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FE NIRRT BT, B WA (Buddleja alternifolia Maxim. ) 41 B 0] o5 465 Jo B0 30 09 A= KOG Bk B ma 1 AL AR, LG 4R A
A R T ORI R T RS TR BN K A A B ( - AT E AR B R £ 65%—60% ,35%—30% ) , EEAN K kb
PREEAF T 50 B0 3 NmAL BRI EE (0.28 . (0.6+0.28) ((1.2+0.28) mg/kg) , 3t 6 AR A [ 7K 53 K2 A Ak B Xk L ok e £
AR EYE S SREENESE SR, 25REW. T2 5ME A Wi FRY AR RN 100%, @i T25
WA PRa AR RG] T B E A A AR K AR B RS AEH R R S, SRR A R S sk
TR R TR —haa . A T, Boh i 540 T SRR B = R R BN 69.33 me/ke, TR A M0 T Stk i il s SR N
50.68 mg/kg, LA &5 HE U . 52 Wihaf BEAE N 5 AR XA 49 AR i AR A EhaA TR A A K DA AR B R R AR RE
TR, SR T B R R TR AT A2 M PR R s AE Y E R, BT R 5 Cd B A WhHE T B M 0 ELL)
W —E R 2, NI TR TR X RS L K Cd Ta5eH X A A S e s b, Tl f 2 —Fh B 5 RS I
RS TEAR Bl

KR T2 s I ER g AR SRR R

Effects of cadmium on growth, cadmium accumulation, and photosynthetic

physiology of Buddleja alternifolia Maxim. seedlings under drought stress
YAN Jiangwei, LI Changxiao” , CUI Zhen, LIU Yuan

Key Laboratory of Eco-environment in the Three Gorges Reservoir Region of the Ministry of Education, Chongqing Key Laboratory of Plant Ecology and

Resources Research in the Three Gorges Reservoir Region, College of Life Science, Southwest University, Chongging 400715, China

Abstract; In this paper, seedlings of the biennial Buddleja alternifolia Maxim. were used as test materials, and two factors
including water.and Cd stress were tested, comprising two water treatments (60%—65% and 30%—35% soil relative water
content) and three cadmium treatments (0.28, (0.6 + 0.28), (1.2 + 0.28) mg/kg). A two factor randomized block
design was used to-design a total of 6 treatments with 5 replicates per treatment. The seedlings’ growth, biomass, cadmium
content ;. and photosynthetic parameters were measured. The results showed that the survival rate of plants under drought and
cadmium stress was 100%. Cadmium stress, drought, and cadmium combined stress inhibited growth, biomass
accumulation, photosynthesis, chlorophyll content of B. alternifolia Maxim. seedlings to different degrees, and inhibitory
effects of photosynthesis and chlorophyll content under combined stress were greater than that of cadmium stress. The highest

cadmium accumulation capacity of B. alternifolia Maxim. seedlings was 69.33 mg/kg under cadmium stress, and 50.68 mg/

EEWE FEEFFHLAELI(2015DFA90900) ; FR MOl S AHE SOOI E (i AKEHIE 2015-6,2016-8) 5 P sk I BOMOlL B ) 71 Y 00
H (W tkEHEE 2014-10])

U F #A :2016- 08-30; W 2% tH AR B #:2017-07- 11

# JIAMEH Corresponding author. E-mail ; lichangx@ swu.edu.cn

http ://www.ecologica.cn



21 4 MEYCH A5 T 50N AR AL BT F £ R A I R AR R RO A A B 7243

kg under combined stress. The cadmium accumulation capacity in different tissues followed the order of root > leaf > stem
under cadmium stress, and root > stem > leaf under combined stress. The results suggested that; drought stress could
aggravate the effects of Cd stress on plants, which further lowers the growth, photosynthetic capacity, and Cd enrichment
ability. However under cadmium stress, B. alternifolia Maxim. seedlings had stronger tolerance to cadmium and a high
capacity for bioaccumulation. In addition, under complex stress, seedlings still experienced cadmium accumulation. Thus B.
alternifolia Maxim. seedlings have great potential application in landscaping and phytoremediation of Cd pollution areas /in

arid and semi-arid regions.

