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Impacts of two kinds of arbuscular mycorrhizal fungi on rhizospheric bio-available Cd and accumulation of

Cd for Pennisetum sp.

JI Peng-peng?, YIN Guang-cai*, CHEN Zhi-liang?, ZHOU Bing?, LIN Qin-tie*, LIU Qian-jun?’, LIU De-ling*

(1.School of Environmental Science and Engineering, Guangdong University of Technology, Guangzhou 510006, China; 2.South China Institute
of Environmental Science, MEP, Guangzhou 510655, China; 3. GZ HNK Soil Remediation Technology CO., LTD, Guangzhou 511450, China)
Abstract: Pennisetum sp. was inoculated with two different types of arbuscular mycorrhizal fungi: Funneliformis mossea( Fm) and Rhizopha—
gus intraradices(Ri ). And the variations of the rhizospheric bio-available Cd, biomass and plant Cd accumulation were investigated. Four
treatments of soil Cd contents(TO: the control, T1:5 mg-kg™, T2:10 mg-kg™ and T3:15 mg-kg™) were carried out by pot experiment. It
indicated that the inoculation had significantly decreased the bio-available Cd content. Compared with the control, the ion exchangeable Cd
decreased by 18.65%, 20.51% and 6.53% at soil Cd contents of 5 mg-kg™, 10 mg-kg™ and 15 mg-kg™, respectively. And the acidic dis—
soluble-Cd decreased correspondingly by 12.54%, 16.64% and 6.66% respectively. When treated by soil Cd contents of 10 mg - kg and 15
mg- kg™, the above-ground biomass of Pennisetum sp. increased by 20.98%, and 36.94% inoculated with Fm, and 36.54% and 43.88% in-
oculated with Ri, while the below-ground biomass increased by 14.31% and 21.79% inoculated with Fm, and 25.78% and 12.83% inocu—
lated with Ri, respectively. As a result, no obviously variation was observed with the translocation factor (TF), but the inoculation of AMF
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had significantly increased the Cd accumulation in Pennisetum sp.. The bio-concentration factor(BCF) could reach 0.77 at soil Cd content

of 5 mg- kg™ after inoculating with Ri.
Keywords: Pennisetum sp.; arbuscular mycorrhizal fungi(AMF); Cd
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Table 1 The basic physical-chemistry properties of the soil
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Figure 3 Reductive Cd content in the soil inoculated by AMF
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Figure 4 Above- and below-ground biomass of Pennisetum sp. inoculated by AMF
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Figure 5 Cd content of Pennisetum sp. for the above ground portion( leaves and stem) and the root inoculated by AMF

R 2 AEEHELAETERENTIE CdHEERBNERLRY
Table 2 BCF and TF of Pennisetum sp. inoculated by AMF

Ak BCF TF
Concentration ¢k Em Ri CK Em Ri

T1 0.31 0.61 0.77 0.19 0.11 0.13

T2 0.27 0.41 0.52 0.13 0.09 0.10

T3 0.19 0.28 0.35 0.07 0.07 0.08

i X SR AL B A A AMF A THIEST, R BRE R AMF
BISAEE A HRER Cd\Zn & & AR R i3, {H
Mo B3R Cd.Zn 15 AR, H EFR Zn iy B R D
/N, W] AMF BT AR Cd L Zn B AR 1 b 1 358 0 7%
18 o WA WFFE A DM TR [R] s 384 1 A 49 b b3 A
MR ERRY Cd WA, Liu A0 i %) Je 2 47 AMF
W R B, AMF B E I T Je 80 b R B
Cd it , Hth o ARG iR e T3 oy X 5
AR HILIR—E, W rTRER B R & BCF R i
W i IR AM AT DL SRR (1 Cd, B/ 1% i
Edamfad, R E R TF IFRA S, 22
A—E R

B GO, AR R4, H
& TR RECRHREAR . O Tk 2%} Cd 4% & Y
HRORAE, AT LI Z 0B 7 UL BRI E 2 5 4R
R F 45 S o ALK, A I A T g FH T S, AT Ak L
HAT— 58 B0 0 TAEYARPR 9 0 i d 2 AR A 2
(9 IR AR 0 2, BAT T 50A Bl B
HNELI AT, XA AT T R B s = Ak

3 #it

(DR AMF B FEAR T L3 b ] 32 e 25 ]
A Cd & LAYy TR INE . 7E Cd N 5.

