E VRS N Ik #b TG A VE R A v B AR s BT, R F
M2 2 B A (HId Y Co® SIS IARER (IS ZE & SR Fe™ Mg S5 SRR 5 1O 16 M R -, ffi i
SRR (RO IR R R AR AR i T SRR A AR AR ST IR R B, 7E P Co® A R SRR a/b
Bl G RV LTINS . AR R 4R b R EHETORRR AU M4 R a EEIATOLRE
o, MEEE /b R YRR R AR R, L, 78 Pb™ | Cu® Bhid 18 B 20 R & & T R 5 0
T Y s R E AR a/b (AR R SO CRER AR R YRy A B

AT AR 1 R AR ) A P R 5 R e e S 5 A A, L R v e B A o A B A B g 5 AT B
FRIE % A7 ) TR 00 8 A Jiih s A4 2 2 R S R R 7R B, P> MR JEJE B I , A T4 T vA PR
P35 i Pt A B R A IR R R, 45 58 45 /N R ZS SR AR TR ERTAOBFSE I R, 428 P> m Sl
Yy i b S PR O B BT R -SH 256, S B0 AR PR R A A 2R 1 B e R T TR e AR B
B, Ca M E NSRRI S 5 EATR AR, ISR Cu™ i S — 5 R 5 el R
AHEAT SR, 2 5P A SRIES S S Y AR T A L, R Cu™ SR T A K
i B PR A N TR A R P ARSI oAb B S A8 T4 R PR AR A B R A
R R v BE A R IR R IR UE S 73X — 8,

e 2% AR 9 A5 AL B e T DNA B FR I, Black 25 fOBFST & BL, L3 Ph* eS| B K AR IR 3K
DNA &AW, B4R BRFE R, Cu™ W BE i BUK RS AN AR T DNA 35 AR, (i34 Rl &
AR, Koch™ 48 Hi B (8500 i S DNA B fRBERR I DNA W74 2 (Al AR ST, 188 (R0 2 18 e A4 (]
ZEIR U DNA e R £ 5, 38 R0 R R, ARBFSE R, 7E 50—100 mg/kg Pb** F150 mg/kg Cu®* 4bFH )5 4
Fh 3L R RIS T4 DNA B8R0 (YA 4275, 261 DNA 8 & AR AR RIFEE M 5 B 1R 3 b T3 (a5 7
BT T FE DNA & A B 18] A8l (i A B TR T, DNA & SRR, B4 JE 5T DNA 7= 25 3 A4 IR ] g S
KAL) Ph*  Cu™ HE AN 5 4 A% hls T Af AR R 70 145 A, I I% RNase F1 DNase 99 P | 1 i DNA-
1 0 AR Hk Y A i ol 35k PR 2 P SEAZ R o5 % AR AR AR AR XY DNA #5453, 5 R AR 4 e 4%, ff DNA &
WO EAZF O Ph* X DNA BBGRLN 58 T Cu™ X2 T Pb™ 5 Co™ ML, & B THE AL A
PEREAE A R 22 5, DX A R A i i 52 e 4 FH A A S 22501
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4 #Hig

4.1 Pb™1E4 PRI TR R B2 & T Co® B EAREIZRE A K Cu®™ . Ph™ i X}
By K R RSN X DNA BR8N R T Cu™

4.2 P Cu™ WA T AN [RIHE P BUAR T2 P A I 3 35 R PR AR 1 5T DNA 5 4 S (380N FR R 2 1
SO AR AN B SR S G RN . 4 FHEE AR X8 Ph> I A MU S 06>D2-8 > B K > ]
A0 Cu® BT PRI 24 D2-8>%2 06> WIS > TR IZA R AN A TP i F 4 E 0 5 B R RIS H KA
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