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FEE R IR0 Ty vk AT T TN PR TS b 5 = R IR B (CTAB) 5 4 8 Cd™ B — J2 52 41 YRS A &)y i A= K
ATRAEALARBRISE I, 25 R I] FES— CTAB 15 5500 T BURVR EE Y CTAB (0. 1—0. 5 g/kg) REARBERAF i 10 AR 4 B
WY CTAB(0.5—2g/kg) MWEL A FREMEH, 0T CPIGMAT, B3P Cd® HREH 100me/kg B, A4 Hi
AR AZ B E ] AR —VREE Cd™ V5 Y R B DRIE/K b CTAB WeBE A3 A4l i ik s T8 M b4
I S PIE AL (SOD) G S (LW (POD) i AL S (CAT) i MERR 2 e THE R 3 . 5 A4 1RSI0 U A IR &)y 1 A
KRR 2028 5 R R i T KRIIAL TR G5 P 50T A KA B SOD  POD 17 P 3R T A= 1 I8 Ay g 1 5
HLBEE I () HERS , ARSI o % (MDA) FRER B A I &

SR CTAB; Cd™ ;A= A AL b5  F ; 4l

Effects of complex pollution of CTAB and Cd** on the growth of Chinese

sweetgum seedlings
ZHANG Qin, XUE Jianhui*, LIU Chenggang

Jiangsu Key Laboratory of Forestry Ecological Engineering, Nanjing Forestry University, Nanjing 210037, China

Abstract; Effects of single and complex pollution of CTAB and cadmium on the growth and physiological and biochemical
indices of Chinese sweetgum ( Liquidambar formosana Hance) seedlings were studied by means of pot planting experiments.
The results showed that lower concentrations(0. 1—5g/kg) of CTAB could promote the growth of Chinese sweetgum, while
CTAB was harmful to Chinese sweetgum seedlings under higher concentrations (0.5—2g/kg). The growth of Chinese
sweetgum seedlings was seriously inhibited in the soil with Cd** concentration of 100mg/kg. The plant height, dry weight,
chlorophyll content and SOD, POD, CAT activities of leaves increased first, then decreased with increasing CTAB
concentrations in the same Cd”*" polluted soil. Compared with that during the fast-growing stage, total chlorophyll content
dropped significantly at the end of growth stage. Moreover, SOD and POD activities of leaves at the end of growth stage were
lower than those during the fast-growing stage due to a long time of stress; MDA accumulation quantity of leaves increased

over time.

Key Words: CTAB; Cd*"; physiological and biochemical indices; Chinese sweetgum ( Liquidambar formosana

