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Effect of inoculation on the mechanical properties of alfalfa root system and the
shear strength of mycorrhizal composite soil

BI Yinli'*,LUO Rui', WANG Shuangming'

(1.Shaanxi Key Laboratory of Geological Support for Coal Green Exploitation, Xi® an University of Science and Technology,Xi’ an 710054, China;; 2. State
Key Laboratory for Coal Resources and Safe Mining ,China University of Mining and Technology—Beijing , Beijing 100083, China)

Abstract ; Ecological restoration of abandoned mines includes root strain injury caused by underground coal mining
and geological disaster prevention and control of open-pit slope. Abandoned mines have fragile ecology and low plant
survival rate,so ecological restoration has become the main goal of mine environmental governance. Microbial remedia-
tion technology is used to restore root function, which has become a research hotspot. In order to reveal the effects

of two symbiotic fungi, arbuscular mycorrhiza fungi ( AMF) and dark septate endophytes ( DSE), on the tensile
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strength of roots and the shear strength of root-soil composite ,the Medicago sativa was taken as the research object.The
indoor pot experiment was conducted, and five treatments were set:; control CK1 without plant and fungus
inoculation , control CK2 with plant and no fungus inoculation, AMF with simple fungus inoculation, DSE with simple
fungus inoculation and AMF+DSE with double-fungus inoculation. The effect of fungus inoculation on the root mechan-
ical properties and shear strength of mycorrhizal composite soil was studied. The results showed that the grain
size composition of soil inoculated with bacteria in control treatment was almost consistent: fine sand > medium
sand> coarse sand. The proportion of coarse sand in soil composition increased and the content of fine sand decreased
exponentially before and after inoculation. The average tensile strength of single root and shear strength of composite
under five different treatments from high to low were as follows; AMF +DSE >DSE > AMF >CK2. The average tensile
strength of single root from high to low was as follows; AMF+DSE>CK2>AMF>DSE. The cohesive force of mycorrhi-
zal composite soil at different depths of 10-20 ¢m and 20-30 c¢m was significantly higher than that at depths of 30—
40 c¢m under five treatments, and the cohesive force was related to the distribution of root system. There was an optimal
root diameter for the cohesion of root-soil composite with different treatments,namely the cohesion reached the maxi-
mum when the root diameter was about 0.6 mm. The research results provide a new mechanical method for microbial
reclamation mechanism,and a new idea for biological impairment and restoration of underground coal mining and geo-
logical disasters.

Key words : mycorrhizal compound soil ; root mechanics ; shear strength ; arbuscular mycorrhizal fungi ( AMF) ;dark sep-

tate endophytes( DSE)
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Table 2 Soil physical properties index
AN [FBURAR R 43 15/ %
RN + 5
, ; 3] BWE
31 2
0.5~2 mm 0.25~0.5 mm 0.075~0.25 mm 0.5~2 mm 0.25~0.5 mm 0.075~0.25 mm
CK1 W 1.83 20.35 46.46 0.41 24.07 42.73
CK2HZA+ W 2.47 18.23 41.00 10.34 30.07 29.17
AMF 24+ W 0.31 19.59 4521 9.82 23.64 23.39
DSE ZA&+ W 0.20 15.10 47.68 11.72 26.81 25.64
AMF+DSE &4+ W 0.22 16.53 45.71 18.90 26.33 19.90
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Table 3 Effects of inoculation on the growth of aerial and underground parts of alfalfa

ENEL B SIS/ em H A g W EYRE/ g 1RYLH/ % W DT/ %
CK1 0+0b 0+0c 0+0c — —
CK2 34.0+0.46a 4.89+1.47h 0.08+0.05hc — —
AMF 39.67+6.67a 6.56+1.89h 0.26+0.07ab 40.30 48
DSE 39.425.71a 7.10+1.05ab 0.40+0.14ab 26.70 58
AMF+DSE 41.0%3.06a 10.14+2.98a 0.48+0.13a 63.30 74
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Table 4 Effects of different inoculation treatments on the tensile strength and tensile strength of single root

o PR PAARAT R 8 5 . —
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T S BRARYT HARGTH S FHICF SEYIRARSTRL  RARPIPRIES KR ) e
, . " . " 4 L/ 7
Fr1/N R A H 5 7 R T/ MPa HRAR A 7R ¥ R o "
CK2 4.22+0.41b F=5.75D"% 0.8 16.70+0.33ab P=0.19D7"3! 0.8 0.42+0.62b 10
AMF 4.24+0.90b F=8.53D"%* 0.6 12.31£2.52b P=0.20D7%7 0.7 0.52+0.13ab 12
DSE 4.64+0.04b F=10.80D"% 0.7 10.1+1 92b P=0.21D7"B 0.8 0.58+0.03ab 14
AMF+DSE 7.17+1.58a F=12.80D"7 0.8 20.95+3.08a P=0.22D7'70 0.7 0.53+0.03a 12
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Fig.2 Relationship between root diameter and single root tensile strength and single root tensile strength under different treatments
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Table 5 Principal stress difference and inoculation contribution rate when soil samples are damaged

