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Chromium and Lead Tolerance and Accumulation in Several Oil Crops
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Abstract: The tolerance and enrichment characteristics of four oil crops, including peanut(Arachis hypogaea), soybean(Glycine max), sun—
flower( Helianthus annuus ) and castor(Ricinus communis ), were studied under hydroponic culture treatment with different concentrations of
Cr’** and Pb**. The results showed that the plant height, root length, shoot biomass, root biomass and tolerance index of the four crops de—
creased in various degrees with the increase of Cr** and Pb** concentrations, the shoot biomass of peanut and sunflower decreased relatively
slightly. The Cr and Pb contents in shoots of the crops increased with the increase of Cr** and Pb* concentration. Among them the Cr content
in shoots of soybean was the highest(5 322 mg-kg™) under treatment of 200 mg+L™ Cr*, the Pb content in shoots of sunflower was the highest
(1439 mg-kg™) under treatment of 400 mg* L' Pb*. The accumulation of Cr and Pb in shoots of the four crops increased with the increase of
Cr** and Pb** concentration and most of heavy metal accumulated in roots. The accumulation and translocation rate of Cr and Pb in peanut
were relatively higher, the accumulation of Cr and Pb in shoots under treatment of 100 mg- L™ Cr* and 200 mg- L™ Pb* was 420.5 pg-plant™
and 492.4, respectively, while the translocation rate was 23.1% and 11.7%, respectively. The results indicate that peanut has both stronger
tolerance and higher ability of enrichment under Cr** and Pb** stress, and could be used as a potential oil crop for the phytoextraction of Cr**
and Pb* contaminated environment.
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Table 1 Changes of root length, plant height , root biomass, shoot biomass and TI of four oil crops under different Cr** treatments

K BH Growth parameter  #84bH/mg - L7'Cr** treatments T4 A.hypogaea K& G.max ] H 2% H.aannuus B K R.communis
R4 em 0 34.40+0.56a 25.88+1.71a 17.83+1.42a 21.37+2.64a
Root length 50 28.00+1.25b 18.30+1.41b 17.73+1.72a 13.47+1.53b
100 22.40+1.05¢ 15.97+1.29bc 12.77+0.47b 13.13+1.19b
200 17.10+1.04d 13.70+0.53¢ 11.67+0.71b 12.27+1.36b
#E/em 0 29.40+3.00a 84.93+2.79a 21.30+0.92a 35.07+3.66a
Plant height 50 26.50+0.60ab 75.90+1.15b 18.83+0.38b 23.57+1.61b
100 25.00+0.72b 69.10+3.14¢ 16.97+0.68¢c 21.83+0.93be
200 17.60+0.61c 65.57+£3.72¢ 16.33x1.31¢c 19.40+0.70¢
WREYE/g5 0 0.453+0.040a 0.206+0.020a 0.129+0.008a 0.278+0.017a
Root biomass 50 0.353+0.028b 0.171+0.019b 0.114+0.007b 0.160+0.009b
100 0.343+0.023b 0.141+0.015b 0.086+0.006¢ 0.137+0.018be
200 0.319+0.018b 0.093+0.013¢ 0.075+0.004¢ 0.113+0.013¢
i AR5 B 0 2.951+0.200a 2.220+0.148a 0.757+0.051a 1.331+0.076a
Shoot biomass 50 2.556+0.227b 2.069+0.125b 0.637+0.076ab 0.800+0.110b
100 2.230+0.200b 1.881+0.130b 0.629+0.075ab 0.762+0.105b
200 1.839+0.127¢ 1.223+0.108¢ 0.611+0.054b 0.685+0.070b
HRARZ 1550 % 50 78 83 89 58
TI of roots 100 76 68 67 49
200 70 45 58 41
i ZTE R % 50 87 93 84 60
TI of shoots 100 76 85 83 57
200 62 55 81 51

I FFIERAR A AR TR 2 58 B 14 (LSD K% .P=0.05), T,

Note: Values with different letters in the same column indicate a significant difference at P=0.05 level according to LSD test. The same below.
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Table 2 Changes of root length, plant height , root biomass, shoot biomass and TI of four oil crops under different Pb** treatments

