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Effects | of g éotton Stalk ijchar _onl;',_.the Structure and Function of Fungi

Community in Alkaline Rhizosphere Soil of Rice Under Cadmium Pollution

LIU Shi-dou', HAN Yao-guang', ZHU Xin-ping' ", WU Xiang-nan’

(1. College of Grassland and Environmental Sciences, Xinjiang Agricultural University, Urumqi 830052, China; 2. Xinjiang Key
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Abstract; To study the effects of cotton stalk biochar on the regulation of fungal diversity, the structure and function of alkaline rice
rhizosphere soil under cadmium pollution was investigated. An outdoor pot experiment was conducted by adding cotton stalk biochar
(0%, 1%, and 5% ) to an alkaline paddy soil with a cadmium concentration of 0. 1 and 8 mg-kg™'. Taking rice rhizosphere soil as the
research object, Illumina HiSeq sequencing was used to analyze the effects of cotton stalk biochar and cadmium pollution on the
diversity, structure, abundance, and function of fungi in an alkaline rhizosphere soil, and to explore the correlation between soil
environmental factors and the fungal community under the control of cotton stalk biochar. The results showed that: (D the application of
cotton stalk biochar significantly increased the soil pH, available nutrients, and organic matter, and reduced the content of reducible
cadmium in the soil (P <0.05). @ The distribution of rice rhizosphere soil fungi was mainly Ascomycota, Aphelidiomycota, and
Chytridiomycota, which accounted for 57% of all mycophytes. The genus was mainly Mortierella, Alternaria, and Fusarium. There was
a significant difference in the a-diversity of the fungal community among the treatments (P <0.05). In the absence of cotton stalk
biochar (CO), the increase in the cadmium concentration reduced the relative abundance and fungal diversity index ( Shannon index)
of Chytridiomycota, Mortierella, and Alternaria in the soil. Under different concentrations of cadmium ( Cd0, Cdl, and Cd8),
increasing cotton stalk biochar reduced the fungal community richness index ( Chaol index) and Shannon index. Cadmium pollution
resulted in an increase in the relative abundance of Chytridiomycota in the soil, but decreased the abundance of Alternaria. The
application of cotton stalk biochar could significantly increase the relative abundance of Chytridiomycota (P < 0.05). Cadmium

pollution reduced the abundance of Mortierella and Alternaria, but the application of cotton stalk biochar could increase the relative
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abundance of Alternaria. Increasing cotton stalk biochar means that soil will have more endophytes, plant pathogens, and saprophytes;

while increasing cadmium pollution will reduce endophytes, plant pathogens, and saprophytes in the soil. @) The main environmental

factors affecting the diversity and structure of fungal communities are the available potassium, organic matter, and pH of the soil. The

reducible cadmium content, which comprises the largest proportion of cadmium in rice soil, was significantly positively correlated to

Rotifera, Aphelidiomycota, and Ascomycota (P <0.05), but negatively correlated to other mycophytes (P <0.05). The results

indicate that cotton stalk biochar plays a certain role in the microecological regulation of alkaline cadmium-contaminated soil.

Key words : cotton stalk biochar; cadmium; rhizosphere soil; fungus; diversity
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Fig. 2 Effects of cadmium and cotton stalk biochar on the a-diversity

of fungal communities in an alkaline rhizosphere soil of rice
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g. 3 Relative abundance distribution of Fungus species

in a rhizosphere soil of rice at the phylum level

2 WoR THI MWEE, 70 A w5 s
( Mortierella ) | 5% #% 78 J& ( Alternaria ) . 9 J] i J&
( Fusarium) 4y JE 5 [RIERE & ( Vishniacozyma) (B



3850 7D 53

L 41 %

L
&

)& ( Cladosporium) 28 BBKyBERE & ( Filobasidium) |
%5 & (Aspergillus) LR 5E 18 )& ( Pyrenochaetopsis )
H Naganishia J&. TR HTG Y2 L3 (CdO) |, BEAS
f60 Ja - B B AR ) B B B 1S 22T WA, €5 4b 2R
PHFEHEZ=H CO FFET 2.70 f#. 1£ Cdl #E
R AR R T R E AR R A R

Wil e e s S T3 22 | 2k DRy BB 2 I 2 kb 7
Cd8 VR BE T, A A 3= 3 il e £ 344 22 il 2D T AR
WINAES SR T v a R Ak fl)m  ith & s
H1 Naganishia J& =5 Pl 47 v B 326 38 7 228 9 R AIK, 4%
WIEFETE C5 PR CO /0l FRET 161,
1.28. 0.96 #i13. 85 fi%.

