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Effects of Land Use Changes On/SQll Fungal Commumty Sjructure and Functlon

in the Rlparlan Wetland Along. the’ Downstream of the Songhua River

XU Fei"?, ZHANG Tuo', HUAI Bao- dong SUIL Wen-zhi*, YANG X'
(1 Cﬂgllege of Environmental Suence and Engmeermg, China West Normdl University, Ndn(hong 637002, China; 2. Heilongjiang
Academy ‘of Land,..nReclamatlon Sciences, Harhin 150038, Ghlnz.:l__) -

Abstraét ; The aim of this study was to provide a referencé for wetland resource management and ecological restoration by analyzing the
influencg of land use changes on the soil fungal community and its function and to identify the potential natural restoration ability of
degraded riverside wetlands in the Songhua River. In July 2018, soil fungi in a natural wetland, paddy field, sand mining slash, and
restoration wetland along the downstream of the Songhua River were amplified by PCR. PCR products were sequenced using the
Illumina MiSeq PE300 high-throughput sequencing platform. The differences in the soil fungal community composition and function and
its influencing factors were analyzed. The results showed that the a-diversity indexes of soil fungi were significantly reduced by sand
mining or cultivation in the natural wetland (P <0.05). The ACE index and Chaol index of soil fungi in the sand mining slash were
significantly improved after the sand mining area was restored to a constructed wetland (P <0.05). There were significant differences
in the soil fungal community structure between the paddy field and other land use types (P <0.05). The soil fungi in the riparian
wetland could be divided into 16 phyla. Ascomycota, Basidiomycota, Mortierellomycota, and Rozellomycota were the dominant phyla
(relative abundance >1% ). Ectomycorrhizal was the main functional fungus in the natural wetland and restoration wetland with the
supplementation of bryophyte parasites and lichen parasites. Litter saprotrophs and soil saprotrophs were the main functional groups of
fungi in the paddy field and sand mining slash, and the relative abundances of animal pathogens and plant pathogens increased
significantly in the paddy field. The diversity of the soil fungal community was significantly influenced by the soil pH, organic carbon,
total nitrogen, and total phosphorus contents. Thus, resource development in the natural riparian wetlands reduced the ecosystem
stability and increased the potential ecological risks.

Key words : Songhua River; wetland; land use type; soil fungi; community structure; function prediction
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.
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Table 1  Comparison of soil physicochemical properties in different land use types of the riparian wetland

Bk Sk BA §580: GRS A A .
] AR A el g ke A WAL
e pH (McC) (TC) (TN) (TP) (TOC) (AN) .
FIZEA -1 -1 -1 -1 -1 (C/N)
/% /g-kg /g kg /mg-kg /g kg /mg-kg
NW 5.52£0.06d 38.72+£2.65b 53.17 +8.50a 4.18 £0.30a 29.76 £2.80a 44.24 +5.17a 46.05 +4.55b  12.68 +1.46b
SMS 6.80£0.07a 10.01 +3.28d 1.56+0.80d 0.10+0.02d 4.09+1.92d 1.22+0.60d 1.73+0.93d 15.78 +6.71a
RW 6.70 £0.08b 28.56 £1.66¢ 8.29+1.77¢  0.97 £0.21c  12.38 £1.10c  5.79 +1.45¢ 11.81 £3.89¢  8.57 +£0.98¢
PF 5.77£0.07¢ 45.15+2.31a 21.00+2.02b 2.51 £0.23b  15.66 £2.23b 19.83 +1.74b 82.97 £2.97a  8.42 1. 00c

D) B P £ b2 (n=3) , ARVNE FRERIRAR LR H 26

2.2 HKFEH I E R DNA 550
H 2 2 Al 0L 12 A 3R S R AG I 1702 578 4%
BT, M EE 5T M 192 222 448 bp, -2 ¢ 51 5

58 548 %, EATHILEL16 018 537 bp, I B L K i
4 273.25 bp.

AR LT OTU $UH 2 0654 [ &
1(a)]. A EAFEH I E T OTU 0 H i £ 2
WK NW RW SMS FI PF [ & 1(b)]. Hf A
SRIE LA A 1 OTU $0H 514 4>, 5 &

