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Effects of trehalose on the growth of rice seedlings under cadmium stress

LI Fang—jun"*, ZHOU Qi-wen’, QI Xin—hua’, SONG Zheng-guo™

(1.College of Resource and Environment, Jilin Agricultural University, Changchun 130118, China; 2.Agro—Environmental Protection Insti-
tute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract: To study the effects of trehalose on the tolerance of cadmium in rice, the dynamic changes of the effects of trehalose on cadmium
absorption rate and chlorophyll content of rice seedlings under cadmium stress were studied using a hydroponic experiment with the T705
variety of rice as a test material. The cadmium content of leaf and root systems of rice seedlings after cadmium treatment increased with
time and concentration, but the application of exogenous trehalose effectively inhibited the absorption of cadmium in rice. After 88.96
pmol « L' cadmium treatment of 48 h, the cadmium accumulation of rice seedlings tended to be stable, whereas the content of cadmium in
rice leaves treated with trehalose decreased by 42% compared with that of those treated with cadmium alone, and that of the roots de-
creased by 24.2%. The absorption rate of cadmium in rice seedlings increased with the increase in cadmium concentration, and the accumu-
lation in the root system was much higher than that in the above shoot system. The content of cadmium in rice seedlings decreased with the
increase of trehalose concentration, and the absorption rate of the leaf and root systems treated with cadmium and trehalose decreased
32.44%~41.4% and 4.29%~21.56%, respectively, compared to the plants without trehalose treatment. In addition, trehalose effectively in-

creased the content of calcium and magnesium under the same cadmium treatment. Along with the increase of cadmium concentration or
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trehalose concentration, the chlorophyll content of rice seedlings gradually decreased. Under the treatment of 52.85 mmol - L™ trehalose, the

chlorophyll content of seedlings after 8.89, 17.79, 44.48, and 88.96 pmol - L™ cadmium stress decreased the most. Compared with the

blank, it decreased by 27.6%, 29.9%, 36.2%, and 35.9%, respectively. The experimental results showed that trehalose can relieve cadmi-

um stress on rice seedlings to a certain extent.

Keywords : cadmium; rice; trehalose; kinetic; chlorophyll
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X TR U AR] 52 1 7K A8 &0 1 Cd W A0 B4 A 9 B AT 4 T
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TR 43 F H 14 58 3k K AR 45 6 g, DT F T A 4
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TR S H AN 201 DL 1, 1B ) 2 i
PRI SR o, L B AR A 3 Bl T RE Y 1 SR S A
I AR HETRAT o, o M RE W AE P A rh 43 85 1 ok
FEAYA M, X RO A E TS A S A A
o E AR AR BRI 5T TR Y e R
F 25PN, S ARV 2 R TCEHE S Y
FRRLERIL A B B AP VR R ) A PR
PRI, o A ) B R T G, (R 4 A PN 3 s S
A U B, T RE IE & b T 4ERFR N TR K- 1 F
4 GnAe] A TR R A A B s ok i e Al AR P ik
B2 R 19— F 58 5, Andre 25093 3o 76 M0 A
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SN, DU TR 520 KRS Cd WY A= FRATL ] S AR
A

1 #MEEFE

1.1 ik

T BT KR i R W 3K B 80 R R Al A BR
3 EI T 705, 8 b B b R i A R AT BR A
Gk SR e TS I o B TEL N Wi | QR L Y o
i 98%.
1.2 KigEEE

B FERDTB T 5% (VIV) B 30% 1 4B AL S VA
HE 6L 10~15 min, FH A B KGR T, 51 BAE
e A% 7 A b 7R R R % R4 (28 °C, WL 80% ) Hy
WG R 48 hifb AT 2F . FRMFIRZFEE L ¥ B i i
e N TAMREksi i, KRy K2 —
U5 ¥ 345 1/10 Hoagland & 2 A 8 LK B5 46 h
AT A FF = — OB Pk K A — s 4 i Lk
A3 2 d J5 i A [F] CA-TR ¥ B By 40 38 , 78 500 mL
PVC RETEP AT, N TRBEELKMESECIRE
25+3 °C, IR K 16 h-d™', 25 R 60% , 6 IE 8 i
400 wmol - m™>+s™'
1.3 R5Z it
1.3.1 JKFERE Cd™ By ] 3l 7 2 g i

B A A0 53 51 S A Cd A 2R H Ve BE Ry 88.96
wmol - L™ (M4) Fl 5% 26.43 mmol - L™ ¥ B4 H. Cd #e JiE
4 88.96 wmol - L™ (M4+T3) [ b B, Ab BRI [A] 46 25 (h)
$7:1.2.3.5.7.9.11.14.26.29.32.35.39.48. Cd LA
CdCL+2.5H,0 (LM A B Ab A 3K .
1.3.2 KAEAEARTE Cd ¥k R Bl sh 112

