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Physiological Responses of Oenothera glazioviana to Copper Stress and Its Rational Utilization in Copper Con-
taminated Soil
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Abstract: Growth and physiological characteristics of a copper excluder, Oenothera glazioviana, a copper accumulator, Elsholtzia hai—
chowensis, and a copper sensitive species, Sesamum indicum, treated with 50 pwmol Cu+L™" were studied in solution culture. Root growth,
cell membrane permeability, uptake of essential elements, integrity of the root—tip plasma membrane, and contents of chlorophyll, organic
acid and substances used for osmotic pressure adjustment were measured. Three days after Cu treatment, the root growth decreased in all
three plant species. Additionally, the plasma membrane of S. indicum root—tip was seriously damaged, but membranes remained intact in O.
glazioviana and E. haichowensis. Compared with the control without Cu stress, cell membrane permeability increased by 130%, but chloro—
phyll content decreased by 6.9% in the leaves of S. indicum. However, these physiological characteristics did not change in O. glazioviana
and E. haichowensis. Under Cu stress, malic acid contents of three species increased. Copper stress did not affect proline content of O.
glazioviana, but increased that of E. haichowensis and S. indicum by 37% and 73%, respectively. Accumulation of Cu was positively corre—
lated with that of Zn, Fe, and Mn, but negatively with that of Ca and K in all three species. Furthermore, no effects of Cu stress on thousand
kernel weight, contents of oil and y-linolenic acid were found in O. glazioviana grown in soil containing total copper <700 mg-kg™. The
content of Cu in 0. glazioviana seeds satisfied the National Food Health Standards of China( GBT 5009.13—2003 ). Low production cost and
high economic returns of 0. glazioviana make this plant promising in utilizing Cu—contaminated soils.
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Table 1 Physicochemical properties of tested soil

OM/g-kg™ TN/g kg™ TP/g kg™

TK/g kg™

HN/mg-kg™ AP/mg-kg™ AK/mg-kg™

29.34+6.28 3.39+0.63 0.32+0.05

3.71+0.18

100.56+4.24 48.53+6.87 332.75+40.45
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on root tips of three plant species

N
(=]

5 a 10.glazioviana

3 | b & E.haichowensis

5 301 = = S.indicum

g | 1

2 o]

3 c pemsme— c

2 20 ol L 4

f;\; s e Ll

® 10l — L i

W T |

= — i I —

0 ..................... - FESEUTEN

Control 50

Cu Zb# Cu treatments/pmol - L
3 50 pmol L' Cu A2 3 d X =FHiEY IR RREFR AR
Figure 3 Effect of 50 wmol- L™ Cu treatment for 3 days

on root surface area of three plant species

H UL VRN A28 A R AAR SRR ABAE R e R 4
ST BRI T 37% .56%F1 63%, FEARIIFLRE [RIRE
IR BN B Ko WAL DL M R



BB SHER R HAE ) I8 Oenothera glazioviana) XA IR LS AEHTS e 14 1 & TRAI 453

0.8
11 0.glazioviana
a £ E.haichowensis
0.61 & S.indicum

IR ZAFT Rool volume/em?

Control 50
Cu 4b# Cu treatments/pmol « L™

B 4 50 wmol- L™ Cu b3 3 d XF ZFiE 1R REFR ARG
Figure 4 Effect of 50 pmol- L™ Cu treatment for 3 days

on root volume of three plant species
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on root projection area of three plant species

IR RS e P oA A 5L, nT AT BB A
DL AR 75 2 A 3 I 5 X A L, 21 Y
TR, 17 22 RRAR AT E A AL B 21 AR 3 IR, BERH 2R
REWEE AR AR 2, Cu AbPRAE OB SE R R
2.3 fEAMEX =FIEYIM F BRE AR

N 8 Bz, SN BAE ) LB RN AT
FRIFENE IO R, HE 5 RO T 2RI R R M Y

141

[10.glazioviana
12 B E haichowensis
< qof SiS.indicum
s
=
S 8r
il
# 6r
=
E 4
2k
0

Control

Cu Zb# Cu treatments/pmol - L

B 8 50 pmol- L Cu 432 3 d Xd =FE MM i BRI 1RO R4
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Figure 7 Fluorescence images of cell plasma membrane integrity in root tips of three plant species with 50 wmol+ L™ Cu treatment for 3 days
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Table 2 Effects of 50 pmol+ L™ Cu treatment for 3 days

on chlorophyll contents in leaves of three plant species
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Figure 9 Effects of 50 wmol+ L™ Cu treatment for 3 days