T FEPREZE S B 3E (P <0.05)  IRICFIEARIE N a

OTU %t H 1 24. 89% . Fi H H kA (1) -3 E B OTU
BHED AFE S B OTU BHB 7. 2% . RADIEHb
I A2 00 Hl A % - ST OTU £ H 43 ) o 5
OTU L H 1 16.5% F1 14. 4% . & 2K ke LA 1Y
OTU 4380 H M 97 4>, 2015 4. 7% . [ SRIBHb 5 7K
e A H B OTU U H /b, ok 204 4>, Rt
0 M AR 1 5 H ARV B - EECR OTU 43 A
BOME, A A OTU 2 H 4 51k 378 Al
363 1~.
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Table 2 Sequencing data statistics
25 JFHEU 5% B %/ bp YK/ bp T HBE/ bp KIPFKEE/ bp
NW-1 58 357 18 113 088 310. 38 202 354
NW-2 67 721 16 992 845 250. 92 200 356
NW-3 69 008 18 621 015 269. 84 200 356
PF-1 56 668 14 321 303 252.72 214 342
PF-2 35706 9080916 254.32 215 456
PF-3 64 794 16 331 820 252. 06 216 357
SMS-1 42927 11202 315 260. 96 202 350
SMS-2 56 529 14 430 781 255.28 202 398
SMS-3 65 365 17213 992 263. 35 202 355
RW-1 62 399 18 415 104 295. 12 216 422
RW-2 66 931 18 723 238 279.74 216 368
RW-3 56 173 18 776 031 334.25 200 356
FEE 58 548 16 018 537 273.25 207 372.5
- _—_— T W] ( Chytridiomycota ). # !_E— I

)
§ 1000 FTT092
I 871
s 500 | L
= 60
L= 0
2 NW PF SMS RW
(a) £ - A 2RI RE b P 1 398 200 B L [
AR B I A FIEA OTUs 4345 B9 Venn 8
(b) % 1 HF| FHZS B OTUs 23 AR $it

BEl1 AELMF A RBAE 58
iR LEREEH OTUs HE LK

Fig. 1 Comparison of the sampling sequence number

and number of OTUs in different land use types

2.3 RN[FIZEBURE D 135 BT LA AR R )
o3 #r

TER TR EXF OTU AT 43282 43 17 [ 18] 2
(a) ], 45038 W], 28 - Ere ) LI EE 40 8 T
16 A~ 2 M E W Hrh, 17 R
(Basidiomycota) \ T BER[] ( Ascomycota) #{fLEH ]
( Mortierellomycota ) FIF2 LB ] ( Rozellomycota ) 4y
B FREE 12 (X > 1% ), B el
[ i S
( Basidiobolomycota ) , i # % ['] ( Zoopagomycota ) |
Aphelidiomycota & FEHFR A 125, e TREH

(' Monoblepharomycota ) .

WO e T
(Entorrhlzomypota) {EE AT ( Olpld}(}i’nuﬂbta‘-) R
i e |-'| ~jlr._’( Aphil:dlomycota ). /ﬁ ﬁ' ]
( Aphehdlom&fcota) ﬂ[ T lj ( Mucoromycéta )
A%U#Wﬂﬁﬁ&ﬁﬁﬁ?m;’é (R Ji 19, )1 R
1 bea 22 §E PRS0V 2 b0 (1 2
(0)].% 2L 7 T 1M 5 31

A 2 3 S R A AR E’J

; sy N T

T G 5 SR 5 R L 0 M A 7 — mﬁﬁ
K ANOSIM 411 22 54 30 2R [ 18] 2 (c) ], KA
M5 e T R AR A 25 R B (P <
0.05).

ANTR) - 3 ) FH 2 Y - 3 TR ) 22 SRR EAE A
FAF- BT AR LW (181 3) TR T8 20K
e, KRR FE P R D AR A 3 R R 1] A4 AH
OIS SN = SR v I o B ) N O o Q-
( Agaricomycetes ) Fil Aphelidiomycetes 75 H #& 1 3 v
B BERFAREA (Tremellomycetes) 7E /K M
B f B F L %, Glomeromycetes il
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Fig. 3 Cladogram of the soil fungal community for the different land use types (LAD score =2.0)
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Table 3 Comparison of a diversity index of soil fungi in different land use types

A 3R 2 A Ace $55L Chaol #8%% Shannon-Wiener 3541 Simpson FaE
NW 582.45 +165. 00a 579.45 +128.98a 3.23 £0.47a 0.1132 +0. 044 2b
PF 376.58 +16.59b 361. 62 £45. 45b 2.39 £0.31b 0.1827 £0.035 1a
SMS 155.52 +47. 69¢ 156. 67 +51. 79¢ 2.01 £0.49b 0.199 4 £0.041 3a
RW 747. 64 +87.28a 648. 87 +105. 27a 2.44 +0.36b 0.174 4 £0. 038 Sab

D) BAERAPHE + bR (n=3) , RRVNE FREFORAF LA ISR A8 FMEZE R 23 (P <0.05) , B FERICH a
®4 TEBUMRSIRAT o SHEEBHBEXI T

Table 4  Correlation coefficients between the soil physicochemical properties and soil fungal a-diversity indexes

ZHEVEFREL pH FKE (MC)  HBR (TC) SAE (TN) M (TP)  AWLER (SOC) BEf#AE (AN) BREIL (C/N)
Ace -0.170 0. 390 0.345 0. 371 0. 489 0. 303 0.093 —0.647*
Chaol -0.281 0. 406 0. 458 0. 485 0. 569 0.415 0.202 -0.625*
Shannon -0.665* 0. 344 0.814* 0.817* 0.754 0.783 " 0.522 —0.245
Simpson 0.562 -0.185 -0.728* -0.721" -0.639* ~0.691" -0. 487 0.178

1)+ FR P<0.05, w5 P<0.01
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