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Effects of Cd stress on physiological characteristics of

Alfalfa and its Cd uptake
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Abstract: In order to identify the toxic mechanism of plant under Cd stress, provide theoretic foundation for
phytoremediation of Cd-contaminated soil, seedlings of alfalfa variety ‘Medicago sativa L. cv. Gannong NO.3’
were grown in nutrient solution with the Cd concentration between 0 to 2.0 mmol-L-! for 10 d, the effects of Cd
stress on the length of stem and root , biomass, the contents of chlorophyll and malonyldialdehyde (MDA), the
activities of superoxide dismutase (SOD) and peroxide enzyme (POD), Cd subcellular distribution in the leaf and
Cd uptake in alfalfa seedlings were investigated. The results showed that length of stem and root, chlorophyll
content increased under lower Cd concentrations (0.125 mmol-L) stress. However, lower length of stem and root,
biomass and chlorophyll content were observed under the higher Cd concentrations(0.5~2.0 mmol-L!) stress.
Accumulation of reactive oxygen species(ROS) in alfalfa seedlings under Cd stress caused membrane lipid system
peroxidation, MDA content increased significantly, while the activity of SOD and POD was significantly
enhanced, When the concentration of Cd stress was 0.5 mmol L, the activity of SOD and POD reached the
maximum, which may be a protective reaction of plants to environmental stress, antioxidant enzyme system was
started up to remove ROS accumulated during Cd stress and to mitigate membrane lipid peroxidation damage
caused by Cd stress. Subcellular distribution of Cd in leaf was in the order of cell wall, cytoplasm, mitochondria,
chloroplast, and the content of Cd in each subcellular fraction increased with the increase of Cd stress
concentration. When the concentration of Cd was 0.125 mmol-L"!, purification rate of Cd in the shoots of
individual plants grown in nutrient solution for 10 d up to 0.214%, and the purification rate of Cd for whole pot
plant per unit volume up to 15.5%, when the concentration of Cd was 2.0 mmol-L"!, the content of Cd in the
aboveground part of alfalfa seedlings was 89.36 pg-g'. Those results suggested that alfalfa’s very strong
enrichment ability for Cd, although it does not meet the critical criteria for Cd-rich plants. However, alfalfa has a
good application value in the phytoremediation of Cd-contaminated soil, considering the plant biomass, Cd
tolerance, Cd enrichment, and purification rate of Cd.
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RO RS BRI A A A S50 o, TR A = iR Wl R BRI, BR T SR
VI AERES), SR EMFE T, Bl NG EMEE (5%, 2015; B,
2015). FTLL, Cd s HIERMER OO T3S ARSI B R 2 5 22 B B 58 34 R 3

AR & FEAE YW B 4 B 1B B Cd 15 e 38 v, TR E A s bE . 7%
R/ IR Hoa] KRS SL e 2540 5500 H 26 52 2t A e EH I EA (BB RE, 2013),
SRTTE H AR S B & SRR Y IR D>, 28 K2 P2k, 1 B R A Huh X
I3 Ao DRI, AR ‘& SR A A YR rh s i AR K TG B v AR O B B R 11— 20
g, B ETE (Medicago sativa L.) J& BRG] A % A (1) BT Y, HAKR, &M
RE 1l RIS BB 2 A= E, ERCEAE O R 2 B (R 755 55, 2008;
FRARSESE, 2015). CARIEZ R YP Cu. Zn SHEERE AT UM LIS HERIE S GEY
MW, 2016; ECAEZE, 2006, UHEMEE, 2014). HAET, R TEAEHEENIRIEZ SEDE
X ER ANl e B (2R SCREE, 20105 KAZ4REE, 2012) DALAESEMHE NI kS
WA R AR BRI CEE AR, 2014; SEHHSE, 2016) S4TH, 1ML EEN EE
J& Cd &SRR Cd 75 3 E B A S L s = .

