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Growth,nutrients change and cadmium accumulation characteristics of
Eucalyptus grandis saplings under cadmium stress
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Abstract: [Objective] This study analyzed the effects of Cd stress on growth, nutrient absorption and
Cd accumulation characteristics of Eucalyptus grandis saplings. [Method] From May to September 2018,
annual giant Eucalyptus grandis sapling were cultivated in pots with five cadmium contents of 0 mg/kg
(CK),12.5 mg/kg (T1),25 mg/kg (T2),50 mg/kg (T3) and 100 mg/kg (T4). The plants were harvested
in October to determine plant height and ground diameter. Biomasses of different organs (root absorption,

transport,roots,trunk,branches and leaves) and contents of nitrogen, phosphorus,potassium and cadmium
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were measured before cadmium enrichment coefficient of different organs and cadmium transfer coefficients
were calculated. [Result) (1) With increasing Cd content,net growth of height and ground diameter of Eu-
calyptus grandis decreased with significant differences among T2 — T4 treatments and CK. There was no
significant difference between total biomass of each treatment and CK. (2) With increasing Cd content,con-
tents of N,P and K in tissues and organs of Eucalyptus grandis generally decreased. (3) With the increase
of cadmium content,cadmium contents in all organs showed an overall increasing trend. At same cadmium
level,cadmium contents in organs were in the order of absorption roots™>and transport roots > trunk >
branches™>leaves. (4) With the increase of cadmium content, bio-concentration factor of absorption roots
showed an overall increasing trend, while cadmium enrichment coefficient of transport roots showed a trend
of increasing before decreasing. The cadmium enrichment coefficients of trunk, branches and leaves changed
insignificantly. With the increase of cadmium content, translocation factor decreased. [Conclusion)] The Cd
transporting ability of E. grandis saplings was limited, but it grow rapidly and was not significantly inhibi-
ted under the stress of high concentration of cadmium,indicating that Eucalyptus grandis had a strong a-
daptability to cadmium and can be preliminarily screened as a soil remediation tree species in areas contami-
nated by cadmium.

Key words: Eucalyptus grandis ;cadmium stress;nutrient elements; Cd enrichment characteristics

R B SR A I AN W HE B, B4 S G
A ME AR EC AT 1/5 Pl 5z 2 &
G B ORIA R BE M5 e . B (Cd) A s al + 55
Pefe M E &R UR 2 B BRrE KR
AT PR SRR S N A RE B A ) T R i
SHEANEEA R R G IF Y BEE AR fE
ENLMRES . HU RV, @ &K Cd Wi fk
R ALK 48 35 40 A7 0 L o A 00 400 s P A
M FEARRE % NP UK (WU e i85 4y B g -
SEAHY AN E ST R G Z A AR E AL [ R A
50 12 TR IO A B 3R RE AR L T A A ) A L R
O AR ) ) O3 BCAK R

W46 52 2 45 R 46 J o 4 B8 ) 5 1) L A
008 w0 AU ol BB e o A S A Tl o7 9 A -
BB BN, 5P EEE M EEZ AT,
TG 2 REAE AR T 38 AR IS R B8 19 55 11 F AT 18
SH AN B 38 8 5 G s MR A G B R T B
R . PAERAT 36 Cd V5 Y ki ¥ 18 52 1 F 5%
I8 B 2 B H A ST R G 22 S0 FAAE YY) L 05 1 25
(Viola baoshanensis )™ | 7R 8 5t K (Sedum alfre-
i) R Tk SR ) DR AR ) N AR R O3 A A
SR NS T 4 S WA AE — s I R R

e (Eucalyptus robusta) N KIF AR, A &
P Ry 3 MR VR A T AR AR H AT AE
ARG AT b DXL T 5 R B R A T AR
it 2 000 J7 hm*, 55 TARTE R 23 %0, T3k
ER A N TR AR R K ERZ ",

