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Effect of Cadmium and Lead Combined Stress on Growth of Mul-
berry Saplings and Contents of Heavy Metal in Mulberry leaf

Huang Renzhi Li Yiping® Jiang Yongbing Jia Chachua Jiang Shimeng Yan Xinpei Qin Zhixiong
Luo Jun
( Sericultural Research Institute of Hunan Province, Changsha 410127, China)

Abstract Mulberry tree has become one of the representative substitute plants for heavy metal contaminated farmland in
Hunan Province. In this study, we investigated the effect of different concentrations of cadmium (Cd) and lead (Pb) on
the growth and heavy metal contents in leaves of 4 mulberry varieties Xiangsang 6, Xiang 7920, Nongsang 14 and Yue-
sang 11 by pot experiment. Results showed that the height of mulberry saplings, leaf spacing and the maximum leaf
width decreased with the increase of Cd and Pb content in soil. The contents of Cd and Pb in mulberry leaf were positive-
ly correlated with the heavy metal contents in soil. The experimental condition under which soil heavy metal contents cor-
responding to the leaf yield of mulberry decreased by 25% were used as the tolerance values of mulberry to cadmium
and lead stress. Under this experimental condition, the average tolerance thresholds of mulberry trees to cadmium and
lead in heavy metal contaminated soil were 40. 88 mg/kg and 527. 00 mg/kg, respectively.
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FH# 35 em A% 15 em BOSBRIE 2L 0E AT 480K
55,45 6 MRIE R (0.5.10,25.50,100 mg/kg)
5#Y 6 AN He BE BB BE (0,150, 300, 450, 600, 900
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mg/kg, B2 AbHZH N Cd JFiw b 5 mg/kg \Pb B kb
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AFRBEURBE 4581 500 ¢ HAEVETS SeE R , B4
412 kg, PSPl b B A ORI — 2L
MR T AP, BERM 1R, € TEE 20
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AN[r] AP SR Bk e ORI TR R A
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FEMN AR, PRI /K G VR 2 K, BT 5 7E
B XA T 105 °C 27 30 min, 70 CHET ZEfEF
HETHE B S OB DR AE I, BRI 0.500 g+
0.010 g SMAE T 2L HITHMHM, A 15 mL IBA 1R
(WHNO, 5 HCIO, AR 40 1) RS G &
THPR LTI A, IR BT 2 180 C £5 °C, F
Wt EREL T, W IR EEREE, HEH
TAKELZ 50 mL IFHgdiRic, & 1CE-3400 J5i§
W23 Y6 BE 3 (35 [ Thermo 23 1) I 4 & 43 )&
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TR 22 AR T, SR U 43 T BRURE
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Table 1  Content of Cd and Pb in soil of pot experiment
[BiEH / (mg-kg™') Mass ratio]

& Cd content 45 Pb content
YIS TP —" : : :
Treatment WEAE SEINE B S
group No. Setting Measured Setting Measured

value value value value
Bl 0 0.42 0 32.37
B2 5 4.50 150 151.96
B3 10 13.27 300 313.50
B4 25 30.47 450 481. 69
B5 50 54.00 600 615.91
B6 100 109. 29 1 000 1043.48

g "‘1"‘ "')Q'lli;

Y% ' T

#2115 Yuesang 11
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BIfg e R AR, T 22552 S H R R g B R
WeREE 4 )8 Cd Pb il TR KHEM 25 ,B5.B6
Ab PR Sl 5, AR 2, Y R R T R 5
Bifi A= R B ] E | 25 S50 B S R R I 3 A R 1Y
SR R W, SR kA K, 7.8 A vk
FEI B PRSI iR V% . 8 H BRI S A KR
WE TR, Bl B2 B3 b R WA KIEH, £
RIS A B2 RSk €5 B4 b A 25 S
PSRBT IHB A3 11005, it P4k €8 ; BS \B6 AbHZH R
SRR M R B R i, Hh R 115
1) B6 AbFLH 4 BRI HA 3 BRE TA.

