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Response of soil fungal community structure to nitrogen and water addition in

Stipa baicalensis steppe
ZHANG Haifang, LIU Hongmei, ZHAO Jianning, LI Gang, LAI Xin, LI Jie, WANG Hui, YANG Dianlin "

Agro-Environmental Protection Institute, Ministry of Agriculture, Tianjin 300191, China

Abstract; Nitrogen (N) deposition and precipitation change are important phenomena in global climate change and can
greatly influence grassland ecosystems. Soil fungal communities are a functionally diverse group and they mediate many
ecological processes as well as influence plant growth and soil health. There have been many studies on the responses of
plant and soil bacterial communities to N addition. However, the interactive effects of N and water addition on soil fungal
communities remain largely unknown, with these interacting effects having great significance for predicting the future effects

of multiple climate factor changes on grassland ecosystems. In the present study, we simulated N deposition and

BEETE : HRE QAR IEEH (31170435)
Wo#s B #1:2016-12-26; W 4%t R B 53 :2017-09- 12
# MIVEAH Corresponding author.E-mail ; yangdianlin@ caas.cn

http ://www.ecologica.cn



196 A E = 38 G

precipitation change by N addition (0, 15, 30, 50, 100, 150, 200, and 300 kg N hm™ a™") and irrigation (no irrigation
and irrigation equivalent to 100 mm extra summer rainfall ). Utilizing split-plot design and high-throughput sequencing
technology, we evaluated the interactive effects of N and water addition on soil fungal community structure. Statistical
analyses showed that N and water addition significantly shifted the composition and relative abundance of soil fungal
communities. The dominant fungal phyla were Zygomycota (22.0%—48.9% ), Basidiomycota ( 7.8%—18.5%),
Ascomycota (9.4%—20.1% ), Glomeromycota (0.7%—3.1%), and Chytridiomycota (0.1%—1.3%). Under normal
precipitation, the relative abundance of Zygomycota increased in N1—N50 treatments and decreased in N100-==N300
treatments. The relative abundance of Ascomycota increased in the N100—N300 treatments. When water was added, the
relative abundance of Zygomycota decreased; however, the relative abundance of Ascomycota showed no significant change.
At identical N levels, water addition increased the relative abundance of Zygomycota; however, the relative abundance of
Basidiomycota, Ascomycota, Glomeromycota, and Chytridiomycota decreased. The relative abundance of all 5 fungal phyla
and 11 fungal Classes shifted significantly under different N and water addition rates. The changes in seilfungal community
structure are mainly related to the changes in relative abundance of genus Mortierella, family Entolomataceae, and genus
Geastrum. Hence, genus Mortierella, family Entolomataceae and genus Geastrum could be utilized, as indicator species to
signify changes in soil fungal community structure. The results of Principal Coordinate Analysis (PCoA) also revealed that
N and water addition significantly modified the structure of the soil fungal community. Structural equation modeling of the
integrated response of the plant-soil-microbe system to N and water addition"demonstrated that plant community composition
and plant species richness were the main factors causing shifts in the 'soil fungal community. Soil inorganic N and pH
indirectly affected the structure of soil fungal community via the plant community. Overall, N and water addition changed
the structure of the soil fungal community by interactively affécting the relative abundance of different soil fungal phyla.

Therefore, water addition modified the effects of N addition on the soil fungal community.

Key Words: N deposition; precipitation change; Stipa baicalensis steppe; soil fungal community; high-throughput

sequencing
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T2 BRSO RO X IR R S5 R SRR RO R T R R 45 R BRSO
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1.1 50 X IR A B0

TR X SRR IR T B FEAR - B E A i O 5 2 Sk IR M 7 T P 5 AR DLJR DL AR
MBI (119°42'E, 48°30'N) , K 760—770 m , 4FXRE TN 2 329mm , +3E2R R R J46 + | 2 AE
A H DUINIRER 2 (Stipa baicalensis ) F1E- 5 ( Leymus chinensis) o 05T 2010 4R 3647, SR IX 3801, 08
DXAHEEALFR , B X Ry it AAL . BALFR 8 DK AR : 0(CK) (15,30,50,100,150,200,300 kgN'hm ™
a ' (AMUFE RS TIER AR , 20 31 H NO N15 N30 N50 N100 ,N150 ,N200 N300 /8, ZEAEEH] NH,NO;,
VEWESE 2 ACEE A B A ASTE R AU ZE T 100 mm VR, 4B 10 A 11 R, NOTO 27 FLRATR T it
AKFH 0 kg N hm™a™ AL AKI2EHE , BIG RN ARTE H 2010 45 6 A 15 H iR, & 7 d AHIHERT 10 mm,
10 ., RIS 16 MAbHE 6 E R, /NX AL 8 m x 8 m,
1.2 HHERERCRAE