Key Words:; drought; Cd stress; Buddleja alternifolia Maxim. seedlings; photosynthetic characteristics; Cd accumulative

characteristics

PR 5 N ZE T ARl A 7= 2838 52 i 2 VI OG0 ik 15 Y d ™ B f i bt (Y T e Kz — ' L IR 4E
2014 474 5 415 YOIR B A 201 s 30 1 e PR BT B 1) s AR AR R R ik 7% R O A ) I
SR A JBICR Z —  TEA YR N BB R SRR 0'G G A P 52 00 200 6 1 54 QI 200 B B DA A A PRy 5 o
PSS A RO BRI L, MR R AR TE R A IR B R AR T R A 11
KAt S A R B A A ) DRI, T Y A A RN MR SR R 1 B I A

SHEG B I B L R E S AR PR R [ g | S b i 5w , B AR BR3P 5% |
PRAP N AR Sl KA 2 A 5, OB A 4 5 e H 1R i ik . B E ATk, A K
FUET T HE &R S YR TE  MYTE S — 5 AR a0 4 A e 825 D7 T, Bl
K TH T2 2 8 i 52l 5 X A 0 32 K R R B AR Yo et o S b X ) 40 A A T I - 4 5 5 5
15 YL B PR A 3 (DS AR i 073X Ao 525 F 38 LA AH S AT SEAH RS A A2

H I 5 ( Buddleja alternifolia Maxim. ) &P+ 22 R X MA ) & 158 AR 215 X kg ik
PSR WA R A BEVE AR LA T 5 T S T 2 | PUER B L B SR S O A AR SO I e R
IR, RACHAET B 5 — A BphE FAEK DGR OtG aR &2k, U HARNIRER
REJ) , B TEAR B . e 00— 52 5 SR 30 Y 52 1 3 2 RE 0, D iZ i A BE 5 AT RO T R R
AR IS YL XA 18 S B BERE AR

1 #R5EFE

L1 gk
B EHE 2 A A B IR B A DR S (28.79+1.01) em, FH AR (1.4220.10) mm, X%
TR A BRE T R B (IR E SR OCR SRR 1)

F1 T EEFTRSEVHRE

Table 1 Baseline data of the nutrient contents in experimental soils

b 7
L 24 2% = i R B
Organic Total Total Total Available Available
pH . . hydrolysable .
matter/ nitrogen/ phosphorus/ potassium/ + Y phosphorus/ potassium/
nitrogen
(e/ke) (e/ke) (g/ke) (g/ke) : (mg/kg) (mg/kg)
(mg/kg)
7.21+0.02 18.96+0.68 1.31+0.02 1.48+0.12 73.31%2.61 99.86+1.64 1.66+0.21 193.44+12.10

RPEE N FEHERRELR (n=5)

1.2 iR s
HER 4R B T AR A B 3 HHZE (0—20 em) , KTt 4 mm 0 BASE T 1 17.5 kg, ZIRE X+
BEFRES AR A (GB15618—1995) 1 DL Kz 77 B b X 35 e /K S Cd (mg/kg) B 3 NALER, A2 Bk T,
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(0.28, 3T 5 {H) \T,(Cd 0.6+0.28) \T,(Cd 1.2+0.28) ;iR NITEZS Hy CdCL, - 2.5H,0, LI ATE 20
B M Uik | A AGREER | bR, RIFS R TR T R R R R B AR T IT 30 4F 4%
Jay U B A OK A3 R R H O K A (CK) , 3 48 5 K AR R AR H R R K & Y 60%—65% ; T R Ab B4
( Drought) , 1355 /K AR E 1133 7K F 8 309%—35% (- 3EAH XS &5 7K 3 5% AR B e thl | A543 4% 4k 2 - 3
IKATAHNREE ), 2 6 AMRIGALBE 43 32 €T, , CT, ,CT,,DT,, DT, ,DT,, i CT, 8 CK 4,84 5 1%
HE, KT 2015 45 5 A 20 5 RIF, {5 5% 4 D H 5 BOE AR T2 T8 AR I A2
1.3 e HEhR vk
1.3.1 ARSI E

