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Influence of different concentration Ni and Cu on the photosynthesis and chlorophyll fluores-
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Abstract . A pot experiment was conducted to study the influence of different concentration (0, 50,
100, 200, and 400 mg - kg™') Ni and Cu on the growth, photosynthesis, and chlorophyll fluores-
cence characteristics of Peganum harmala seedlings. With increasing concentration Ni in the medi-
um, the seedlings growth parameters, photosynthetic pigment content, net photosynthetic rate
(P,), stomatal conductance (G,), transpiration rate ( T'.), maximal photochemical efficiency of
PSI (F./F

chemical quenching (g,) of P. harmala decreased significantly, while the intercellular CO, con-

), quantum efficiency of electric transport of PSI (@, ), and coefficient of photo-

m

centration ( C;) and the coefficient of non-photochemical quenching (¢gy) were in adverse. The de-
crease of P_ under Ni stress was mainly caused by non-stomatal limitation. At 50 mg - kg™ Cu, the
growth parameters, photosynthetic pigment content, P,, G, T., C,, F/F , @, and g,
reached their peak values; at 100 mg + kg™' Cu, the growth parameters, chlorophyll a and b con-
tents, P, G,, T., C,, and F /F  were still slightly higher than the control; while with the further
increasing Cu concentration in the medium, all the test indices except gy tended to decrease. The

[

decrease of P, under Cu stress was mainly caused by stomatal limitation.

Key words: photosynthesis; chlorophyll fluorescence; Peganum harmala; nickel; copper.
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1.2 kit

0T 2009 4 5—7 HTEVPHEL VB 5T I

vl PTG R A E R
20 cm YR 15 em BRI, B3 £ 2 ke, i 3E
HE.JRE 0.3 mg - kg™ I BEARES 0.2 mg - kg™ Hi
FRE 0.3 mg - kg™ 3k, Fe i 4% pH {H 7.8, &
Ni 74t 8.66 mg - kg™, 4> Cu %4t 7.36 mg - kg '
PRIEfRER KNSR+ R A G L B R A
K. Rrgli R o B AR B 10 BR/ 3L
1. 30 d &, 1) A 1 Ay i — R MRl NiSO, -
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Fig.1 Effects of Ni and Cu on photosynthetic pigment content
in leaves of Peganum harmala.

ARl F B F R Ab i R) 22 5 1. 3 (P<0.05) Different letters meant sig-

nificant difference among treatments at 0. 05 level. | [i] The same be-

low.

Car F iRl Ni VRIE I F RS, 5 Ni WRE
B B AR5 (P<0.01) , HHE BB (RY) 3
—-0.984  —0.988 Fl-0.960, 24 Ni ¥ i 4 K 5]
400 mg + kg™ B, 43 B HE X BRI 2D 30. 3% 23. 9% I
32.8%.50 mg + kg™ Cu AbFEAESEIEBEZEN /- Chl a
F1Chl b AE95 BE, 2051 HE X B3G5, 7% M17. 1%
HE AR E 100 mg - kg™ Cu LI T, Chl a I
Chl b 5 EATME T X B 1 J5 B Cu ¥R i
[ 24 Cu WeBEHE K 3 400 mg - kg™ I, 43 1] Hb ot R
I/ 20. 7% F116.9% . 50 mg - kg™ Cu AL LAY Car
X BRI 2. 7% , 11 ) Bl Cu ¥ 32 384 T 22 0 /0
B2 Cu WREH K F] 400 mg - kg™ I, F X R >
21.6%.
2.2 Ni Cu XM FOEESERIZ R

H I 2 FTLUE Y S8 e i Aot a3 (P,) |
SALFE(G,) ZEMEHA(T, ) i Ni B B34 I p
1%, 5 Ni Ve i 4 S A% B 35 67 M G (P<0. 01) , R? 4331
}-0. 962 0. 988 F1-0. 967, H.400 mg - kg™ Ni ZbH
55 %F BEAH HE 23 B8 0 T 55. 7% (62, 4% F1 29. 5%
YHARIAIBE CO, MRBE(C,) Bl Ni R J3 1 S 0 ol 35 34
Ina# (R*=0.967,P<0.01). J&WEZEMH P, .G, Al
T, 7 Cu ¥R R 50 mg - kg™ B HL X B @ 2 140, It
SKIEAE 24 Cu HFEH 100 mg - kg™ BT LX) BR MG AT

