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Effect of ryegrass and Arbuscular Mycorrhiza on tomato resistance and Cd absorption in the field

QIN Yu-li', JIANG Ling', XU Wei-hong", LI Tao!, ZHANG Chun-lai', LI Yan-hua', WANG Wei-zhong', CHI Sun-lin', CHEN Xu-gen',
CHEN Yong—qin', ZHAO Wan-yi', ZHANG Jin—zhong', XIONG Zhi-ting’

(1.College of Resources and Environment, Southwest University, Chongqing 400715, China; 2.School of Resources and Environmental Sci-
ence, Wuhan University, Wuhan 430079, China)

Abstract: A field experiment was carried out to investigate the effect of ryegrass and Arbuscular Mycorrhiza on the growth, resistance, and
Cd concentration of two tomato varieties ("Defu mm-8" and "Luobeiqi") exposed to Cd—polluted soil (5.943 mg-kg™ Cd). The results
showed that the dry weights of the leaf, stem, root, and fruit and the total dry weight of the plant increased by 2.7%~16.8%, 3.0%~16.8%,
8.4%~31.5%, 4.2%~38.4%, and 4.5%~36.6%, respectively, in the single or compound remediation using ryegrass and Arbuscular Mycor—
rhiza. The malonyldialdehyde (MDA ) contents and activities of antioxidant enzymes in leaf and root were reduced by the single or compound
remediation of ryegrass and Arbuscular Mycorrhiza( except for the activities of superoxide dismutase in the leaves ). In the plants exposed to
Cd—-polluted soil, the cell ultrastructure was restored to normal; the cell wall thickened; and obvious vacuoles, nucleus, and other organelles
in the root tip cells were observed upon single or compound remediation with ryegrass and Arbuscular Mycorrhiza. Compared to the control,
Cd concentrations in the root, leaf, stem, and fruit of the two varieties decreased by 6.9%~40.9%, 5.7%~40.1%, 4.6%~34.7%, and 9.8%~
42.4%, respectively, from the single or compound remediation via ryegrass and Arbuscular Mycorrhiza. The accumulation of Cd in the fruit
of the tomato plant was less than that in the root, stem, and leaf. Comparing the two tomato varieties, Cd concentrations and Cd accumula—
tions in the fruit and the total accumulation of Cd in the plant were in the order of Luobeiqi<Defu mm-8.

Keywords: Cd; soil; ryegrass; Arbuscular mycorrhiza; tomato; resistance; absorption
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RAIMERF 2R EIRIET ]

Cd(f) & —F BV R s B u R, Il
YA KA TR IR, BA s H ", a4
K, HF2EVEFE IR R 25 AN G PR =%
Yy o iy BE T HER LA S A & A B R S TR IE L R
T AR A FH A 3 TR RIFRE Y Cd Y534, FEis g4
B b Cd i m W EE S E AR 2 vksg vt w,
“CEIRR A EROK TS G e T AR R R E T, H
i 3% Cd 5 4L S HA FURME & 1R] A 2 52 3] [ B B
REZFH 2RI

R S A, 38 B RN T, B R 1Y
oy HERGE MG, B E EE R T Y T R R AR
W, BB (Lolium multiflorum L.) A= K AR, 4= e
Jia, GyFiE HAE Y R, 0 H A E AR
U A E AR, IR AR B (Arbuscular myc—
orrhiza, AM)FERNV R Y2 LR W) Sty )2 ) —Fp B
Bt A AR AR LI S A SR AL RIS A HE
7R BT BES ARG 1 A 0 AR R, 1
SRAEITE TN BT 251 T Be (e ), R ARCRa el | S i 4
JR e N H A R T TR Y A T AR RR (L B LA
PIRARXE Cu Zn AT Cd I