PR < 200 F I A JE REAILE L S R, AR RO S AT (0 ik v, 1S M A Ak v A T 3 K, i
AR BOR 2 RIPRE AR R BT AR 25 i 3 3653, HRERH 20 mmol /L EDTA-Na, ¥ 5 min, #A& s FH e
afi K e T, RS TRSTE 105 °C T AT 15 min, 85 CHL T RE T IHFrE TG H A Y.
1.3.2 oo E S il

I3 SV CHE T 25 AL SR (2K AR R T SR B T 4 ( Spewed Wave MSE-4, Berghof , 72 [ ) 1K
i I, SR FH FL R A 45 8 T IR S 3% (ICP-OSE) (ICAP6300, Thermo Fisher, USA) WIGE ML &R &, fAb
HEME S 4,
1.3.3 SLESEIE

KM GFS-3000 ( WALZ, Germany ) fE4# 200G M RGEMGE R OEE S8, £, X
9.:00—12:00 M 5E , M 5E B CO, R 400 pmol/mol , 1 FI 581200 pmol m s~ , ALL W6 AL IR, 25 HiFH 8
em’, EHCEARM EAE TN 3 255 4 5 UM BACEIN E 5 bk, E SR PR AR SOL G R (P,) (R
FLREECS,) ZRIBHER(T,) S5HEH COMIE(C,) .,
1.3.4 MRS EE

PRHUH T8 6 & R pg - F | SR IR 3, AT TU- 1901 136623 I E 42 K a 4K b
£ 663 nm 1645 nm AL ARSI BN E Ay Ages, TR LG BAHAS KER, AR SHR=H%E
a TEHTEER b e,
1.4 BdRib

FZEHE (em) = SLIBEER T (em) —FFIREBAL IS 1 7 (om)

R RR(TH s il 32950 5 i (me/kg) /AR 345 5 i (me/kg)

A EERE(BCR) ' = el F3B A (mg/kg) /IR E i (mg/kg)

ARG/ Hr R H Microsoft Excel 2010 A1 SPSS 22.0 {445 & 7547, FH XA K 70 1 7 15 ( Two-way
ANOVA) K5 7R T 52 Ab3H 5 5 AL 306 B i B4 AR K A A B 52, {1 FH Tukey’s ik 50 45 Ab B2
[ 922 5 (@=0.05) , K H Origin 8.5 1EEI 7347,

2 WHIEER

2.1 TSR T Ak BT L £ R 1 A R R A W ) R

I3 2 AL, AR aa T (W ALK | T et mr i BRSO R e | R CT, A T
W, 5 CK 41AH LEREER 235108 23.15% ,25.21% ; AR A4 i 55 ARG LG B AR ik B2 RO B 422 (2 3% PR, +57
S G PR, M b AR Y AR AR | TR Y B R A B R A A AR R A AN [
Y JEE AL PR [ 95 I 22 )
2.2 E A R R R R RS

BB 0 T ELI AR R AN AR S5 R e A B SR B R i S R s R S R A A haa
AR ZE R SR B A B I S B, R AR DT, DT, AR BRI B B2 (K 1),
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Ty, T HERAALIE T, B — i if A BEALA 28580 o B iy T & Il A B (ROF BeA A B g e . T, W%
ARFER B —SREAR hRR S EE 0h 34,15 19.53 mg/kg i3 T RALFRLLMY 29.43 9.23 me/ke; 1M =E
PSRN 12.01 mg/kg BE T ALALIAE 15.87 mg/kg.

F2 TEDPETARRERLEMEMNBEEELEHERKNIIE

Table 2 Effect of Cd on growth and biomass of B. alternifolia Maxim. seedlings under drought stress

KA ab 3R - b A FEW A

KR I it R it e

Water ) . Aboveground . Change of stem :

Cd concentration . Root biomass/g Root shoot ratio/ %

treatment biomass/g length /cm

B AK 43 Ab B T, 28.39+2.33a 14.81+0.89a 56.87+4.21a 0.45+0.031a

Control group T, 26.39+2.49a 12.51+0.99b 44.54+4.30a 0.39+0.026b
T, 22.18+0.48b 10.17+0.73¢ 31.54x1.52b 0.36+0.021c