Hance) ;seedlings
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Bt ] T AR R AN BT DI 30k A e ety Ok 1 A 2 ARG ) REBOR B S2 3] )2 5 . IR TR0l 2
PR T T R A 3% HE A 0 I S TS e 0t - S BR T 7 A TR 2 Rl ST S K E TR TS R RS Tl =R
HER T 2B 16 B R A S B O A8 A LTS Y B R T MR S — Fh A Y
KA T L B3 1A 9 Tl s, HIHW VS R e Ak Sy e, fdi P A v, DR 25 3 T 1% M 7010 1Y
K s AN AT Rk S b HE A KA | R HEAEIAEE R THITE ME F AE L A R B R . b O A 3k 2
PSR 10 -3 A~ Y 02 2 B R e R A S AT R L TRAR AR R TR R VR B R dor R
TR PR ( LAS ) X ORI 1l X - E AT HAb A BT A 52 e, e B LAS I 3552 W) - B8V 5T, A A1 - 98 PR 5 0 2 1 g
Btk IV MR Sy OB R A T fe K 2B, SR RSN R B CTAB 5 AL SEAERT, RR IR AL
XoF K &Iy 8 FAE T, 2 B R 40y v A B A B AN A B TG T o AR S T R A
B A R O RR B ARV E FTIR , B R P b 4R S i N R, 2 CTAB MR BEAE I S ok 2
(ceme,0.92mmol/L) DAL it T K6 A i R K 26 s dUR SRR, DA R TR 92 544 F 835 3 Fh
RIUH)FRTATGPER] LAS .CTAB Fl Tween-80 HYE 5540 /N WY TR , S B T 15 i 2 00 /N 22 1 v
TR HARLW T CTAB>LAS>Tween-80 , 8 FIR T TG P S G 15 G 5540 T, /N2 it rh i 1 R AR R 30
AP NG I SR A K R TR AR TS S T BKF . Cd 2B TP e HFERNE SR Z —, TR0 530 =
TG Y ALt P55 R 118 Cd V5 9% A ™ &, AARAEY R et iR K fe . T et ed™
AR SR A BRI AL 2 [ B T, RN Cd™* By 7 s b i iR & ARME N H IR rh RS B, XS T ey st e +
e iR A AT o MR ARSI GE . T A BRI 22 R A G Cd™ AR
T PR A2 5 15 G RIS AE R/ o R, PRI B 52 6 T e BRI 438835 e rh 2 A AE IRl L, PR
WFFEX AN BSOS REA I S AV TR S AL, 1 i 25 ¥ S W 1 A 28 PR B 00 M H 5 B — V5 G 5 il (1 2
S W HA EEABES AR X W ( Liquidamba formosana Hance ) VE A3k T 2R fb A R JE e 2 75, B TR
W% R ARty B R REEEN S SRR, TV T 8 W L T AR
B TSR ()T A6z W A 2R ( Hamamelidaceae ) WA TR} ( Hamamelidaceae Harms ) A,
)8 (Liqui dambar L1) (R RIEMFRAS S BEE R, AR R AV SRR S5 Yy, %+ RN ™ | ifif
TR T OB SRAKE M R AR SEB R A bR R MR Y S L SR R A T b DO R A
I A RTINS AR A5 g B AR A R, R R N TS AR 22— JF BAE LY 25 ] Tk A
T A EEAE I, IRk AR TR G B R/ A ARE: & 555 T TR 09T,

AR SCR AR S g0 5 1k T AR Cd> 5 RIETE MR CTAB B— 55 B 15 Y 56 T X —4EA A 4]
B AR B AR AE RS2 AL AR I i 3K & i . SOD (CAT POD \MDA 54 ARS8 AR A i AR LE Wy i 5 . WS4 2R
A }g3Z Cd* Fil CTAB B —ak & G5 9 HIERAEY A BB ST b SR it S 5 K30
1 MRERZE
1.1 SEEbhR

VEPET- Py 3hAR P24 v s A — 4R A SR A s D U . AR IR A B A A B sl R R
B IARIG, FE M R E FH BH B R AR T I R R oS e e = R TR AR (CTAB) o AMIRAR TS S TS
CdCl,y2.5H,0, LA Emah 2y it 24 2k 43, W B 25 52 AR 7R A BRA 7

F1 il TEERBEBUER
Table 1 Basic physical and chemical properties of the tested soil

e e ke i
T4 8 41 Heavy metal content( mg/kg) HHLR US AL A
0 Organic Hydrolyzable  Available Available
cd c Vi - . p material nitroge phosphorus potassium
! ! " /(%.g/100g)  (mg/kg)  (mg/kg) (mg/kg)
0.175 1024. 1 688. 875 25.825 45.788 6.7 2.19 25.07 3.28 42.63
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He

Eild 31 &

1.2 SRt
R4 H OGO 2 2Rk i i g0 7 vk 1 AR AR A B RS Rk T HAR 271 500 mg/kg NAA (ZR 4R ) AL 30
min, AR PRAE D A AR BT B AR 1 dRail, b2 8 A, 2 LA Ske( T8) ,pH
EPERITE 6. 5—7. 0 Z[H, 2010 4F 3 H M B A A, 6 H X & bl i K A7 i5 e ab 3, H cd D
CdCL:2. SH,O M MIE UM A, CTAB LIS A Zb BEET 5B CdCL,-2. 5SH,0 (LAZE Cd 115 B i
10g/L, SR JE AR P 15 A A BRI WA 21N A (LA = FE 34l Cd  CTAB % &) . XA A Cd* .CTAB (1)
THKI S AH 4580 F R R K AR A 80% 224, MRIEL M AK T HE, T 6 H 10 HEI7 20 H,7 A 21
H2I8 H 20 HMARK EER 430 8 KA 10 ARIREMY)  LITHE
1.3 A HA AR ARI
(V) FEG A K B v S & 1 A A O, T