10 mg - kg™ A BRE R G BB 1 BOR R IR Ri>Fm,
M 7E 15 mg-kg™ ¥ & T 42 Fh P Fp B 1R 2 [0 A %
B B R 25 5

(2)FEANPFN AMF S35 T 10,15 mg-kg™ ik
JETF b b R AR B Cd A B 1
e, A B AL B (R 25 5 N B3 (HBRIbAE A
JIT i

(LM AMF B IS TERENE SR &%
ZHOIRE TERERBE Cd s HERRES , h T
Mo b RS Cd B RIS R, B R R TF I
PRTE i

S

(1] PREEOR S, B L R4 s YOIR DL IR A A R (2], FR S A

TR 1[2014]351 5. JLat: FRIGARYTR, 2014-04-17.
Ministry of Land and Resources of the People’s Republic of China, Min-
istry of Environmental Protection of the People’s Republic of China. A
national soil survey[Z]. Announcement of the Ministry of Environmental
Protection [2014]351. Ministry of Environmental Protection of the Peo—
ple’s Republic of China [2014]351. Beijing: Ministry of Environmental
Protection of the People’s Republic of China, 2014-04-17.

[2] He B, Yun Z J, Shi J b, et al. Research progress of heavy metal pollution
in China: Sources, analytical methods, status, and toxicity[J]. Chinese
Science Bulletin, 2013, 58(2):134-140.

(3] 5K/MIL, SR FEIE, PRI, 55, o A 4308 T 43 ) i AR AR S s
W12 BE 5[] R824, 2014, 20(2) :692-703.

ZHANG Xiao-min, ZHANG Xiu-ying, ZHONG Tai-yang, et al. Spatial
distribution and accumulation of heavy metal in arable land soil of Chi-
na[J]. Environmental Science, 2014, 20(2).692-703.

[4] Li S, Chen J R, Islam E, et al. Cadmium-induced oxidative stress, re—
sponse of antioxidants and detection of intracellular cadmium in organs
of moso bamboo( Phyllostachys pubescens ) seedlings[J]. Chemosphere,
2016, 153.107-114.

(5] B &, XA R, 45 -, 55 S XS R 2 AR K | BT ATP A 14
D R SR 3] BT S PR 2R 24, 2015, 21(1) 121~



2312

YIS Rty F 3555 121

128.

CHEN Ying, LIU Shi-liang, YANG Rong-jie, et al. Effects of cadmium
on growth, plasma membrane ATPase activity, and absorption of N, P
and K in Solanum nigrum L. seedlings[J]. Chinese Journal of Applied
and Environmental Biology, 2015, 21(1):121-128.

[6] Singh V, Tripathi B N, Sharma V. Interaction of Mg with heavy metals
(Cu, Cd) in T.aestivum with special reference to oxidative and proline
metabolism[J]. Journal Plant Research, 2016, 129(3) . 487-497.

1% 8, B—W, BA W, 5 g4 51 R E B Pennisetum sp.fy 2k
P2 VTN, FE AR L 3=4R, 2014, 29(11):1132-1137.

PENG Lu, YANG Yi-fan, HOU You-ming, et al. The biosafety assess—
ment of introduced Pennisetum sp. in Fujian Province, China[J]. Fu-
jian Journal of Agricultural Sciences, 2014, 29(11).:1132-1137.

[8] Ak i Hh, A, AN [R)ZE A 5 {ot i o L T B A ) 2 R PR (Vs i [ ). 78
A2, 2015, 28(2) :675-680.

LIN Zhan-xi, LIN Dong-mei. Effect of different salt-affected soils on
biological characteristics of Pennisetum sp.[J]. Southwest China Journal
of Agricultural Science, 2015, 28(2) . 675-680.

[9] A=, M 5. B R ER i HAHTER MR A AN [J]. A AR 240,

2013, 42(2):195-207.
LIN Xing-sheng, LIN Zhan-xi. Assessment on salt resistance at seeding
stage of 5 species of Juncao under NaCl stress[J]. Journal of Fujian Agri-
cultural and Forestry University(Natural Science Edition), 2013, 42(2).
195-207.

[10] EmmeeE, 5K {8, $IZLFS. B RREXT TS Y 3B R AR ).
S EREEA: Y2437, 2015, 21(4) . 725-732.

WANG Li-ping, ZHANG Jian, HU Hong-ling, et al. The remediation
characteristics of Pennisetum spp. on Cd contaminated soil[J]. Chinese
Journal of Applied & Environmental Biology, 2015, 21(4) . 725-732.

[ % &8 ¥, BRI, S5 EEEA Cu Cd i 1B 2% 0
[J]/E A5 24, 2014, 34(18) : 5342-5348.

XU Lei, ZHOU Jing, LIANG Jia-ni, et al. The remediation potential of
Pennisetum sp. on Cu, Cd contaminated soil[J]. Acta Ecologica Sinica,
2014, 34(18).5342-5348.

[12] Bradley R, Burt A J, Read D J. Mycorrhizal infection and resistance to
heavy metal toxicity in Callun valgavris[J]. Nature, 1981, 292.336-337.

[13] Wang B, Qiu Y L. Phylogenetic distribution and evolution of mycorrizas
in land plants[J]. Mycorrhiza, 2006, 16(5);299-363.

