TR A SR IR Nov. 20, 2021, 48(11): 4030—4045
Microbiology China DOI: 10.13344/j.microbiol.china.210145

tongbao@im.ac.cn
http://journals.im.ac.cn/wswxtbcn

BN 2 Mk HIEE E B R Ay =20

HERY AR B Re4Y AERAV bRA7 FoEY
1 IR R R ARl 2Ebe WM TR 411201

2 P EREBE A S P ORE A ARE SR E Jtat 100085

3 GUHEYIBE R 5L A R B4 HALE W ME 411201

4 JPRN BB AR RS )V R R E AR YA TSI )P BT 530007
5 A EYII T MR KD 410125

B E:IFTIARZHINROARTELEFTELRA P ENIRZFA., 4CHRRELFHNELE
Z—, fAfARF AL A Gt AR, [8 6] BFE R R 4as At 2 Ao 3 (H B A i R faf XA
R LIE R IR A AR R A B AL om, A4 EWE S A R G REE a. [
R Y AF 2 A E 23R (IR IR A= AR AR FR) AL 1 4% 3% 18] 1% [X (Internal Transcribed Spacer, 1TS)#AT &3l 05,
SATERT AR F A AR IR LR A WA A0 %m. (4 R] s R T LEARAENERALEH, 12
2 AR EEAAAE o SHHILTFAZEY A, DRGEKERAEYZE 2 b ERFLIEAR
BELEMX, FEAGEIFRGLEARAHEELE4TLREREMK. LEARAS TESNELL
LB 4T MR, H IR EARIR 23R M AR MK, A X AR . H AR FRFLERN
UARR S Gy, 2L A KRR FRE D KRR AR LR M ARG, MEAEA XA
¥%, (4Rl 72000 LRARTHALIATHEE, AdTRE-FTREZLENESZAT .

;%ﬁiﬁl: él%: /“h;;ga #E‘F’i:a 3}:—7]:?&%, ﬁ\‘%—ﬁga %%i#&@fﬁ

Effect of cadmium stress on the soil fungal communities of two
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Abstract: [Background] Heavy metal contamination of agricultural soil is an environmental problem as a
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result of anthropogenic activities. Cadmium (Cd), one of the most toxic heavy metals, poses health risks to
both human being and the ecosystem. [Objective] Aiming at laying a theoretical basis for bioremediation
and health risk assessment of Cd, we explored the effect of different levels of Cd on soil (rhizosphere and
bulk soil) fungal communities of two oilseed rape species (Brassica napus and B. juncea). [Methods]
Through high-throughput sequencing of fungal ribosomal internal transcribed spacer (ITS), the impact of
Cd on soil fungal communities of the two species was evaluated. [Results] Cd stress changed the
composition and structure of soil fungal communities, but had no significant influence on the alpha
diversity of them. Soil Cd concentration and biomass were in significant correlation with the rhizosphere
soil fungal communities of the two species and the fungal community of B. juncea bulk soil was
significantly correlated with Cd concentration. The molecular ecological networks of soil fungal
communities were also affected by Cd pollution, as manifested by the reduced stability and symbiosis of
the networks for the fungal communities of B. napus rhizosphere soil, improved stability and attenuated
symbiosis of the networks for the fungal communities of B. napus bulk soil, and increased stability and
symbiosis of the networks for fungal communities of B. juncea rhizosphere and bulk soil. [Conclusion] Cd
pollution influences the indigenous fungal community in soil, which might further change soil ecosystem

functions.

Keywords: cadmium, oilseed rape, rhizosphere, bulk, fungal community, molecular ecological network
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(10 umol/L)4% 1 pL, DNA #i#z (20-30 ng/uL)
1 uL. PCR JZJii2&f4: 94 °C 1 min; 94 °C 20 s,
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PALAS 2] 1992 NELH OTU ¥k, Fikeiigkita® k.  Shannon 8 K Al JE AR Pr 4 38 EL i B V% F & JF
PR AV AR —E(EI, OTU MSCEI AT (Richness) &% Chaol XFH45 FA7E 30 mg/kg FEALFLF
i, B IREE Al T LA T —2 0 (E 2) B T FE(P<0.05) (K 3).
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Figure 1 Changes of total fungi copies in rhizosphere (A) and bulk soil (B) under cadmium stress

T ANE/NG FHREFORTEA R B AR AL SRR [R) I 328 B 3 BB R U 7E P<0.05 K T B B & 25
Note: Means with different small letters are significantly different from one another under the different cadmium concentration treatments,
and different rapeseed types (P<0.05)
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B2 THRERIEMERHZ

