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Effects of different amendments on seed germination and cadmium uptake and accumulation in rice seedlings

under cadmium stress

WANG Bing—shuo'?, HUANG Yi-zong™, LI Juan', LONG Jian’, WANG Nong’, HUANG Yong—chun®

(1.School of Geography and Environmental Science, Guizhou Normal University, Guiyang 550001, China; 2. Agro—Environmental Protec-
tion Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 3.Guizhou Provincial Key Laboratory for Information Sys-
tem of Mountainous Areas and Protection of Ecological Environment, Guizhou Normal University, Guiyang 550001, China)

Abstract: The effects of four amendments on seed germination and Cd uptake and accumulation in rice under Cd stress were compared by
seed germination and solution culture tests. The results showed that the addition of boric acid, melatonin, sodium molybdate, and sodium
silicate promoted the germination of rice seeds and growth of rice seedlings under Cd stress. In the 5 pmol - L™ Cd concentration treatment
group, the addition of 1 mg+ L™ boric acid, 10 wmol + L' melatonin, 0.5 mg + L' sodium molybdate, and 1 mmol « L' sodium silicate in-

creased rice seed germination rate by 11.1%, 10%, 11.1%, and 10%, respectively, and the germination potential by 17.8%, 17.8%, 17.8%,
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and 22.2%, respectively, compared with those of the CK. Simultaneously, the addition of these four kinds of amendments reduced Cd con-

centration in rice in both the seed germination and solution culture tests. When subjected to 5 wmol L™ Cd stress, the addition of boric ac-

id, melatonin, sodium molybdate, and silicic acid significantly decreased Cd concentration in rice roots and shoots. The concentration of Cd

in rice roots and shoots decreased by 38.6%~51.3% and 36.9%~41.1% during seed germination, respectively. In the solution culture exper-

iment, under 1 pmol L™ Cd concentration stress, the addition of boric acid, melatonin, molybdate, and sodium silicate reduced the Cd con-

centration in rice roots by 32.6%, 38.3%, 47%, and 72.5%(8 d), respectively, compared with that of the control treatment. Moreover, under

5 pmol - L' Cd stress, the addition of sodium silicate significantly decreased the Cd translocation from rice root to leaf. The effect of sodium

silicate on Cd concentration in rice was the most obvious, followed by sodium molyhdate, melatonin, and boric acid.

Keywords:rice; cadmium; melatonin; sodium silicate; sodium molybdate dihydrate; orthoboric acid
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Cd {5 gL nl 70 B 2RI 5 AR IEPI RS , B
SR R AL A B BE BT s e DL RCA A KU, N
RFRAATE TR 48 HL 8 SR 1 A BB
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dium silicate )/ A fi (Si) AR JFE R Z — |, T 4FE R &

S T A R TG U b M5 T A AR R R B
WFFER W], US I TR A AR 2 25 PRI L A RS Cd
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— A RIRETT FUEOITR SR ER AR B R R 0o
AKRERN T8 A KRR 2 Cd B2, LA HY
ARARH CAT5 Y E RFA, 2 Cd 15 4 R T RGG
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) o
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748

URIEIRCX ity F38EF 454

HHEALE (H,0,) 230 15 min LIS EE, BB Tk &
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A 28 CHTE IR B IE F R R & o R I A A
H B4 — U AT S A B, I 2 B ER 1 S Pl 1 i
KAEL
1.2.2 KBRS

AKEE IS 5 0 & R 08 i B Cd R RIS [R] i
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Table 1 Nutrient solution formula(mg-L™")

{228k Chemicals e JE Concentration

Ca(NO;),-4H0 945
HsBOs 2.86
MnClL-4H,0 1.81
ZnS0,-7H,0 0.22
CuSO04-5H,0 0.08
(NH4)sMo7054+4H,0 0.02
KNOs 607
NH,-H,PO, 115
MgS0.-7H,0 493
FeSO.-7H,O 27.85
EDTA-Na, 37.25
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TR, Cd W8 J5 4 Fhle KR K RE A1 & 2 34
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Different lowercase letters indicate significant differences (P<0.05)
among the treatments with the same Cd concentration

and different amendments. The same below
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Figure 1 Effects of different amendments on germination potential

of rice seeds under Cd stress
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Figure 2 Effects of different amendments on germination rate of

rice seeds under Cd stress

B K AR - & 28 2 43 5 L CK Ab BR 4R 5 6.7%
7.8% .7.8% F15.6% ,7E 5 wmol - L' Cd JiE T 43 B35 5
11.1%.10.0% .11.1% #110.0%.,
2.1.2 IKFELIARFN LN ZE (0 A= ) i