BEE Cd 4b PR . 0(MO) | 8.89 (M1) | 17.79
(M2) .44.48 (M3) .88.96 (M4) wmol - L', TR &b 3 v
FE:0(T0) .2.64(T1) .13.21(T2) .26.43(T3) ,39.64
(T4).52.85(T5) mmol-L™", H:H MO+TO &b >y 25 (1 %F
HE B CK, AR BRI 4 18 hy Cd A CdCL-2.5H.0 fYTE
AOMA L B E R 3R
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1.4 KIBEWERINE

LhFEES IS 5 mmol - L G40 55 1 T L 40 T
HE R 15 min, DABR 2[5 TEAR R R WA Cd™, AR5 H
FB TR T

FEKFELI o R 22 AR R BT A, R AR HCH:
fif i i SRR RSB, BT 75 CT It EE
i
1.5 RS EEERNE

2 2T 24 R R 0 K AE 25 AR R B T
A3 AFREL 0.20 ¢ F VUG LA fEE L, IA 7 mL A
i 7 388 XU H 12 b, T A (EDS4, SEMA 28R,
LD INEE 110 CH MR 2.5 h, HFHBHE B/ MA L
mL 30% H,0.4k%:F 110 CIHf# 1.5 h, R )5 FHE T
180 CZERIFME 0.5 mL A2 A7 o K f B v o 45 T
A 25 8 1K € 2 & 25 mL, ] ICP - MS (agilent
7500a, USA) I 2 # i H 47 (Cd) (45 (Ca) VBE (Mg) 1Y
g
1.6 HEREENNE

BT B ISOB ) K R B 25 B K e sk e,
UEANIE T, BT S FRHL 0.2 g 1 95% LI E 45T 25 mL
B2, BOGIRIR 12 h 5, LL95% 21l 25 1%
B A0 Y643 S 7E 665 nm i 5E W SEAH Aess I3
B4R a YR E C, AE 649 nm A0 I 5E WG Acw I
MR R DUREE oo MERE a bR AN RPAS 2 5
SR EE CofF i sRAS M5 28 5 it (Chl) o

C.(mg+L")=13.95A665—6.88 Aeus

Ci(mg+17")=24.96 Ass—7.32 Ases

CT(mg'L7])=Ca+Cb

Chl(mg-g")=Crx25%(0.2x1000)™"
1.7 BT

T A5 08 K FH Excel 2007 Fl Origin®.6 £ 748 11
ST AVEIRL, I SPSS 16.0 B4 0E1 1 2438 .

2 HERE5RMH

2.1 TR Cd BB Tk FEEE RE RN

SR 1] CKAH EL , SR TR A FE L K #
() Cd il 28 X AR 1 B 5 Y A B 55 (3R 1) o A
XFF CK, M1+T5 . M2+T5 M3+T5 . M4+T5 &b R 4y i
2RI 1 X 5 J5 40 03 4 88.21%.96.93%,92.94%
98.70%. TEFTA AbH M FR 8 5w 1 JC ] B AR 4L,
7 24 2 T A PR ()4, XA R AR i R B
R, 5 M+TO R4 A0 HL A 4 B AH EE , TR 1 Cd 28 B
VR 0 20 1 5 5 O T R . FEAHTR] CA AR R R
[Fi] ¥ B TR B4 it P X 7K A i o o 5% T 358K, A VT
M4+TO ifii 5 , M4+T5 . M4+T4 M4+T3 M4+T2 M4+T1
Ak PR 25 i 5T A 0 BRI T 11.6%.6.2% .3.2%
1.1%.3.4%.
2.2 JKFELDEXF Cd* IR U B B 1B Bh 1 4 AE

NIRRT B K FE 41 Cd 25 et Bt st ) A6 28 £k
1R, G5 53 HH , M4 R M4+T3 Kb FE R (1) /K R 4 i
SR FIRE 2R 1 Cd 7 d2t 3 i 2 1) ) 71 B K 2 05 o
I B S PR W O | TR AR R Cd 2 5 B
F2EM, AL BRIFAI<T hisF, PR AL FE R KRG 25 M- %t
Cd M 22 S AN, Bl A B5) ] PR 385, M4+T3 A 3y
IKFEL R Cd IR SCH 28 B AR T M4 Ab PR, 4b 21
BFIE] R 14 h i, M4 40 BR A KRG 4 25 5843 Cd %

F1 AERESMNETR R C A EBIEHIAKFEERE (g pot")

Table 1 Fresh weight of rice treated with different concentrations of exogenous trehalose and cadmium (g« pot™)

