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Abstract; Taking four cultivars of Salix integra Thunb. namely ‘ Dahongtou’ , Yizhibi’ , ‘ Huangpiliu’
and ‘ Zhuangwuliu’ as materials, variations of photosynthetic pigment contents, chlorophyll fluorescence
parameters and Cd content in leaves under low concentration ( 10 wmol + L™ CdCl,) and high
concentration (50 pwmol + L™ CdCL,) of Cd treatments were compared, the correlations of Cd content
with photosynthetic pigment contents and chlorophyll fluorescence parameters of leaves were discussed,
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and a prediction model for Cd content in leaves was constructed based on stepwise regression function.
The results show that low concentration and high concentration of Cd treatments both lead to decrease of
contents of chlorophyll @, chlorophyll b, total chlorophyll and carotenoid of S. integra leaves to different
degrees, in which, the decrement of carotenoid content is relatively large, which reaches as high as
59.71% ( ¢ Zhuangwuliu’ ). Different concentrations of Cd treatments lead to decrease of maximum
photochemical efficiency of PS Il ( F /F, ), relative electron transport rate (rETR) and effective
quantum yield of PSI [Y( I )] of S. integra leaves to different degrees, and inhibit the activity of PS Il
reactive center; quantum yield of regulated energy dissipation [ Y(NPQ) ] and quantum yield of non-
regulated energy dissipation [ Y (NO) ] of leaves of ‘Dahongtou’, *Yizhibi’ and *Zhuangwuliu’
evidently increase under Cd treatment, and photoprotection ability increase. The result of two-way
ANOVA shows that Cd treatment has extremely significant effects on photosynthetic pigment contents and
chlorophyll fluorescence parameters of S. integra leaves, but cultivar has significant or extremely
significant effects only on maximum fluorescence ( F ), initial fluorescence (F ), F /F  value and
nonphotochemical quenching coefficient (g/N) ; cultivar and Cd treatment have significant or extremely
significant effects on Cd content in leaves. The correlation analysis result shows that there are extremely
significant correlations (the absolute values of correlation coefficients are greater than 0.8) of Cd content
with chlorophyll @ content (X, ), chlorophyll b content (X, ), total chlorophyll content (X;), carotenoid
content (X,), F, value (X;) and F,/F, value (X;) of S. integra leaves. Multiple stepwise regression is
conducted based on six variables, and the prediction model Y =1 928.761-128.842X, -2 005.500 X,

(R*=0.850) for Cd content (Y) in leaves of S. integra is preliminarily established.

Key words: Salix integra Thunb.; Cd accumulation; photosynthetic pigment content; chlorophyll
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WRIEA IR . M SCTFIE 45 R KB MR A Mn 1
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B R R TR, R step AIC ()
W 75 28 11, I B 5 W £ 38 U ( Akaike
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AT ARSI RIRG 36 >
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AR BE Cd Ak R AL MIAS [8] i Ffr v 7 o4 €8
FEEREm LA 1, S5 0N BEE Cd TR,
CRELT R EE R RIS 4 AN
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Table 1 Two-way ANOVA for the effects of cultivar and Cd treatment on photosynthetic pigment contents in leaves of Salix integra Thunb.!

MR o &

MHEREE b R

SRR i KA PR

A2 5 AR Chlorophyll @ content Chlorophyll b content Total chlorophyll content Carotenoid content
Source of variation

F P 7’ F n* F P 7’ F P 7’
il Cultivar (C) 0.514  0.677  0.060 0.800 0.091 0.658  0.586  0.076 2.490 0.201 0.172
Cd 4b3 Cd treatment (T) 167.030 <0.001 0.933  62.967 <0.001 0.840  128.451 <0.001 0.915 113.170 <0.001  0.904
CXT 4.472  0.004 0.528 3.854 0.491 4.512  0.003  0.530 2.783  0.034 0.410

DF. FAH F value; P: P{H P value; 5°: n*{H 1 value.
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O. <K&k’ “ Dahongtou’ ; O ¢ —Ki%E’  Yizhibi’ ; @ <MD ¢ Huangpiliu” ; A; ¢ FEIE M ¢ Zhuangwuliu. [a)— AP G NG F R R 7EAS 6]
WePE Cd AbPHIA] 25 5 1 3 ( P<0.05) Different lowercases of the same cultivar indicate the significant ( P<0.05) difference among Cd treatments with

different concentrations.
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Fig. 1 Effects of Cd treatment on photosynthetic pigment contents in leaves of different cultivars of Salix integra Thunb.



