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Metal elements utilization by mycorrhizal fungi in fly ash reclamation

YU Miao BI Yindi ZHANG Cui—qing YIN Nan
( College of Geoscience and Surveying Engineering China University of Mining and Technology( Beijing) Beijing 100083 China)

Abstract: In view of coal mine waste utilization of trace metal elements in fly ash? using of arbuscular mycorrhizal fungi
regulating function of mineral elements through the reclamation experiment in pot the different strains of trace element
in plant and matrix were compared which were named Glomus mosseae( G. m) and phosphate-solubilizing bacteria iso—
lated from coal fly ash( CA) and their combined effects. The tesults show that for the host inoculated process increases
its absorption amount of zinc iron and copper while inhibits'the excessive absorption of harmful metal elements such
as lead and manganese. The mycelium could absorb lexcess manganese. In different filling thickness comparison the
absorption capacity of zinc iron and copper by mycorrhizal fungi is better than the root. For the matrix inoculation
could improve the content of zinc iron coppertand lead and reduce that of manganese. In compartments process sin—
gle abundance and deficiency index of effective zinc copper and iron of all inoculation treatments are greater than the
control. The inoculation treatments could compensate for the impact caused by reducing the thickness of sand in filled
reclamation cost savings.
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1
1.1
1,
(121 °C 2 h) o
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Table 1 Soil matrix physical and chemical properties
EC / /
pH
(mS < em™) 1% (mg-kg™)
( ) 6.95 0.13 9.79 2.40
( ) 7.88 0.72 23.40 11.20
1.2
o 10% H,O0,
10 min
1.3
Glomus mosseae (
G. m) ( CA)
0
1.4
11 emv 42 cm PVC
o 4 3
30 um
40 cm T
10 em (1.2 kg) 30 em (3.3 kg) (
S10F30) ; 20 cm( 2.4 kg) 20 em( 2.2 kg)
( S20F20) ; 30 cm( 3.6 kg) 10 cm
(1.1 kg) ( S30F10) ; (2.4 ke)
(2.2 ke) ( SF40) . 4
CK; CA; G. m
: G. m
CA.
G.m CA G m+CA o 3
4x4x3=48
CA 5%

CA
12 h 50 g

100 mg/kg( NH,NO,) ; K 150 mg/kg( KNO,) o
« )

75 d e
1.5
0.5¢g 5 mL
170 C o 50 mL
50 mL 1.
GB/T 7830—1987
2 mm

25 g 150 mL
50 mL 0.005 mol/LL DTPA + 0.1 mol/L. TEA +
0. 01 mol/L CaClL,( pH/7.:30)
2 h 25 G . 2.
ICP ( Inductive Coupled Plasma

Emission Spectrometer)