on proline contents in leaves of three plant species
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Figure 11 Effects of 50 pmol+ L™ Cu treatment for 3 days on organic acid contents in shoots and roots of three plant species
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Table 3 Effects of 50 wmol+-L" Cu treatment on P,Ca,Mg and K accumulation in three plant species
Cu 4b 3 Cu treatment/pmol L JCH# 8 Element content/g-ke DW
Ca Mg K
Hi_F-3#B Shoots 0. glazioviana Control 7.601+0.42b 20.59+1.32b 3.166+0.04¢ 4275+556a
50 6.684+0.41b 18.97+1.25bc 2.814+0.34¢ 3979+373a
E. haichowensis Control 6.655+0.57b 16.25+3.45bc 6.965+0.87ab 2647+123bc
50 8.181+0.39b 15.76+3.57¢ 7.937+1.51a 3095+214b
S. indicum Control 14.96+1.64a 37.85+2.08a 5.928+0.62b 2939+830bc
50 16.83+2.82a 38.22+1.44a 6.478+0.62ab 2096+315¢
# Roots 0. glazioviana Control 14.51£3.16bc 19.38+1.89a 9.823+1.46a 3469+364a
50 12.25+3.27¢ 20.27+1.66a 7.100+0.25b 2921+360b
E. haichowensis Control 14.74+4.07abc 18.42+2.15ab 4.983+0.52¢ 825.6+198¢
50 19.86+1.29a 16.65+2.42b 6.692+0.75b 2751+344b
S. indicum Control 18.99+2.13ab 11.76x1.01¢ 5.740+0.67bc 3155+39.5ab
50 13.97+1.55bc 12.52+0.78¢ 3.385+0.18d 674.1+£31.5¢
T AEYIARIRIEB LA [ 7 BERIR LSD K3 5%/KF- 26 7 B3 n=3, F£ 4.
R4 Cu AEXF=FhiEW b EEFNHRE Cu.Zn Fe B 1 Mn TR R BIS M0
Table 4 Effects of Cu treatment on Cu,Zn, Fe,B and Mn accumulations in three plant species
Cu 4b 3 Cu treatment/pmol L JLHZ B Element content/mg- k" DW
Cu Zn Fe B Mn
Hi 35 Shoots 0. glazioviana Control 13.99+1.45b 46.31+5.78b 242.1+34.8a 25.71£1.09¢ 124.7+15.9b
50 14.59+0.66b 34.35+7.27b 165.1+14.1bc 27.54+2.24¢ 113.1+16.2b
E. haichowensis Control 11.61£2.11bc 39.53+5.32b 147.8+17.6¢ 46.13+8.47a 64.43+11.1¢c
50 19.87+2.54a 46.21+16.5b 141.9+£26.8¢ 48.33+11.5a 67.43+741c
S. indicum Control 9.56+1.26¢ 102.4+24.1a 201.1+22.9ab 32.97+6.19bc 136.7+32.9ab
50 23.03+£2.63a 101.9+21.1a 258.5+35.6a 41.47+6.16ab 168.9+27.8a
# Roots 0. glazioviana Control 36.45+4.58d 155.4+30.9b 1346+£309¢ 28.65+5.21¢ 922.6+82.8¢
50 717.6£101¢ 117.0+10.1bc 918.2+132d 27.59+4.53¢ 389.5+51.8d
E. haichowensis Control 34.10+9.13d 72.93+6.23¢ 1287+397¢ 24.22+6.73c 602.9+64.7¢
50 1794+412b 149.9+51.6b 1273+£255¢ 29.40+4.58¢ 657.3£73.9¢
S. indicum Control 39.75+8.54d 288.2+55.1a 3455+593b 59.56+11.0a 5961+561a
50 3761+646a 148.5+11.9b 4219+525a 45.58+6.39b 2724+616b
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&5 Cu MEBET=MIEMEAN BTN RITRZ EHBEX TSR

Table 5 Correlationship between essential mineral elements of three plant species treated by 50 umol- L™ Cu for 3 days

Kendall’s tau_b P Ca Mg K Cu Zn Fe B Mn

P 1.000 0.030 0.152 -0.182 0.364 0.576%* 0.394 0.121 0.515%
Ca 1.000 -0.030 0.121 -0.303 -0.152 -0.152 -0.364 -0.212
Mg 1.000 0.061 0.061 0.212 -0.091 0.182 0.030
K 1.000 -0.333 -0.061 -0.242 -0.152 -0.182
Cu 1.000 0.485* 0.606%** 0.091 0.606%*
Zn 1.000 0.636%** 0.121 0.758%*
Fe 1.000 -0.061 0.879%*
B 1.000 0.061
Mn 1.000

T % FRIRTE 5% KT FBFANE 4 FIRTE 1%KF FACR A G

RO AERE Cu SRTEMNAERANEMFTHE Cu 88 HEE v-TRES EHRIT

Table 6 Effects of Cu concentrations on thousand kernel weights, Cu contents, oil contents and GLA levels of O. glazioviana seeds

TiH Control 50 mg-kg 100 mg-kg™ 300 mg-kg™ 600 mg-kg! 1000 mg- kg™
Tested soils
S /g kg 298 332 690 874 1236
AR/ mg - kg™ 0.03 0.18 0.69 0.83 1.25
Seed quality
T-Ar Hilg 0.28+0.06a 0.28+0.03a 0.2620.05ab 0.26+0.02ab 0.230.01b —
Cu Frit/mg kg 5.420.3a 5.5+0.6a 5.420.4a 5.720.4a 5.7+0.8a —
R % 18.0+1.9a 17.8+2.1a 17.6+1.6a 16.4+1.3ab 14.2+0.8b —
THIH y— S RRIR 2 /% 17.5+2.1a 17.3%1.6a 17.1+0.6a 16.1+1.1ab 10.6+1.2b —

T AR AN R 5 EERR LSD 4G50 S%/K P22 57 3 5n=3.

P F AR L SR I RE 25 SR SR L 2 R R A
37 A [V P B, AT RE S e R s R R K
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