5% 22 B L K B RE 06 78 B 42 JE V5 Y b X 2B K IR
Cd HfF —E WM& E£EHY . BE# (Eucalyptus
grandis) FLAT WAz 2 7= (0 R7 25 R0 A R s 401 Rk
U 20 Ak, Tk E R Hh X7 AR BRI B L B bR
AR TR AL L S5 R L B R TR
R E RN AR, AT 4R Cd X B AL A K
FAE BRI 9 52 DA K B R X Cd T 32 1 S 2 Bt
Cd JCE A B AR 25 2V B NI 43 e A s 2L AR 256
WEMERE CdisYs £ Ml aErE . B — & i
SR, HEBTE X Cd Wria T B G 5 5T &
AARAE . AR AR 5 5 B G ER
[AF2EE Cd Bhia T A ZE KRB VR 43 0 e S Cd & 4k
FEME L DU i Cd B Rl £ Je Cd 5 3¢ HIE R HEY)
RS,

1Rk ik

1.1 iRt

TR0 AL T YRl K 2 Ol B A X0 202 BB
U B M, b B BN AR 4 1037517 297, db 4
30°42"18", Ja& W A I 10 A XL DU A L S fE T
LR, AR 16,8 C L H PR
iR 25.9 C7 A), AFHRMEE R 6.9 C2
FO i 38 C(7 ) mikiR—2 Ca A
AEIAH IR B 84 %6 5 AR B /K &y 759. 1~1 155. 0
mm; 4E ¥ H BIEHECH 840. 2 h,
L2 KgH el

L2.1 23 5FE AL HAU)IHEZR,



533

Xl S RO T B MR B AR R i A B AR R 69

B4 HE ey . pH 6. 5. 4% 15. 06 g/kg, 4
W 1.69 g/kg, &4 12. 10 g/kg,Cd 0. 72 mg/kg.
FR AP 2545 R P ALAS — S0 R4 (A1 AR 30 em,
JEAE 25 em. 5 26 cm) , BEFE S+ 8 kg(FHRE),
1.2.2 #eakadak AR MR @R E RS | H
TR ARAE 1 bR EU R Ay A A AN Ry sk Cd e 5
[i] - 48 v e = 7 37 00 2252 ) A 3 BR 9 AR K, AT
T 38 R, S Y M B R H R ARG 5 S
BRLL4-151, 15 6 7E 2017 4 12 F A7 1 e e A
BEAUNIN 15 g FUHEHR A & REAE N A0 s Fe bl 2 J5 o
BT LAY A2 At 4 o) 3 UGEE it A ok
PRAEANE . 551 R E ol 2 g/ Bk CREAR M /N, Bk
15 em) 55 2 Wit &8 4 g/#k (B &5 50 em) 55 3
PR 5 g/ Bk Bk 85 cn) 5B B 7 X« LA 4L
F SR bR AR 13 em 242 W5 25 00 /N Ak
IF 3 em WERE I K L EHE R Y 51 SR 5+
I REBEK . X E R AT N 5 AN T 3 Rt B
F 3 1] R HH2 + 5K 43 0 2 L (ML2x,
GBRO 5 I - 7K 43 AR o Aff 4 AR R 3 7K i AR H7 A
18202247 CHP H TRI 5 K B 1) 702 ~80%0) . 1E 2 ik
B F LR T 15 d. A Ab AR PR 4455 1k it I e B B A
YIRS BRI 1 AR PR S (86, 314, 2) em, F-
4% (7. 9840, 96) mm,
1.3 K&t