Cd e/ TR ¥ /mmol - L'

pmol - L 0 2.64 13.21 26.43 39.64 52.85
Eys 0 0.420+0.024a 0.420+0.023a 0.390+0.026a 0.428+0.015a 0.410+0.007a 0.394+0.016a
8.89 0.390+0.015a 0.400+0.046a 0.407+0.014a 0.419+0.020a 0.405+0.041a 0.415+0.006a
17.79 0.406+0.008ab 0.393+0.016ab 0.371+0.015b 0.420+0.024a 0.420+0.023a 0.390+0.026ab
44.48 0.428+0.015a 0.410+0.007a 0.394+0.016a 0.390+0.015a 0.400+0.046a 0.407+0.014a
88.96 0.419+0.019a 0.405+0.041ab 0.415+0.006a 0.406+0.008ab 0.393+0.016ab 0.371+0.015b
R Z 0 0.061+0.003a 0.060+0.002a 0.061+0.014a 0.067+0.010a 0.061+0.004a 0.060+0.001a
8.89 0.060+0.006a 0.064+0.007a 0.060+0.010a 0.060+0.011a 0.062+0.012a 0.065+0.009a
17.79 0.060+0.005a 0.056+0.007a 0.060+0.009a 0.060+0.003a 0.062+0.003a 0.060+0.002a
44.48 0.063+0.007a 0.063+0.004a 0.062+0.006a 0.061+0.002a 0.063+0.010a 0.063+0.012a
88.96 0.062+0.004a 0.060+0.004a 0.059+0.008a 0.061+0.008a 0.063+0.011a 0.063+0.007a

E [ TN P REROR AL PR R 22 57 835 (P<0.05) o R 1]

Notes: The different lowercase letters in a line indicate significant differences among treatments at P<0.05. The same below.
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Figure 1 Time absorption kinetics

2RI R AT 3 54
h
S w w
= = X

Cd uptake/mmol g™ +h™'
=

8]
T

(=)

20 40 60 80 100
AU FE Cd concentration/pwmol - L

(=]

600

—{1—

- 540

480

*E%%%”&WL}E
A
S

Cd uptake/nmol - g™ +h~

(%]

(=)

(=}
T

(%]

(el

(=}
T

&)
=
o

20 40 60 30 100
AU FE Cd concentration/pmol - L™
-+ 0 -O- 2.64 mmol-L"' TR & 13.21 mmol-L"' TR

(=]

24r

B
5 8

Cd uptake/nmol - g™ +h™'
I~

o]
T

~

20 40 60 80 100

0
U E Cd concentration/pwmol - L™
5001
L 450 %
e
g o0 400
= =
= £ 350 <
2
i%\ = 300
)
~ 250
200 1 1 1 1 1
0 20 40 60 80 100

HAUFE Cd concentration/pmol « L™
-/ 26.43 mmol - L' TR —<0— 39.64 mmol L' TR —<52.85 mmol-L™"' TR

B2 RERKEHHF

Figure 2 Concentration absorption kinetics



TR 4 SRR T K RRAN A K 1831

B AEAN [R]AR FER X Cd W AT 1) 5 A H3 K [ 454
F2Win , AR AT LA, Cd A R, JC TR 4L HFT
TR AR R Vi [ 25 550N, T ZE BB 53 Vi B 25
SRR, B TRWEEE G K, Vi (EZ W08/, M+T
F A b P ZE R 2R A IS R 4 il B M+TO 3R
F1) i Rk 2> T 32.44%~41.4% F 4.29%~21.56%
Cd JPpi8 R 28 TR A B A K F5 40 B 72250 SR R 9 1Y
Cd W WAL e 357 S Bl — o R 1) B 4, Herp A M+
T5 A PR A 5K e R A
2.4 TR} Cd BB T/KFELE Ca Mg & EHIF T

2R 3% WoR , M+TO RN 4 i i - Ca.
Mg % it Bl 5 Cd e B2 A0 38 0 2 185 3, ) B AR
Ca Mg & 2k, 5 M1AHEL, M2 M3 M4 4h 31

F2 UEXKRKRFTERN CARKNHFSH
Table 2 Fitted Michaelis Menten kinetics parameters of

cadmium uptake

TR K/ e EEN

mmol- v,/ Ku! . Vo K/ .
L' nmol-g’+h™ wmol L™ nmol+g™+h™ wmol - L'
0 42.32 2930 09711 550.58 797 09325

2.64 28.59 19.53 09892 473.34 5.01 09973
13.21 25.27 16.06 0.9970  526.97 8.47 09031
26.43 27.58 20.34 09943  452.09 542  0.8691
39.64 24.80 21.05 09349  516.60 10.54 0.9880
52.86 25.10 2227 09290 431.85 7.62 0.9238