Cd Wria ge 5] AR A A B A4 7= A — R ARk . K Cd P 2 5 2040 i i & 1A
(ROS) 2#, it — 5l afbipia, IR RGN, MPAKSZIE], ek,
P R BT RS (Smeets et al. , 2005; TAAESE, 2011; FETTSE, 2013). MitAML
Z4in] LU I 1) ROS 7KF, B X HE )16 B 4515 (Francisco & Joséluis, 20115 VT
B, 2014). DLSRTEEE YT AMEL, ARBEFC 8T T AR Cd e N K188 18 40 i
AR, AR, EIEEEL. PiEML S cd BREE, ARSI EEARDE AR
UL KR Cd IR ER, AN B A0 8 18 2R d S L 5 R mis e LI e &

1 MEHSTHE

L1 ARk A

DL “H&K="5" (Gannong NO.3) A6 E & E AR, &I T HRN &R, Cd b
B 52 KA (B2 , el on B irah.

1.2 S5 %

PRI RN — PRI EE M, RIS H R R, KRB TIRAMK (50~60TC) H
0.5 ho FhTBUH B TS 3R E 54 1/2 WRFE Hoagland’s & R AE KA, T AR5
R EEAEK, JR24 &, EIEHAERKAR . §59F30d A4, K EZ 3 Ak, Bhik
K/NFRABLR) 21 #5543 R 7 4, Cd a7y CdCl, Cd WEEREE N 0 (CKD. 0.125. 0.25.
0.5. 1.0~ 1.5 f12.0 mmol-L, 4k&/KEs3dJE OKRFARN 500 mL), ZrHI%HR. ZEFimt
BT AL, SRR EM 25 a ME4EEK by BE MK (Car). A (MDA) &&
HEAAIEE (POD). HEAIEALEE (SOD) JEPEA Cd IE4E s> 4 . 7K3% 10 d J5 HEAT
AIKFRE, MERKAZEK, R, ZMHREEE L TE, WEESE Cd &8,

1.3 WlsE Ji
1.3.1 B AR bR

KA ZRE GRS, 2002) WllE MDA & &; WEIREIGE (GkERFEMS
F#, 2004) MEMSRSE, BEMNUME (NBT) ERE (EE4, 20000 % SOD i,
WOIARM Bk (&4, 20000 WI5E POD itk
1.3.2 48 Cd &=illlE

Iy BN . ZERIH AT IR A EORE, MR 0.425 mm . FREUEE S 2.0 g IO TE R
WRAE TR AN = &R 73 AU 0 20 mL F 4 mL, RS MRIR AV A . iAW E] 4 mL 240, @0
10 mL #B4liK, 4RZE0HR 13 min £, HBE 25 mL KEiff, AEHE=RE, PL0. 2%KH



W E 2%, A8 FH R TR e (26 220FS) Zpbr b cd &8 (Bt H, 2007), it
Cd iz, WSCHE 2 skt B 30%) Cd b (#2055, 2012).

Cd iz =tk FHE % Cd /4R R T H/10d;

Cd M ISHE =21k & 45 Cd /MR R T H/10d;

10 d Py BRI BT Cd (R Ze=m ikt | 350°& € Cd =/7KH 42 Cd %100

10 d N B ZAEIRAE FRALAR R AN Cd i Ze=SE R 'E 4 Cd &K 4 Cd &Z/K
BiAARIx100, b, KR4 Cd Em=/KE 2K AR X Cd WK JE
1.3.3 Cd L4043 #i

HUgm 1 g, BT 10 mL FA A1 h B S 0K . SIRIAHCN: 250 mmol L FERE,
50 mmol-L! Tris-HCI (pH 7.4), 1 mmol-L"" " AR /REEMHERE ( C4H1002S2). MK )5, HEATZER
B0, KN 600 rmin N 10 min YUiE N4HHEEE, 1000 rmin? R 15 min JUiE NS4 DL
10000 r'min™' N 20 min JUHENERAR, FZEBOMRA S CEE, S, BIREO
HEHAT 3 IR GHEEE, 2008),
1.4 s

KH EXCEL #iATEE 0, 1HEINME, T 25 . H SPSS 22.0 #HAT4H A HL. R &=
Tz 58T, 2 BEHBCK A Duncan 7% (a=0.05).