20

16

12

P, (umol - m™ - §7)
(=]

0.4}

0.3

02t

G, (wmol + m? - §7)

0.1F

T, (umol - m™ - 57)

300

250

200 -

150

C; (pmol - mol™)

100 -

50

Ni Cu

2 Ni.Cu XBRGEZE P, .G, .T, FI C, HISEIR
Fig.2 Effects of Ni and Cu on P, G, T, and C; of leaves of

Peganum harmala.

TR, 05 BE Cu Ve B2 19 i FEAR, 24 Cu VR BE N
400 mg « kg™ B 43 ) L X BB AIG 32. 2% (34, 5% Al
15.7%. 3% 3% it i C, 7E 50 mg - kg™ I 100
mg + kg™ Cu ZbFEN HL X HE ST, TS BE Cu ¥R XS
BWREAL, 400 mg - kg™ Cu 20T €, Foxf BRI
14.3%.
2.3 Ni,Cu X0 5 itS R 5O ESE0N =

M 3 ATLAE 36 5esE it i PS T iR ik
BOR(F/F,) PSTHL TG 7= (b, ) b
TR0 R 28 (g, ) BE N R BERGIMIMT >, 5 Ni ik
JE I SR B AR G (P<0.01) , R? 4351 9 -0. 996
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-0.987 ,-0. 975, AL AR K RZEL (g ) WIRH Ni ¥
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HE 3. 9% |, Dy qp 53 ) LEXT RRFEAR10. 6% F11

1.0 00 o050 =100 8200 2400

d cd bc p c ¢ _c_ b 4
cC ¢
A§

FJF,

08 [ ] a
0.6 - 7
04
02 F
0
a

04 r

D

0.2

€C ¢ bc p

a
0.8 | 7

0.6 |

e

04

0.2

0.3

02

9

0.1 |

Ni Cu

3 Ni,Cu XFHESEEN R it RIS
Fig.3 Effects of Ni and Cu on chlorophyll fluorescence param-

eters of leaves of Peganum harmala.

6. 1% . g\ {EAE 50 mg - kg™ A1 100 mg - kg™' Cu Kb FH
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3.1 Ni Ml Cu XJUEBEEL WM Ot GaRE =D
Al

ARWFFEH, £ A Ni AL PEX B8 BE 4 - A
GG ARG EA B MHIEA. 50 mg - kg™
1100 mg - kg™ Cu ALFRAEHE Chl a F1 Chl b A AL,
LR R AT GBS Cu A I 2R A rp O 1A s 2R 19 24 AR
Wy, B 5 A AR R I H Cu B E Y
Jet A R S il A TG AR AR DR EE B Y Cu AT LA
TR AR B R BT ORI SRR O A
FH. =200 mg - kg™ Cu ZbFRIDHIRILEN SO RS
. 2R 2P i AR 4 X R A R ) Ok
GO MRS RO EEREN ., - EESE
SR R A -SH 25 4 s BUR H T Y Fe?t I
Mg % BRI SRR SE A AT RE , (i i 20 28 40 0
TRES PG M PR ROS Z A5
EIFSER SR R EEY TS
YEFH T T5 1), i R b AR S B 6
YEFBEAG, A K32 B, & B IER | A /b
3.2 Ni Fll Cu XUEBEZEL HOGA FRE R 5 MR