T4k 3 T, 15.09+0.97a 7.09+0.59a 44.21+3(60a 0.47£0.041a

Drought group T, 13.08+1.01b 6.06+0.48b 27.87+£3.51b 0.46+0.033a
T, 9.53+0.42¢ 4.45+0.36¢ 20.21+1.64c 0.47+0.027a

TP EARER (0 =5) , RFE/NG PR A RIK S0 B F R AR AL BR IR A9 535 2557 (P<0:05) ; Cd(mg/kg) B 3 M4k
B350 Te(0.28, LHESHFH FAH) \T,(Cd 0.6+0.28) \T,(Cd 1.2+0.28)

R gy v M SO R AR AR B S — SR T S R A T R B e S (Y i R
W, T, W BEARBER | A st A BRZE M | A W AR R B 2 R TR WA (1 2) o MR AW e AR b 0
WL RIS Lt 3 B B O A BEAUR AR Y R R R MR TR A AL B AN[RIAR B e
Fts BB BE RS N s P, AR T, TR N AR a A B R R R E R T R A A

36 - Aa 18 ~
w5 30 | E 15 |
-~
o %
E 4L § 12 L
¥ =t
lﬁ%% 18 @% 9 L
Bz o 2
2 2
§ 12 + § 6 L
3 =
O 6 L 3 5 L
0 0
21 -
18 |
o)
5%0 1504
gﬂ% 2 r [ #HK4(C)
o N T4 B4 (D)
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g
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0
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E1 AELEBETEMHBREEGHEIR . ZEHESE
Fig.1 Cd content of root, stem, leaf of B. alternifolia Maxim. seedlings under different treatment
B R EUE R T BE AR ER (n=5) s A RIKE F-1E53 B R AR R K /3 Ab B AS [ A Ab R 2 [B] 9 5. 35 22 53 ( P<0.05) , AN[E/ING “F B 433l e A

Hdb 5

[ FRAL T R R 434k PRIEL ) 583 25 53 Cd (mg/kg) BEE 3 ANMEER 235108 To(0.28, HIESMAFFAE) (T, (Cd 0.6+0.28) \T,(Cd 1.2+0.28)
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Fig.2 Translocation factor and bio-concentration factor in root and aerial parts of B. alternifolia Maxim. seedlings

2.3 HHETEURERE G A 6 I R A R A R 5 )
231 HobaEE

REGIIE], FRn | TR SR A W38 E W R A L A R doe AR (P,) (B 3) . T
BEINE T, B R e A R B R B B 2 T R, Hed T 4L T A Ao A R AR CK 4]
IR E IR T 28% ,48% , 1E TR FERE S HNATF , DT, 40 DT, 41 DT, A4 EOEE # A5 CK 447 H 251
BT 57%,59% ,80%
232 ZEBHRHSELTE

AR Al O R AL (Se) AR (T,) B2 B TR S 0 B, TR,
IR R I 2 R R AR LR B Y B AR A B 3 0T 2 R R (R 3) TR A BE i PR IR I R
AR AL TG IS [ B2 (R AR AL B S | 2 R 5 AL BE Y T B B ] Sl 15 K, Ferb DT 40 DT, 4.
PR 2 1P SR RAN 0 S 4B 7E CK 2 1Y 46% ,24% 3 SFLF B4 W 4EFAE CK 2019 45% ,32%
2.3.3  JfulH €O, Pz

L1 R G R ) B R A AR COLMREE (C,) , i —HRALFE T, M lE] CO, ¥R 32 Bifi 5 Ak PR
JEESE N 2 AR (2 CT 4 CT, 40 M) CO, e FE R IRA Dy CK 411 5% ,13% . A8 T, HilE] CO, Wk
Bt Ve J32 T 348 o S8 8 T
2.3.4  HOKS T SR X B R RS AR S R R

H R 3 AT A A AR AL T R SR G ALY K B R T B R AR RO AR TR,
HGRa AR 5 CK 4AHLL, CT HM 48R a & A TR HRA R B RS CT, A4 % a
R T 13.60% ; MR E b i S SR S i AR R R3S i E PR AL, EEAMNE T, 5 CT 4140
e, DT, 415 DT, HA M43 o SR EE N, MEMAZ R A R EER, S E b SETSESRY
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Fig.3 Effect of Cd on photosynthetic parameters of B. alternifolia Maxim. seedlings under drought stress

i Py 0 P 38 T AT A, 5 DT 4 AH H, DT, &5 DT, M2 b S 500l FRET 21%,31% 5 it 4 R & &t oy
WRRET 22% ,24% .,