[14] Liu H, Yuan M, Tan S Y. Enhancement of arbuscular mycorrhizal fun—
gus(Glomus versiforme ) on the growth and Cd uptake by Cd-hyperac—
cumulator Solanum nigrum([J]. Applied Soil Ecology, 2015, 89.44-49.

[15] Ogar A, Sobczyk L, Turnau K. Effect of combined microbes on plant
tolerance to Zn-Pb contaminations[J]. Environmental Science Pollution

Research, 2015, 22(23).19142-19156.

[16] B M9, 2= i, EREG. M AE BREE b DS TR AR (AM) X 7 3 i Cd
Jiria B R 3. BREERlEE, 2016, 37(2) . 750-756.

LUO Peng-cheng, LI Hang, WANG Shu-guang. Effect of arbuscular
mycorrhiza(AM ) on tolerance of cattail to Cd stress in aquatic environ—
ment[J]. Environmental Science, 2016, 37(2) . 750-756.

[17] Neagoe A, lordache V, Bergmann H, et al. Patterns of effects of arbus—

cular mycorrhizal fungi on plants grown in contaminated soil[J]. Journal

Plant Nutrition and Soil Science, 2013, 176(2):273-286.

[18] Yang W H, Zhang T X, Li S L, et al. Metal removal from and microbial
property improvement of a multiple heavy metals contaminated soil by
phytoextraction with a cadmium hyperaccumulator Sedum alfredii H.[J].
Journal of Soils and Sediments, 2014, 14(8) . 1385-1396.

[19] Wang Y B, Yan A L, Dai J, et al. Accumulation and tolerance charac—
teristics of cadmium in Chlorophytum comosum:A popular ornamental
plant and potential Cd hyperaccumulator[J]. Environmental Monitoring
Assessment, 2012, 184(2):929-937.

[20] Kashem M A, Singh B R, Kubota H, et al. Zinc tolerance and uptake by
Arabidopsis halleri ssp. Gemmifera grown in nutrient solution[J]. Envi-
ronmental Science Pollution Research, 2010, 17(5):1174-1176.

[21] Liu P, Tang X M, Gong C F, et al. Manganese tolerance and accumula-
tion in six Mn hyperaccumulators or accumulators[J]. Plant and Soil,
2010, 335(12):385-395.

[22] Denise R F, lan E W, Alan J, et al. Plant homeostasis of foliar man -
ganese sinks; Specific variation in hyperaccumulators[J]. Planta, 2012,
236(5):1459-1470.

[23] Ding Y Z, Song Z G, Feng R W, et al.Interaction of organic acids and
pH on multi-heavy metal extraction from alkaline and acid mine soils
[J]. International Journal of Environmental Science and Technology,
2014,11(1).33-42.

[24] Cook R L, Hesterberg D. Comparison of trees and grasses for rhizore—
mediation of petroleum hydrocarbons[J]. International Journal of Phy—
toremediation, 2013, 15(9 ) : 844-860.

[25] B0, FEwedk, JTikoR, 55 LA E 4 )8 (Pb. Zn . Cd .Cu) il &

SRR LI B ST R ST R[], A= 251, 2016, 35
(2):174-182.
NIE Ya-ping, WANG Xiao-wei, WAN Jin-rong, et al. Research progress
on heavy metal(Pb, Zn, Cd, Cu) hyperaccumulating plants and strength —
ening measures of phytoremediation[J]. Ecological Science, 2016,
35(2):174-182.

[26] # B, FEALF), 5K, 45 IR R PR A i R
ni [J]. A= 25 FREE 44k, 2014, 23(9) . 1520-1525.

TONG Lin, TANG Xu-li, ZHANG Jing, et al. Influence of mycorrhizal
colonization on plant biomass accumulation[J]. Ecology and Environ—
mental Sciences, 2014, 23(9):1520-1525.

RN BT, B F, B, 55— R i MR AR 8 5 R[] A 7S
4k, 2010, 30(3):774-779.

YANG Ya-ning, BA Lei, BAI Xiao-nan, et al. An improved method to
stain arbuscular mycorrhizal fungi in plant roots[J]. Acta Ecologica
Sinica, 2010, 30(3).774-779.

(28] & NG, BIAISE, 2R . A 4 R AR A 1 A W] R
[, A= ZASFREE, 2007, 16(5) : 1551-1556.

LEI Ming, LIAO Bo-han, QIN Pu-feng. Assessment of bioavailability
of heavy metal in contaminated soils with chemical fractionation[J]. E-
cology and Environment, 2007, 16(5):1551-1556.

[29] Nemati K, Abu Bakar N K, Abas M R. Investigation of heavy metals
mobility in shrimp aquaculture sludge -comparison of two sequential
extraction procedures[J]. Microchemical Journal, 2009, 91(2).227 -
231.