2 HiR5 0

2.1 Cd BHEXT R E B WR K. ZKAEYER

HACE YR KA ZE KA Cd B 3E K35 5638 i J5 97y o 0.125 mmol-L! Cd Ab#E
fEZERFRK B Z I (P<0.05) , 5 CK ARG T 7.35%F1 11.00%. FE% Cd iKE
[t — b1k, KRR IR/, 2.0 mmol-L Cd ALFE 43 il b CK /D> T 47.47% A0
58.18% (P<0.05) (K 1: A) . CdHE FEUEEES M TES CK it LEZEZER, H
Cd 36 {8 i (e 25 802 7K B S FRAIK (P<0.05), FRARIE BERE Cd W id e BE B hn AT 38K .
2.0 mmol-L' Cd &b Ji5 1 %)y i fisf 3 RN 7K 5 40 il b CKO R P 59.91%F1 24.1% (K] 1B).
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Fig.1 Effects of Cd stress on the length of stem and root (A), and biomass and water content (B) of
alfalfa seedlings (mean + SE)

Different small letters mean significant differences (P <0.05). The same below.

2.2 Cd WriaxPEIeE A At R 5SS PRS2

Cd #FE} 0.125 mmol-L' B, SEAEEFE ANt HR T 4838 av b A Car &5 CK AHEL G
WEZES (P>0.05) , MkEE Cd AAEIRER N, H4% a. b Ml Car FEHE TR, HLP7E
Cd ¥ 2.0 mmol- L BFZE A, 73BN CK ) 47.01%. 72.27%H151.28% (P<0.05)
4% 2 a/b EHRE Cd bR INKRSE TR (R 1)



2.3 Cd B XHEIE E 1 401 MDA & &8 5918 EE 1 520
KHEE Y HIRN I MDA & EEAFWRE Cd A5 B ER A (P<0.05), HA, 7&
Cd AL PR 0.125 mmol-L' B, MR MDA & & & T2, 545, fRAZE D MDA [1)
P EAE Cd AR E N 1.5 mmol L B 1A B i KA, 5 CKAHEL 73738 0 1 117.06%41 318.35%
(P<0.05). Tfi 2.0 mmol-L'Cd 43 I MDA & 8152 i KME, 8 CK T 732.57%
(P<0.05), RIS IIRAIZ S (] 2).

1 Cd e X BB fE g i fri g R 5 MR SRR
Table 1 Effects of Cd stress on the Chlorophyll and Carotenoid content in leaves of alfalfa

seedlings
Cd AbFHe Ll H4RE b KY b= 2 a/b
Cd concentration Chlorophyll a Chlorophyll b Carotenoid Chlo;o l; 1 a/b

(mmol-L1) (mg-g!'FW) (mg-g!' FW) (mg-g!' FW) phy
CK 1.820+0.02* 0.699+0.09° 0.399+0.02% 2.602+0.03*
0.125 1.826+0.04* 0.745+0.02° 0.433+0.01° 2.451£0.09°
0.25 1.70040.07° 0.69440.03° 0.356+0.01° 2.448+0.01"
0.5 1.681+0.04° 0.688+0.04% 0.352+0.03° 2.443+0.08%
1.0 1.380+0.08° 0.617+0.04¢ 0.269+0.02¢ 2.238+0.01°¢
1.5 1.29040.04¢ 0.606+0.02¢ 0.241£0.01¢ 2.127+0.06%¢
2.0 1.071+0.05¢ 0.510+0.02¢ 0.220+0.02¢ 2.099+0.04 ¢

E: FSIARNG FREFRORZEREE (P<0.05), T

Note: Different small letters in each column mean significant differences(P<0.05). The same below.
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Fig.2 Effects of Cd stress on MDA content in alfalfa seedlings