HIR Cd AR LT E TR B HAA R
M)A S BT g e TP AR R, H S R IR 2R
Cd RESIERN RN A A Z [ SRR B 22 e
2 Cd BRI s R B i F AR TR S
R ERBU A A AR GRS AR B
FPRAEAR N TS 432 B 520 5 | S S AR O B 1 A2
MR S5 — RN, DA S B S A IS P 7 A
AR . o AL R (CAT) A AL B8 1k
(SOD ) A1t S Ak 4 167 AL T (POD ) J2 A 47 4 N i B L
FRIBT AR, 3ok SRR 1 Y S8 T A S LA SZ 31 4 Ak
JE S AT . TN I (MDA)E g 2k Wi e i 5 551
RN A R 2, HL & 5T AR s AR N a2
i ARV T RR BE , 3 B8 138 T A AP
KN MDA & & 5 5145 . &l ( Lycopersicon es—
culintum Mill)SRSSEFREH , HAFRXIK, & A=
B Z— AHGE" 5, FhiR b Cd &=
FEHIE Cd T5 3% 1358 ER I S , Cd 38 Y6k
FFEA NI G AR, H T, B YR )

BE Cd s LR ki >, HOP 504 R A —
H R, AR AR TR S+ e AL R
FH M), R0 VAR Cd V5 Je iy Siekel 1% |, 2R
2 i DA AR JEL T B — sl A B 2t i L
PE Cd WeJEE KRB, B 5 R A FRE B £
e Cd 5 YL LA B ydi b it Cd WAL, ) Bt YT 6 DA TR
ML BAE B Cd {55 HARAAER, L
S MR 5 Y AB SR A i 2 A A Rt —
E BB HLRS o

I HRERE

1.1 Re Rl

P S T A AL 5 it Ay < 3 DU A
i mm-8”, i 5 PR T R AR 7 Be e it s AR TR AR FL T
Oy R R AN R R T RR AR, T A
B b T AR = B B IR S R IR S T et . I
R TE 5 1 (R M 2 (iR VR AR TE ), BAb M B dn
£ 1R,
1.2 X Iwigit

K HH ik 3 78 PR T R L SUIUR 3 4 i AT
(2014-03-20 % 2014-07-15), X% Cd 554k
JEH 5.943 mg-kg UK 4%, HE 4 b,
“Cd”(XTRR) “Cd+RB A2 B (FEF A %4k 15 d ),
T PR T i =2 0] DR 22 B, 40 K- 7)) “Cd+MA
R (T AAR MRAR PREZ RN A 3 Pl A TR AR 2T
FA 1g, 303 g) “Cd+BEZ R+ MR RR” (FE A%
WA 15d 5, TMARE L2 % B 2Z 7,40
W T R AR A R LAY 3 A
MERAERES 1,3t 3e) . BMEHHRE 3 IKER,
BEALHES , /NX T R 8 m?, B/ Xl 25 i &) i
16 tho FHMiFE666.7 m* Zjifi 60 kg B AL (N:P,Os:
K,0=17:17:17) , $2 {38 )it 10 kg A8, 26 —FH IR
T KB G 20 kg &2 A8, AR WI3R T 15 kg & AHE,
Jit A 25 M w R . BB — IR G5 TR, BRIk
KA A TR, 2014 427 H 15 HIER, W i
B /N e At R A AR ) I 5 Z AT R AR
[ SR RS B, BEREZR BTG PE AT IS, A% () 25
TR 5 A2 BEAE 105 CA T 15 min, 60 CHE T 2 16

1 gt TR AR MR
Table 1 Propeties of studied soils

pH HHLF/g kg 2% /g kg Bifi A /mg kg

ﬁiﬂ[ﬁ}ﬁ/mg' kg’l iﬁ’}?ﬁ(’f}q]/mg' kg™ R i Cd/mg- kg’l

6.02 272 1.19 146.9

16.5 1135 5.943
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T Cd S, MDA & RS 2k L faf i
AR Cd WO LT R
1.3 oAk
1.3.1 - 3EEA PR PE

A BALSE AR A 1 3 Cd e S qniht
B 5 B 5E o R SRR MEY) T (GBW # 08303 [
FAMES BRI HEAE ) X 135 Cd e B 2 45 SR
PEF T W, Cd ARSI A 0.005 mg-kg™' o BT £
RS By Cd [N R 348 T 95% , A R T AR 22
(RSD) G BEEFEHITE 10% LA
1.3.2 fEFE Cd ¥R