Figure 2 Rarefaction curve of the fungal community in soils

TE: Re MBREIHEA; NR: AERFRBHEHEA; GOJO: 0 mg/kg fALHR A H MRS IMSATRALMSAEA s G10/J10: 10 mg/kg kb
R B H BRSO RIMSEREAR ;. G30/J30: 30 mg/kg FRARTE T A H W TINSEST SE RIS R A

Note: R: Rhizosphere soil samples; NR: Bulk soil samples; G0/J0: Treatment with 0 mg/kg cadmium in B. napus/B. juncea; G10/J10:
Treatment with 10 mg/kg cadmium in B. napus/B. juncea; G30/J30: Treatment with 30 mg/kg cadmium in B. napus/B. juncea
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Figure 3 The dynamics diversity of soil fungal communities
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Note: A: Shannon index; B: Simpson index; C: Richness; D: Chaol of rhizosphere fungal communities under different cadmium treatment; E:

Shannon index; F: Simpson index; G: Richness; H: Chaol of bulk soil fungal communities under different cadmium treatment; Means with
different small letters are significantly different from one another under the different cadmium concentration treatments, and different

rapeseed types (P<0.05)
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Figure 4 Relative abundance of the fungal phyla in rhizosphere soil (A) and bulk soil (B)
*1 HEHEABNSNMEEFHRRFBEX LS
Table 1 The Pearson correlation test between the dominant phylum and environmental parameters
Dominant phylum pH TOC TN TP NH;_ N NOs_N AP AK Cd
Ascomycota R G A* ns ns ns ns ns ns ns ns
RJ A* ns ns ns ns ns ns ns okl
NR_G ns ns ns ns ns ns ns ns ns
NR_J ns ns ns ns ns ns ns ns ns
Basidiomycota R G o ns ns ns ns ns ns ns ns
RJ o ns ns ns ns ns ns ns A**
NR G R ns o ns ns ns ns ns ns
NR J ns ns ns ns ns ns ns ns ns
T A: I ns (Not Significant): JCEERM; *: 0.05 BEAFAFE, **: 0.01 BWEMFEKF; R: MRt NR: AEAPR L3

G: H#ANNSE; J. Jr3eiiimse
Note: A: Negative correlation; ns: Not significant; *: Correlation is significant at the 0.05 level (2-tailed), **: Correlation is significant at the
0.01 level; R: Rhizosphere soil samples; NR: Bulk soil samples; G: Brassica napus; J: Brassica juncea
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Figure 5 Non-metric multi-dimensional scaling (NMDS) of fungi communities in rhizosphere (A) and bulk soil (B)
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R2 2MOERBRT HEEHRAFTREER L RAE R RN ARSI

Table 2 Dissimilarity tests of fungal communities in soil of B. napus and B. juncea from two different group types

Rapeseed types MRPP ANOSIM PERMANOVA
) P R P R P
Brassica napus NR 0.567 8 *% 0.260 4 % 13328 o
R 0.551 3 ok 0.188 4 o 1211 4 ok
CK 0.560 8 ok 0.2296 * 1.2254 o
C10 0.566 6 * 0.202 7 * 1.1572 *
C30 0.551 3 ok 0.246 2 o 13278 ok
Brassica juncea NR 0.567 9 *% 0.2370 *% 1.205 8 sk
R 0.585 8 o 0.270 1 o 1.451 8 o
CK 0.570 1 ns —0.040 7 ns 0.983 7 ns
C10 0.584 9 ns 0.069 4 ns 1.095 2 ns
C30 0.575 5 ns 0.124 0 ns 1.126 2 ns

TE: *FOR PHAE 0.05 KF ERE; **3IR PAEL 0.01 KV ERE; ns FORARE; R WP LIEA; NR: JERPRIEREA,
CK: 0 mg/kg fRALEE N AYEEAR; C10: 10 mg/kg AL H T AIREA ;s C30: 30 me/kg FRALHLT BFEAS

Note: *: P values were significant at 0.05 level; **: P values were significant at 0.01 level; ns: Not significant; R: Rhizosphere soil samples;
NR: Bulk soil samples; CK: Treatment with 0 mg/kg cadmium; C10: Treatment with 10 mg/kg cadmium; C30: Treatment with 30 mg/kg

cadmium
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3 HERHRMFTRAMRTIBEARE LM SINER T E A X247 (E T Bray Curtis 777%)
Table 3 Mantel analysis of the relationship between the soil fungal community structure and environmental factors based
on Bray Curtis (BC) method