53 4

ERR, A ETOE RS RS RTOLSEACHIT A cd FURBES Tl 69

fl 3 A AP AR R E Cd b BE R 4K o 3K b
LR A SIS bR & & SR W3 (P<0.05)
TR o, RIS 0 B 4 (e 2R S RO IR A
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R B R 4 (e 2 RO IR AIR
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Cd B USRI R 22 5% — R R &
IR Cd b BN REURK, AT LA A 5 A0 6 458 7o 1
A HIERE Cd BT EA K Rarsk |« #
B A e FEIGA0
2.2 Cd XHEHint F MR E RSN

MR R T7 225 W a5 (3% 2) BoR - i A SO A
MWhHF, F, F/F FlgN{HA 3 (P<0.05) o i g
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BEZW, —EWNKEERY F/F, V().
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F, F R gN ERE AR B

F, R F (82 R WA e TF G 3T 6 A VR Z i

A S, R AR SO Cd A B LAY 7 /44
RO R LR 2 F 3, AR (K 2)
R XTI (0 pmol - L™ CACL) AH L, 4 /4> & Flt
B F/F (AR (10 wmol - L™ CdCL,) A1k
J&# (50 wmol - L™ CdCl,) Cd Zb38 T 34 i AL HA
[F] b Fp 7 (8 F o/ F B X ASTR] Cd e BE 1w i AN [
CRLE MR F/F, B TEAR R B A R EE Cd Ak
PHJA) 22 5 ORI 2 T HAMl 3 AN SRR R F o/ F B Rl
F Cd WA W AR, BT Cd Ab 3R S 41 )
TASMI R EEER, S 8PS 1T KGR 2ARCR T
e, CREIk’ | —HRCZE A RIS it gV (BB
A Cd Kb 3 i 45t o 52 a0 e 34 T < B i
gN (EAEAR M B A e B Cd A 3R 400 IR i AT
CRLT B R RIS i g P {EAE AR
JE Cd B 10 2 BEAR, B AE = Wk B2 Cd A FE T 5%
MRG0 3 22 55 T B 20 i gP (EAE MRV Cd
IR SXF R SN R BAEEIRE Cd AP
EREMG, UM Cd Ab BRI R R EC M i 5B
(45 ; FAR Cd AbBX ¢ Rarsk” | —A%E e
M0 3 AT AR B O 7, (H e T AR R A ARE
R, FE YA e ISR ROt RE, [FIE &
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Table 2 Two-way ANOVA for the effects of cultivar and Cd treatment on chlorophyll fluorescence parameters of leaves of Salix integra

Thunb."
5 AR Fo Fo kil
Source of variation F P 772 F P le F P nz
fAl Cultivar (C) 3.405 0.034 0.299 6.754 0.002 0.458 14.481 <0.001 0.644
Cd ZbFH Cd treatment (T) 28.469 <0.001 0.703 91.343 <0.001 0.884 247.663 <0.001 0.954
CxT 0.666 0.678 0.143 1.277 0.305 0.242 8.326 <0.001 0.675
75 RSV Y(II) Y (NPQ) Y (NO)
Source of variation F P 7 F P 7 F P 7
fnAp Cultivar (C) 2.276 0.105 0.222 2.679 0.070 0.251 2.012 0.139 0.201
Cd 4b# Cd treatment (T) 30.119 <0.001 0.715 12.105 <0.001 0.502 36.846 <0.001 0.754
CxT 7.499 <0.001 0.652 6.437 <0.001 0.617 9.100 <0.001 0.695
AR5 AR N il rETR
Source of variation F P 7 F P 7 F P 7
AP Cultivar (C) 3.676 0.026 0.315 0.933 0.440 0.104 2.103 0.126 0.208
Cd 4ZbFE Cd treatment (T) 1 579.940 <0.001 0.992 12.010 <0.001 0.500 29.941 <0.001 0.714
CxT 1.817 0.138 0.312 10.182 <0.001 0.718 7.135 <0.001 0.641