H: K S Growth parameter 4540 H/mg - L'Pb* treatments T4 A.hypogaea KE G.max 1] H2% H.annuus  BEERK R.communis
B EK/em 0 34.40+0.56a 25.88+1.71a 17.83+1.42a 21.37+2.64a
Root length 100 25.80+3.74b 20.33+£1.86b 15.97£1.02ab 17.93+£2.10ab
200 22.23+0.64bc 18.63+£2.11b 15.63+0.85bc 15.50+2.25bc
400 20.37+0.61c 15.03£1.65¢ 13.67+1.04c¢ 11.53+£2.22¢
& /em 0 29.40+3.00a 84.93+2.79a 21.30+0.92a 35.07+3.66a
Plant height 100 25.40+0.82b 71.50+5.72b 19.23+0.75b 25.70£3.20b
200 21.33+1.59¢ 67.13£3.65bc 17.70£1.15bc 21.37+0.84bc
400 20.47+1.00c 64.20 £1.22¢ 16.27+0.55¢ 19.53+2.61¢
WREYE /g5 ¥ 0 0.453+0.040a 0.206+0.020a 0.129+0.008a 0.278+0.017a
Root biomass 100 0.407+0.045ab 0.159+0.012b 0.125+0.015ab 0.233+0.008b
200 0.359+0.031b 0.129+0.008c 0.105+0.013bc 0.228+0.020b
400 0.345+0.018b 0.122+0.008c 0.099+0.010c 0.221+0.010b
i AR5 R 0 2.951+0.200a 2.220+0.148a 0.757+0.051a 1.331+£0.076a
Shoot biomass 100 2.638+0.180b 1.625+0.125b 0.680+£0.075ab 0.837+0.118b
200 2.448+0.054b 1.504+0.100b 0.602+0.091b 0.762+0.114b
400 2.072+0.125¢ 1.245+0.091c 0.562+0.090b 0.733+0.078b
R AT Z 850 % 100 90 77 97 84
TI of roots 200 79 63 81 82
400 76 59 77 80
Hi_- T 2 EU % 100 89 73 90 63
TT of shoots 200 83 68 80 57
400 70 56 74 55
6 000 60r
2 25000 E 250 ab T
- 8 a 8
g T A ab 2
%o .£ 4000 B E40F b b a
£ 5 b £ b b
i) 3000 I B30t
if E <E[ § 20 b2 -
& 2000 o 220}
B S g 3
g S 1000 E Sl
0 = = = = 0 = .
b pNI= [ H 2% HRR i KB [ H 2% BEJR
A.hypogaea G.max H.annuus R.communis A.hypogaea G.max H.annuus  R.communis

50 mg-L™* 100 mg-L*' B 150 mg-L™
B AR AR RN F —E AR R 2 5k B 27K (LSD, P=0.05), TH

Different letters in the figure indicate a significant difference among different treatments in the same crop at P=0.05 level according to LSD test. The same below

1 AERE Cr4 BT 4 Mum#HEY b EBMARE Cr SEHTN

Figure 1 Changes of Cr contents in shoots and roots of 4 oil crops at different concentrations of Cr**

R Pb R BRI E (3R 4) . MR Pb 4bHH 3 i
T, BRARES Pb AR B R T HA 3 FfEY . 200 mg-

L7 PO 3F, FEA i b3 Pb AR R B i (492 YRR 3 B AG A B A R WAy
pg BT o TR EEAL BT , 4 FREMIR P iR . WA E R 2 B RIS RN, 424
TELESKE > (] H > B BHHEEWESR R IENEYBRESCR, &Y
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Figure 2 Changes of Pb contents in shoots and roots of 4 oil crops at different cocentrations of Pb**

R 3 FEKE CH4BT 4 FimBHEM AR CREAENIBIBRNETN

Table 3 Changes of Cr accumulation in crop tissues and translocation rate(TR) of four oil crops grown under different Cr* treatments

e C o8] YR Cr FRE R /ug A& Cr accumulation in crop tissues TRRI%
#) Crops Cr* treatments/mg- L™ i1 13543 Shoot FEE Root TR
£ A.hypogaea 50 119.6+13.8b 1 274.5+£206.4a 8.6+0.4b
P
100 420.5+£67.5a 1 407.2+132.5a 23.1+4.2a
200 351.1£38.9a 1 391.6x115.8a 20.1+0.8a
K& G.max 50 637.3+£82.2b 1 419.0+323.6a 31.5+6.1c
100 1533.7+118.2a 1296.7+118.9a 54.2+0.5b
200 1 307.4+209.0a 650.0+98.1b 66.7+4.0a
1] H 2& H.annuus 50 56.8+8.1c 886.7191.8a 6.1x1.5¢
100 141.2+16.0b 683.5+£8.9b 17.1+1.6b
200 563.9+£19.8a 531.0+48.5¢ 51.6£3.0a
B FR R.communis 50 45.249.2a 1 076.8+32.9a 4.0+0.9¢
100 54.4+12.0a 766.1x131.4b 6.6+£0.6b
200 64.3+8.9a 620.4+126.9b 9.5+0.8a

B REYEEES R RBEA/ER AT, 4 F
eV AR R EREEE Crt P> AR B A9 Tt
7RG T A, X 5 B A4 R A P AR BEAE AR BT FE 45
BB MO, T FO T A, BEE Cd APk
BER)TH R, 6] B 224 K2 2 B B RHAT AR 25 AR
BERETRE,