Samples Environmental factors B. napus B. juncea
R P R P
Rhizosphere soil Height 0.250 0 0.011 0.411 6 0.001
Weight 0.1552 0.029 03728 0.005
Leaf area 0.260 1 0.003 0.356 8 0.001
pH 0.052 3 0.342 0.2327 0.017
TOC —0.007 3 0.461 0.002 1 0.444
TN —0.114 8 0.762 0.206 3 0.025
TP —0.189 8 0.915 0.036 1 0.351
NH; N 0.051 6 0.321 0.056 6 0.251
NO; N —0.060 6 0.666 0.093 6 0.154
AP —0.081 4 0.715 0.159 6 0.058
AK —0.1257 0.795 0.029 3 0.355
Soil Cd 0.3515 0.001 0.4275 0.002
Bulk soil pH -0.010 6 0.449 0.328 2 0.005
TOC —0.128 1 0.648 —0.1810 0.905
TN 0.020 1 0.392 —0.097 3 0.744
TP —0.098 7 0.682 —0.179 0 0.901
NH; N 0.236 9 0.093 —0.068 2 0.613
NO; N —0.003 4 0.481 —0.186 9 0.907
AP 0.346 7 0.051 —0.101 5 0.701
AK —0.126 3 0.742 0.097 9 0.233
Soil_Cd —0.067 8 0.698 0.325 1 0.007
A CCA B ) CCA
3 [P=0.002 [P=0.224
3L
5L Soil_Cd
s « R_GO 2t TN’\“I%" N = NR_GO
S /< ‘e <RG0 F 4| v N AT AK *NR_G10
& a N ¢ g 2
o A 4% AR G30 2 pH- o v u\ _#AP 4 NR_G30
bt S RO & 0 e + 24 . NRJO
> S5wNO; N v < et T -
< roe==NOs_ o 0 = o — )
&) /| *® TP AK R JI1 O 1L .‘ ry 7~P “~Soil«Cd * NR_J10
o oo «RJ30 © ) L. <« NR J30
N -3t
*
1 1 1 1 _4 1 1 1 1 )
-2 -1 0 1 2 3 2 - 0 1 2 3
CCAL1 (12.5%) CCA1 (9.7%)

Bl 6 #RER(A)FIIEMRPR(B)LIRE & RHEFINE F F B #IEX [ 2 #7(CCA)

Figure 6 Canonical correspondence analysis on rhizosphere soil (A) and bulk soil (B) fungal communities with the
environmental variables

TE: R: MRPRLMEREA; NR: JAEMRBRLIEREA; GO/JO: 0 mg/kg SRALILT I H VRSN AT S BLMEAEA s G10/710: 10 mg/kg 4k
R B H RIS IS RIMSEREAR ;. G30/J30: 30 mg/kg FRARTE T A H W ISR/ SRR SRR A

Note: R: Rhizosphere soil samples; NR: Bulk soil samples; G0/J0: Treatment with 0 mg/kg cadmium in B. napus/B. juncea; G10/J10:
Treatment with 10 mg/kg cadmium in B. napus/B. juncea; G30/J30: Treatment with 30 mg/kg cadmium in B. napus/B. juncea

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FZ 8645 SRIIAXT 2 TS 3 FL R T A5

4039

Soil nutrients
37.6%

Unexplained: 20.2%
Rhizosphere in B. napus

Soil nutrients
39.5%

Unexplained: 17.7%
Rhizosphere in B. juncea

B 7 HIERHRA)FMITRESASEB)IRRLIZEEE R VPA AED B

Figure 7 CCA-based variation partitioning analysis (VPA) of rhizosphere fungal communities of B. napus (A) and B. juncea

(B) explained by environmental variables

R4 FRLEFHTHRAMENEASTESHERE

xF R R BB AL I 4% B FR MR I

Table 4 Topological properties of the empirical molecular ecological networks (MENs) of microbial communities under