HE 4 I8 A5 4, DO 1| 373 Cd & 2 0. 86
mg/kg,Cd ¥5 Je & ™ 5 1Y X 3 0] 15 22. 2 mg/kg '™ .
Shy TR A ok T 4 Ja HE A 22 1 0 R n = A 1Y)
o I H IR FAE A H A KT KRR R K
(R S i SRt 6 15 0 Cd B 38 A ) L %o
i &)y R 00 JBih 38 24 R AT REAS B, BOAS i iR T
2 M i (50,100 mg/kg) Cd b PR 2 %, A
B E R Cd Wil & & 20 50 : 0 mg/kg(CK),12. 5
mg/kg(T1),25 mg/kg(T2),50 mg/kg(T3)FI 100
mg/kg(T4), T1~T4 Zh & fb 47 (CACL) jifi A 2 4>
Wk 0,25.4,50.8,101. 6 F1 203. 2 mg/kg, A £b P 5
WHER, T 2018 4F 5 AWIIF4G . Al Cd i A
J7 205 Cd HE LA B P AR 2R W it A AL o 1%
T SRR A B S o8 5 s o I F 2018 4R 5,
6.7,8,9 H43 5 Wi A\ 87 500 mL K& F7KH
CdCl, e il s i 3451 BevEAE 2N 1 HESR T, 0IK
FER AN B W G ] - g, Ab B CKOBE
HEMEE TR, 2018 45 10 H 43 I 22 4% Ak B MR
i HIAR R A AR A AR B L O TR O LB AR
F A BRSNS E o 0 HEAT A DG AR ) 1 SE R

T 00 2 G v A3 B 00 1 AR 2 SRy S Y T R
FERRAR R4 D RE R 40 ik R AT 43 26, o 1~3 2%
FWE AR 4 ~5 RS

1.4 MEBHRRFE

L4 1 Ak¥#EH Dk MERERKRE., 510
b BEBE AL 3 kL 23 i >R B RO 3 A s RGN
GE Cd 4bFRHT 5 B #% 2 A 19 Bk = F b A2, 1 5548 []
Qb PERR AR A K TR A AU bR G
K =Cd AP 5 PR (b 72 ) — Cd Ah BREATBE &
(M) .

Y. W8RG B R 4R ik
R GBHIR BT R K e R, R K
Han B UEEIFB TS, T 105 CA& % 30 min, T 65
CHERHE T 2 afE 2, R A & iR A AY
i R = ROR TR s AR T B+
TR AT T

(ORI S, KA TTC E M2 R R0 .
1.4.2 BBREEAALELE HEHSE RIR.
BRI BT R ) BT T 105 CR 30
min 5. 82 65 CHET 2 i fE e i gL 1
mm il E NP K &at, K N &5 4 A3
V] T Ak 27 43 BT A CAMS  Tealy) W 52 , P2 {1 1 26 4b
W2 W 4356 56 B 1 (Shimazu, Japan) I & , K & & fd1
BT W 4356 6 3 (Shimazua . Japan) il &2 .

1.4.3 Cd&2 H&aE RIEHR . s, 1.
Kok i) T 105 CX % 30 min J5, FF & 65 CHtT
2o EE R JF ot FLAR 1 mm B L R T
TRAGTE T A R s o LSRR S 7E S 0 A SR XTI i
L% 1 mm 5. HNO,-HCIO, ( ~F K L H
9+ DIHMEHIFE . 43 3R A 88 40 3 Ak v D
A E M PR Cd &8, W EX SR T
WA OGRS ERE T Cd /3 Be L4
1.5 HIEAES%EITHH

Cd & £ 2 %t (bioconcentration factor,BF) fl %%
iz & $t (translocation factor, TF) i+ 2 i) J7 & W
T EERM =AY L (T RS A
Cd &=/t Cd & & iz R =i &85
(ET B A Cd 7 /48 P b T 56 45 (0 R
B Cd .

BT A B4R 8 A Excel 2016 (Microsoft Office,
USA) #cfF #E 47 8 #L, & ] SPSS 22. 0 (IBM Inc,
USA) #4752 )5 22531 (One-way ANOVA) , fi}
FHKV « BEHN 0.05, H] Duncan’s B 17 2 5 [
# ,f% J5 ] Origin 2018(Origin, USA) i 4] .