D F.: e K%¢5% Maximum fluorescence ; F,. W] 4 9¢ 5% Initial fluorescence ; F/F,. PS1 iz RG22 30%F Maximum photochemical efficiency of
PSI; Y(II) . PST SERRYGE T /=4 Effective quantum yield of PSTL ; Y(NPQ) . P87 B8 EFEHAY & T /=% Quantum yield of regulated energy
dissipation; Y(NO) . EIS RN Ok ] Quantum yield of non-regulated energy dissipation; ¢V: E[SI =D EY Nonphotochemical
quenching coefficient; ¢P: YAk 2B K 8 Photochemical quenching coefficient; rETR; FEXT HL 4% 336 3 2 Relative electron transport rate. F; F {8

F value; P: P {f P value; 772; TIZ{E 7]2 value.
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WP Cd AbFRIA] 25 55 1.3 ( P<0.05) Different lowercases of the same cultivar indicate the significant ( P<0.05) difference among Cd treatments with

different concentrations.

E2 CdAEMCHARERMHFHRRISESHERIZM

Fig. 2 Effects of Cd treatment on chlorophyll fluorescence parameters of leaves of different cultivars of Salix integra Thunb.

£3 CdLETROAERMMF PSR O RIEEE S B FEY

Table 3 Allocation strategy of energy of PS Il reaction center of leaves of different cultivars of Salix integra Thunb. under Cd treatment"

Cdcl, K3k Dahongtou —Hi%E  Yizhibi
R/ ( pmol - L! )
CdCl, concentration 1 (@ID) Y(NPQ) Y(NO) Y(II) Y(NPQ) Y(NO)
0 0.616+0.008a 0.139+0.003b 0.246+0.006h 0.629+0.009a 0.135+0.003b 0.236+0.012b
10 0.540+0.005¢ 0.169+0.002a 0.292+0.006a 0.549+0.001h 0.162+0.006a 0.289+0.006a
50 0.571+0.015b 0.165+0.001a 0.264+0.015a 0.585+0.002a 0.146+0.006h 0.269+0.015a
CdCl, R R Huangpiliu FEH A Zhuangwuliu
WP/ ( pmol - L! )
CdCl, concentration Y(I) Y(NPQ) Y(NO) y(1I) Y(NPQ) Y(NO)
0 0.607+0.047a 0.155+0.028a 0.238+0.019a 0.607+0.047a 0.133+0.001b 0.234+0.008b
10 0.630+0.006a 0.133+0.000a 0.237+0.005a 0.556+0.027a 0.160+0.011a 0.284+0.017a
50 0.558+0.008h 0.151+0.004a 0.290+0.011a 0.572+0.011a 0.168+0.008a 0.260+0.004ab

Dy(I): PSISZPRYEHE T 7%l Effective quantum yield of PS I1; Y(NPQ) : ¥4 th BE & £ B 4 T 72 %1 Quantum yield of regulated energy
dissipation; Y(NO) . JEVA P e AR HL A B T R Quantum yield of non-regulated energy dissipation. [ hAENG F R R ER D E
(P<0.05) Different lowercases in the same column indicate the significant (P<0.05) difference.

W H ) rETR {86, S50 rETR (AR E FIE ik JE Cd
ALFT Y5 5 S REA ¢ A I rETR AEANAE &

HeJE Cd AbFRT BB FRAK

rETR (B ) FEAR 88 % PS 1T 2 1 e 9 i 4%
M, Cd AbHETR 4 A APt B PS TN H o0
RYBEE PR NG (£ 3) Bn  BEE Cd WREH S, K

Py A
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gI3k’ R A IS i Y(NPQ) FIY(NO)
(EIA AR BT, Ui 3 A S A FE Cd b3
NOGRE B GO RE ) B SR  h E EM
Y(NPQ) I Y(NO) {HAR LA K, BaBH ¢ B 2 M° 7 Cd
ALERR 32 BRI AR T g, AR & B, Cd AL BR
S A A SRR YOI (EA R R BE AR (H 4 A
a AP TE Cd LB Y (D) {47535 %) 0.540 ~0.630,
UL PS I On e 7588 B B m i v A i —
RSPy A RSl U i A =237 Y L L A AN
2.3 RRUIAE@MITE CARRERNER

AR TT 25 Hrati R (3R 4) 8w« iAo ke i
HCd S RA B (P<0.05) 520, Cd ZbFEXT it /- Cd
TERAWEE(P<0.01) 50, — & 138 B AE Xt
hCd E IR R E,
F4 B CdLEIHRHIN A Cd 2 BHMBNERFZ5H

Table 4 Two-way ANOVA test for the effects of cultivar and Cd
treatment on Cd content in leaves of Salix integra Thunb.!

