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Cu and nutrient deficiency on different effects of growth, tolerance and mineral

elements accumulation between two Elsholtzia haichouensis populations
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Abstract; Two Elsholizia haichowensis populations, one from a copper mine ( CS) and the other from an uncontaminated
site (UCS), were studied in hydroponic experiments for the plant growth, copper accumulation and mineral nutrients
content under excess copper, nutrient deficiency and their interaction. The growth of UCS population was significantly
inhibited by excessive Cu, nutrient deficiency and their interaction. But the growth of CS population was less affected by
these factors, and 25uwmol/L Cu stimulated significantly the growth of CS population. The tolerance indices of root length to
Cu and biomass to mineral nutrient deficiency in the CS population were significantly higher than that in the UCS
population. The results indicated that the CS population had evolved not only Cu tolerance but also tolerance to low nutrient

supply. Nutrient deficiency increased significantly Cu uptake and transport in two populations. For example, at 25pmol/L

BEEWA : FEARFAIEEYTI (30570322) ; P ERFABEAIRATH TR H (KZCX1-YW-08-01-02)
We#s B #9:2012-05-04 EiTH#:2012-11-19
# WIRAER Corresponding author. E-mail ; kokews2000@ 163. com

http ://www. ecologica. cn



4738 JAE = 33 %

Cu mixed with nutrient deficiency, root-Cu content of CS population was about 25 times that of CS population at 25 pmol/L
Cu treatment ; root-Cu content of UCS population at interaction of 25umol/L Cu and nutrient deficiency was more than 5
times that of CS population at 25umol/L. Cu treatment. Shoot-Cu contents in two populations also increased, but that in
UCS population increased much more than in CS population. Excessive Cu reduced significantly uptake and transport of
mineral nutrient including P, Mg, K and Mn. But contents of these mineral elements in CS population was less affected by
excessive Cu. At interaction of nutrient deficiency and Cu (25wmol/L ), mineral element contents except Ca and some Fe
decreased significantly. But the reduction in CS population is less than that in UCS population. The results indicated that
the mineral composition homeostasis under the stresses was important in metal tolerance and colonizing normally in the Cu-

enriched soils for the Cu-tolerant population.

Key Words: Elsholizia haichowensis; copper tolerance ; nutrient deficiency tolerance; mineral element accumulation
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X 1 B it 52 1 Fig. 2 Tolerance difference of general nutrient deficiency
Fig.1 Tolerance index of two Elsholtzia haichouensis populations between two E. haichouensis populations

from Cu mine site (CS) and uncontaminated site ( UCS) in * o FE R FPAEIE] Y 0 2 25 R (P<0.01)

hydroponic experiments

P AN ] B3R B #2857 (P<0.01)

N[5 5 e J3E Ak BT P A b R A e (CRH W AR W ) R R B s S (AR 1) L B v

F1 FARSLEFHRK(1/50HS) EGMEXEMNEERNMEHEY SN
Table 1 Relative biomasses (% of controls) of two E. haichouensis populations in different Cu and mixture with general nutrient deficiency

treatments (1/50HS)

Cu( pmol/L) + HS HRAY 5 Root biomass/% i AE )8 Shoot biomass/ %
Treatment ucs cs ucs cs

CK 100.00+5.35a 100.00+7.01b 100.00+5.81a 100.00£3.11b
25 41.62+2.62b 118.26+13.56a 74.165.68b 119.75+1.45a
100 33.3424.36¢ 96.07+3.63b 52.09+5.72¢ 97.67+2.25b
1/50HS+25 29.03%6.30c 55.43%9.22¢ 47.39+8.22¢ 61.0322.05c¢
1/50HS+100 25.25+2.15d 30.78+1.49d 41.97£2.40d 52.11%5.16d

Al —A7 P AR R 7 B R B 2250 (P<0.05) (XSH ZH LA
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(25 pmol/LCu ) AbFRR | CS FpE ARy it BH S 1 0, 58 8 A B2 4 (100 wmol /L Cu ) A B DU A7 FAIE , (R0 AT 2 30
R B 5 T UCS FIREA: W i e AN TR B 4 20 A b . 7R 5 48 SR 8 ihaa (1/50HS) B A 1EHF,
VR 57 T A FTRE A AR I R R A (LR T 5 R PR A0 22 5 . CS RS AR i (R X A ) 3% 0l
{5 T UCS FiBE, B T HRAE 1/50HS F1 100 wmol/LCu & A Ab 3 5 A7 1 25 25 S A, e 4Rk 21 K7, Flep
— i A FEAH L, 2 i 1T SRR 114 A 4 ek B S0 AEK A N b KT R R REAT R R R
X FREE
3.2 EFRBIUTIEMN T Cu Wi TR R KA i 1

2 WRMREEFRER IS Cu B A XTI INE R WA FIEE Cu WIS, 168 FR R ST, BAS Fl
FEAR A Cu & i B BRI (P<0. 05) , FhRE R A B A9 22 55, 07 X R X RS 68. 5% , A Xk X HR ()
70.3% o SR, AEH™ X RhEEM 35040 0 B 36 ( P<0. 05) , Xt BB A% 150. 5% , &7 X FPRERSAG B hn . B4 Fb
B SR A 50T, b 1382 AR B4 % 2 FLE AR B 38 in . 7% 25 wmol/L Cu AbFEH  JEH" X FH AR Cu
T AR, AR X B S R, M B3 gD AR R X R BERS  TX SRT, FE 4 IR B R
25pmol/L Cu & MHEAET , A FEEAR FIHE LAY Co &SRB (R2) .

