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Effects of Arbuscular Mycorrhizal Fungi on Cadmium Tolerance and Rhizospheric Fixation of Rice

WANG Li, AN Guang—nan,MA Fang, WU Jie—ting, ZHANG Xue, WANG Min

(State Key Laboratory of Urban Water Resource and Environment, Harbin Institute of Technology, Harbin 150090, China )

Abstract: Arbuscular mycorrhizal fungi (AMF ) have showed to improve plant resistance to and reduce translocation of heavy metals. Here
we investigated the effects of Glomus mosseae (GM ) and Glomus intraradices (GI) on the growth and physiological processes of paddy rice
(Oryza sativa L.) grown in soil spiked with 0, 0.5, 1.0, 2.0 and 5.0 mg Cd -kg™". Mycorrhizal inoculation significantly alleviated the inhibi—
tion of rice growth caused by Cd stress. Plant height increased by 13.8% (GM) and 10.3% (GI) compared to the control; Inoculating AMF
also relieved the inhibitory effect of Cd on rice photosynthesis. At the highest concentration of Cd in this experiment (5.0 mg+-kg™), the con—
tent of malondialdehyde (MDA ) decreased significantly while superoxide dismutase (SOD) activity and proline (Pro) concentration in—
creased remarkbly (P<0.05). Compared with the control, AMF inoculation promoted the Cd immobilization in roots and prevented the Cd
transfer from roots to aboveground parts. Bioconcentration factor (BCF) and translocation factor (TF) were both lower in GM and GI
treatments than those in the control, implying that AMF could reduce Cd influence on aboveground part of paddy rice.
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Figure 1 Effect of AMF on rice plant height under different

concentrations of Cd
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Table 1 Relationship between plant heights and Cd contents
e eflkes/ IR Cd o ARG

MEBEIE g meke' RM
CK y=1.01x-7.30x+70.82 -7.30 57.65 3.61 0.98%**
GM y=0.62x-4.45x+74.72 -4.55 66.77 3.57 0.94+%*
Gl y=0.76x"-5.64x+74.34 -5.64 63.89 3.71 0.97%*%*
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Figure 2 Effect of AMF on rice biomass under different

concentrations of Cd
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Figure 3 The Pn—PAR curves of rice inoculated with AMF under different concentrations of Cd
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Hhal 2 A AL A A R AR, T S AR )

Xt 0085 2 A S 4568 55 5 Pro AT LAV DAy 240 L5212 3 8 CA(S mg-kg DEMET AMF K2 IR IRAR IR0

W, A R YR R A o 3 4 W ) — Fh Al B Table 3 Physiological indexes of rice under

HE AR, B T R SR A0 B 25 A T DA RS2 45405 1 2 high Cd(5 me-kg™) sress
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Table 4 Coefficients of Cd transfer in rice plant under AMF inoculation

Cd/mg-kg™ 0 0.5 1 2 5
RN CK 13.880.82b 13.89+1.33¢ 14.86+1.17¢ 12.89+0.96b
GM 5.0040.36a 10.28+1.02b 8.61+0.87b 7.00+1.34a
Gl 44420434 5.0040.43a 3.75+0.32a 6.28+1.43a
B ZB CK 0.34=0.07B 1.56:0.21B 0.78+0.03C 1.14+0.28C 1.210.16B
cM 0.22+0.05A 0.450.09A 0.47+0.04B 0.50=0.13B 0.33x0.07A
Gl 0.18+0.04A 0.25+0.08A 0.19+0.02A 0.10£0.02A 0.30+0.05A

T [ — ST R BN ) 7 B 3R 22 5 B35 (P<0.05 ) s KRG 7 B3R 512 REN 22 5 31 /NS THREBOR B R RN Z R B8 .



1888

RAIMERF 217 EIRRE T R

SE k-

(1] SRZLYR, 3% K B, B, 45 KA /N2 RPRIEl R B s SR R By
ARHE SRR M52, 2010, 31(2) :488-495.

ZHANG Hong—zhen, LUO Yong-ming, ZHANG Hai-bo, et al. Charac—
terizing the plant uptake factor of As, Cd and Pb for wheat cereal[]].
Environmental Science, 2010, 31(2).488-495.

[2] Bradley R, Burt A J, Read D J. The biology of mycorrhiza in the Eri—
caceae: V. The role of mycorrhiza infection in heavy resistance[J]. New
Phytologist, 1982,91(2):197-209.

[3] Bradley R, Burt A J, Read D J. Mycorrhiza infection and resistance to
heavy metal toxicity in Callaunanvulgarism|[J]. Nature, 1981, 292 :336—
337.

[4] Loland J @, Singh B R. Copper contamination of soil and vegetation in
coffee orchards after long—term use of Cu fungicides[J]. Nutrien: Cy—
cling in A groecosystems, 2004, 69(3).203-211.