MR 29T LI KRR AR A4l 25 A K 2 B
323 Cd P8 R, J0 R X AR R A A 4 i A
B A Cd M BEIE N, K REAR AN ZE KA X8
5 CKAMFRAHF , 1 pmol - L Cd 38 T /K FE AR K Fi1 24
K0 908 /0 1.47 em A1 0.62 em. 24 Cd ¥k & Ky 5
wmol - L™ B, KA AR K FE CK AR F 6 20 3.01 em, 2K
18/00.93 emo WA R A% Cd rie K REAR |
FAERIAMRIMER . Y CAWERN 1 pmol - LB, 7%
TIBI AR Ao B 2R A 0 R e I M o K R AR A 4 331
CK #2185 10.2%.10.9% . 12.0% 1 10.5% , % K& T 6k
i 0 Ak P AR R 11.0% A1, At Bl R 790 Ab B R A
W M CAdHE N5 wmol - LA, TR INTHAR 4B 2
BH R BRI RE R AN T KRR A AR 4 O L CK R
41.3% .40.9% .40.1% F1 37.5% , 2 [ 1 ik 1oy 4k 3L
R 12.6% 4, HoAth o R A A B AN B . 4
Fhok R B R AR R K R 40 28 A KB R e

2 REIM R CdBME TKFERKINZF KA
Table 2 Effects of different amendments on root and shoot length

of rice under Cd stress

Cd e
Cd concentration/

R MR RIS

Amendments  Root length/em  Shoot length/cm

pwmol - L™

0 CK 8.05+0.26a 5.70+0.35a
B 7.96+0.08a 5.55+0.01a

MT 8.05+0.12a 5.57+0.15a

Mo 8.10+0.13a 5.85+0.29a

Si 8.15+0.26a 5.79+0.13a

1 CK 6.58+0.01b 5.08+0.19b
B 7.25+0.11a 5.30+0.08ab

MT 7.30+0.14a 5.31+0.27ab

Mo 7.37+0.18a 5.37+0.13ab

Si 7.27+0.03a 5.64+0.05a

5 CK 5.04+0.15b 4.77+0.19b
B 7.12+0.13a 5.24+0.30ab

MT 7.10£0.13a 5.24+0.09ab

Mo 7.06+0.26a 5.34+0.12ab

Si 6.93+0.16a 5.37+0.09a

2 ANFENG FREFR IR [A]— Cd 9 AR F1R SSInAS [+ 2l R 50 b 2
I 2 57 i (P<0.05) o T Il

Note: Different lowercase letters indicate significant differences (P<
0.05) among the treatments with the same Cd concentration and different
amendments. The same below.
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2% 3 R A T] g R Cd R T 7K A R fi o i A
ZEAE ST A SZ R, 7E Cd B T, KA AR i o o A 2 fif
i TR, CAUWREEA S wmol - LB, 7K R A ik
Jo & HE CK A B A 0.08 o, 40 2 6 5 1t (441K 0.09 g
CAHFE A 1 pumol « L7 B, WS IR PR fof 7RI A o 2
FZE 5 1 40 0l b CK I 35 8 = 23.8% 1 15.2%, i
T At e B R Ak B i O OR R . CARE N S
pomol « LB S Tk B i 70K e L ff J 0 25 i o o
I3 B HE CK 2 32 75 38.9% M 16.1% , 43 in HiAth it B
) b FIE 5 Mty AS S (MUT Ab U0 £ 2 T R A1) o

3 FEBREFXS CdRME T/KFEIREEREN
FHREMNEM(g)
Table 3 Effects of different amendments on root and

shoot fresh weight of rice under Cd stress(g)

CdHe &

Cd concentration/

i R AR S ZRAE

Amendments  Root fresh weight ~ Shoot fresh weight

wmol - L™

0 CK 0.26+0.02a 0.40+0.02a
B 0.26+0.02a 0.38+0.01a

MT 0.25+0.02a 0.38+0.02a

Mo 0.26+0.03a 0.40+0.02a

Si 0.27+0.03a 0.39+0.01a

1 CK 0.21+0.01b 0.33+0.01b
B 0.25+0.01ab 0.35+0.02ab

MT 0.24+0.02ab 0.36+0.01ab

Mo 0.24+0.03ab 0.36+0.01ab

Si 0.26+0.01a 0.38+0.03a

5 CK 0.18+0.01b 0.31+0.01b
B 0.22+0.02ab 0.34+0.01ab

MT 0.22+0.03ab 0.35+0.01a

Mo 0.21+0.01ab 0.34+0.01ab

Si 0.25+0.01a 0.36+0.02a

2.1.3 FiFlli & it R oK R AL 25 1 Cd 7

Cd 38R S [R) 2l K570 6 K R AR o Cd 3 Y
SEMA AN 3 Fir7R , AT LA AN R  R7R) 34 S 2 A1 T
IKFEAR R Cd %51 (P<0.05) . 4 CAWE A 1 wmol - 1
BF, VAR TIAA 7R | 2R B T R e R A 8 K R 4y AR
Cd % 2 53 51| e CK b B R AIK 53.1% . 53.6% . 54.6% FlI
48.5%; 24 CAUJE N 5 wmol - LB, K REAIAR Cd &5+
A3 PEAR 50.1% .51.3% \47.0% F1138.6% .