#7920 Xiang 7920
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Fig. 1 Growth status of different varieties of mulberry saplings in late stage (early August) of experiment after Cd and Pb heavy

metal stress
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Cd . Pb a3, S bke 2 TR, Cd Pb i
HRSMMRERKRBEAREZER (B 1.R2),
2 2 AT LAE H BRlE 6 540 (KM 48 Phid
AhFRZE (B2) SE PR A X R4 B &, HUER SR 14
SRS AR E 4R A kb B4 (B3,
B4) SRR 7 LG IR S0 0 T R vk R A R Db

®2 WBHMETRENKSEL

B4R FE A (B5, B6) bk = B R I8 68.83% ~
88.33%, nI UL KM EE Cd ., Pb Jipif b 3 25 F 5
A T -4 Cd  Ph f stk — 283, Wik & 2
BRI S 4 A TR E] A, 5% 11 53R
Bhg, AR v B A B R G 3% B ) AR
I R g, nT UL H N 37 T 4 8 (1Y) BE 1 5 1
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Table 2 Changes in height of mulberry tree under stress of Cd and Pb

(%% / em  Plant height)

Fih IEBRA S5 Treatment group No.
Mulberry
variety BI B2 B4 BS B6
I o
AR5 118.67+11.55 " 145.33+15.88 * 138.67+7.09 * 84.00+3. 61 ¢ 51.00+4. 58 ¢ 21.33+5.86 ©
Yuesang 11
GE
@X6ﬁ7 115.67+21.57 * 111.33+5.86 ° 99.00+11.36 * 62. 67+6. 66 " 58.00+7.55 " 11.67+2.89 ©
iangsang 6
= =)
HF 14 80.33+14.72 ¢ 82.33+15.31 * 60.33+10.21 " 45.67+10.41° 12.33£2.31 ¢ 13.33£2.08 ©
Nongsang 14
(’{ﬁ 7920 b a c d e e
Xi 112. 00£6. 56 130. 00+8. 72 72.33+5.51 44.33x4.51 29.67+5.51 27.67+2.52
iang 7920

ARG AR R/NE FRERIR 0.05 KPP BEXES, £3~4[H,

Data in the same line with different lowercase letters mean significant difference (Duncan’s test, P<0.05). The same in Table 3 and 4.

2.2.3 4R AR ALBEXT S TEEA R R 3
AL, 4% 3% BRI G S50 1 I RE 135 Cd  Ph A i 4
TG s ) m e Cd P AbFEZH (B6) ST
PR R 4 XA B2 SR Y 29. 80% ~71. 03% , H:
H R Z 145 ISk 6 S5 I 7920 1) v R EE AL BEAH

x3 WEBMETREMNTEZL

(B5.B6) TR IR i ik, e 14 SRR 6
SRR EERE T Cd  Ph S ARG I i 46
7920 FIALERA] B2 Lk B3 AYTEE/N, B 11 5 Bl 4k
FR(XHR) Eb B2 B3 AR/ (H2E 58 18 31X 5 R B
AT BT AR— 3, BV B A SR AR S A

Table 3 Changes in leaf spacing of mulberry tree under stress of Cd and Pb

(9HE / em  Leaf spacing)

R IEHRZH S Treatment group No.
Mulberry
variety Bl B2 B3 B4 B5 B6
—
sgééll b 3.48+0.38 @ 4.45+0.45 * 3.79+1.60 * 3.34£0.28 @ 3.02+0.82 " 3.16+0.49 *
uesang 11
e
@ﬁé 6% 5.62+1.14 ¢ 4.51£0.75 " 4.06+0.43 " 3.80+0.58 " 3.74+0.58 " 1.68+0.19 ©
iangsang 6
=
KR 145 3.48+0.76 * 3.3620.36 * 3.12+0.50 * 2.93+0.37 * 1.91+0.50 * 1.41+0.26 *
Nongsang 14
ﬁ37920 3.16+0.38 * 2.80+1.03 e 2.96+0.41 @ 2.49+0. 22 e 2.19+0.42 ' 2.10+0.28 ©
Xiang 7920