F2 BHEHERS CuSAAE 14d BN E BB Cu BEREHHYM

Table 2  Effect of general nutrient deficiency and Cu on Cu uptake and transport in two E. haichouensis populations after 14 days of

hydroponic culture

Tl Qb HRAR & 1 M AR Hi AR
Population Treatments (Root Cu,pg/g) Shoot Cu( pg/g) Shoot/Root
UCSs Control 26.05 £ 2.66e 12.65 £0.83e 0.49

1/50HS 18.31 = 1.50f 19.03 £3.76d 1.04
1/50HS+25 pmol/LCu 6117.78 £300.44a 470.6 + 18.46a 0.08
25 pmol/LCu 1125.81 + 103. 36¢ 22.86 +5.23cd 0.02
CS Control 20.55 £ 1.31e 11.23 £ 1.58e 0.55
1/50HS 14.08 + 1.24f 12.72 +1.83e 0.90
1/50HS+25 pmol/LCu 5248.08 +221.02b 397.1 +21.29b 0.076
25 pmol/LCu 201.10 £ 14.01d 17.996 + 1.46d 0.06

FHERIE IS, D. (n=3); F—RHWARTHFER BEEZES (P<0.05) (RIEAR ZE L)

3.3 E SR K0 XN B 5T 2R W
3.3.1  HXFIE N T 0 E W

3 R B SRR M A 55 PSR BT R I 2 . AR 3 WA A S X X R T
TR MR B0 520 B S LR XRRE /N, Qi IXRREE P Ca Mg & B R & AR AR B  (HAED™ X Fh R
BR Ca & LB, S BEAR v 3 i 85 T SR/ s S A Fe (K T Min 7 2% Fifd el 3 B2 104 35 IR A7 sl 2>
E X FR R0 B S LU AR X/, JEHUEAR KRN Mn, ZERARAR W B (25 wmol /L Cu) AbFERT , AR5 X A K
A1 Mn 5250 B H X IR 41. 7% R 31. 4% | T4 X RS> 1)k Xk HR 11 88. 2% 1 94.4%
3.3.2 CEIFRER KSR AN TR W 5

4 BIRMREE RS Cu BAXNEMNET WA PR oo Z WA sgm . 8RR 0T, A
FREEAR R e R & 3844 B 0 (BT SR RPN FED XA RE AR A I 2 e KRR . M B3 m R &
PRI AR B AR E SEH T BRAR Ca Ml Fe JTTRIIMAN, e m R & & — L,
PR KRN Mn & /D B Sk B, 0 DXORORE 43 551 Sk X BRI 35. 49% 1 25. 97 % , AE AT DX FR 43 501l Sk X BRI
15.8% F18.7% .
4 itig

48 Be T YA YR 75 5 AR 0 2R A RISCRNE fay , DI S A AR N BT B2 R U, e 4 S 3 Y & )R
B A=A BRI LT ES RO, N R FEMYEE, ALK, i R 0] s
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TN EFZARE XMEEXTE BB 57 P, Mg, K, Mn fWOBCRZ G, 00 TR Ca AOWOISCRIAR 3R (3 3) , % 4
DR A I AN A2 SRR B AE 5 A4 B SR B0 B2 5 il T A A R B 7 XA RS2 I /0 T AR AT X
FRERZ IR B2 (3R 4) o TR A, S35 A A 2R — SO0 e AR A I B pry 4 0, ki 5 DR B i Ok i B 4 A
B A A B AR K TR 1 R DR R AR R B, A S g DX PR A £ a2 i
B HEARST XA SR DX AR A2 R P AR DRI AR/ DRI, VP 7 25 i A b vl 8 HA o A9 7 1
AT A A RE D, PRAIEZR LIRS 52 A2 4540, DR T REZERFAEL IR N B0 R ARV AR

®3 BNEEWAFHEE 4d WALEERT RTESE (ng/s TH; Mn: pg/s TH)

