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Abstract: Tailing ponds are special growth environment for plants. Soils at such sites contain high concentra-
tions of heavy metals, which affect the physiology and ecology of plants. The aim of this study was to evaluate
the endophytic fungi resources at a copper mine tailings site, and to explore whether different endophytic fungi
can restore diversity by altering the physical and chemical properties of soil. Therefore, we studied endophytic
fungi of Bothriochloa ischaemum growing in the Shibahe tailings pools at the Tongkuangyu Mine, a copper tail-
ings site. B. ischaemum is the dominant species growing at this site, and it grows in several sub-dams with dif-
ferent recovery times. To investigate the endophytic fungi infection rate of B. ischaemum, we collected live
plants and separated the endophyte from the sheath, and observed and described the characteristics and spore
morphology of each fungus. We also selected 16 strains and amplified the 5. 8S-ITS region for sequencing and
phylogenetic analysis. Based on their phenotypes, the endophytes from B. ischaemum growing in four different

sub-dams with different recovery times were separated into different groups. Most endophyte colonies were
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white, and the growth rate ranged from 5. 515 and 12. 548 mm/d. The endophytes produced spherical or oval/

near oval spores, with sizes ranging from 2. 085 pm to 7. 072 pm. Sequence analyses showed that there were

three different sequences among the 16 kinds of colonies, belonging to the genera Gibberella, Fusarium, and

Penicillium. The smallest genetic distance was between the sub-dam with 30-years recovery and that with 5-

years recovery. The largest genetic distance was between the sub-dam with 45-years recovery and that with 15-

years recovery. At copper tailings sites, different soil environments at different stages of restoration might lead

to a wide diversity of endophytes infecting B. ischaemum. The results of this study provide a theoretical basis

for enriching endophyte resources, and reveal some of the ecological functions of endophytes associated with B.

ischaemum at a copper tailings site.
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Table 1 Soil properties and contamination rate
45 30 15 5
Physiochemical Vegetation restoration for Vegetation restoration for Vegetation restoration for Vegetation restoration for
properties 45 years 30 years 15 years 5 years
pH 7.88940.059¢ 8.36240.044b 8.768+0.023a 8.21140.026b
Particle size (pm) 112.03349.576 145, 467427.533 150. 267431. 019 119.9004+12. 192
C (%) 1.57040. 034a 0.923+0.060b 0.642+0.035¢ 0.718+0.020c
N (%) 0.03140.007a 0.026%0.003a 0.01040. 000b 0.021%0.003a
S (%) 0.044+0.001a 0.040+0.001b 0.04440.002b 0.03740.000b
C/N 81.224+18.082a 38.004+£3.496b 67.099+4. 734a 41.008+£5. 456b
As (mg/kg) 2.540. 009 14. 040. 005 11.540. 010 6.040.011
Cd (mg/kg) 3.5£0.002 3.0=£0. 000 3.0£0.000 6.0+£0.011
Cr (mg/kg) 37.5+0.000 56.0+0.004 53.5+0.005 48.5+0.003
Cu (mg/kg) 186.840. 003 532.040. 004 286.540.003 161. 540. 005
Ni (mg/kg) 33.540.005 34.040.009 43.040.005 34.040. 004
Pb (mg/kg) 1089. 540. 020 1114.040. 011 852.0+0.061 727.5+0.041
Zn (mg/kg) 91.040. 000 96.040. 002 68.0+0.001 56. 040. 000
Infection rate (%) 12.8 20.0 15.4 11.1
+ , (P<C0.05),

Data in the Table are as mean=®SE, different letters in the same row indicate significant difference at P<C0. 05 level.

1~7 45
15~16 15

30 years sub-dam, 15—16 for 15 years sub-dam.

2.3 PCR

DNA , DNA

Fig. 1

. 1—7 isolated from the B. ischaemum of 45 years sub-dam, 8—12 for

5

Endophytic fungal colony and spore morphology

,13~14 30

5.8S-1TS(internal transcribed spacer)

l

5 years sub-dam, 13—14 for

(C)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Fig.2 PCR products of 5. 8S-ITS from endophytes associated with B. ischaemum
1~16 116 . 1—16 represents 16 colonies in Figure 1.
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17] FJ008987.1 # & Wl Penicillium sp.
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100] .
I 115
3 rDNA-ITS (Maximum-Likelihood )
Fig. 3 The phylogenetic analysis of rDNA-ITS sequencing results( ML method)
11,12 .115 1 1.2.15; 50%  bootstrap, . I1, 12, 115 corresponds to 1, 2, 15 in Fig. 1, the number

on the branch is greater than or equal to 50% of the bootstrap. The same below.
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Table 3 Genetic distance matrix among the four sub-dams

Samples 45 45 years sub-dam 30 30 years sub-dam 15 15 years sub-dam
30 30 years sub-dam 0.1402
15 15 years sub-dam 0. 1800 0.0397
5 5 years sub-dam 0. 1402 0.0019 0.0383

o4 [ AJ278363.1 & K BE B Mucor rouxii
68 GU569095.1 & J& Mucorsp.

{ AB054043.1 1R AR B B Rhizopus arrhizus
AF115722.1 #5183 B B Rhizopus oryzae

99

AF106521.1 5 F I8 M onacrosporium elegans

[ GU966505.1 AR B E Curvularia lunata
] .
57 KC176302.1 A J& & Trametes versicolor

T KP230829.1 " & SN E Exophiala pisciphila
L Av682020.1 EEFA IR £ B f0 Pestalotiopsis clavispora

{ AY 380909.1 4% 8 K& W Trichoderma viride
11

KP720580.1 /NEk 8B Microsphaeropsis sp.

| JX500089.1 Birk 0 B Aspergillus luchuensis
9 e FJ904923.1 = B Aspergillus tubingensis

lOOI— 115

4 (Maximum-Likelihood )

Fig.4 B. ischaemum endophytes and heavy metal adsorption endophytes phylogenetic analysis( ML method)
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