AWFFEH  BKBEEEM A P, BE NI He RN
FH T REEH BKBEEN F W) P, 7E 50 mg - kg™ Cu &b
FRAF K 3 B K, R BRI 2 R, 100 mg - kg™ Cu
WEEXS P, AT ELA R IR, 5 B Cu ¥R RS T,
P, &4 B, Mediavilla (23] KB, P, REAL 3 2R
PR ok AL BR i F0 AE AL BR . Farquhar 1 Shar-
keyu " IAH, €, (E AR/ INEESI S ALBR il Al < L
PRI AAE. 24 P, FRERE ISR €, R G, [FIR TR,
ULEA G AR FRE 1 T B 4 BR il R 7 AL B 1, 4
&, % P, FRERIFIRE ¢, ETF DL AERREN T
Ree 1) PR R R AR LR ). AR gE e Ni 3R,
YROETEM P, G, A T, BEHHEH Ni AbBE e B 34
AR RIS EREE ¢, B TH e, X 2 BIFE Ni JHhia
T U%BEE P, B a0 TR R 32 2R
PR AR ASFLRR S, Sl Ni Jilhaf F 9% SesEn H e f
YEFIBEIEAOUE 1 G, T RERT BN CO, HER ik
AT F R JE R R IR AL KB T co, mA
FH, DT B E] co, B, IR e P, .G, M
T, B 3E Cu AbBEMR BE 0 T = T 9 1 (] B Bl
& C, R, R Cu Bl R SEEOCAERE T
Rt B4 JEL R SFLBR L, Cu it R, 35 565% G, TS
H COo, #EAM 2B, Bl ¢, TR — ORI, G,

it

(T e 5 K AR AL IR LA 2R KA G 3
PIITHE bR X SR K R A 52 gk %
MHE T 5 G, S Aa L, BEE Ni Al Cu YR
3N, T, 347 K&, B 7K 43 X7 1T BE J2 5 i 9% 5
G, TR EZR .
3.3 Ni fll Cu X 9% BEFE L MR RIS HN %
M

2R ZE D EAR L W T A A WK 38 ek
ML BOCSHUA F /F, AR RIA T PSR IGRE
BECRBE I KON, F /F, TEIE WO Hedfa
FE(HAE NG AL F /F, AR A
ZHN TG AR R, BE Ni v R 0 g%
e F/F, HE TEBS KR Cu 4L 3
F/F 38K B Cu KbFRIREESS N F /F {E5 TR
PO LUE g GEEN B PS 1T Ay SR e k2 80K A
MRZAAZRE] PS T J I H O 4% BB AR B A7 3]
Ni Al Cu il (I FENR . @y A PS TN H O FEFRBE
Jolp 36 5 43 S P 1 T 1) SE B S ) 6 RE A AR R
ATLL S e PS T 2 f H o0 52 B 19 06 4k 2% S B 3%
R A d NI il Cu 4B SR IEERDE S
TAEIB BROR @y B TR, UL Ni 1 Cu BEAKT
PS T2 o e AT G b2 7 ) 380 %. S qb 2 K
A g, MHAR/NZ M T PS T I 521K QA 1)
AR JFARA N PS TR b 8 B (AR, 16
B PS I1 B4 L T 15 388 6 PR B e 7). g, R B2 A
PS I i Hoy LB 2 5 CO, [ 1Y BE it
Bk g AN AR ST K R B, ARG
PR AR, AN F TG, i DUAFEROE
PR AT e L g, A1 gy AR S T At
WK BER PRI BL. B Ni 1 Cu HRBERE N, 18 Y %
M H g, EEMARR TR ¢y AR E BT,
FEHA Ni A1 Cu 3B BEAS T 9% BeE N oG & f F1Lis
AE 7, 38 0 T A 6 Ak 2 B dn BRRE AR 1 L
=,
3.4 Ni Ml Cu XF %5 L A=K A 52

FE ) 7E T 4 A VR B e v i R b AR K, 2
4 TR R VB TR B A A K I I A A
M AR R AN TR, — BRI AR A
WK S ZEARRRE AL, EE ALY
U, AR IR |, % T8 1 45 00 AR K S AR B N
VR T v 3 T B DAL AT RE S Ni 5 5% B 3 1
A AR, 1 A 2 R A R TR,
PRI IS, T T U R T R R R AL
AGRIS P, I YR 45 A K AR AR I AE Cu W 50
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mg + kg™ BPIRIEME, 2 Cu ¥R EE R 100 mg - kg™ B4/
LT HE WA 3G 0, B Cu XA 948 K 2 A AR iR AR
H, X 58 3E (Artemisia lavandulaefolia) . K W5 E
5 (Medicago lupulina) . =" ¥ ( Trifolium repens) [
WS 87 RFE%F 200 mg - kg™ Cu
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