T A AR A BB Cd MR BE R AR L R 4:1 19
HNO,-HCIO, 1A BRI &, JiF Wt s 6ot B it
(Perkin Elmer SIMMA 6000, Norwalk , 35 = )l 218, FH
FRFRHEYI T (GBW # 08513 Hi B AR 5 H AR
JUT AR ) X0 25 SR R AT o A L Cd A I B Sy
0.005 mg-kg™'s FTAHYIFEM B Cd BCRI & T
95% , FXHhRifE (R 22 (RSD ) FRPRE FE Pl 72 10% LA
1.3.3 MHARPUA AL FEIEPE A MDA 5 5l

CAT P R FH 15 i 2 91 0 2 91 MDA SR i it
AR H 22 (TBA) HE 6,725 SOD 3% 4 R FH &L 5 1Y
M (NBT ) i J532:12 POD 37 $4 5R F i 1) A 5y 1251200
1.3.4 RARHEE

B AR YI /N (1 mmx3 mm), BT 2.5%
I R B s AR U, T 4 CF
TR R o R AR ) F ik 4845 70~90 nm (FE S U
22 YLt J5 AE 5 5 B85 (Hitachi—600, H 28 ) T %R 224
AR S #A HEA T ULES AN B
14 BB

K FH SPSS 21.0 G- 3 lt A T8 Jr 22 Hr 2

H AL
2 ER5SW

2.1 BEESMABERLETFEHEWE IR

N 2 Frow, 2 Ao s Rl S0 A Y it FIAE AR A
AR 22 IR B T R E K, 45 AL ) ) 25 ik 3|
T REIKT GXREAR L, SRS AR AR B — a5
B AL PRAE 2 AN SR AN 25 AR RS B AU R
SRR SN T 2.7%~16.8% 3.0%~16.8% .8.4%~
31.5% 4.2%~38.4%F1 4.5%~36.6% , Farh F: i 4% &R {37
A= B AR R AE R P DL Cd+ PR 22 R+ AR AR
A PR Ay SRS A Y I R . Y 2 A b
FhoAE B, ZE X BRAR BT SRS A W i AR AR B AR
TR 9% DUEL T PR mm—8”, T A SA A HORI A
KRR A AL EE T, JRSCA Y KA R S AN
U DLEL IR T fE mm—8”, T U, B S B M TR
BB 8 52 X S PR mm—87 Cd B R S i
22 BEESNMFERLEREMN CIIRERREE

sk

P22 3 WAL, S50 REAH H s , DA 22 RRN A TR AR
B — I G A SHERAS [ PR 2 A (25 AR S
HR) Cd W FEFEAR , FAEIR 43 31 9.8%~42.4%F1 21.7%~
41.4% (R ) .5.6%~34.7%F 4.6%~32.6% (2£) .5.7%~
38.6% Fl 12.2%~40.1% (M) .6.9%~37.9% F1 11.8% ~
40.9%(JL52) o FeMig AL Cd YeBEL R “Cd+ B A 7T+
ARG AR AR PRFR I B K 2 A al AR TR AR 4SS Cd Mk
JEE () RN A > R > 28> B ST JHorp 3% DL3H 7 SR At
Cd e FEAR T “TEAR mm—-8”, “fEAE mm-87 Y Cd ¥k &
TR DI AHOCHE S Hr 4 R i, Tl 4 0 Cd
WA REEM 528 MR 5t 50t L5z

R 2 AELEXEHEMERNZIM(2-H)