£2 Cd* CTAB REHELIILIT
Table 2 Experimental design of Cd** and CTAB treatment

ﬁ%ﬁt%ﬁ_@ﬁﬂfﬁiﬂﬁiﬁ% Hﬁo ‘/@/l\ﬂii 3 /I\E:/E,B&EF Cd** (mg/kg)
CTAB(g/kg)

YIE, 0 50 100

(DHRZEH SRAEFERR T AKR S, 451 I 2 AR 28 A 0 0 30 100
b3 43 B B 4 RE T 80°C IR MR T 0! o! 0130 014100
0.5 0.5 0.5+50 0.5+100
F2EE, R AR ZEM AR ER L, ) ) 1450 14100
@A AR AM300 M- ARSI 2 2 2450 24100
A0 4 4 4450 44100

()N B E (MDA E it st e
R W) BT AR 5 0.5, A 5% =&

ZFR(TCA) SmlL BFFEE ; B0 WRIRGES O 13 W 2mlL, A 0. 67% BRACEL L Z/2 (TBA) ,IRA), B TWhKi8 K
15min, FGHEEH, B0 BUEFERIE 450 532 ,600nm J K T BIWIEREE Ay, Assy  Ago XTIELL 2mLL ZE47 /K
=

MDA 54 (pmol/g BE T ) = 6. 45x( Agyy— Agy ) —0.56% Ay,

(3) ARG PRI E  BURRIACBREE R I ABEERZE sl (0.1 mol/L,pH=7.0) , 75 ¥ H B4k
FRAIFIE (FEVK E3R0E) . 213K R B A B4, 10000r/min 4°C R B0 20min, BB, B4 %E SOD , POD
CAT 7EPER LR

ALY AL B SOD W HEME VAR ZE N 3. 1mL 0. 1mol/L BEFRZE M (pH=7.8) +0.2mL 20pg/
mL FHZ R (Met) +0. 2mL 1mg/mL & i VUL (NBT) +0. 2mL 1mg/mL £ ZF&PU B2 (EDTA) +0.2mL 0. 1mg
/mL A% B2 +0. 1mL B, XTI 3. 2mL SRR 22 i A R I, HA S W AR AR TR, TR 25 ,40001x HOGHRTR
JI 30min, BRGS0 —8, RBEHIE , FHBATA AR, B 560nm AbI & WOGE, FH U/
g BEE IR,

@it A ALY POD MM R ZE N 3. 8mL 3% (2/100mL) LA +0. ImL B +0. 1mL ARy
2% H,0,, %A 0. ImL 8 B2 2% sl iR AR B, A H, 0, ) 7. B AP T s i 1), FH 29 66 B 31
470nm FIGE WA , R0 15s 3280 1 R, L0 1. Smin, PABESMBIIN Ay, 84K 1.0 B4l —ANEGE J
BALY A omin/g BETEFIR

@it AL A CAT HHEWE R Z K 3mL 0. Tmol/L BEFRZE R (pH =7. 0) +0. 15mL R4
0.3% H,0,+0. lmL BER, XTI 3. 1mL B s AR . A0 66 THAE 2400m A0 5 WO M, 43 B
10s HEEEICR IR R AL, ZBAL(E , ELE 1min, LIEE/M4H N AL, FFE 0. 01 45007 S —ANBETE 7, F 0.
01 A, min/g fif §FR

(4) M2 & il 2 (N SRR 3E0%) WO BT, in 95% C s s R UL F1, i ik, e 4 4%
5, B SRRIEIOK 2 A, L 95% Sl 2 F, R 665nm ,649nm  470nm T A WO FE A,
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Agio » Ao o
M44% a &8 Chla=13.95 A,—6.88 A,
K E PESGHE Cxe=(1000 A,,,—2.05Chla—114.8Chlb) /245
M2t b & Chlb=24.96 Ay —7.32 A,
M4k B & Chl= Chla+ Chlb
2 BRESH