70 P AL AR MRB K222 4R (A SRR 2 B

519 %

2 AR50

Cd B8 34 B 4% 40 3 4 K B9 2 T

LRI 1ol B Cd & a3 . B %
AR R b AR 1 2R K Y B R R R R T R
T T1AbEE, T2 T3 Fi T4 Ab 35 bk 25 Fi 77 014 A K
5 CK A 2233k B K F; BAEY R8T %

2.1

Ja BT, HAS AL PR G B 25 25 5 AR Y
R ET RS, o T2, T3 F1 T4 kb B CK Jd]
IR B EKT W B LY R R TRE LT
Hag Hih T2, T3 Fn T4 4B B E 5T CKs R &
AR EF B 17 WA S 7/ B R (VO N 3
G T3 Fn T4 4bHEYS CK 2253k B FKF.

121 B
8
5 1o a
g ab
= OF o

¢

a3 — - c
=
3]43 6F
#H 2
o
@ 4T
-
R
& 2l
[*)
Z

0

CK T1 T2 T3 T4
Kb P Treatment

PEIAE LA A [R] /N 5B e 7R S () Ak B ) 22 55 (8.2 (P<C0. 05)

Different lowercase letters indicate significant differences among treatments(P<Z0. 05)

100
A
- a a
ED 80 —=— I b b
E o + b
93 =R
IIIIRH{E 60 _]:—
a5
&S
¥ 5
S
Zz 20
0
CK T1 T2 T3 T4
b ¥ Treatment
K1
Fig. 1

Cd iy 38 5% F A% B0 4 1o e 26 4 2 (A b A% ¥ 2B 4 5 (B) B 52 i)
Effects of cadmium stress on net growth of height (A) and ground diameter (B) of E. grandis saplings

x1 CIPpENERSKEMERIRRE NI
Table 1 Effects of cadmium stress on biomass and root activity of E. grandis saplings
b3 BAEY /(g D WAL/ (g D M EIAYE/ (g- KD MWRE/(ug-g'-hh
Treatment Total biomass Underground biomass Aboveground biomass Root vitality
CK 198.97+3.14 a 32.13+1.05 ¢ 166.84=42.09 a 4 985.67+264.66 a
T1 195.61+12.41 a 35.05+1.41 ¢ 160.56+1.02 a 4752.26+129.72 a
T2 192.0946.72 a 46,26+1.45b 145.83+2.84 b 4516.384+139.02 a
T3 197.4345.89 a 54,4641.47 a 142.9740.43 b 3 646.104124.47 b
T4 202.47+6.11 a 54.7842.05 a 147.69+4.31 b 3310.214+197.70 b

T« [ 5 B0 i A [/ 5 2R S [ 4k 81 0] 22 57t 2. 2% (P<<0. 05) . TR,

Note: Different lowercase letters i indicate significant differences among treatments (P<C0. 05). The same below.
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Table 2 Effects of cadmium stress on N content in E. grandis saplings g/kg
JGEL 2 Y AR iz Hi iR E e % nt
Treatment Absorption of root  Transportation of root Trunk Branches Leaf

CK 1.66+0.08 a 1.74+0.15 a 0.6540.06 a 1.55+0.13 a 4.16+0.11 a
T1 1.5540.09 ab 1.424+0.12 a 0.63740.04 a 1.02+0.28 a 3.35+0.59 ab
T2 1.4640. 33 ab 1.3640.12 a 0.62740.02 a 0.997+0.32 a 3.01%+0.12 ab
T3 1.4440.03 ab 1.304+0.24 a 0.55+0.03 a 1.00+0.15 a 2.90+0. 28 ab
T4 0.9740.04 b 0.9140.50 a 0.1940.09 b 0.80740.63 a 1.884+0.81 b

3o HE Cd S ENIm. %485+ P %
AR MBS, BT T2, T3, T4 b 3L
AN T4 AE ¥ E+ P &8 BT CK A, HAb4b

HAMERPSES CKEYLRELER.
F4 BN BEE CdFEM, Z£HmEH K&
BRI R, T1~T4 4B Mok = T
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Table 3 Effects of cadmium stress on P content in E. grandis saplings g/kg

Ak B M Y AR iz Hin iR T S it
Treatment Absorption of root  Transportation of root Trunk Branches Leaf