Table 2 Effects of different treatments on the growth of tomato(g+ plant™)

b s i E3 nt FE AR S
i mm-8 KU fER mm-8  (EIIET R mm-8 U M mm-8 R UIBE A mm-8 IR DIEE
cd 283.32+ 309.14+  2.35+0.19a  2.73+0.19a 33.58+2.16a 36.25+3.88a 16.30+1.89a 17.58+1.17a  335.56x 365.71+9.12a
22.43a 13.86a 26.64a
Cd+H3EE 380.40+ 353.36x  3.09+0.16b 2.96+0.21a 37.94+2.91a 37.35+1.84a 18.04+0.79ab 18.05+1.26a  439.46% 411.73+
26.95¢ 24.74bc 30.73¢ 25.54bc
CAd+ BB 323.53+ 322.19+  2.84x0.14b 3.00£0.18a 38.29+2.86a 38.22+1.42a 18.83+1.71ab 18.74£1.06a  383.49x 382.15+
18.67b 7.46ab 23.37b 8.14ab
Cd+HBE® L 39216+ 36572+  3.07+0.32b  3.01+0.13a 39.22+5.97a 39.69+1.13a 19.04+2.01b 18.92+0.99a  458.49+ 42733+
INEE AR 32.29¢d 21.11¢ 39.93cd 20.90¢

T AR/ NG PR FOR R — AR [ AR BRI 19 25 5 2.2 (P<0.05) . T Tl

Notes: Means with different letters indicate significant difference between different treatments in same part( P<0.05). The same below.
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)43 514 0.792.0.943 .0.798 .0.609 , #H XM 15 F 1 i3 (£5),
FKF-(R5), 24 BEESMEERMEITEMRHFIR MDA &8
2.3 ABHERMENBEE CdRERBREENEIT EEA

FHER 4 AT, 4R DA AR R i FR A7 FEXT Cd
B, F Cd W I Cd FRB 343 i dg 3% . R &
i EER AN T Cd e B B IR B2 43 ok 18.019% 1
27.20% (5 “7E45 mm-8"EAE ) .63.46% 1 33.32%( 5
VUL B ) AR R B3R MRS Cd LR K
AR 26.09% .50.00% K 36.59% (5 “fH4E
mm-8"FEAE ) Fl 87.50% .61.54% J% 75.86% (5 “i% I
BN ), BRI R Cd W L T Cd PR &
WAy b bR o AHOCHE A HT 4 R s, SR AZ B |
B TR Cd WREEAHOC R BCH 0.902, Kk FHK %
IR T Al 4 RO Cd Ve B 55 B B b b3 M
CAdVREE R MAICK R, UMM A Cd W S SR
T FE Cd ik K, MO R B -0.722

MDA J& A8 YY) 75 5 4 & S5 B PR v BB ) 464k
JP 2 — MDA % it Al VR A AE Y AR N R 254 SR AP
RN FERR . WL 1 AT LUE ), S5 REAR L, SR
FIUAASE TR AR B — B & A Ab B 2 A SRR 2 Al A A
LR MDA & T T 2.6%~22.0% .9.8%~24.4%,
R MR R R 2 Cd+ PR A7 B+ MBS TATAR " A 38, fH 2 4>
A AP Z (A MDA & 822 R AR E, R MDA i
N PR mm-8 W IS DLEL
25 BEEESMAEERGENEMH RO EE
ERE: b=

550) BEMH EL g, B BRI R B AR R — s 2 A Ak
PR A FIAR CAT 3 M R 9.8%~31.7% .15.5%~
69.0% (&l 2), {# & it FAR POD 3 Pt T [ T

3 AESEXNEMN CAIRER CdHREENEM

Table 3 Effects of different treatments on concentration and accumulation of Cd in tomato