T 2013 4F 8 J SR IR EAR 3em 19 HETEAS ISR /MRS 0—20em 38 A/ XSRS 10 4>
SR A A BRI ER ARG T 2mm 5, SR 5 SR DU S0 VA B Ikgy PR IR 9050 % 47 T -20°C 7K
Fae .
1.3 +3 DNA $2HU% PCR ¥4

+3E 5 DNA R E.Z.N.A. Soil DNA Kit (OMEGA )i & k47 HE8 LB S kA &l B, &40
BESRHREL 3 AT, 43 BIUEAT PCR 3788, SR 5 76 5 it 3 ASSEATIRA 5 2EA7 I > . A Qubit2.0 DNA
ez ) g X R 4 DNA A58 2 &, LA 2 PCR b i ITAR DNA &, PCR T HE 118 @A T Miseq
- 5E 518, 51 %) ITS1-F; 5'-CTTGGTCATTTAGAGGAAGTAA- 3’ il ITS2: 5'-GCTGCGTTCTTCA
TCGATGC-3'"?" #5335 PCR FWAK AR : 10XPCR buffer SpL, dNTP ( 10mmol/L each) 0.5uL, 3£ H 2 DNA
10ng, Bar-PCR Primer F (50umol/L) 1uL,Primer R (50pmol/L) 1pL,PlantiumTaq (5U/wL) 0.5uL, MIEEF
JKZE S0pL, W S E IR :94°3min T AETE ;942 Imin, 54°30s, 72° Imin #E4T 30 MEFR, fit )5 72° #E K Tmin,
PCR 25405 , %F PCR Pyt AT B B M 1K, SR A T B BEA n i) £ (cat : SK8131) XF DNA #4711k,

[ P28 Qubit2.0 %2 AR IASAYS DNA ¥R DB A REA AR I 111 BEATIR B IR e B %8, IZIR Ak
i FH T JE 2 0RE SR E O AR ) 5%
1.4

K] Mumina Miseq YU PP 5 547 = 18 =00 e, DU PP 2k 7 h A TAE W) TR (R0 IRty A BRAS W58
1.5 Bk MG

KM Flash (FLASH v1.2.7) 3 Rl & 5 91, 98 J5 AR I8 barcode #4741 o] 4 3| # it . >R Al Prinseq
( PRINSEQAite 0.19.5) #A % Fp 5 B e #E A7 B 42l . 2 BRARFEIX T 91 Jedix 5K, A4 Shannon 45 80Mi i
M2k , PE#E 100045 reads HEAT/0AT. KBRAEEE TS, (L H] BLAST J5 8K e I AT 9 R 7328

Bedli K Excel 2007 FEAT B3, A [A) 4b BT 4 88 50 w1 A Vs 4B 5 8 Y 22 5 0 3 MR M Galaxy
(https.://huttenhower.sph.harvard.edu/galaxy ) A LEfSe Z1 {4 ( Linear Discriminant Analysis (LDA) effect size) i#F
174301, LDA 1345 2.0 FmE 7 WE 1350 4.5 R LT E ™ HHE R A 4R 28 bim T £ 18055
a3, AR — F 000 (PC) IRRE I IE 45 284k, T B R FK o AR 430 . A T i RUK B I 2%
T 5 B R E S5 AR R BIL T, 454 R A R AL M B ) AR b, FRATTAB A T 4544 B A ( Structural
equation modeling) ., Z4 75 FEAR AL A AE G T LA BB ARGA . AR FK S TR IS 1 4 S5 BAL IR 58 S Al ) 1
VA AL, HE TR0 -3 E M REE AL o R AR K B S AR A LA S e B O A k2 ]
(6 RARTHE AL LG, L RMSEA {H (<0.05) Fn Bl 4 RAF

RE MR HAERUNR H SAS 9.2 (SAS Institute Inc., Cary, NC, USA) X B T7 2200, R
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JHI AMOS 21.0(IBM SPSS Inc.,Chicago, IL) ¥4 #t45He 75 TRl |
2 ERE5NH