1 2 o
2
2.1
2.1.1
2 Zn Fe Cu
CK. S10F30 S20F20 Pb
S30F10  SF40 G.m Pb Mn
2.1.2
CK /n Fe
Cu SF40 - S10F30
G. m Zn S20F20 CK;
S20F20 3 Zn Fe Cu
S30F10 CK. Zn Fe Cu
S20F20
439% . SF40
32% 0
- SF40 S20F20
Mn
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Table 2 Total uptake of each metal element and amount of mycelium in mycorrhizal room
pgs ™) 1y
Zn Fe Cu Pb Mn (m- 7
CK 1. 05f 65. 831 0. 241 0.20d 7. 34def —
CA 1. 80ef 81.32i 0.27i 0.30 cd 6.07ef —
S10F30
G. m 2. 44cde 98. 44hi 0. 48fgh 0.32cd 4.67f 4268d
G. m+CA 2. 10def 119. 26¢gh 0.45gh 0. 40bed 5.35ef 4165d
CK 2.32def 183.41cd 0.45gh 0.30 cd 9. 00de —
CA 2.95cde 232.15b 0. 60def 0. 35bed 13.43bc —
S20F20
5. m 4.82a 165. 08def 0. 71cde 0.32cd 8. 85de 7302¢
G. m+CA 4.94a 235.77b 0. 66cde 0. 49abed 8. 63def 4134d
CK 2.63cde 147. 06efg 0. 58efg 0. 66ab 15.79b -
$30F10 CA 3. 40bed 207. 11be 0.89b 0. 80a 21.06a —
) G. m 4.59ab 304. 02a 1.12a 0. 52abed 15.23b 11802b
G. m+CA 3.76¢de 208. 34cde 0. 78bc 0. 66abed 13. 60bc 11030b
CK 2.40de 117. 81gh 0. 36hi 0. 49abed 9.36de —
SF40 CA 3.29bed 124. 24¢h 0. 38hi 0. 51abed 10. 69cd —
G. m 2.97cde 135. 71fg 0. 47fgh 0. 49abed 5. 98ef 13405b
G. m+CA 3. 74 abc 174. 62cde 0.73cd 0. 52abe 13. 43bc 17742a
DPS LSD (p<0.05) 3 ; = .
32% Mn Zn Fe Cu Pb
o Mn 0
2.2 2.2.2
CK
2.2.1 ; G. m (<5 cm)
Zn Fe Cu Pb (>5 cm) ;
Mn 3
3
Table 3 Total amount of heavy metals in mycelium room and amount of mycelium in mycelium room
(mg+ ™Y "/ (me )
Zn Fe Cu Pb Mn (<5 cm) (>5 cm)
CK 0. 76cde 10. 72e 0.98be 0. 78de 11.29¢ — —
CA 1. 00abe 23.40 ¢ 1. 06b 1. 61abe 6.94d — —
S10F30
G. m 0. 86bed 23.51¢ 1.11b 1. 57be 7.84d 507cd 589bce
G. m+CA 1.27a 22.92¢ 1.15b 1. 78ab 6.92d 872ab 1002a
CK 0. 50efg 7. 14f 0. 65de 0.52de 7.53d — —
CA 0. 60def 17.35d 0.79¢d 0. 83de 4.93e — —
S20F20 }
G.m 0. 53efg 16. 74d 0. 99be 0. 83de 5. 16e 566bc 424cde
G. m+CA 0. 74cde 16. 58d 0. 76ef 1.00 cd 5. 15e 556bc 177de
CK 0.25¢g 3.57¢g 0. 33f 0. 26e 3.76f — —
CA 0.29¢g 7.43f 0.37f 0. 46de 2.33¢g — —
S30F10
G.m 0. 33fg 8. 60ef 0.41ef 0. 62de 2.63g 613be 141e
G. m+CA 0.41fg 8. 85ef 0. 40f 0.55de 2.42¢ 542bc 153de
CK 1. 11ab 32. 88ab 1.08b 1. 67abe 15.74a
S0 CA 1. 06abc 35.01a 1.52a 1. 67abe 15.91a
G. m 1. 16ab 32.99ab 1.10b 1. 64abc 16. 20a
G. m+CA 1. 05abc 31.75b 1.07b 2.30a 14. 07b

“ »
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2.3 4 6 7Zn Cu Fe Mn 4
Table 6 Critical value of available Zn Cu Fe Mn
5 . 5 in soil mg/kg
Z/n  Mn Cu
SF40 Fe Zn 0.5
. Cu 0.2
Fe 4.5
° Mn 5.0
4 13
Table 4 Classification standard of soil trace .,
element contents * mg/kg TL_ L I
n ;=
Zn Cu Fe Mn 1
53.0 >1.8 520 >30 /= (L) +(1)°
1.0~3.0 1.0~1.8 10 ~20 15 ~30 a 2
0.5~1.0 0.2~1.0 4.5~10 5.0~15 —
0.3-0.5 0.1~0.2 2.5~45 1.0-~5.0 I 1, I, N
<0.3 <0.1 <2.5 <1.0 o
1,<1 y1<I,<3
5 1, =3 o 1,
Table 5 Classification evaluation of metal .
elements in the soil 7 SF40
7n Cu Fe Mn 3 6
CK I, ( S20F20 G.m) I(S30F10 CA+G. m)
SI0F30 CA L,('S30F10G. m) 1, ( S20F20CA + G. m) [, ( S20F20
G.m CA) I(SF40CA)
G. m+CA
CK
] CA °
S208200 SI0F30  CA G.m CA+
G. m+CA G. m S20F20 S30F10 SK40
CK CK; S20F20 CA Gm CA+G m
S30F10 CA S30F10 CK.
G.m .
G. m+CA
CK 3
. CA
SF40 Cm 7n
G. m+CA Fe Cu ( 2)
15
2.4 ;
2.4.1 ( MT PC
I,=C./S, )
I, C. S, [} N e,
i i ( 6). Pb
2.4.2 Pb