Cd ¥ /mg kg™

Cd B & &/ mg - FE

e e Pes it % i Pes it = G At me B

Cd {834 mm—8 1.16 2.46 2.13 2.45 0.329 0.04 0.072 0.006 0.446

% DL 0.93 2.62 1.96 2.49 0.288 0.046 0.071 0.007 0.411

Cd+H e AT mm8 1.08 2.32 2.01 2.21 0.411 0.042 0.076 0.007 0.536

#% DL 0.82 2.30 1.87 1.95 0.290 0.042 0.070 0.006 0.407

CA+ A EAR 4 mm—8 0.79 1.80 1.81 1. 70 0.256 0.034 0.069 0.005 0.364

8 DL 0.72 1.89 1.55 1.76 0.232 0.035 0.059 0.005 0.332

Cd+HsEH {4 mm-8 0.72 1.51 1.39 1.41 0.282 0.029 0.055 0.004 0.370

AR % DL 0.55 1.57 1.32 1.46 0.201 0.030 0.052 0.004 0.288
LSDys

Sh A 0.13 0.03 0.06 0.04 0.009 0.003 0.005 0.001 0.019

Kb 3 0.09 0.18 0.23 0.15 0.024 0.005 0.009 0.007 0.034

A F 0.11 0.07 0.17 0.05 0.012 0.002 0.007 0.001 0.027

1 Cd TR R =AW xCd W ; Cd 2R N &AL Cd FRERZ M, T,

Note: Cd accumulation= dry weight x Cd concentration; Total Cd is the sum of leaf, stem, root and fruit Cd accumulation. The same below.

R4 MEERMNBEE CdIRERRENZIT

Table 4 Effects of Arbuscular mycorrhiza on concentration and accumulation of Cd in ryegrass

Cd ¥ /mg - kg™

Cd P& 4 /mg- /{

Cd 4-i/mg- 7!

Qb B i b 3 iR
foifE mm-8  J& U1 B mm-8  EDIHE fEfR mm-8  JKDIEL FEAR mm-8  EDIEL AR mm-8 KDL
Cd+B3E 2.288+ 1.612+ 3.224+ 2.614+ 0.023+ 0.016+ 0.018+ 0.013+ 0.041+ 0.029+
0.02b 0.19b 0.32b 0.16b 0.001a 0.002b 0.001b 0.001b 0.002b 0.001b
CAd+HBFEB K 2.700+ 2.635+ 4.101+ 3.485+ 0.029+ 0.030a 0.027+ 0.021+ 0.056+ 0.051+
AR 0.28a 0.02b 0.25b 0.26b 0.003b 0.001a 0.001a 0.001a 0.002a
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RS BB CIREEREEREM CIRENBEXRY

Table 5 Correlation coefficients among Cd in parts of the tomato and ryegrass

Tt H TR Cd W BE Fphnl CA Ve FAhzE CAd Wk Fiim Cd ik icdﬁ {;@; Eﬁg zCdﬁ /;?J;: "
FARFSL Cd e g 1
T Cd e 0.340 1
FAZE Cd Y g 0.609* 0.798% 1
FARME Cd e 0.429 0.943% 0.7927% 1
JRIZ RO PR Cd He -0.335 -0.722% -0.651 -0.592 1
SRR TS Cd MR IE -0.237 -0.673 -0.624 -0.595 0.902:%* 1

HE:n=16;%* /R P<0.01,* 3278 P<0.05,

M MDA 5 g/pwmol - g”!

.................................

D
Ched BEcodvBZze B CdeBEE T8 Cd a7 5 1 Pk B
AN FAE R R [l — AR R b B 2 ] 25 50k i K OF
(P<0.05), FH

Means with different letters indicate significant difference among different

treatments in same variety at P<0.05. The same below

B 1 AEALEEMRIIT MDA 22150
Figure 1 Influence of different treatments on contents of MDA in

roots and leaf of tomato
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TEARFNIF R BUAE , i SOD i T+ , i SOD 7 1
TRET 25.0%~37.1% (1K 4) ., FER LB R ek
il 15 1 35 AR (i SOD 15 BR AN ), HLRR R 5 K 0 2
“Cd+5B 27 B+ MG TRAR” A0 B, O Cd+ PR 707 b
A AR A POD I SOD JHPELE 2 A el ik

B RS, AR SOD MR CAT 7E 2 /4~ Fl
ZIM2ZE AL, A PR A1) SOD #1 POD i 14
R “flge mm—8” B AT 9% DL
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SO