BEE Cd AbHELIRFE IR, SKAEEFEMR . 22t rR SOD i PE A 52 8 50 48 56 ) 0 55 1)
s, Hodr, 24 Cd AP E A 0.125 mmol L' i, 25 SOD yEPERS K TR A rf, {HAH
BT CK, fRH SOD v 14 35 3 PRI (P<0.05) , 1 25 FH-H i) SOD 3% M W W& f - 57 (P>0.05) 6
T Cd AFRMRE N 0.5 mmol-L! AR FIZEd SOD W MiA i i®, Cd AbFEN 0.25 mmol-L-! i A
tF SOD Vi ik s, 5 CK A EL 3858 T 55.27% 45.90%. 100.28% (P<0.05) ; 1fij Cd
ALFEA 2.0 mmol- LB, 25, I SOD & M4 i 2 4 (P<0.05) , MRHNE CK KEH:-F

(P>0.05) (] 3A) AL E & 40 1R 22 A POD HIVEEAE Cd ACBEIR N 0.125 mmol-L!
W E T CK, HA R ) POD 36 14 B3 T 22 M- d 3P (P<0.05) o 4k8238n
Cd 4 PRI E, POD ZF{Lia#A 5 SOD KEAHEL, 0.5, 1.0. 0.25 mmol-L' Cd 4L 43 HIEAR
25, M POD ik 5, XFEE CK 20558 1 71.75%. 96.60%-. 54.13% (P<0.05) ; iM%
Cd IR FEHE— 201K, AR L 2RI POD 3 14 B i KA A BT g2l , (BT 45 3 v T CK(P<0.05)

(K 3B) .
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Fig.3 Effects of Cd stress on activities of SOD (A) and POD (B) in alfalfa seedlings

2.4 Cd fEACETE A A Y B 48 B 43 A

LAEE T A 7N Cd & =K/ —, MAifsEpr Cd &R fm, o
) 53.71%~61.85%; HUCHYIME, &S 2R 19.51%~31.68%; FUGELRiAk, HEER
8.85%~17.07%; ik Cd & &L, (U 2EN 2.44%~7.87%. M & W40 f2H 7
Cd & HEFE Cd WIET mm B EWIN (P<0.05) « XTH CK, M W4 Cd &80 1 43.17
£%, ARSIk . 2Rtk AR TP Cd & &5 CK A EL B RIS hn il 58502 51 4 38.03.
100.52. 22.75. 69.97 (P<0.05) (% 2) .

R 2 Cd BB S A8 B A 2 A A Cd & 8 L 73 IE A 1 S
Table 2 Contents and distribution percent of Cd in subcellular fractions from leaves of Alfalfa
seedlings under Cd stress

Cd Kb B i 2 ff BE I EEL ERURIN 5T M
Cd concentration Cell wall Chlorplast Mitochondria Cytoplasm Total
(mmol-L™") (ng g' FW) (ng g' FW) (ug g' FW) (ng g' FW) (ng -g' FW)
CK 0.833+0.03¢2 0.033+0.064 0.233+0.02¢ 0.267+0.038 1.366+0.05°
(60.98) (2.44) (17.07) (19.51) (100.00)
0.125 2.883+0.20f 0.401+0.04< 0.450+0.024 1.345+0.15° 5.078+0.70¢
(56.72) (7.87) (8.85) (26.56) (100.00)
0.25 9.375+0.21¢ 0.833+0.03¢ 1.902+0.08¢ 3.050+0.13¢ 14.344+2.244
(61.85) (5.50) (12.53) (20.12) (100.00)
05 13.450+1.83¢ 1.400+0.26° 2.967+0.45° 4.833+0.40¢ 22.650+2.08°
’ (59.38) (6.18) (13.10) (21.34) (100.00)
10 21.378+0.73¢ 1.717+0.45% 4.783+0.56* 9.075+0.23¢ 36.953+1.09°
: (57.85) (4.65) (12.95) (24.55) (100.00)
15 27.383+0.720 2.650+0.392 4.975+0.50? 13.975+1.70° 50.42543.112
: (55.90) (5.41) (10.16) (28.53) (100.00)
20 31.675+£3.19* 3.317+0.10* 5.300+0.79% 18.683+0.49* 58.975+3.57*
(53.71) (5.62) (8.99) (31.68) (100.00)

T RPIES IR (%)

Note: The data in parentheses in the table is the percent distribution.