TR 52 HE RO T AR YN B R Tt 5244, it
ARG , F7n Y0 B G R BT 52 PR, X
MR 2 4G E/INT 0.5 B, 5 B 2 4 Ji o IX AP ) B B
FERYE, Y EA X MR E N E RIS
HAE R  ASBEIEXT 4 FlEHEY A RS BORTR 32 4
BERGa T RY, FELEFE B ZEXE A Cr+(200
mg- L) \Pb*(400 mg- L) AR BRI HA R BT 3244,
17T R LMV BE SRR A4 i 2 A AR 555 o

Y E &R AR RAE S TEM R 22 7 B0K, Eid

ABRATLAE B, B4 K& (10 H 25 B RRIIXT Cr,
Pb (EEREIAR, XSTEA LT X8 = EAE
RIS P A AR, R, R F M ES B
REPERKEm, —RN 5 , YRR Xt
He R ER T AT B R R BEYxT
HERNWEERES . AP .4 FieEw AN R
Cr.Pb KR/ EBTEAR R , AR Cr Pb & E & 77
k%) 46 g-kg (K )F 198 mg-kg ' (BR) . ZEHAIK
AR WAIR, RAARENESE SR, KTE
GRURRSY T IFSRBMEXT PO IR, 223312 d BY3%
I, MR R Pb 5 27F 140 g-kg U I, Chen 52}
RN ERTE 10 mg-L7 Cr 03T, AREBW Cr T &
F 6 000 mg-kg™,

YE R TR E SR B BRAEAEY) , 7EH AT ORI 1 B
AREsENZEMERRESD, — R, Y
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Table 4 Changes of Pb accumulation in crop tissues and translocation rate(TR) of four oil crops grown under different Pb* treatments

FEH1 Crops A AbEE Ph* YEHIZH4R Pb FR R & /g - #k" Pb accumulation in crop tissues STERERI%
treatments/mg - L™ | #43 Shoot H3 Root TR

14 A.hypogaea 100 298.4+12.9b 2 617.4+245.9b 10.3x1.3a
200 492.4+122.0a 3 675.1+378.8b 11.7£2.2a

400 406.3+62.0ab 6 854.2+1270.5a 5.7+1.4b

KB G.max 100 67.2+12.0c 1 685.1£158.7¢ 3.9+0.9b
200 184.2+9.7b 2 782.2+507.0b 6.4+1.3a

400 317.9+42.6a 4 813.9+60.7a 6.2+0.8a

[a] H 2% H.annuus 100 94.8+12.7b 1 873.4+£300.3b 4.9+1.3a
200 138.4+9.2ab 2 642.3+£30.1b 5.0+0.3a

400 163.7+43.6a 3 928.3+658.2a 4.0+0.5a

BUBE R.communis 100 51.1+£3.8b 4 512.0+£125.0¢ 1.1+0.1a
200 82.3+17.3a 7 248.1£112.4b 1.1+0.2a

400 102.5+9.1a 8 618.8+625.3a 1.2+0.0a

A RTISCRERA S 3t 343 o TR R F i E AR
BERBESAMESERZLSEMNHIE, v IR i
BT 4R M RE 1™, AP R, KEXT Cr i
ERRER , 200 mg- L AbIE T K 66.7%, PEEAFE LR
BT, KEH FHRHRE Cr SRR TR, HmE,
Pb iER R Cr ik, FIREZH FHYIX Pb Y E4E
K238 A 40 B AT B OB AR ) B LR AR R,
4 FEYI B4 19 Pb BB R ER , 200 mg- L7 Ph>4k
BTN 11.7% . R85 BRI EE Cr.Pb FLE
B, ERMEE Cor P> A BEYk B A THE , K
HEE RERES WAREINE , 7E 200 mg-L™ Cr**
1 400 mg- L Ph* b3 T AERREEISET, ULAIAERRIA
PR A B 4 o L U B, Rl TR
TXF Cr PhTi 52 4555 . Pb>*Ab3 T ] H 25#9 Pb
SRS A THAYRRIL, 3 P HERKT
A

LA NTIEAE VK E A H 28 BRI AR VR
Cr* . Ph* b3 T A K & Cr Pb R E, FILLE
W TR R B0 A9 324, 3 B X Cr Pb Y E 4
RE R, B, AR B S Ot P25 Y
IBEHAEMEY) . AR 5T JBR T 4 Rl EY S i
BIRUKIEZAM T ESRE CFt Ph* AT 52 B 2
RO, 7 AT S B e e L e
MEL B Z MR REE S, URBGR R R P ES R
MR BRA R — 5T

4 i
7 Cr Po*hA ST 4 FleHE A K S

ROFN A= Yy 8 B AL BRI B2 A9 T i T 2 B (R B A
o AHXTFRE 1] H B RIERR , B AR AR Aot b kA
PrEEK, T 3R , JF HAF Cr Pb (IR REECK,
A LMERNE SR Crt Po>i5 A SEAE )18 52 1 ikt
({278
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