WEl 5 Frzs X REAR PR 2 A b Fh 3 i AR 2 2 i i
T , A2 AE) RS 5 B, A M BE AR T, T BE )
YA =, NS %, A A F s AR 2 o B v
A A AR B — S A A AN [R) R B ek 6 T Cd X
e MRS 2N B A 01 3 o R A2 R A B i AR S A L
YU RERR R ANAE T A A T 8 s AR
HRAL PR AR AR AN M ke T oo e, Al RE A=
AT UL AR MBS . AL R
TR AR GBS T , TR A 20 B IR 0 25 4
N oedE Rl LR AEA% , HICAEAR] 2% 5, (H 53 20 A Jox s
ERRE . BB E T LA 2 SR
AR X, o AE X B AL BE A “fEAE mm-87 HI S 4
JHLRE 432 A L B = B B S b DL B R
& (I EA B
3 iFig

16 Cd 15 44(5.943 mg-kg™) S5 1F T, Ba 5 BRI
PR AR B — B A A BRI T 2 AR e an 45 AL
(YA o B AR S A i, G PR B R AR TR I
AB AL PRI IR K, ST SR A BRI (L Cd
159N 20 mg-kg ) AR —E AT WICIBLEMR Cd 82
0 CAVREET , JRFE R AT PR AR B — B R 5 A 33
G T EAE Cd X FEA AR, AR AR
{HZRR T RSN, 50 A ISR A B XS
IR BN K2, AT RS B A K H 158 Cd Mk B A
P A, T 2 A 8 T NI o 1 e B, R L
FUASE TRAR IR A8 S HERAEAR Cd MR 54, 3Ky
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Figure 2 Influence of different treatments on activities of CAT in roots and leaf and of tomato
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Figure 3 Influence of different treatments on activities of POD in roots and leaf and of tomato
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Figure 4 Influence of different treatments on activities of SOD in leaf and roots of tomato
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1=1,1-2,1-3 1-4 735 “Cd” (X)) | “Cd+BRAE BT

SRS DR AR KB A BE 2 Cd W 20 1059

VCA+PABIRAR” | C+ 322 B+ BCRAR” A BT 2538 i SR mm—8 f

MR AR A1 5 2-1.2-2.2-3 .24 7351 g DU BT 2665 o b 4 DUBEL” ROAR IR A0 MU R Bty o Cow, ZRIERE 5 G, AR MIBE 5
M, 2R A N, A% s N, B2V, S

1-1,1-2,1-3,1-4 are "Cd"(CK),"Cd + ryegrass", "Cd + Arbuscular mycorrhiza

,"Cd + ryegrass + Arbuscular mycorrhiza" four processing ultrastructure of

root tip cells of tomato varieties "Defu mm—8";2-1,2-2,2-3,2-4 ultrastructure of root tip cells of tomato varieties "Luobeiqi". Cw,cell wall;

Cm, cell membrane ; M, mitochondria; N, nucleus; Nm, nuclear membrane; V, vacuole

5 BEMRRMEEBRHEN

Figure 5 Ultrastructure of root tip cell of tomato

BT TR mm=8" . AL, 2 A SR A TE Cd M
BN Cd MR 7 TR A2 DR Y 2 S

FAMA AT FER AR AR REIR Cd X MR A&
FUREE (e R A R R, R R A
FSAEY R B E . BOh, R MR AR MR
FoH Cd WP e AR I, SRR Cd Wk
LSRR, AT iR O Cd BRI R 2R
DA ARt A A s SRIRANAE BTSN , AR TR
WRAE—EFEE TR Cd V5 X BASE Ribkm ARK
AN Py B S AR ] 5 P AP S5 2 o AR BRTAR 4
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FRER N by, vl e i b AR i i KT
R EL R, 2l Cd YR 5 R A H Cd
WP 5L W UM O, T RE S PR A RO AR AR
SePR G E )R Cd, B Cd BT AER RN Y

WRPEREARIIG 0G0 MHOCHIRAS R, JaAE B 5 30
() EAE AT LR 2 FRAR e in % Cd AW A, DAY K e 2
TR AN A Ze At . XOWE PR E Cd 5L 35
FWFEMN e R R L,

EXF RR LA, PA A7 BB R AR B — Y A2 5 b
BIREAR T 2 A~ B 25 A AR R0 i i MDA % 1t DL K
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