F2 BAELKBRIELBERLEN %
Table 2 Relative abundance of fungal species in a rhizosphere soil of rice under different treatments/%
5 i e
. CdOCO CdOC1 Cd0C5 Cd1CO Cd1C1 CdIC5 Cd8CO Cd8Cl  Cd8C5
Wi AFE T ( Mortierellomycota) — #§ %3 )& ( Mortierella ) 2.27 0.47 1.30 0.92 1.58 3.61 0.87 3.58 0.86
HERA0JR (Alternaria) 0.71 0.23 0.19 0.48 0.77 1.17 0.31 0.36 0.17
*EUIE I ( Deuteromycotina) 9 JJ )& ( Fusarium ) 0.17 0.11 0.44 0.17 0.40 0.93 0.53 0.85 0.22
K 1)@ ( Cladosporium) 0.42 0.10 0.14 0.19 0.23 0.27 0.28 0.26 0.13
2R BRI L) ( Filobasidium) 0.30 0.04 0.09 0.49 0.18 0.10 0.02 0.14 0.10
HHFH 1] ( Basidiomycota ) Y75 8 vi [RBERE & ( Vishniacozyma) 0.12 0.04  0.20  0.20 0.01 0.28 1.83 0.02 0.03
K76 K FEE ( Naganishia) 0.42 0.10 0.14 0.19 023 027 0.28 Q. 25 0 13
;

- o ’
TR Ascomycota) Eﬂg)ﬂﬁimpergllzus ) 0.23 0.06 0.18 (0.13 0.03 0.19 0.12 0 :z:#" 0 10
BT AR ( Pyrenochaetopsis) 0.10 0.07 0.19 0.09, 0.25 0.01 0. 38 0.07

£

2.5 ?F%ﬂ-ﬂ%ﬂ?*@é@ﬂﬁmﬁﬁiiﬁ%ﬁﬁﬁlﬂﬁgiﬁ
RETITIN 734 '

At PICRUS: ysﬁa{mwmunu%ﬂ% | @ 3

géﬂﬁi“ EEQE]‘” 2/ Greengenes LGS EE.-:‘ _-I:.““ %-IJJ
RETE PN L {3k A PRI 20 i T 7 ) . B FUNguide
(¥170, https //glthub com/UMNFuN/FUNGul d) 3k

/az#%m@ 4) Jh P R I ok R

J& A & 5( el’ldomycorrhlzal plant pathogen undefmeﬂ’#

saprotrgph) /\1‘)?—[ O, C(CdOC5) > A (CdoCo),
19 A R - R DT - A s LS AR

0,13

‘.‘ -

I
C(Cdocs) >B(Cd0(Ll) €(CdoC5) >F(Cd1£5)
C(CdOCs )/ >J(@d8c§) BIE Cdo TR, Cs, b3
500 1 C1 *ﬁtbﬁ Jea ii%éﬁmimuifﬁ%ﬁgﬁ
i G5 RNETY | B ek S, PPE
%ﬁrﬂz&%mﬁ’@%/\m» ok X E S b
Ao, F(CdlCS) > D (Cd1Co), F(CdlCS) >
~J(Cd8CS) ,RITE Cdl ¥ JEF,C5 4b¥itk co AHZL
AL 5 FE CS AbEET , Cdl He Cd8 AbBRAF7E T
Z AR

95% L AH BX i)

C:] =— b
C:H ;— I

<0.001

o

CF

<0.001

Ch p—7--—7—

<0.001

Q

o]

<0.001

Cp

[}

<0.001

N —m795—
CE [

o]

<0.001

Q

o

<0.010
<0.050

r

L L 1 1

6

L L

L
00.1
P %

0.02 0.04 0.06

AR LI A E

L | L
0.08 0.10 0.12 0.14 0.16

T A 2 /%

0.18

95% LA DX 1)

FB

<0.01

|
o 1

Fil '
FG ;

<(0.05

o |
g 1
o
Ly

FD

=<0.05

<(.05

FA

<0.05

0 20.1 0 10

T

15 30

A5 %

FTEI 4T . A Fk €dOCO, B Fm CdOCL, € Frm CdOCS, D R Cd1CO, E FsR CdICT, F FR Cd1C5,
G 7R Cd8CO, H 7R Cd8C1 Fl J 327 Cd8C5; C: J 3o P/ AL BHa] Y L ast, LAt 24t

& 4

IRFF AR KTE IR IR L B E B AR A Th

A=A
BER

M F5T

Fig. 4 Effects of cotton stalk biochar on fungal community function in an alkaline rice rhizosphere soil of rice
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