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Migration and Distribution Characteristics of Cadmium in Sphagneticola
trilobata, S. calendulacea and Their Hybrid

HUANG Jundong?, KE Weigian', CHEN Guangxin®, GU Xiaogian!, ZHANG Qilei?", PENG Changlian®"

(1. Guangdong Key Laboratory of Biotechnology for Plant Development, School of Life Science, South China Normal University, Guangzhou 510631, China;

2. Research Institute of Tropical Forestry, Chinese Academy of Forestry, Guangzhou 510520, China)

Abstract: In order to understand the migration and absorption characteristics of cadmium, the differences in
absorption, migration and distribution of cadmium were studied in Sphagneticola calendulacea (indigenous
congener), S. trilobata (alien invasive species) and their hybrid treated with Hoagland solution containing
200 umol/L CdCl,. The results showed that the cadmium concentrations in stems and leaves of three species
gradually increased with the time extension of cadmium treatment, and the cadmium concentrations in leaves
gradually matched that in stems, while that in roots of three species was always the highest. For the whole plant,
cadmium concentration of the hybrid was also the highest under stress. After recovery growth, the cadmium
concentrations in roots of hybrid, S. calendulacea, and S. trilobata declined by 50.4%, 35.8%, and 33.7%,
respectively. Distribution pattern of cadmium in leaves of three species had not significant change treated
with/without CdCl,. The hybrid tended to accumulate cadmium in young and mature leaves. The cadmium
concentrations gradually decreased from vein, internal vein and leaf edge of three species, which in internal vein
of S. trilobata was the highest (2 766.3 1g/kg). Therefore, the hybrid displayed stronger ability to absorb, transport
and transfer cadmium than its parents, suggesting that it had greater potential in phytoremediation in the future.
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Fl5 Pk, 3L 15 ¥k, BT HHi@A . X Hoag-
land & 775 7E, ALEELHTE Hoagland & F23 s in
200 umol/L ALSR . HRFME 21 d J5 3 FiEH R 2
TCRE TR ARSI R TR 7 d, HUBHERAN R AL
R SRR, DB SR IR B

1.2 Fik

WARMERTRAIENNE 3FEYY
SIBHATHRACEE 7. 21 A1 28d Jo, WHEREKR, 5k
VI EE (R ). JeHZAEMAKMERAR, EE 3 X,
1M J5 & T 20 mmol/L EDTA-Na, ¥ 7% "5 15 min,
HEEIRM 2 W5 K 3%, IBRERAR



226 s A R SR

30 %

REMMEMESEE T BRA. . 209k
AFEfEE, T 100 C R4 30 min, ZR)57E 60 C
TR, BB S AEE, RAEEH .. HEFRAREUR
L A% 0209, BEMMES, IMNRMER
5 mL, fif R E{C(COOLPEX, iffliz58)ik
TP R THM S, e % 50 mL. fif FH B &
BT AR R B X (Agilent7800, USA) I 5E #F & 1
Cd*» & & K HAh4: JE(Na. K. Ca. Mn. Fe. Zn
MCuyETF&E.

HASESMESERNE AR A
AL, BUR G ALEE 21 d J5 I ZE TR A
N 3 A (R R AR s B R ), R
1 43 P ik I P i R kRT3 43643 (B 1)
I3 N ARSI AR B

) 1%

Leaf edge

I JK i) B

Internal vein

BL A
Fig. 1 Parts of leaf

LA
Sphagneticola calendulace

10 cm

Xof B [EISEE] o Hit
Control Stress Control

[l 2 3 FifEI7E 200 umol/L 4R JHE T (1% 5

Fig. 2 Phenotype of three species under 200 gmol/L cadmium stress
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Table 1 Changes in cadmium concentrations in roots, stems and leaves of three species with stress time (ug/kg DW)
I ] Wb - E R 27N
Time (d) Species Leaf Stem Root Whole plant
7 i35 Sphagneticola calendulacea 337.42+10.10b 774.91+18.10a 1041.11+192.62b 600.74 +14.00a
FSEIAHA S. trilobata 333.93+32.63b 716.94 +42.64a 1641.01+144.51a 527.88+15.93b
225 R Hybrid 44477 4£20.16a 797.13+0.50a 1370.72 450.84ab 622.82+6.58a
21 I35 S. calendulacea 820.40+15.74a 850.16 +19.41b 2012.85+15.19a 869.22+5.82b
FIRIFILS S, trilobata 845.01+14.89a 837.07 +16.35b 2190.95450.99a 877.31+11.63b
25 FH Hybrid 830.03+37.36a 986.87 +4.68a 1529.63+189.01b 1087.91+47.68a
28 7% S. calendulacea 867.28+16.33b 986.17 +21.10b 1308.88 +40.41b 958.26 +3.34b
FIREZLAG S. trilobata 980.82+10.00a 928.55+1.88b 1659.18+25.02a 984.27 +8.58a
225 R Hybrid 901.39422.24b 1090.97 #25.02a 1286.26 +37.54b 983.53+7.27a

n=5, [FFEHRE G AR 7 RERR 2 573 5.3 (P <0.05, Duncan’s #556) -

n=5. Data followed different letters indicate significant differences at 0.05 level by Duncan’s test.
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Fig. 3 Percentages of cadmium in root, stem and leaf
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Fig. 4 Changes in cadmium concentrations in leaves at different position
after recovery. n=5. Different letters upon column indicate significant

differences at 0.05 level by Duncan’s test.