Bl 4 KB ZFEPRHCdHFE. BCdEE NI
pmol « L7 BF, AN T 4 28 I A R ek PR 1 i 7K
T4 2 Cd &% 5 4 9 B CK &b 33 5 3 B AR 21.5% .
24.6% .30.7% F123.2%; 24 Cd #eJE M 5 wmol - L', /K
R4 25 Cd 75 it 53 0 12 25 B 36.9% . 41.1% .39.3% FiI
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Figure 3 Effects of different amendments on Cd concentrations of

rice root during seed germination under Cd stress
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Figure 4 Effects of different amendments on Cd concentrations in

shoot of rice during seed germination under Cd stress

39.5%.
2.2 7k EE3L0E o IR [E] B B F R Cd B8 T 7k R R U AR
2B

K5 Rk Bk g A0 P 8 d 5 A W] el K550 % Cd il
R KRER R Cd B AR . 24 CA¥REE R 1 pwmol -
LA, VAR R B 3 A R M R A R 1 K AR AR
Z Cd & 409 He CK A4k PR A 32.6% . 38.3% . 47.0%
F172.5%(P<0.05) ; 24 CA R FE R 5 wmol « L™ B 4351l b
1% 4.3% .21.0% .20.2% F123.3%., 4 Fhik B4, iR
AL PR B R

2 CAWFE N 1 wmol - LI, ZR MBI R 4R 2B K I
BHIR N XK A2 Cd 5 B R i 2% (P>0.05) L {H
2 TR B Ak BB KRG 250 Cd B i b CK R 35 RRAIR
75.1% (& 6) 524 CAMRIE A S mol « L7 By, 78 fin A g X



ETE, 4 A TR R R O A AR B 751

IKFEZEM Cd A B3 (HE AR AR 2R R AR
BRI R A A /K RS 25 Cd % #2403 L CK Ab B i 35
FEAK 31.9% . 27.9% F1 63.1%, Tk 2 A Ak 35500 o 1% b
B A AR A 22

7 Rk B A 8 22 d s AS TR el 5500 % /K RS AR 2
Cd FHAM . 24 CAWRE R 1 pmol - LB, B
1% X K R AL 2R Cd 5 3 AN 22 (P>0.05) L {H 24l
B2 AR BN RN A TR A A PR K FEAR 2R Cd B i il
F CK 58 B B AR 17.7% .25.7% F11 33.7% 5 2% Cd Wk JiEH
5 wmol « L7 B, WS A2 48 2 2 B IR M AR ek I o
KRR &R Cd 5 12 45 3] b CK Ab P 8 3 BRI 6.7%
13.8% .13.1% 1 14.4% . X} FKFG2Emt0m 5 (& 8)
MedkE M1 pwmol « L7 BF, S 08 A0 4B DA 256 7K R
2EM Cd S B AN B2 (P>0.05) , 18 2 41 BR B4 A1 ik
i 490 Ak B fef K R 25 0 Cd 75 1 43 1) EE CK i 35 PR AR
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Figure 5 Effects of different amendments on Cd concentrations of

rice roots under Cd stress in solution culture(8 d)
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Figure 6 Effects of different amendments on Cd concentrations of

rice stem and leaf under Cd stress in solution culture(8 d)
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Figure 7 Effects of different amendments on Cd concentrations of

rice root under Cd stress in solution culture(22 d)
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F4 KEREPREBRFIXTS wmol - L'CABMET
KTBEIZ RBRIZ M
Table 4 Effects of different amendments on translocation factors

of rice under 5 wmol L' Cd stress in solution culture

ST 1] R ¥z 250
Treatment time/d Amendments Translocation factors

8 CK 0.14+0.03a

B 0.11+0.02ab

MT 0.12+0.01a

Mo 0.12+0.02a

Si 0.06+0.01b

22 CK 0.18+0.04a

B 0.13+0.04ab

MT 0.13+0.01ab

Mo 0.14+0.04ab

Si 0.08+0.01b
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