I, RRIAE LI 4R R o 55K b Z X 3w TR 7 3.14—3.72 Z [ A8fk, s—fmihia
T,CT 415 CT, A4 MM E o SiGE b Z B E & T CK 4, 53T 15%,7% ; £ Z 5 a4
HiMFEEE a HMERER b 2 Fobl T ARk B A3 i 52 & 25 b s,

F3 TEPETARRERLEMEMBEEEHEHEESENZIN
Table 3 Effect of Cd on Chlorophyll contents of B. alternifolia Maxim. seedlings under drought stress

N\ . et 42 | Mg E
KA Gl HRR a TR b R 4% /152 b
. Chlorophyll a/ Chlorophyll b/ Total chlorophyll/
Water treatment Cd ‘concentration Chla/chlb
(mg/kg) (mg/kg) (mg/kg)

B RAK 43 B T, 1.56+0.12a 0.48+0.01a 2.04+0.13a 3.1520.13¢

Control group T, 1.54+0.10a 0.41+£0.01b 1.97+0.18b 3.72+0.15a
T, 1.34+0.03b 0.38+0.005¢ 1.73+0.047¢ 3.47+0.098b

FE A0 P b T, 1.46+0.09a 0.44£0.01a 1.91£0.12a 3.31+0.132¢

Drought group T, 1.21+0.02b 0.38+0.005b 1.59+0.029b 3.42+0.11b
T, 1.20+0.08b 0.33+£0.005¢ 1.54+0.033¢ 3.59+0.12a

3 iTtig

PR YR G R 9 U R B S v B T B S NG RIE AR i LR X BT Ak
W LRERAET , AR se & BURIE T 5 5 5 A Wb aa ] 7 5 B A R A K A e AR
2, HE A0 (s IR THa (32 2) o (RIS RE 250 fe (o H ik e fo w4l i 0 0 o0 O Jm) 4 A ik
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AR, HRRE S B I A AR L R R (R 2) , HEERURIN R AR RO RS S E , SRt
R A RN, FEFRIONR R A MRS AR R TR AL N R, i SR R
1 B AR L Bt R I P I T RS [ 902, S5 e T AR R U RS [ ik B AR A BER OR A AR Ak (R
2) . HIFEFE AT EEA . TRl EE R L A AR S Sa a3 B A ) R R A B AR T
AR T AR A T AR 2 B e B R S ERE LB BE R, AR ha e
EEY S ERORTE S AU ek 7 3 a o N (ENE R i) SRS W =Ry S 2 M Ry UL R ) e e S = R SR e I VAR P Y i
Yroxd T AR 0 B AT BRI

R RS AR R AW i 2 A PPN AR ) BE A5 ] T 4 R VG e LI SR R R . A
[ % 8l — A AS R R AL | [/ — AR FE AN TR A= A A B rhoxt 4 JB AR R B 1A 6] . WFSE R B, Byl ([ris lactea
var. Chinensis ) 75 T2 FRETIE T 1 B3840 FIAR R85 5530 340.6 ,1700.02 mg/kg, 7% 4 mmol/ L #5451
I T b F SRR R A 43056 1109,2408 mg/kg, T8 X — 22 51 (4 S5 R, K5 554 T AR v A A
WESE A i T3 ARG RS [RIRR R B, SR — a0 T, B o R A ARG AR I O 69.33
mg/ kg, M A A TN 50.68 mg/kg(El 1), TREMAT, TP RIAAILSHME SN BSEEE,
AW RCPE T B AR W 4 R 1 R v G T A A RO R DDA, X — 28 0 Y AL
ARWFFEE KB AREE T AR RSO A R R BN ARSI S 28 S A T RIS ZE S0 X RE
B Ak R SR A RAE YT AR AR TR 5 AR R IR T AR R A R S e XA ) ) — R, AT LA
GRS 1) 1 b R AT RO M b ER A3 ARG o [RIIRREAE T P £ R A0y VA T DA FAE A A oA i 2 I
TR A FE AR XL AR A AR A A IOE U ) B B R ZAE A
R SE R, AR I R o AR AT BRI T AL G e e A O T 2RI T 2R St
AR BEZE A0 AE ) R AR 55 , 33— 3 SR s ot T AR AV e o L 5 A A W e v L BB Y SRR OR R 5
AR R T AR SR T, LU RE RS AATG I AT A s A