Table 3 Mineral concentrations (mg/g DW; Mn and Zn: pg/g DW) in plant tissues of two Elsholtzia haichouensis populations after 14 days of

hydroponic culture with various copper concentrations

JLE 2 Root Hi_E#B 53 Shoot

Elements Control 25umol/L Cu 100pmol/L Cu Control 25umol/L Cu 100pwmol/L Cu
P-CS 3.96+0.68 b 4.60+0.32 a 3.82+0.29 b 3.41£0.04a 3.39+0.15a 3.18+0.31a
-UCs 3.49+0.38 b 2.71+0.32d 2.48+0.22e 3.45+0.26a 2.17+0.08b 1.86+0.07¢
Ca-CS 1.55+0.096 ¢ 1.42+0.45¢d 1.60+0.28¢ 21.40+1.69 be 23.59+3.42h 26.22+2.05 a
-Ucs 1.15+0.07 e 3.07+0.15 b 3.84+0.69 a 23.66+2.42 b 18.32+3.04 d 21.27+1.93bc
Mg-CS 11.45+1.95b 14.87+0. 54a 13.66+2.23ab 9.37+0.78a 10.10+1.09a 10.14+£1.11a
-UCS 10.32+1.69b 8.44+0.87¢ 3.70+0.33d 9.03+0.57a 8.20+0.97b 4.90+0.31¢
Fe-CS 1.66+0.33 ¢ 1.19+0.21d 0.88+0.01e 0.21+0.08a 0.21+0.02a 0.16x0.044b
-UCS 1.98+0. 19b 2.62+0.25a 0.66+0. 04f 0.10+0.005d 0.09+0.007e 0.13+0.01¢
K-CS 83.81+3.73a 73.91+3.55b 59.89+6.46¢ 39.23+0.09b 43.60+2.49a 35.39+3. 15hbe
-UCS 78.47+2.64ab 32.76+4.70d 11.16+4.29¢ 34.75+0. 84c¢ 31.24+1.27d 33.52+0.76¢
Mn-CS 60.37+5. 16a 56.97+2.20a 35.995+8.24h 53.15+5. 14a 50.58+10.51a 34.77+5.04b
-UCS 64.13+2.85a 20.11+5.87¢ 8.63+2.49d 50.03+3.80a 24.67+2.33¢ 18.72+5.05d

RPGRULFIME S.D. (n=3); [W—A7H LR [Al— e P FREE ) (A ) 5B 378 b B SRR (] (19 2. 35 22 5 (P<0.05) , A8 4

5 5

F4 LEFRK(1/50HS) RS Cu EAME 14d A BEEFEMNEEWMAMERMM LT RTEEE (mg/g TH; Mn, pg/g TH)
Table 4 Mineral concentrations ( mg/g DW; Mn, ng/g DW) of roots in plant tissues of two E. haichouensis populations after 14 days of

hydroponic culture with general nutrient deficiency and its mix with Cu

I R Root b 3853 Shoot

Elements Control 1/50HS 1/50HS+25 wmol/LCu Control 1/50HS 1/50HS+25 wmol/LCu
P-CS 3.96+0.68 a 3.10+ 0.18b 2.80+0.25 ¢ 3.41+0.035a 3.17£0.14 b 2.69+0.34 ¢
-ucs 3.49+0. 38ab 1.99+0.06d 1.64+0.31e 3.45+0.26 a 2.57+0.21¢ 2.28=0.18d
Ca-CS 1.5520. 1c 0.79+0.05¢ 1.78+0.047b 21.40+1.69a 22.32+4.61a 22.20+2.53a
-ucs 1.15+0.07 d 0.78+0.08 e 4.39%1.25 a 23.66+2.42a 18.78+0. 167 13.09+3.97¢
Mg-CS 11.45£1.95a 9.73+0.83h 8.07+2.04c 9.37+0.78a 9.28+0. 69a 7.80+0.47b
-ucs 10.32+1.69a 5.22+0.87d 2.210.23e 9.0320.57a 7.84=1.29b 6.83+0.41c¢
Fe-CS 1.66+0.33 a 0.47=0. 1¢ 0.53+0. 04c 0.21+0.08b 0.20+0.04b 0.30=0.08a
-ucs 1.98+0.19a 0.320.04d 0.890=0. 055h 0.22+0.01b 0.1920.01b 0.10120.01¢
K-CS 83.81+3.73a 50.64+2. 76¢ 29.66+1.09e 39.23+2.51a 35.3+1.30ab 32.05+3.88b
-ucs 78.47+2.64a 33.50+2.49d 12.37+0.97f 34.75+0. 84ab 28.14%1. 54¢ 23.38+2.32d
Mn-CS 60.37+5. 16a 34.79+6.30b 15.68+1.90¢ 53.15%5. 14a 38.02+4.95h 40.86+3.18b
-ucs 64.13+2.85a 18.10%2.73¢ 5.60=1.46d 50.03+3.80a 22.76%3.78¢ 19.79+8. 46¢

RPGHULFIME S.D. (n=3) ; BRI L H LB T, [ —TCE AT AT AR 5253 7R 3 28 ¢ (P<0. 05)

Antosiewicz' > FBFFTUE I , - T2 R~ (1 BV 52 0 ol XU 2 a0 [V RE R I o P i 32 1 VN 7 25
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