2.1 Cd*-CTAB & A 15 Y5 WA 4l 1 A= KA E A0 52 1

TYITETG Y 56  HOR RIS B A AR S5+ Az AR A A I I A8 55 T & A — FR AN AR Ak, e ¢ i e
TERERR A R DAL A HRRAE L, SR AR K2 BP0 MERRER /N RSk =i FRESRRER, R, M
AR KT JEEFHE AT A S G FE bR . X SdE bR E LG AR MRZE L 2R B SE,
2.1.1 Cd*-CTAB & &5 Y E 4y i it I AU 25 A 4t 14 52 il

H 2 3 AT LUF B Cd™ F1 CTAB ¥R B2 (R0, AR 4 i it T AR AR S b i e 3 AR 2R Kot 2
1 I AH LT CdO-CTABO b3, Cd50-CTABO 7K F-H A 41 i i TR ARG T T 2. 75% , Cd100-CTABO 7K P-4
B AR 37. 58% , LHH—E Wk Cd™ BN, RERI BT e R E DT AR, XY Cd™ iy &t 2 8 KT
SIAMIINE 1 9 R TRl CdO-CTABI AL BRARA )y i 556 BRAR L, i TARBE N 1 11, 12% ., Fi%E CTAB ¥k
JEE FRBE TN, AT 40 T+ T A s i, 0 I 3 MR Y CTAB W BEARE TR 4 i b 2R 1, 2 38 v [ s A
0. 1g/kgCTAB 5 100mg/kg Cd* I}, 5B —ANA 100mg/kg Cd** RSN A LL , TR ARG 0 16. 23% |, 50— & &
f) CTAB RENSLZE M i B CA™ XIS i 75 3

£3 Cd*5 CTAB EAFHEMNMEHHHEARREZEKENTMN

Table 3 Effect of Cd**-CTAB complex pollution on the leaf area and new shoot increment of Chinese sweetgum seedlings

Cdo Cd50 Cd100
S LR I AR EXS S LR I AR E VRS -4 kI T AR EXRS
Average leaf area  New shoot increment Average leaf area  New shoot increment Average leaf area New shoot increment
/em? /cm /cm? /em /em? /em
Co 2895.84a 38.67 2975.57a 35.67 1807.51ab 26.33
Cl1 3217.88a 36 2307. 1ab 33 2100. 85a 30.67
c2 2345.35b 34.33 2040. 12b 30.67 1645. 1ab 22
C3 2000. 34be 30.67 1939.51b 25.67 1483.93b 20.67
Cc4 1794.244¢ 25.67 1761.46b 23 1247.76b 17.33
C5 1794.24c 21 1651.9b 20.33 1094.73b 11

Cd0,Cd50 , Cd100 433 Fm P ARSI Cd> #R B 0 50mg/ kg, 100mg/kg; CO C1, €2, C3, C4 ,C5 41 RNA CTAB IREEH 0,
0.1.0.5.1.2 dg/kg, FRAMFFER TR ENZR , FRAFERG R EEZER /NG FERFERTE P<0.05

2.1.2 Cd*-CTAB & & 15 Y X I F 4y i Az 1y i FIAR 2K LU 9 52 )
R4 AIEH BEE CA> MR EE AR N, Wi A Wy it S THE 9 X i BRAIG VR BE 1 Cd> I A RE 4 i A
Py et (30 TR v v BE Y Cd> D B S AR 4 A AR K, Cd100-CTABO 7K A= 6k 24. 51 ¢, 1
Cd100-CTABI /KP4 i A= it 26. 42, ULHIMA —E MR BE 1Y CTAB BEIRZE CA* XA i #1178
Cd100-CTABS /KT, A=AV 11.43g, 5 CdO-CTABS F1 Cd100-CTABO A [t , HoA= Myt pdi il 22 S a5 b
EKF, X RIE PR R CTAB Al Cd™ 2 4575 Y b B — 75 Yk &y v A K B A/ FH B 5
EXREZAH L BE Cd™ AT CTAB ¥ BE R34, A4l i AR ZE LI 2 PR H X RIER A 15 5 T
Tl B AR FR AR RN ZE AR K X A2 1 B A ] ELX AR 2R 100 5 0 DR X6 25 (14 2
2.2 Cd*-CTAB & G5 Y X F i Az BEAE AL RFAE 952 1
2.2.1 MRMGREEHY PREEEL
M2 R F AR B T YD C SRR Y i g R S SO G R R SRR A

http ; //www. ecologica. cn
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31 %