2.5 RILEFE X Cd MR R FfLia

ANEWKRE Cd B )G, SEEE B (2. W) 5N OR) WERFRREE ERER
T CdoBfidE Cd AbEEMR FE )38 R, HOAR &8 W 1 N (P<0.05) . 24 Cd ALV FE 4 2.0 mmol-L!
i, LIEE TR R Cd mik i, MBS Cd ABRERININ, 10d P8R BT Cd %
26 S B R RAE B AR AR I XS Cd A Z AR R B, oAk 28 0.125 mmol-L! 1) Cd
AbERR R e, AR S TP R MOK AT E I Cd /K4 Cd BRI 0.214%, R+
A AR IR M BT AR AR Cd R RIS Cd KR4 Cd S 15.5%. TR AEE T8 A A
Cd MRS R A 8 R B Cd ACERIR FE I3 K 2PUK K & a3, 78 Cd b HER
N 2.0 mmol- L' I iE S =i {E, 7058 8.774 A1 16.190 pmol-g'-d! (K 3) .



R 3 Cd Hha X AL B A 2w R Cd RS2
Table 3 Effect of Cd stress on Cd accumulation in alfalfa seedlings

FpRE AR Cd & 10d Pysspkits 10 d PBEREAE R
Individual accumulation of Cd(pg-plant™) EAmxCdity AERRAAARR AT
Cd kbR i Cd HgL R Cd Wyl = .

. o o } Cd izl %
WwE Purification Purification of Cd absorption

cd b te of Cd i te of Cd i ) Cd transport rate

3 rate o m rate o m rate
) o EE R Bt o 1 (umol Cd-g'-d"!
concentration Aboveground Belowground individual whole pot plant (umol Cd-g'-d -
Total . root DW)
(mmol-L") part part aboveground per unit volume root DW)
part within 10 within 10 days
days (%) (%)

CcK 0.640+£0.12¢ 3.47540.15° 4.115+0.41¢ — — 0.085+0.02" 0.548+0.02¢
0.125 1530042.01F  40.120+1.29¢ 55.420+2.22f 0.214+0.03° 15.500+0. 35 2.049+0.26¢ 7.262+0.01¢
0.25 24.510+0.81¢ 61.840+1.17¢ 86.350+9.58¢ 0.1710.01° 12.076+0. 72° 3.474+0.10¢ 10.736+0.08¢

0.5 46.250+0.54¢  67.830+2.88° 114.080+4.35¢ 0.162+0.00° 7.977£0.21° 5.448+0.06° 13.438+0.06"

1.0 57.400+1.41¢ 72.930+3.320 130.330£6.42° 0.100+0.00¢ 4.557+0.13¢ 6.295+0.16° 14.2930.04°

1.5 73.960+5.02°  77.980+8.55%  151.935+19.42° 0.086:0.01¢ 3.541+0.24¢ 7.659+0.520 15.734+0.03¢

2.0 89.360+7.91°  79.380+10.74*  168.740+12.25° 0.078+0.01¢ 2.950+0. 12¢ 8.774+0.76° 16.190£0.01°

3 WikE4iR

HERENR RSB RS RS, MfEkER, FEmRERIK RS,
2008). — M iN g, MRIAE Cd BERIERN T A K S 1 AR A T A i A B2 19 Cd U %o A 4 il 1
W (IKFREE, 2004). ABFFEH, 0.125 mmol L' Cd AbFRAF ZE KA K B &, 1 fE
FH CAdRE M —DH R, ERKMRKARIDN, FEHEKRI R, FR, CdBba
HRAE T ES CK EREEZEZR, MEFEMS/KEFRE Cd R E R & Z BRE, Hd 2.0
mmol-L" Cd 4 R AFAR Ik B B R0 K P R e Ak F TAELAD Ak P9 1) 4K 22 B sh & 2 7
IR HEAT 1, 1 HLZK 23t A A R i R v S S S, BT DA K B s
TEAEEY N IEE W AERARY, SEYE A . X580 (Adamakis etal., 2014) 5%
SERAAME, dE—Dur YIS E R Cd S IEE KK E .

