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Effects of Arbuscular Mycorrhizal Fungi on the Growth of Caragana korshinskii
Kom. and Soil Improvement of Coal Mining Subsidence in the Loess Area of

West China
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Abstract; China is a country with large amount of consumption and production of coal. However, the exploitation and
utilization of coal have resulted in series of ecological environmental problems. The main problem is the destruction of land
resources, as coal mining is occupies a large amount of land and destroys surface vegetation. This leads to land subsidence
and a large number of cracks, which injures plant roots, thereby affecting plant growth and nutrient uptake, increasing soil
nutrients and moisture loss, and reducing soil fertility. As a result, research has been focused on the ecological restoration
of mining areas in recent years, including the use for microbial reclamation of arbuscular mycorrhizal (AM) fungi that can
form a symbiotic association with > 80% terrestrial plants. They promote the absorption and utilization of mineral elements
and growth of plants, and improve the plants resistance to adverse environment. The effect of AM fungi on the restoration of
the mining areas with sandy substrates has been previously studied. However, little is known about the effect of AM fungi on

the vegetation and soil restoration in loess mining areas. The present study determined the effects of AM fungi on the growth
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of the host, Caragana, a loess pioneer plant, and the improvement of rhizosphere soil. The results show that the height,
crown, and ground diameter of Caragana inoculated by AM fungi were greater by 29.11%, 29.83%, and 14.81%,
respectively in August, than in non-inoculated plants in September. The root length, average diameter, surface area, and
root volume of inoculated Caragana were greater by 151% , 34.2% , 116.0%, and 129.3% , respectively, than those of the
control. In addition, inoculation of AM fungi enhanced Caragana resistance; the soluble sugar content and catalase activity
in the leaves of inoculated Caragana increased by 13.4% and 111%, respectively. Moreover, Caragana inoculated with AM
improved the biological, physical, and chemical properties of soil; the organic matter, available nitrogen, phosphorus, and
potassium increased by 7.06 g/kg and 140, 1.82, and 16.72 mg/kg, respectively in August. Inoculation with AM
significantly increased the number of fungi, actinomycetes, and bacteria, and also increased acid phosphatase activity of the
rhizosphere soil. Therefore, AM fungal inoculation promoted Caragana growth and soil improvement in loess coal mining

subsidence areas.

Key Words: arbuscular mycorrhizal fungi; Caragana; rhizosphere soil; loess
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Table 1 Effect of AM fungi on growth of Caragana

W st ] WM A
Monitoring time Monitoring indexes G.m K
8 A August Mg 29.36+1.37a 22.74+1.10b
S 24.46+1.16a 18.84+0.71b
iz 0.31+0.009a 0.27+0.009b
9 H September Pk 32.76+1.26ab 30.12+0.62a
M 26.64+1.27ab 23.22+1.26a
iz 0.33+0.010ab 0.32+0.007a
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Fig.2 Effect of AM fungi inoculation on hyphal density

B 1 B AM BXTEREBERENIIN
Fig.1 Effect of AM fungi inoculation on root infection rate of

Caragana
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Table 2 Effect of AM fungi on growth of Caragana root

A M4/ em T EA/mm HREMHY em? AR em® HRIRE A~
Inoculation treatment Root length Mean diameter Root superficial area Root volume Root tips number
G.m 194.30+20.51a 2.00+0.19a 158.34+11.76a 6.58+1.18a 100+25.48a
CK 77.41£9.45b 1.49+0.03b 73.32+£21.76b 2.87+0.92b 87+27.27a
BIAR TR %

PR T 60.2 25.5 53.7 56.4 13

Contribution rate of AMF

RTATEUER 5 DEEIPIIME, /5 BUE N T AEPR R 22 HUR AR TR 5%/KF L y2e 7 B 1k

K3 AM EXTEHE M

Table 3 Effect of AM fungi on the stress resistance of Caragana

Ee 3 PBL R EME(SPAD) YA EE/ (umol/m?/s) AR S B/ (g/ke) i EALEEHS M (U/kg/min)
Inoculation treatment Leaf color value Photosynthetic rate Soluble sugar content Catalase activity

G.m 40.34+0.527a 0.38+0.022a 1.27+0.035a 0.19+0.018a

CK 37.54+1.112b 0.12+0.018b 1.12+0.049h 0.09+0.018b

B BT/ %

6.9 68.4 11.8 52.6
Contribution rate of AM fungi
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Table 4 Effects of AM fungi on the physical and chemical properties of soil in mining area

Sk EC AL R A A AL
W sk (8] I ati 0 Electrical Organic Alkali-hydrolyzable Available Available
Monitor time TOCT & loln P conductivity/ matter/ nitrogen/ phosphorus/ potassium/
reatmen
(mS/cm) (g/kg) (mg/kg) (mg/kg) (mg/kg)
8 H August G.m 8.66+0.099a 0.15+0.006a 12.12+1.41a 260.0+21a 3.49+0.165a 52.92+6.46a
CK 9.04+0.06b 0.12+0.002b 5.06+0.949h 120.0+11b 1.67+0.202b 36.20+2.89b
9 1 Septemper G.m 8.69+0.075a 0.16+0.005a 16.15+1.69a 210.0x15a 3.55+0.237a 54.46+1.99a
CK 8.79+0.052a 0.15+0.004a 12.13+1.87b 130.0+8b 2.33+0.148b 44.26+3.35b

TRy 15 AEE PRI, <5 B E AR bR R 22, MR AR PHHUR 5% K F LR 25 B34 1

£5 AM EXNT X T EMRIEHZ N

Table 5 Effects of AM fungi on the micro-environment of soil in mining area

FE At HEBE/ (10%cfu/g) TR AR (10° cfu/g) BB/ (10%cfu/g) TR TR G 4/ (ug/e/h)
Inoculation treatment Fungi number Actinomycetes number Bacteria number Acid phosphatase activity
G.m 2.90+0.690a 5.67+0.369a 4.08+0.717a 3.87+0.225a
CK 1.3+0.125b 3.71+0.275b 1.37+0.254b 3.09+0.107b
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3.2 %R AM BRI 4 e R AL
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RIS, 25 L BEaHLT MR ST Y B R R AL RIAR R S5 A2 2 RS 1k 2 1A 0%
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