75 EL 3h )
Sxozrcjéf/?varialion F P 7’

fAl Cultivar (C) 3.390 0.034 0.298
Cd 4b#E Cd treatment (T) 215.008 <0.001 0.947
CxT 2.490 0.051 0.384

DF. FA4 F value; P: P{H P value; 5°: n*{H n*value.

ANFEVREE Cd A FEXTACHIAS [/ & AP | Cd & 5
SR UL 3, 45 R oK. BEE Cd VR, 4 >
Fit R Cd &t B Wi . SR (10 pmol - L™
CdCl,)Cd ZAbBEAH L, < Rarsk” e —A % it Cd
FRAEEWE (50 wmol - L™ CdCL) Cd ZbFEF W3
T, T ¢ B EZA RN RIS R Cd S i AE 2 ANAE
PR 225 A 0 2 X (A Y 3 A A B, PR
Cd ¥R JE nT LUA R R0t | Cd F 248 5 (™ (H
4 0.947) AR AFRXT I R Cd F A8 S 04 il R 32 2 /)N
(n* B} 0.298) , ULEHIREEX AL B Cd % = 152
M) 22 K 35 R AL A 5

x5 ERRASHERFESTER

Table 5 Regression model parameters and result of variance analysis

5001

400 -

3001

200+

I R Cd & /(mg - kg™)
Cd content in leaf

100

c ¢ .c c )
0 10 50
CdCIZ?ZUE/ (umol - L") CdCl, concentration

O. ckersk Dahongtou’ ; O, * — K%’ ¢ Yizhibi’ ; @ AN
‘ Huangpiliu” ; Ed: ‘ FESB#)” * Zhuangwuliu. [7]— ghFOR R NG 28R
IRFEARTRI R FE Cd Zb PRI 22 53 1 3 ( P<0.05) Different lowercases of the
same cultivar indicate the significant ( P <0.05) difference among Cd
treatments with different concentrations.

3 Cd AAEXRHAR @I Cd &2
Fig. 3 Effects of Cd treatment on Cd content in leaves of different
cultivars of Salix integra Thunb.
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PRI R Cd & 506G AR SR A%
PENSEL AR VEREA T 207, B IR S M Cd & &
AR SRAHSCHE R AR | I3 T8 A5 101 I pR IR 2 ] 1]
B BRI SR W 7 22 i B 45 2R L3R 5, BERUAT 350k
R 5 LI 4

PR TS R s i  Cd St 54 o
MR b MM SRR MEHE MRS R KL F,F, .
F/F Y(I).Y(NPQ) .Y(NO) .gN.qP #l rETR &
(RIS 2803 518 -0.910 ., -0.837 . —0.896 , - 0.866 .
-0.618.0.830,-0.866 . —0.497 ,0.333.0.534 ,0.734 ,
0.00711-0.496; Hi A Cd B S5EEOES B K
Bk qP (EAMY H A 28 R VOC SR 3 (P<
0.05) B bl i 3 (P<0.01) AHE

PERCS I Cd S A G R B4 X K T 0.8

iny

RN IACVEES

Unstandardized regression

G A ACVEEN '
Standardized t{H P{a

coefficient

2
Model E—— regression t value P value R
B {i bR coefficient
B value Standard error
# i Constant 1 928.761 538.297 3.583 0.001 0.850
H4EE a FF Chlorophyll @ content -128.842 25.630 -0.627 -5.027 <0.001
PS I 5 KOBAL2E8 % Maximum photochemical efficiency of PSTT =2 005.500 750.560 -0.333 -2.672 0.012
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Fig. 4 Prediction test for Cd content in leaves of Salix integra
Thunb. based on the prediction model
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