[S1R 8, X) F, 2RIk, 45 AR B ( Glomuscaledonium )X 4

TG LR MBS NI IR]] AR E SR SRR AR, 2005, 11(2)
199-204.
SHEN Hong, LIU Yu, LI Xiao-lin, et al. Influence of arbuscularmycor—
rhizal fungus( Glomuscaledonium) on maize seedlings grown in copper
contaminated soil[J]. Plant Nutrition and Fertilizer Science, 2005, 11
(2):199-204.

[6] Andrade S A L, Grato P L, Azevedo R A, et al. Biochemical and physio—
logical changes in jack bean under mycorrhizal symbiosis growing in soil
with increasing Cu concentrations[J]. Environmenial and Experimental
Botany, 2010, 68(2):198-207.

(7] FRELRE, ZEWemk, SR 8%, SRS YR VA AR = Rid: K AT

RWULRYSEIALT. LS FREEAE Y244, 1997, 3(3) :263-267.
TAO Hong—qun, LI Xiao-lin, ZHANG Jun-ling. Effect of VA-mycor—
rhizal infection on growth and nutrition uptake of red clover at different
Zn supply levels[J]. Chinese Journal of Applied Environmental Biology,
1997, 3(3):263-267.

[8] Chen B D, Li X L, Tao H Q, et al. The role of arbuscularmycorrhiza in
zinc uptake by red clover growing in a calcareoussoil spiked with vari—
ous quantities of zinc[J]. Chemospere, 2003, 50 : 839-846.

[9] Arriagada C, Pereira G, Garcia—Romera I, et al. Improved zinc tolerance
in Eucalyptus globulus inoculated with Glomus deserticola and Tram—
etes versicolor or Coriolopsis rigidalJ]. Soil Biology & Biochemisiry, 2010,
42(1):118-124.

[10] Weissenhom I, Leyval C, Belgy G, et al. Arbuscular mycorrhizal contri—
bution to heavy metal uptake by maize(Zea mays L.) in pot culture with
contaminated soil[J]. Mycorrhiza, 1995, 5(4):245-251.

(U] B b, VIR, PG, S5, DR AR BT R 0 S8 46 1 i i L o
FRERFIEEASZIR D], Aol AR 224, 2012, 31(1):99-105.
HUANG Jing, LING Wan-ting, SUN Yan-di, et al. Impacts of arbus—
cular mycorrhizal fungi inoculation on the uptake of cadmium and zinc
by alfalfain contaminated soil[]]. Journal of Agro—Environment Sci—
ence, 2012, 31(1):99-105.

[12] Dixit V, Pandey V, Shyam R. Differential antioxidative responses to

cadmium in roots and leaves of pea( Pisumsativum L. cv. Azad)[]]. Jour—

nal of Experimental Botany, 2001, 52:1001-1009.

(131 X05858, X 3. A Ak B SR 2R M. Ut i S50 AL,
2010.

LIU Jia—yao, LIU Xin. The experimental course of plant physiology[M].
Beijing: Higher Education Press, 2010.

[14] P EFEBE R B LT T, 3L (M), i iRk
AR HRAL, 1978.

Institute of Soil Science, CAS. Methods on soil physics and chemistry
[M]. Shanghai : Shanghai Science and Technology Press, 1978.

[15] Bassman ] H, Zwier ] C. Gas exchange characteristics of Populus tri—
chocarpa, Populus deltoides and Populus trichocarpa x P. deltoides
clones|J]. Tree Physiology, 1991, 8(8).145-149.

[16] B, BREAEEF, DhPRAS. R G i) B A& A Ts Je i)
REIRBEXT (). 15, 2003(1):76-82.

CHEN Hua-yong, OUYANG Jian—ping, MA Zhen-dong. Status quo of
and countermeasures for Cd contamination of farmland in the vicinity of
Daye smeltery|J]. Soil, 2003(1).76-82.

(171 B84 Fi5 4 SR 0] TLFEAE T, 2000, 29(1) : 44-46.

FENG De—fu. The pollution and treatment of cadmium[J]. Shenyang
Chemical Industry, 2000, 29( 1) :44-46.

(18] Wy A, h3Cil, ZRf/l, 5. SRMA XA [RIBER LR RS A= K ARk

W], PERE AR =4, 2013, 26(3 ) : 878-883.
YU Hua, FENG Wen—-qiang, QIN Yu-sheng, et al. Effects of cadmium
stress on growth and cadmium uptake of different rice genotypes[J].
Southwest China Journal of A gricultural Sciences, 2013, 26(3):878-
883.

[19] Xgse, AR, 2% 9, 55 SXHEMR ik . QiR 4 il
(Al TR, FREERA, 1992, 13(5):31-35.

LIU Hai-liang, CUI Shi—min, LI Qiang, et al. Effects of cadmium on
seed germination, seedling growth and oxidase isozymes in crops[J].
Chinese Journal of Environmental Science, 1992, 13(5):31-35.

[20] 5K4x 5%, BEAERE. S X AR ) A AR SO0 A T R JRE (], AR 252
12, 2000, 20(5) : 514-523.

ZHANG Jin-biao, HUANG Wei-nan. Advances on physiological and
ecological effects of cadmium on plants[J]. Acta Ecologica Sinica, 2000,
20(5):514-523.