( 2. Ph
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Table 7 Abundance index of metal element in soil

S10F30 S20F20 S30F10 SF40
CK CA Gm CA+Gm CK CA Gm CA+Gm CK CA Gm CA+G.m CK CA G m CA+Gm
I(Zn) 0.46 0.61 0.52 0.77 0.46 0.61 0.52 0.77 0.46 0.53 0.61 0.74 0.48 0.46 0.5 0. 46
I(Cu) 1.49 1.61 1.68 1.74 1.49 1.79 2.26 1.74 1.49 1.7 1.87 1.83 1.17 1.65 1.2 1.17
I(Fe) 0.72 1.58 1.58 1.54 0.72 1.75 1.69 1.67 0.72 1.5 1.74 1.79 .59 1.69 1.59 1.53
I(Mn) 0.68 0.42 0.48 0.42 0.68 0.44 0.46 0.46 0.68 0.42 0.48 0.44 0.68 0.7 0.7 0.62
1, 0.68 0.81 0.83 0.85 0.68 0.87 0.93 0.88 0.68 0.79 0.90 0.90 0.77 0.8 0.79 0.75
16 9 8 7 15 5 1 4 14 10 3 2 12 6 11 13
Pb ; Pb AM
Mn
Pb Pb Mn
( ) Mn
18 . Mn 2 °
( S20F20CA
G.m G.m+CA) Zn Fe Cu
( S30F10CK) 3 i .
( 2) 2009 15(17) : 127 162.
Peng Yuxin=Micronutrient of soil in Suiyang test analysis J . Anhui
Agricultural Science Bulletin 2009 15(17) : 127 162.
o SF40 40 c¢cm )
S20F20 SF40 J. 2010( 12) : 245-247.
Hong Chunlai Wang Weiping Sun Huifeng et al. Research progress
19 on lead contamination and its bioavailability evaluation in soil J .
20 Modern Agriculture Science and Technology 2010( 12) :245-247.
45% ’
¢ I 2010 27(8) :749-751.
6% Lin Xiaofeng Cai Zhaoliang Hu Gongren. Research progress on eco—
logical risk assessment of heavy metal contamination in soil J . En-
vironment and Health 2010 27( 8) : 749-751.
18 4
I 2010( 16) : 286-291.
Cu N i
Du Sen Huang Qingqing Li Huafen. Research progress on universal
N ° soil extractants and available nutrient test J . Resources and Envi-
ronmental Science 2010( 16) : 286-291.
5
Cu I 2010 39(3) :335-341.
Dong Jihong Bian Zhengfu Yu Min et al. Distribution character of
° heavy metal in filled reclamation of mining area J . Journal of China
University of Mining & Technology 2010 39( 3) : 335-341.
6 Scheublin T R Sanders I R Keel C et al. Characterisation of micro—
° bial communities colonizing the hyphal surfaces of arbuscular mycor—
CA G. m rhizal fungi J . Nature 2010 4( 1) :752-763.
7 Ferrol N Pérez-Tienda J. Coordinated nutrient exchange in arbuscu—
lar mycorrhiza A . Azcon C. MycorrhizasFunctional Processes and
A A Ecological Impact C . New York: Springer Berlin Heidelberg 2009:
73-87.
21

De Souza . A De Andrade S A L. De Souza S C R et al. Arbuscular



1680

2013 38

13

14

15

16

17

mycorrhiza confers Pb tolerance in Calopogonium mucunoides J .
Acta Physiol Plantarum 2012 34(2) :523-531.
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) 2010.
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Yang Jianfeng Xing Guyang Sun Yan et al. Analysis and assess—
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(5 ) M.
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2001.
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