2.2.4 5 B IIE AL R I R R - 1) R
Cd P 545 [ 38 % 5 W fe R A ELAE R (3R
4) . B6 Ak H 4] B AY f K R Bk IR 4D/

30. 08% ~45. 47% , H B4~ W i AP S0 7 = Wk
ALFR(BS \B6) 2MF T Y d5e K I 24 A ok R 4 I 2%
TR,
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Table 4 Change in maximum leaf width of mulberry tree under stress of Cd and Pb

(KIS / em Maximum leaf width)

Fih REBR ST Treatment group No.
Mulberry
variety Bl B2 B3 B4 B5 B6
ST
A 11.45+1.53 13.15+1.46 ° 12.63+2.81 11.08+1. 16 ** 9.20+0. 96 ' 8.70£1.30 ¢
Yuesang 11

== =
ﬁﬁgé 6% 18.48+2.29 * 16.00=1. 56 * 17.15+1.58 * 15.20£2. 44 ¢ 15.75+1.77 * 10.08+1.44 "
Xiangsang 6

%145
:&%‘ - 15.55+2.76 * 16.80+1.48 * 15.93+1.99 * 14.25+0.71 9.88+0.74 " 9.55+4.01 "
Nongsang 14
ﬁﬁ7920 15.38+2.38 ° 14.18+1.89 @ 14.10+1.75 13.35+1. 62 o 12.15+0. 74 10.75+1.01 ©
Xiang 7920

23 REMENENBEHENEMERHIT
R SR A

S A= W) 7 BE A RN i SRR A A K B
ARG A AL BRI P S R LR 5, R T SR 11
5, B2 b B S e i B IR A R 28, 67%, B4
AL TR Y S i 7 X BRI 56. 85% , A= ) W i
Wb T BS AFRAH A 2 BREFE M 2 A e AE,
B6 AbHE AR A M, 10 A BURERT 4 B
RMEA 3 HRANIE, M 6 5 KF 14 5 i 7920
FM =Rl Cd Pb & &3 N, Be A5
WIS R, A A R I ER AR, M
P, 5 11 S B A BT 7= a8 e 1 e VR
A FER A5 1 AR S AT 0 B X 4@ Cd L Pb B
36 LA 3 A R R AR

R TR R S S e AR —
FOPEFRBL ARG LA A S AT sk )
UL 259 B XTI Y 4 T 4 JE S AR S SRR
Cd . Pb Wi Byt 52 (H AT 0 Hr, i 6 nl g, 1%
Cd \Pb 7 1 5 F 0 7= 5 (19 [0 3 201, #H 56 RES R
T 0. 87, VLB E AT Z 18] HL A 547 B AH Gk | 45 5102
K145 HE 11 SHM 7920 Fb cd SRS

x5 R EHEXNRKAKRMTERNZIT

4 Cd FrEE A OC RE R T 0.93, Mk S 14
St 0.99, SXFREMI L, LA R E A 25%
A Cd Pb 1 E A5 EAIR I S T SR
X 4 R V5 g HHE R Cd -2 A2 B 40. 88
mg/kg , %F Pb I~F-21N 52 B {E A 527. 00 mg/kg .
2.4 4@ $REMETRM Cd.Pb SEMTHK

mER7 PR, ZTHFHEESHIE G STREA
BB IEA G, 138 Cd & s, b Cd &t
B X TR R RS S 11 5 B2 A B St
i Cd BB B 0,045 mg/kg, B3 B4 AL FHA F
W Cd % 8 A BT e R R LR T 0.5 mg/kg
(EFFR T A FRiE GB13078—2001) , 1 B5 .B6 Ab
PRAA S Cd I R8s, B IS T 1 mg/ke,
I E R R AR bR UE Cd BREBRIER 1 A5,

AR EE Ph Cd &G Wi db 35, ot i) Ph
SR I P A AL FRA] (B1 ~ B4) S Ph &
Hff 4 P SRR R L (2 BS B6 AbHR4 St
Ph &S AR, 17 EL B6 AbFR4H 1 BS BR (£ 8),
ST R R A R W AT R B 2 %
AR X E 4R Ph M R, A ST
Cd .Pb MWL REE—2 AT

Table 5 Leaf yield of single mulberry tree under stress of Cd and Pb

[7F=& / (g,my) Yield per plant]