TG 7k BRAE AL R A X BB AR b IR ol SRR 18 B PEARRAE 22— R AR (P, ) SR BB R SR R
R FE T R BERME T AEY) P, BEMREAREE W0 i ] 35 0y B R A, Y S K I 2 (] 4R
K 30%—40%I} , /NZZ ( Triticum aestivum L.) (21] PPk ( Hippophae rhamnoides L.) (18] B (Populus L.) (22]
P, ALK IR 33%,63%, 37%. K K ( Zea mays L.) B R ( Cucumis sativus L) FH R ( Cucumis
melo) > SEERHURIINEY) I P PEARAC A A B AL FE T B S BRI ASIRIS R TR 38 A% 0 B £ 4l
B P, Y0 N, B G a T RER T (181 2) o 360 E I f8 BT 40 i 7E S B AL BRAT RE R IR T
BORAOG A IE N AT A AR . — MR R T AEY) P, TR R N A A AR 5 E
SALFRHI, Farquhar Fl'Sharkey tASA, 0] I AI4IHE CO, MR BE (C,) TR HIWDE A R FIEREEA, P, T
BRI C, (B T R I 2 AL AZ RS R A s an sk P, FERMRIET C, (EAZS S T &, ) P, [ el i 7 i
AN G ARE T M R RS DR T AIRIG BT R . SR R, B L P, NIRRT, €, (E
W W B LR R S B M B LA AR E T P, TR EER, RN SRTEAE) A AR
2, SO A LN LT e B R A 0 i R R T B RO SCAL IR T v 5 s R S AL ) A TR A, U
FLARBIAE TR SO A VE T R R R B Y . R A T MY P, BB e B 1 & 2
el ¢, U1 EIHESE, AT L TEXCE A T, JE L R BRI WZ i SOy BRI P, A B 55
AL 23 U SALOCHT TRl 2> 5 DEAE YA N G G 4% B 451 5 BB, A v 1A 240 B W) AL e 0 T e
55 R A AR T

T B R AR A 1 R B, Fo P B0 B i R AT G RE MW AL B AL Y B S
5, e RS R AR ARG AR i 4 R 240 B £ g i R i
& N0, HE G IHa kiR TR —me (£ 3) o SR AT AR AN W] 38 28 R A8 ) i 4 3 1 52 i AILBEAN [+
T AL B AT LA SR SR A A A R R A O % R LRI (SR S A DR | S-S Sk L BRI IR £ B
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AR €2 22 D JE 20 ) TG 1, BELIE PR A L BRaE R (Cd™ ) U R TR AR R B B S A 4 %
A BHES T AR, R 2 5 AN S AR TR Fe Zn Mg S5 i e 28 M Mic ™ BT 352 00 38 1) 3 2%, (i n
RGN Z BT 1Ah, Cd> HEAM R 5 SR ER i 1 ) —SH SR 256 BURIE 5 19 Mg™ (R A7
MR L IEH DIRE ™ . PR PO XL S R 405 B BRI, X — 45 T R S E A ket |
K2 R S R AT — 30, UL & A W X A 45 3 b B — b3l T A 2 (R Wt S0 B
et AT R a/b HEH B E S TXR(E3) . — B, R a/b R, R R ER %S
R RSB, YEIM I/ FH RS , A4 ERE AR Rt R 0 R Mt v s Bl R R 4 ek 2R
i MR T DGE R R AR R a/b U AR AR B BE R A RCRR4E R 1 B AR

ZE LTk, B Cd il TR Cd &AWl 256 BAR Az B £0 B4l G 7 A — a2 B R A, (HUIT A T R
PP (A7 TE T ok, B PP BN 0038 R PERFAE O — @ AR B . 7T 5 1 B X AR a1k
B Cd 5 Y i DX 4 A 25 s v, A0 R R — b B KR T ) RS AR R TR RT RUR &
X Cd VYL IX iy T B &
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