1] &R, Y R e P R ROF T HE R[], 1 5 BT A= 231,
1997, 3(3):289-298.

XIA Han-ping. Studies on cadmium in soil—-plant system[J]. Chinese
Journal of Applied Environmental Biology, 1997, 3(3):289-298.

[22] Milone M T, Sgherri C, Clijsters H, et al. Antioxidative responses of
wheat treated with realistic concentration of cadmium|[]J]. Environ—
mental and Experimental Botany, 2003, 50(3):265-276.

231 KA, Bt 5, W Sax e SRR R
HAR, 200003 1)):33-35.

QIN Tian—cai, RUAN Jie, WANG La—jiao. Effect of Cd on the plant
photosynthesis [J]. Environmental Science and Technology, 2000
(Suppl):33-35.

[24] X%, B R, XL, 5. IBOAMR B X HIGIE T 28R4 e
A PR BT AR AL I PR RS [T]. AR AR AR, 2011, 31(12):
3497-3503.



2014 £ 10 A

£ AMF XGRS Y 5 KDL AR BRI e P 52 1889

LIU Ai-rong, CHEN Shuang—chen, LIU Yan-ying, et al. Effects of AM
fungi on leaf photosynthetic physiological parameters and antioxidant
enzyme activities under low temperature[J]. A cta Ecologica Sinica, 2011,
31(12):3497-3503.

[25] VPR 4x. SEEVERIBERIM]. Rifg: R EBOR - ik, 2002.

XU Da-quan. Photosynthetic efficiency[M]. Shanghai : Shanghai Science
and Technology Press, 2002.

[26] Xu W Z, Deng X P, Xu B C. Effects of water stress and fertilization on
leaf gas exchange and photosynthetic light-response curves of Bothri—
ochloaischaemum L. [J]. Photosynthetica, 2013, 51(4) :603-612.

[27] Zhu X C, Song I B, Xu H W. Effects of arbuscular mucorrhizal fungi on
photosynthetic characteristics of maize under low temperature stress|J].
Chinese Journal of Applied Ecology,2010,21(2).470-475.

[28] Becana M, Dalton D A. Reactive oxygen species and antioxidants in
legume nodules[J]. Physiologia Plantarum, 2000, 109(4).372-381.

[29] Kanazawa S, Sano S, Koshiba T. Changes in antioxidative enzymes in
cucumber cotyledons during natural senescence:Comparison with
those during dark—induced senescence[J]. Physiologia Plantarum, 2000,
109:2311-2316.

[30] FEF5 4, EFHIE, ST R, 5. #lbia FKRS SOD {& 1A MDA 7 &t
IR A B R IR B 22 S (1), T KRR, 2006, 20(2) : 194-198.
ZHANG Xiu-fu, WANG Dan —ying, CHU Kai —fu, et al. Changes of
SOD activity and MDA content in rice exposed to Cd stress as affected
by genotype[J]. Chinese Journal of Rice Science, 2006, 20(2):194—
198.

[31] Schat H, Sharma S S, Vooijs R . Heavy metal-induced accumulation of

free proline in a metal-tolerant and a nontolerant ecotype of Silene vul—
garis|J]. Physiologic Plant, 1997, 101(3).477-482.

[32]1 2735, XIS, AE 1 72, 5. fRA Xt/ NEFh BT S gl A K S 2R
LA ]. Ol PRIGEARL 2224, 2005, 24(HE 1)) - 17-20.
LI Zi~fang, LIU Hui-fen, XIONG Xiao—xia, et al. Effect of cadmium on
seed germination, seedling development and physiological and bio —
chemical characteristics of wheat[J]. Journal of A gro—Environment Sci—
ence, 2005, 24(Suppl ) : 17-20.

[33] Tullio M, Pierandrei F, Salerno A, et al. Tolerance to cadmium of vesic—
ular arbuscular mycorrhizae spores isolated from a cadmium—polluted
and unpolluted soil[]]. Biology and Fertility of Soils, 2003, 37(4).211-
214.

[34] Christie P, LI X L, CHEN B D. Arbuscular mycorrhiza can depress
translocation of zinc to shoots of host plants in soils moderately polluted
with zinc[J]. Plant and Soil, 2004, 261(1-2):209-217.

[35] Janougkova M, Pavlikova D, Macek T, et al. Influence of arbuscular
mycorrhiza on the growth and cadmium uptake of tobacco with inserted
metallothionein gene[J]. Applied Soil Ecology, 2005, 29(3).:209-214.

[36] Zhang X H, Zhu Y G, Chen B D, et al. Arbuscular mycorrhizal fungi
contribute to the resistance of upland rice to combined metal contami—
nation of soil[J]. Journal of Plant Nutrition, 2005, 28(12) :2065-2077.

[37] Tullio M, Pierandrei F, Salerno A, et al. Tolerance to cadmium of vesic—
ular arbuscular mycorrhizae spores isolated from a cadmium-polluted
and unpolluted soil[J]. Biology and Fertility of Soils, 2003, 37(4 ).
211-214.