F IhHRZH S Treatment group No.
Mulberry
variety Bl B2 B3 B4 BS B6
TR
WAL 38.82+14.22 49.95+14. 60 38.97+18.91 22.07+1.88 1.25 —
Yuesang 11
YT =5 =}
?ﬂil?é 6% 73.59+19. 17 55.50+4.99 38.97+10. 17 15.47+2. 64 10. 71+2.25 2.90
Xiangsang 6

=, =%
R 145 59.51+1.00 48.26x14. 12 42.50+3. 49 24.23+11.23 3.74 1.71
Nongsang 14
i 7920 59.32+19.70 52.05+10.21 32.67+12.95 11.48+9.28 6.41+2.96 —

Xiang 7920




670

&k B

L
2

2018;44 (5)

F6 TR BEBSRMTEMNEXEST

Table 6 Correlation analysis of Cd and Pb contents in soil and leaf yield of mulberry tree

HEJE B w5 72 TR FREL M2 BME / (mg-kg™')  FHIE / (mg-kg™)
Heavy metal Mulberry variety Regression equation Correlation coefficient Tolerance value Mean value
== =}
KR 14 y=-0.017x+0. 94 0.992 x=40.59
Nongsang 14
ST
~ SR 115 y=-0.021x+1.22 0.959 x=46. 10
-3 Yuesang 11
- o 40. 88
Cd GIEXR= _ _
. y=-0.015x+0. 84 0.914 x=39.00
Xiangsang 6
A 7920 o =
Xiang 7920 y=-0.017x+0. 89 0.932 x=37.82
=}
KFE 145 y=-0.002x+1. 08 0.997 x=416.50
Nongsang 14
£115
. BRI y=-0.002x+1. 36 0.873 x=552.50
o Yuesang 11
o 527.00
Pb B R _ _
. y=-0.001x+1. 01 0.988 x=726.00
Xiangsang 6
#7920 y=-0.002x+1. 08 0. 989 ¥=413.00

Xiang 7920

VLS P8 () 9800 2590 I I 7 19 1 3 o 4 Jas 5 Bk (o) VR SRR X 8 B MBhac A TS 32 B 1R
Soil heavy metal contents (x) corresponding to the leaf yield of mulberry tree (y) decreased by 25% were used as the tolerance values of mulberry tree

to Cd and Pb stress.

x7 WEHETRHFNESE

Table 7 Cd content of mulberry leaf under stress of Cd and Pb

[kt / (mg-kg™) Mass ratio]

i IEBRA ST Treatment group No.
Mulberry
variety Bl B2 B3 B4 BS B6
i o
BRIE 0.015+0. 004 0. 045+0. 003 0.071+0.017 0.243+0. 061 1.207+0. 010
Yuesang 11
¥ =}
ﬁﬁ% 6% 0.012+0. 001 0. 023+0. 001 0. 107+0. 004 0.294+0. 007 4.321+0. 010 4.467+0.011
Xiangsang 6
=
W45 0.002+0 0.011+0. 001 0. 305+0. 006 0.473+0. 007 1. 035+0. 023 2.287+0.039
Nongsang 14
Wﬁ 7920 0.019+0. 003 0. 056+0. 003 0. 068+0. 006 0.424+0. 031 1. 528+0. 021
Xiang 7920
*8 R.BHETREMHPHNESE
Table 8 Pb content of mulberry leaf under stress of Cd and Pb
[FEf / (mg-kg™') Mass ratio]
M IEERZH S Treatment group No.
Mulberry
variety B1 B2 B3 B4 B5 B6
[EaH =}
BRIE 6.160+0. 142 11. 510+0. 311 6.388+0. 035 6.912+0. 069 11. 136+0. 075 —
Yuesang 11
MEe6 5
. 5.808+0.017 14.937+0. 108 28. 664£0. 211 37.712£0. 099 28.168+0. 162 19. 285+0. 043
Xiangsang 6
K145
8.518+0.017 10. 682+0. 108 21.418+0. 211 26. 676+0. 099 7.437+0. 162 5.482+0.043
Nongsang 14
il 7920 7.380+0. 051 14. 815+0. 145 27.172+0. 114 28.689+0. 077 26. 674+0. 053 —

Xiang 7920
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