AT RS B4 F2 007 ) 22/ kPa (FE TR TTHR A/ % )

ENGILS: BIKE/ % A%/ mm TR/ (g em™)
p; =25 kPa p,=50 kPa p3 =100 kPa
CKI1 18.27+2.58a 0+0b 0+0b 10.81 6.41 11.15
CK2 19.2126.70a 0.63+0.18a 0.66+0.45a 56.73 69.53 95.63
AMF 21.53+2.97a 0.65+0.40a 2.14+2.49a 63.87(11) 116.57(40) 178.50(46)
DSE 22.28+1.16a 0.65+0.26a 3.49+3.79a 79.00(28) 101.30(31) 186.50(49)
AMF+DSE 19.98+4.32a 0.83+0.18a 4.19%4.27a 87.00(35) 113.00(38) 235.30( 146)
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EF(3R5), 78 25 kPa B RAEH T, 4 F 0 J1 28
20 kPa i}, AMF+DSE &b B RE it 3l 1 10 2% 41.03%
DSE 2} 0.94% , AMF 4 0.75% ,CK2 K 0.56% , 5 514%
FRIAH Eb, R TR A 3L A AR 2R FE X B I 2 8 v AR it
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Fig.3 Principal stress difference and axial strain curves of different treatments at the same depth under three confining pressures
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30~40 cm Ab, BEFANE MRS G I RIR 10
FII24 18.00~32.66,14.00 ~ 18.83 kPa, 5 A4 B Ab B AH
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Table 6 Cohesion values of root—soil complexes at different treatments and depths and their fitting relationship with root content

Fi% ) c/kPa
NGIPGsEH 5T HXFRE R
10~20 em 20~30 cm 30~40 cm
CK1 5.73 11.00 8.75 —
CK2 15.00 17.00 11.75 y=70.64-10.83x+0.41x> 0.99
AMF 16.00 18.00 14.00 y=58.77-9.03x+0.37x> 0.99
DSE 17.00 24.00 15.11 y=-3.06-0.69x+0.08x" 0.99
AMF+DSE 27.90 32.66 18.83 y=111.07-10.89x+0.28x" 0.99

AR AL B 3558 1 K2 /IMKRCH AMF+DSE >
DSE>AMF>CK2>CK1 AbBE | % 258 5 ke & AR & 4
AR /N—30, UL AR AR B IMAIE A, & ik
e 2R AR 0 BE T ki | PR IR AL BRAE R

FREA AR R E R E R EEREES LR
Jie,

X HE [ — AL B [R) VR R A BEBR ml s sk
20~30 em REAWHE S5 LB R K, Hikh
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Fig.4 Cohesion of different treated samples at depths of
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2  FEIRI 2008 iR oA AR X 4
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R 30~40 cm PREEAL, S FiAbBEF A9 F AR & L 10~
20 em ZEAAXTFEAR T 44% ~ 100% , . 20~ 30 cm &b [
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2.3.3 A[FHERFR SRR AR LA

HZR 7 AT A AR E & H AR AR AR I R
O BEVEARE A R R TTERAE LN 0.6 mm Bk
FAEXT e KAE ; MR/ T 0.6 mm B, WARE & -2
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Table 7 Root diameter and root length distribution statistics

<0.6 mm

B W/ PR ks EER R
cm f&/mm £/mm ¢/kPa
/%

10~20  0.80 50.0 58.07 15.00

CK2 20~30  0.63 70.0 30.35 17.00
30~40  0.45 0 18.98 11.75

10~20  1.08 14.5 33.26 16.00

AMF 20~30  0.60 37.5 67.82 18.00
30~40  0.28 26.7 31.51 14.00

10~20  0.94 15.4 27.82 17.00

DSE 20~30  0.58 44.4 27.30 24.00
30~40  0.43 40.0 40.45 15.11

10~20  1.02 25.0 6.12 27.90

AMF+DSE  20~30  0.66 54.5 18.19 32.66
30~40  0.82 42.9 17.21 18.83

MR TE N AL BT R R BE B/ (£ 6)
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P AL PR 45 T DT R3S IR 186% , A& LR T AMF,
DSE AbBRAY 1.744 45 1.641 175, 3¢ W XU ) Ak 2 ] i
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£8 TREEELIE20~30 cm FELHSRE,

HENRNERA
Table 8 Root content,cohesion and internal friction angle of

soil samples at 20—30 cm depth with different

inoculation treatments

— ERE, FEN i@jﬁﬁ PR S
(g+em?)  ¢/kPa kR % @/ (°)

CK1 0 13.67£6.50b 0 17.00+3.46a

CK2EZ&+ 0.47 14.58+1.53b 0 18.00+1.73a

AMF 24+ 1.00 16.00+1.15ab  106.67  20.33+6.43a

DSE Z4& -+ 1.96 18.70+2.70ab  113.33  19.67%5.77a

AMF+DSE & &+ 2.40 26.46+7.03ab  186.00  15.67+1.53a
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