R 3 NERESME TR XF Cd BB T7KFE Ca Mg fRERIZ M (g-kg™)

1y oK f5 ZE it Ca & & 43l B TJH T 28.4% . 52.8%.
17.3%, #3 Z WA . F % T 35.9%.49.2%.51.0%. TR
MR T A CA PR T Gy 7Y Ca Mg & it (P<
0.05)(#£3). fEMI M2 M4 CdAb# T, 13.21 mmol -
LI S 6 I R Ca 5 5 A 3G IR B R, r il 3 s T
23.65%.22.97% . 10.74% , I i} K 2 Ca & B (&K T
27.5%.6.9% . 11.5% [7] B %54 2 B FE M1, M2 . M3,
M4 CAd AT, TR %t A Mg 25 & (19 4 16 7E 16.26%~
50.91%.2.43%~26.03%.0.16%~6.08%F14.94%~12.16%
Z[a), A B N FEAR T 22.6%~42.4% , 17.2%~55.0%
10.2%~26.6% F13.0%~3.4% . Z5FFM 18 Cd Pl
TR AT A 2L = KRG RN Ca Mg 1%
2.5 TR Cd B8 FARBHFESEH T

FE AL BRI [R] Y, MO+T 28 871 b B (R /K R 2 25 %
5 CKOM LG 22 55 A i 25, T M+TO0 2R 51 A0 38 (9 407 v
M2 2 Fr ARl Cd RS B3N 2 TR H(E3),
AR, Cd JRA R 70 TR A2 4 )y i -2 2 5 FRAG
W RE 3R, H M+T4 A BRI B K, JLEE M1T+T4 M2+
T4 M3+T4 M4+T4 Kb PR ()4 i 4% 25 5 5 5 CK A
e, o3 B R T 27.6%.29.9% .36.2% .35.9% .

3 g

AL A% S BR85S 23 77 AR JF LR TR #F Iy A=
AEUO, SR TR B8R A AT LS B 8 p3a T AR A

Table 3 Effects of various concentrations of TR on Ca and Mg accumulation in rice leaves exposed to Cd(g-kg™)

Cd i/ TR ¥ % /mmol - L™

pmol - L™ 0 2.64 13.21 26.43 39.64 52.85
it Ca 8.89 1.28+0.04b 1.54£0.02a 1.58+0.02a 1.54£0.07a 1.54+0.05a 1.58+0.18a
17.79 1.64+0.09¢ 1.73+0.13be 2.02+0.01a 1.90+0.1abe 1.90+0.07ab 1.92+0.09ab
44.48 1.96+0.01a 1.87£0.19a 1.83+0.01a 1.90£0.07a 1.76+0.13a 1.87+0.03a
88.96 1.50+0.01b 1.66+0.02a 1.66+0.10a 1.46+0.14b 1.55+0.02ab 1.63+0.06a
Mg 8.89 2.03+0.02¢ 2.36+0.01bc 2.76+0.08ab 2.55+0.22b 2.72+0.38ab 3.07+0.15a
17.79 3.37+0.13d 3.46+0.06d 3.53+0.32¢d 4.25+0.06a 4.17+0.03ab 3.88+0.03bc
44.48 3.85+0.11ab 3.86+0.01ab 3.81+0ab 4.08+0.06a 3.59+0.22b 3.88+0.11a
88.96 3.78+0.28a 3.97+0.07a 4.24+0.15a 4.18+0.66a 4.02+0.07a 4.10£0.050a
Zics Ca 8.89 0.82+0.01a 0.75+0.0a 0.59+0.04b 0.54+0.14b 0.59+0.01b 0.55+0.02b
17.79 0.53+0.03a 0.54+0.02a 0.49+0.01a 0.40+0.01b 0.41+0.06b 0.40+0.02b
44.48 0.42+0.02a 0.42+0.02a 0.44+0.02a 0.42+0.01a 0.44+0.03a 0.42+0.03a
88.96 0.40+0.04a 0.40+0.06a 0.36+0.026a 0.37+0.04a 0.37+0.02a 0.40+0.02a
Mg 8.89 1.53+0.22a 1.07+0.01b 1.19+0.01ab 0.88+0.01b 1.08+0.32h 1.11£0.01b
17.79 1.49+0.27a 1.05+0.04bce 0.88+0.01cd 0.67+0.02d 1.02+0.02be 1.23+0.16ab
44.48 0.93+0.07a 0.95+0.09a 0.83+0.06ab 0.68+0.03¢ 0.70+0.01bc 0.69+0.04¢
88.96 0.89+0.09a 0.74+0.08ab 0.89+0.05a 0.86+0.07a 0.68+0.06b 0.75+0.04ab
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Figure 3 Effect of trehalose on chlorophyll
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