CK 0.9740.01 a 0.5640.01 a 1.0640.01 a 1.09£0.02 a 1.2440.06 a

T1 0.83£0.08 ab 0.55+0.01 a 0.9940.07 ab 1.0840.01 a 0.9840.31 a

T2 0.76+0.05 b 0.55%+0.08 a 0.97+0.07 ab 1.06£0.13 a 0.97+0.14 a

T3 0.77£0.06 b 0.53%+0.08 a 0.94%+0.03 ab 1.0540.11 a 0.97£0.07 a

T4 0.6940.05b 0.52+0.01 a 0.8440.01 b 1.03+0.02 a 0.8140.11 a

F4 CdPpENERDHERN K EEMNF I
Table 4 Effects of cadmium stress on K content in E. grandis saplings g/kg

Ak 7 2 YA AR iz Hin iR T k% it
Treatment Absorption of root  Transportation of root Trunk Branches Leaf

CK 2.924+0.30 a 1.834+0.04 a 1.5140.06 a 1.484+0.15 a 2.8640.37 a

T1 2.2240.05b 1.754+0.03 a 1.25+0.06 b 1.46+0.24 a 2.50+0.22 a

T2 2.18+0.28 b 1.7540.06 a 1.1740.01 be 1.4240.04 ab 2.18+0.11 ab

T3 2.18+0.07 b 1.734+0.01 a 1.0540.01 ¢ 1.274+0.05 ab 2.06+0.03 ab

T4 2.06+£0.03 b 1.734+0.12 a 1.04+0.01 ¢ 1.08+0.07 b 1.974£0.07 b
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Fig. 2 Effects of cadmium stress on cadmium content in

organs of E. Grandis saplings

x5 CdMhBNERMNMERE Cd 5B L5 %0

Table 5 Effects of cadmium stress on cadmium distribution ratio in various organs of E. grandis saplings %

Ab 3 M AT AR AR F+ K% it
Treatment Absorption of root  Transportation of root Trunk Branches Leaf

CK 27.59+1.12 ¢ 4.67+0.21b 52.97+3.72 a 12.11£5.72 a 2.66+0.67 a

T1 77.67+1.24 a 10.09+0.56 b 9.24+0.14 b 2.33£0.46 b 0.6840.08 b

T2 65.59+1.01b 25.9240.59 a 5.54+0.42 be 2.4540.82 b 0.5140.02 b

T3 67.9546.34 ab 26.9346.44 a 4,3740. 34 be 0.47-+0.24 b 0.2840.00 b

T4 71.9840.11 ab 24.8540.30 a 2.79+0.30 ¢ 0.227+0.10 b 0.1640.01 b
AR Cd AP ER & as B Cd BER BN REBIL 6. £ 6 B, BAE Cd & &y
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Table 6 Cumulative factors and translocation factor of each organ of E. grandis saplings

under different Cd treatments

Cd 5 4 &% Cd bioconcentration factor

_ Cd 8 R
Trf:l:ti%cnt Ab:frf(tfn of Transfo%utﬁion of £ Bk o ¢d translocation
oot oot Trunk Branches Leaf factor

CK 1.934+0. 160 ¢ 0.37240.040 d 0.076+0.001 a 0.531+0.065 a 0.17440.036 a 0.302+0.055 a

T1 2.44540.111 ¢ 0.64440.048 d 0.01040. 000 ¢ 0.0684+0.007 b 0.03240.015 b 0.02940.005 b

T2 3.87440.444 b 1.3114+0.031 ¢ 0.01340.000 b 0.07940.002 b 0.06240.005 b 0.024740.003 b

T3 3.6774+0.193 b 2.392+0.082 a 0.01040. 001 be 0.08440.002 b 0.04940.001 b 0.01940.000 b

T4 4.77040. 106 a 1.879+0.151 b 0.0074+0.000 d 0.059+0.006 b 0.02540.002 b 0.012+0.001 b

3 i
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