IR, PR 2 20 5 ) RO R AR ) A0 58 T 2 0 R . B— CTAB IS XS 4 R 5 &

BFEL, SXFRA L, e X S U R, fEE 5T

T ,Cd* 5 CTAB XFEL A 42K a 2K

S N E S AW SR Y T Cd™ W N 50mg/ kg F1 100mg/ kg I, B ARG CTAB ¥ i e 2 114 T+
&L RS EE TS, SERBIAHL AR KPS |M T ERENNSE, BXWE MRS E

T A R

®4 Cd*5 CTAB EAFHMNELD B EMEMRZ LM

Table 4 Effect of Cd**-CTAB complex pollution on biomass and root to stem ratio of Chinese sweetgum seedlings

Cdo Cd50 Cd100

o 35.71+3.734a 39.91+0.203a 24.51+1.645a

Cl 36.82+1.538ba 30.64+0. 543b 26.42+1.143ab

AP 2 32.03+4.558h 27.82+0.226¢ 22.66=+0.433b
Biomass c3 28.93+4. 068¢ 25.84+0.937cd 19.49+4.973¢
c4 26.21+0.203d 23.73+1.124d 15.88+3.676d

c5 19.02+1. 746e 18.57+1.29¢ 11.43+0.305¢

Co 1.75+0.09a 1.73+0. 006a 1.67=0.006a

Cl 1.73+0.001a 1.69+0.003a 1.6420.01ab

ML 2 1.72+0.003a 1.66+0.004a 1.57+0.001b
Root to stem ratio c3 1. 66+0. 005ab 1.53+0.001b 1.45+0.007¢
c4 1.60+0. 004b 1.46+0.0003b 1.0420.003d

cs5 1.56+0.003b 1.27+0.003¢ 0.510.003e

KT N BAR DR 22 (Mean+SE) s FREAR FOR TR F V2 5, FRARFIRA REF R SR /NG FRFIRTE P<0.05

)

(mg/g

Pigment concentration

10

=

[

Lo

o
'_r
- 5

Cds0

Fast-growing stage

e
I

H
H
i
4
¥
¥
3
i
i1

H [k R

L1L213

Cd100

LS

DO

L

LOL1L2L3L4L5
cdo

El1 Cd*5 CTAB EATEMNEHNEHERSEMN TN
Fig. 1 Effect of Cd?*-CTAB complex pollution on pigment of Chinese sweetgum seedlings

2.2.2 M} SOD iE ARk

LOL1L2L3L4L5

Cd50

LOL1L2L3L4LS
Cd100

End of growth stage

AHY AL TG GRS PR N = AR A PR AU T DT AL B A AR SR RIS, & 5 R ST AL B 5

Pk HEARIAZ AL

HI 1 2 W0, — CA* V5 Y T BE CA™ MR EE 9T, SOD Id M &, Hi— CTAB V544, Bl CTAB ¥k i
FHET, SOD ML Se TG B A4 B A S, > R Cd™ 552 50 . 100mg/ kg B, SOD I 14 4351 Lk
XTHERETIN 17.6% 57.8% . EAT5Y N KA B3 A W BE RN, CTAB ¥WREE 43910 1.,0. 1.0, 1g/kg B,
SOD G PEIR SR AAA . # i A KR ] SOD ¥ MBI T A= KBS 7E AR KOR M, XY 4 cd™ & &0 50,
100mg/kg B, SOD J& 4051 He X BERE AN 7. 32% 29.27% . RAT5YL N, B Cd™ W E 3N, CTAB J 1g/kg

A, SOD P4 4738 3 e KA,
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Fig. 2 Effect of Cd**-CTAB complex pollution on SOD activities of Chinese sweetgum seedlings
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Fig. 3 Effect of Cd**-CTAB complex pollution on POD activities of Chinese sweetgum seedlings
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Fig. 4 Effect of Cd?*-CTAB complex pollution on CAT activities of Chinese sweetgum seedlings
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Fig. 5 Effect of Cd’>*—LAS complex pollution on MDA content of Chinese sweetgum seedlings
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