B K (50.4%), Uit 4 AR 35 M 2 20 ) R BR T
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faria 21 d i 3 FUEAIH R iR BB B

ZE50 (3R 2), DR bk b B i B E T AR 0 2 A R
PEo Z5HERM, 3 FEY B8R A B A AR R AR
T, IRk ik DR 2 R 1 R B B
P8/ o WA VR 1 5 A PR J 1) P Jk T B R A fik
(B R 2 i 255500 R B T 26%F0 79%, R S
5 NBE T T9%R1 59%, AR FE T 2%A 62%.
WAEM F R s ks, Ha s RN, H
U, BRTE M RS S AR O 2238 B > 2 2 > 1
FIpuRg . R KR S R s, ol b
A 4G M AT Fhi 2 R 2.5 %, WA RN 2 A8 M
ENZERTE S8 e ST TS ERNES 7 L ST g
AR AR BAAY) G, Ul R R A 2 B4
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Table 2 Cadmium concentrations in different position of leaf

{7 E Position Yy#h Species Cd (ug/kg DW)
LWABUES 7% Sphagneticola calendulacea  211.445.3b
Leafedge  piseuyiisy s. trilobata 244.2420.1b
& 35Hh Hybrid 401.1429.7a
IH- ik 1) it 70445 S. calendulacea 1016.9+178.4a
Internal Vein s it 45 . trilobata 589.1+34.5
FAFh Hybrid 1063.5+92.9a
ik 845 S. calendulacea 1377.24266.2b
Vein I3 S. trilobata 2766.3+104.3a

4258 Hybrid 1083.8+133.4b

n=>5. [EFEHE 5 AN TR R 2 5 1.3 (P <0.05, Duncan’s £5) .
n=5. Data followed different letters indicate significant differences at 0.05

level by Duncan’s test.
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HMARAR B R IFUET, T A 4 AL A A
ARy, )R AR EE L L R SE AT 2 .
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Fig. 5 Changes in cadmium concentrations in roots. n=5. 1: Sphagneticola calendulacea; 2: S. trilobata; 3: Hybrid. Different letters upon column indicate

significant differences at 0.05 level by Duncan’s test.

R 3 ARG X R R A R

Table 3 Effect of Cd stress on contents of metal elements

Hhz YiFp Qb Na K Ca Mn Fe Zn Cu
Part Species Treatment (mg/kg) (ma/kg) («9/kg) («9/kg) (na/kg) (na/kg) (ug/kg)
H L %EE Control 715017 5560+037 43570+353 53294558 2845044316  47.67+2.29 11.06+0.34
Leaf fgn;%’:ﬁggg;a Wit Stress 453000 52854182 382312330 3693%4.46 2013449468 55554277  8380.72

E3:Z e X} & Control 6.3820.07 48994261 448.0046.03 49.56+2.79 326.15+102.18 44.7346.68  9.97+1.02
S. trilobata e Stress 2394019 61744332 369.3044.87 205743.06 212414816  48.05+1.72  8.81+0.38
SR Fi %I Control 4504024 53104247 386304491 11754086  172.00+16.05 322042.16  10.49+0.59
Hybrid it Stress 3374007 69784250 372482371 30734279 3010617338 54704017  8.36+0.31
E B 25 X} & Control 0.93+0.02 90.45+43.42 405.6244.22 13.0242.67 70.85+1350  33.3946.11  7.96+0.96
Stem 5. calendulacea 31 grec 17940.04 3723+411 31276353  6.61+0.32 36114279 2371262 11442079
MRS WG Control 4574015 5211241 38342387  871+151  109.8945842 2469112  7.5720.38
S. trilobata Yt Stress 1224005 52234424 316204392  7.23+0.67 41304641 22464128 8334116
S S Control 4374029 4754131 356134077 8174173 90570425303 27.83+4.87 11012212
Hybrid JYiits Stress 179011 57.8423.16 314042332 14194223 837942046 30584192 14.82+1.70
18 L %I Control 0914006 38.27+4.82 334314806 5954093  614.6243430 2498+152 8864111
Root S.calendulacea 1 gpregs 1224020 651942371 263.95+7.71 4124114  836.99+179.82 26334219 21214584
MRS WG Control 1524029 53181587 348.32+4619 5304088  580.06:29.15 19052341 8352095
S. trilobata YL Stress 0574005 35944311 237.92+40.09 2434012 7129349334  163220.37 158240.43
HeASh %[H& Control ~ 10.87+0.54  19.49+350 359.27+10.74 12.92+1.93 1051.24+113.08 38.87+6.80 10.88+0.41
Hybrid it Stress 0872006 47634239 263.054758 6304241  630.3249403 22964137 26814526
A T BEERWERERER 3 M Ty REEEE S TR, KEEZE KRG

ATFIREE AL, RMMEERE T 3 MU YR AR 4R 5
B T2, Bass 28 KM & &
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£ K (Zea mays), R, ZE. HHEETEMKKT
Fee[29-301 iy B AR v e 2 4R S 1 SR R =2 4 i
1) AN 2 B SR EEM IR 456 T A B K 7311k
HA, 3T D R B T B R4 ) B S A B,
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