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The effects of exogenous spermidine on the cadmium and arsenic uptake and accumulation in rice

LIU Shu—jin"?, HUANG Yi-zong", LI Yan, WEI Xiang—dong’, TIE Bai—qing’

(1.Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2.College of Resources and
Environment, Huazhong Agricultural University, Wuhan 430070, China; 3. College of Resources and Environment, Hunan Agricultural
University, Changsha 410128, China)

Abstract: Hydroponic and field experiments were performed to investigate the effects of exogenous spermidine (Spd) on the absorption and
accumulation of cadmium (Cd) and arsenic (As) in rice. In the hydroponic experiment, under 10 wmol + L™ Cd stress and the exogenous
addition of 250 pmol - 1" Spd, the rice stem and leaf Cd contents were significantly reduced (58.0%). Under 50 wmol L' Cd stress and an
equivalent Spd concentration, the stem and leaf As contents were significantly reduced (20.1% ), and the transport of Cd and As from the
root to the stems and leaves (and subsequent accumulation) was prevented. In the field experiment, 1 000 wmol « L' Spd significantly
reduced the root, leaf, and grain Cd accumulation by 25.8%, 51.9%, and 37.4%, respectively, and the stem and root As contents were
reduced by 23.9% and 31.2%, respectively. These results support prior studies showing that the exogenous application of spermidine
reduced the absorption and accumulation of Cd and As in rice at the seedling stage, and significantly reduced the Cd content in rice grains.
Therefore, spermidine can be used to alleviate rice Cd and As stress and improve food security.
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A AP Ko F455 T 12 WG A i
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1 #R57FE

1.1 LI
111 KA SR

IKF (Oryza. sativa L.) i Fi -~ o 58 52 17, J@ Al A
WHUKRG , & ik 181 5 DO01-2 4% 48 1k 7 11 A% Y

IKAF P, ZERTT R AR N R AR A, 2R B
F145109.0 do BEAELIE T, B 88.4 em, F K 18.0 em,
TR RVRIE 122.5 K, 455238 82.5% , TRLTT & 26.3 g0
1.1.2 fhiiln) e 2 i

SIS AT Cd R & (CdCL - 2.5H,0) , 43 #r 4l 5
As N T R 4 (NasAsO, - 12H,0) , 43 #7 4l 5 WA Bk
(Spd) , fb2= £k R N- L P -5 - F A Lt e, 732X
A3 CH Ny R4
1.2 KWHR
1.2.1 KE5528

Cd il if 5258w, Cd Ab #4010, 30 pmol -
L™, Spd &b B ¥ i 4 0,100,250 pmol - L', 3£ 9 4~ 4b
P As A S, As b PRI EE S 0,25 .50 pumol - L™
Spd b BEHEJE 7 0.100,250 wmol - L7, 2E 9 S4bFH
ASAEPRE ST 3R, L E I AR Hh e BRI K FE RN
FH 5% 19 H0,32 W0 14 35 15 min, SR 5 FH 25 8 17K ohisk
3~5 30, FCE T E LG FRA (28 C)REBAEZE . Phik
0y & Rl N A AR o (IR EE 28~30 °C, iR
200 pmol - m™-s™", Y HE A 16 h /8 h i , AH X i B
65% )$55%, 1R , W B A 51 4 i 4 4~ —
N B B2 b CE T 8 LAKKEA T,
TN 1710 P BERE 22 B SR, B 7™ 0L 2% 1,6 pH IR Y
55, FHWEY K FFHEK 2 =m0, i
FrME AL B, 8 IR AL PR A 3 d A 1 Uk, haa Ak
2.
1.2.2 KL

FE 51 A4 W BH T A5V £ Cd \As B2 TS e gk ik
Fr/NX S, 458 pH 5.75 6 Cd %1 0.81 mg-kg ™'\ &L
As iE 42,0 mg-kg !, AHL S 314 g- ke, FHE +
i 12.3 emol - kg™ o FEFPE K FE AT AR H Rz B /N

F1 EFBET (mg-L)

Table 1 Nutrient solution formula(mg-L™")

1b24 24 i Chemicals % Concentration

Ca(NO;),-4H,0 945
H,BO: 2.86
MnCL-4H,0 1.81
ZnS0,-7H-0 0.22
CuS0,+5H,0 0.08
(NH,)6Mo7024-4H,0 0.02
KNO; 607.00
NH.- H.PO, 115.00
MgSO;-7H.0 493.00
FeS0,+7TH,0 27.85
EDTA-Na, 37.25
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Different lowercase letters indicate significant differences between

treatments with different concentrations of spermidine in the same heavy
metal treatment(P<0.05). The same below

B 1 Spd 3T Cd BB TABESFARKAF M
Figure 1 Effects of Spd on the height of shoots and length of roots

under Cd stress
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Figure 2 Effects of Spd on rice biomass under Cd stress
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FE As PIRE T, KRGSl B B R FAR A S 35 A1, i
B As X KRG &) 8 i 2B KA TRIVE T . 2B A As
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Figure 3 Effects of Spd on Cd uptake and accumulation

under Cd stress

R2 TEIREHR Spd ShIEXT K FEAN AR ZE 2 18] Cd
Bz RZHHEm
Table 2 Effects of different concentrations of Spd on Cd transfer

coefficient of rice seedlings

Spd #& ¥ Concentration Cd#¢ £ Concentration of Cd/(pmol+L™)

of Spd/(wmol - L) 0 10 30
0 0.22+0.04b 0.07+0.01a 0.07+0.02a
100 0.20+0.45b  0.05+<0.01a  0.05+<0.01ab
250 0.53+0.11a  0.03+<0.01b 0.04+0.01b

T RS R NG R R A B E] 22 57 .25 (P<0.05) o R 1]
Note: The different lowercase letters in a column indicate significant

differences among treatments at P<0.05 levels. The same below.

P AR TG ik 25 500 5 21 As JPIE R B2 R 50 wmol - L7
AN 250 mol - L7 Y Spd S M 1 K FE LT Y
B, IR 7.6% .

5 A Spd XF As Bl R KRG A=W i OS2 . 7E
As AR KRS &I 04 Hi 350 M S 0 T
EREAG, As W P KR AE R BRI T A & 7
WA As B RE LU, ZMIEES AT 100 pmol - L7 %) Spd
FE S & B K RS 47 i A 2R i, 1 25 RO AR A i o
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Figure 4 Effects of Spd on the height of shoots and length of roots

under As stress
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T As ki it BEE As b FHHR BT B T, K R WOUSCRR R
B As B2 . AE 25 wmol - L7 H As il , MRS
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Jolp 38R, AN ER N Spd X5 7K A 4 B AR FR I B2 AT As
TeEFW . AE As B S5, AMEE I 100 pmol -
L7 #1250 wmol - L™ Y Spd B BEIS D /K A st b FBXT As
RO FR B o £ 25 pmol - L' A As WRE R, 5 ARG
Spd ZHAH FL , ZMEZR N 100 wmol - L™ Y Spd {7k R b, |
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Figure 5 Effects of Spd on rice biomass under As stress
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