2016 £ 12 A

2313

[30] #f3t- B. e Ak AT MI. bt ol ik, 2008.

BAO Shi-dan. Agricultural chemical analysis of soil[M]. Beijing: Agri—
culture Scientech Press, 2008.

[31] Sudova R, Jurkiewicz A, Turnau K, et al. Persistence of heavy metal
tolerance of the arbuscular mycorrhizal fungus Glomus intraradices un—
der different cultivation regimes[J]. Symbiosis, 2007, 43(2).71-81.

[32] Turnau K, Kottke I, Dexheimer J. Toxic element filtering in Rhizopogon
roseolus/Pinus sylvestris mycorrhizas collected from calamine dumps
[J]. Mycological Research, 1996, 100:16-22.

[33] Zhang X F, Gao B, Xia H P. Effect of cadmium on growth, photosyn-
thesis, mineral nutrition and metal accumulation of bana grass and ve—
tiver grass[J]. Ecotoxicology and Environmental Safety, 2014, 106.:102-
108.

[34] Zhang X F, Zhang X H, Gao B. Effect of cadmium on growth, photo-
synthesis, mineral nutrition and metal accumulation of an energy crop,
king grass ( Pennisetum americanum xP.purpureum)[J]. Biomass and
Bioenergy, 2014, 67.179-187.

[35] SR, JIR AL 15 R L S B MBS 4040 5 AR s P 5[]
PRk, 2005, 4(7) . 384-387.

GUO Guan-lin, ZHOU Qi-xing. Speciation distribution and bioactivity
of heavy metals in contaminated phaiozem[J]. Environmental Chemistry,
2005, 4(7).384-387.

[36] Cornejo P, Pérez-Tienda J, Meier S, et al. Copper compartmentalization
in spores as a survival strategy of arbuscular mycorrhizal fungi in Cu-
polluted environments[J]. Soil Biology & Biochemistry, 2013, 57.925-
928.

[37] Wu Z, McGrouther K, Huang J, et al. Decomposition ion and the con-
tribution of glomalin-related soil protein (GRSP ) in heavy metal se—
questration : Field experiment[J]. Soil Biology & Biochemistry, 2014,
68 :283-290.

[38] & =, tRIAR, IRGDE, 5. A DB LLERE 1 MR TR
Fed B[], el FREERL 444k, 2011, 30(3 ) :461-467.

WU Man, XU Ming-gang, XU Shao-hui, et al. Effects of organic matter
on the stabilization process of added cadmium and lead in red soil and

black soil[J]. Journal of Agro-Environment Science, 2011, 30(3):461-
467.

[39] 35, A5 . WA THCER B b, - HEHR AL R 5 DB TR AR L TR 1=
YA SR, BV A%, 2014, 31(8) : 1437-1444.

YUE Ying-nan, YANG Chun-xue. Relationship between soil proper—
ties and the colonization of arbuscular mycorrhizae in Songnen Saline-
alkaline Grassland[J]. Pratacultural Science, 2014, 31(8):1437-1444.

[40] 2 Bk H 4R IS PYELLE R A S B BRI F[D]. K
B AERHECR %2, 2012,

JIANG Wei. A dissertation submitted in partial fulfillment of the re—
quirements for the degree of doctor of biochemistry and molecular biol -
ogy[D]. Wuhan : Huazhong University of Science and Technology, 2012.

[41] Lenoir I, Fontaine J, Lounes -Hadj A, et al. Arbuscular mycorrhizal
fungal responses to abiotic stresses: A review[J]. Phytochemistry, 2016,
123.4-15.

[42] Hildebrandt U, Regvar M, Bothe H. Arbuscular mycorrhiza and heavy
metal tolerance[J]. Phytochemistry, 2007, 68:139-146.

[43] gk rhide, 5K G, BRI, 5. DA B X AR P i S S e
SRR, A ARk, 2013, 32(6):1607-1612.

ZHANG Zhong-feng, ZHANG Jin-chi, HUANG Yu-ging, et al. Effects
of arbuscular mycorrhizal fungi on plant drought tolerance:Research
progress[J]. Chinese Journal of Ecology, 2013, 32(6):1607-1612.

[44] VI, 22 TR, 500, 55 AR T B FORAE KR B SR [J).
PEdeAe ¥4k, 2010, 19(5) . 71-75.

SHI Chang-hai, LI Yu-xin, DONG Bao-di, et al. Effect of pot soil
weight on the development and growth of maize[J]. Agriculture Borealio-
ccidentalis Sinica, 2010, 19(5).71-75.

[45] B &b, GRIELE, PN, S5 DR BT SR AR i 1 g
FRAIEERSEMA L], el FREERI 43R, 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 alfalfa in contaminated soil[J]. Journal of Agro-Environment Sci-
ence, 2012, 31(1):99-105.