N A R AR AL e RE AL 2 e it A B B, Mg R AE L S E R (6 2,
HEBZ D EEEYEKREINMMTE (7EE%E, 2008). AHtd, LLEELHWTH
bR G ESHMRK, ZKBLEHMLL, RKE Cd B drtstz a. b M Car
TR CK WHEMN, H4%kg:Ttm Cd FIRER, Chla. b Al Car 198 & 0 & &b, X
5iz B A4E5% (2008) MRS R —3. Cd BAEWE 2 i 5] ROS KEM R (A HEMHEE,
2009) , ROS el 5 2R 2R A Car £ B G B (178 PR DL NI 2% 32 F0 Car IR FEfE, M
M 43R S Car S EFMK. M4 a. b RS HIRA L ISOLRE, (HRADEERHRIRE T
a2 a B K CREFE AN EREMIThAE (FVINEEE, 20100 , AWFFCH Cd AbEEF 43
# ab AL, VLB Cd X4 a B2 K T4 b, ARSLIG/EC IR 78 & 264 F iE7,
Mok a a 2 B AR T BR S S5 A8 B KOG A 1R - Car AT 6 B AR SR G IR 97 481 T g (b
/NEREE, 20100 , Cd WHEF Car &K, FECERALETE M POLRA L M mtE 2%
R, HRAHE A A T 1 B8 71005 1 H 4% 76 A AL (Demmig-Adams & Adams, 2000; Matsubara
etal. , 2008) , XHF— B Uil Cd Wil fe 3 BRI B TE S e & 1F F was TR A K.

S5 H AR R A RS GETIHIS, 2016) , AWFRd, LEEHER. 2. iHh
MDA #&E¥BE Cd W E M mmigin, HEE & T CK, i HyiA bl 24+ 1 SOD 5 POD
TG P U R A 2 L T v R Cd A B R P B KT BRI a3 o o, FERIRE Cd i (0.125
mmol-L') T, R MDA 35w T2 /M, 350 B B Cd a4 405 25 A L,
AU SZ A5 ™ H ;. AR ) SOD WM KT CK, Z2AImH1) SOD i1k CK LR
ZE5, ULHHMERIREE Cd Briafis] T AR+ SOD HIg i, 1. 25, - POD [H7G 45 3% =
T CK, ULHIEIEE T2 RMRIKREE Cd WA rt, POD BEM NS LL M I iE B ROS; HE A1
POD i& V3 iy T 22 F0 kiR v P, SRR Cd W R 5 Cd B3l AR S 4 41
POD % 1128 A4, B g 38 i 2 o 78 Bk ¥ (1.5~2.0 mmol- L) Cd i K, #idr POD 1 SOD



R KEA BT N, (EEEST CK, FrRl MR T i SOD # % s, ¥ E POD
THBRAR A ROS, W =k B Cd i R B8 i ik S8 Ak 453477, AH M. AR H MDA & &80 235 R %,
ULEH R HKPT Cd Mrid i 2 H A AL B R S0 1 & P2 A BRI AR, A R2l T
TN IE AR T DU BIPT A ACR CGRidEoeaE, 2010); EARZEH SOD iG AR TR A1
M, {H POD & &, A LAERRS 2> ROS, T H., BT 25 040 A e SR e A e 27 4 2 2
w, ff Cd PURRTEAN B R RE, KK T Cd X 22 M#FEM, MMl MDA & &KT
A AL, 2017); Wi+ MDA & & 5% m TIRAZ, SRR, &
R P LR M AU FRIEE SOD A1 POD S MEFER(R, HRHIZ& POD ihME, KU EEREAM
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RET G, RUERTFARIREREN, ZEHERMR R Cd &7 1 =bE A PHa kX
TAZEWTG N, % Cd W S i i R B ek, & Cd I 2 S B M — 2 33545 .
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