different treatments and their associated random MENs

Empirical networks

Random networks

Treatments Similarity Nodes Links R2 of Average Average Average Modularity  Average Average path Modularity+SD
threshold power connectivity clustering path (module No.) clustering distance+SD
law coefficient distance coefficient=SD
R GO 0.90 171 363 0.655 4.246 0.440 7.979  0.795(14) 0.028+0.008  3.682+0.046 0.465+0.010
R Gl10 0.90 147 208 0.485 2.830 0.458 6.017 0.873(21) 0.013+£0.009  4.943+0.114 0.617+0.012
R_G30 0.90 168 282 0.515 3.357 0.454 8.879  0.846(19) 0.017+0.007  4.379+0.071 0.552+0.009
R_JO 0.90 130 206 0.558 3.169 0.423 6.497  0.824(18) 0.021£0.010  4.249+0.104 0.558+0.012
R J10 0.90 147 335 0.778 4.558 0.417 5.888  0.689(14) 0.057+0.011  3.363+0.062 0.421+0.010
R _J30 0.90 147 241 0.679 3.279 0.404 6.960  0.824(16) 0.019+0.010  4.275+0.082 0.555+0.011
NR_GO  0.90 167 358 0.535 4.287 0.483 7.557  0.759(12) 0.038+0.010  3.592+0.064 0.456+0.010
NR _G10 0.90 168 366 0.535 4.357 0.443 7.619  0.760(16) 0.027+0.007  3.613+0.044 0.453+0.009
NR G30 0.90 181 385 0.605 4.254 0.448 7.502  0.758(15) 0.028+0.009  3.684+0.051 0.464+0.010
NR_JO 0.90 159 426 0.603 5.358 0.435 5.895  0.679(13) 0.046+0.008  3.225+0.041 0.387+0.008
NR J10  0.90 121 258 0.455 4.264 0.458 5.896  0.739(12) 0.040+0.012  3.437+0.058 0.446+0.011
NR J30  0.90 105 320 0.682 6.095 0.468 4982  0.47909) 0.160+0.019  2.8154+0.050 2.815+0.050

T Re MPREHEREA; NR: JEMBR F3EREAS; GO/JO: O mg/keg FAALIE T I H W BTN 32T 32BN SERE 4S5 G10/J10: 10 mg/kg kb
PR I H i BT SERHEEREAS . G30/130: 30 mg/kg SMALTE T 1 H il RIS/ IR S bR A

Note: R: Rhizosphere soil samples; NR: Bulk soil samples; G0/JO: Treatment with 0 mg/kg cadmium in B. napus/B. juncea; G10/J10:
Treatment with 10 mg/kg cadmium in B. napus/B. juncea; G30/J30: Treatment with 30 mg/kg cadmium in B. napus/B. juncea

SLIAURARN, HEERNh b, ARbs LR
B 23T 28 Y T S R A R, s AR PG AR
AbFRE 225 T AR AR B o S TR 23 I 2% B 1Y R
B, AR A TRAL . SR B

S LT 731 28 5 R Y B A A U 5
TIMSEAI R, BIAR PR SR e v s FL AR B Y
B D TRAL I, ARMRPR LR RV TP B
A PR KR 2 TR AL . R, H TS AR B
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Figure 8 Molecular ecological networks of soil fungal communities

TE: FPRAT AL 14 OTU, BIAHRLIECE IR AR AR A RS R ] 0 G R ISR
R, LAEESFORTHKEKR; R WERTEREA; NR: AEMRER-SHEAS; G0JO: 0 mg/kg AL BN H R HSR T ALMAEA ;
G10/J10: 10 mg/kg AT BH i BIIHEE AT S AMEREAS ;. G30/J30: 30 mg/kg SAALFE T A H W BLIH S A7 AL SREA

Note: Each node means an OTU, which could correspond to a fungal species; Colors of the nodes represented different dominant phylum of
fungi; Blue lines represented positive interactions between two individual nodes, while red lines represented negative interactions; R:

Rhizosphere soil samples; NR: Bulk soil samples; G0/J0: Treatment with 0 mg/kg cadmium in B. napus/B. juncea; G10/J10: Treatment with
10 mg/kg cadmium in B. napus/B. juncea; G30/J30: Treatment with 30 mg/kg cadmium in B. napus/B. juncea
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Figure 9 Topological roles of rhizosphere soil (A) and bulk soil (B) fungi network
TE: Re MBREIFEA; NR: AERERLHEREA; GOJO: 0 mg/kg FALHRAY HERS ISR ATSALMFEA s G10/J10: 10 me/kg FHAb B
0 H 3 R S ST SRS A G30/J30: 30 mg/kg FAALFR A H i LS/ T SR SR A

Note: R: Rhizosphere soil samples; NR: Bulk soil samples; G0/J0: Treatment with 0 mg/kg cadmium in B. napus/B. juncea; G10/J10:
Treatment with 10 mg/kg cadmium in B. napus/B. juncea; G30/J30: Treatment with 30 mg/kg cadmium in B. napus/B. juncea
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