2.1 IR REVE AL AR

JIT A A BRI Y AR 5 13559909 %)% 3 , AN A BTN AS 9 77 51 5k 20 oh 53852—307368 4%, AN b Hi A F
) OTU %k 3905—12375, FEHHIBER A4 N, LI EL R o LR 11280 B H2 & T Zygomyeota
(22.0%—29.6% ) FHTHi ] Basidiomycota(9.6%—18.8%) . T # ] Ascomycota(13.0%—20.1% ) FRFEWE ]
Glomeromycota( 1.1%—3.1%) 47 # | ] Chytridiomycota(0.1%—1.3%) (K 1) . BZE 2B INAKEF 5, G Hil ]
FERS 2 B S IR e T i S PR AR B 3, 1 NS0 Ab BRI i i 5 5 S T 11 AR X = BE 7 w8 RS . (N100—N300 )
IR, ERR MK FR ML T, BT RE b SRR 120 5 8 G5 T Zygomycota
(31.5%—48.9%) $HF T[] Basidiomycota (7.8%—16.3%) ., T[] Ascomycota(9.4%—14.0% ) FRFEH ]
Glomeromycota( 0.7%—1.6%) .47 # | ] Chytridiomycota(0.1%—0.3%) (K 1) . BfiZ& ZIRINACEF = 68 H 1]
AR B SRR AR 3, R B AR B AR AR AN & AR ) 8 RS K S T, 7K a0 TR0 A 422 4 71 1D AR G
FEEIEM T 6.3%—23.0% , MHHFTE1 ] RG] BRBER ] RIa0 3 1] A9 AR BT REAR T 6.2%—11.0% |
1.7%—10.5% ,0.2%—1.9% 1 0.1%—1.1%, LT35> 1(PC1) 403 398 B BE s 25440 1 28 Ak ( STk ) dE 4705
ZEHT , A SRR BAAE AR B IS KSR, 5% B REE T AH EL, 7K 23 U8 I 25 0048 T 4 LR RIS 454 (P<
0.05) (K1),

2.2 AN[FIACFE A SR RS 25 5

2 R 3 s T AEAN[RIAL B b 25 22 S i EC TR D RIAR o H I 2 R TR [R) U3 RK 43 i A SR A
T,5 A R I SEARN B AR A 2 b 4 A R ARG S B AR L AR R LR R AR (N1LS) A A
(N100—N150) Bhn/KF-, 2255 & 0 G TR 1], HOAX F2 BE7E NOTL Ab R g o 70X &0 fim e 1oz Y St )
FLDAZSHE LA — KR A 3 28, 3 136 PR A AR 22 %o 20N o) 1o B0 ) A 1 R I . RT3 AT,
A 1A ELE AR 32 B AR 2 FL A6 A2 A G = B DA L AR R I N100—N150 Ab 2
23 TEAEEMERZELER

K4 FE S SR T LDA f5508.2.0 f14.5 B ASFEA L HIREF A R A K EWN , e R RS BE
AL A 25 S I SRR S b PR T 5 (0 (B P B AR R/ INFR AR R RN R BRI FEAN A R 3R K
WIMARAET 4L 39 M@ R4 T W E I, 76 LDA 1353-E 4.5 M 0 322 RO R, 85 W 111 Mortierella
J& , T 11 Entolomataceae BT Geastrum Jg@ AR 3 B Ak 8 35, Hotp Mortierella J& A1 XY = JE 7E NOI1 AbFH
4% 55 , Entolomataceae BHAHXT EFEEFE N10010 Ab BEES 5% 51 , Geastrum J& AR 3 FE7E NSO A B i o [R)EF
AT AR R AN B B AR X T B A, X U AR UK A AR NG, IR AR A e R
Mortierella J& .Entolomataceae B} Geastrum J& 22 ALA 5,

2.4 T A TARERE A5 A PRI (PCoA)

[l 6 BT, AN [R] AL R A e R R S5 A I AR I BRI PRI A 25 5, TERRMIRERNAAF T, £
BRI S M R AT 17284k BRI PL AR /0 A6 25 5. TEEUK RN RN S50, I B
Wl 25 22 A F 2RI PL IR i 25 5 . 5 MR RO AH Fb , 7K 0 UR Il - 398 L R R i 45 4 1) 93 A
X P1 SIS P1OIES, 3 BEBHK 2 A IS T A Ik - 48 B B B I8 S5 A 1 52
2.5 KW SE-TLE W) R G R R UK TS N A £ i) 1

R T H S B TR S5 A A A B B P 2R A A A O RIS T R - IR ) R G R
RAUKAINAZES RN (B 7) o 78 ARG T RS 458 N . =8.04,P=0.71, RMSEA =
0.00, P IABAE BC B4 (K 7a) , IZHERIERE T NOS-N &8 56% 19784k, NH] -N &4 15% 1784k, pH 22% (1)
AL KRR AN, 67% AR AL , KV & TE 48% 728k, DL b BRI REVR 450 10% 7384k, RN B 2
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Fig.2 The significantly changed fungal phylum under different treatments
Unclassified ; & 5328 FL 1 ; Chytridiomycota : 4 B | ] ; Ascomycota ; F2E ] ; Glomeromycota : BR%E 1 | ] ; Basidiomyeota : #HF B [ ] Zygomycota : % A
wl
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Fig.3. The significantly changed fungal classes under different treatments
Orbiliomycetes ; [F % 7 4 ; Unclassified: 4643 28 H B ; Sordariomycetes : 3% 72 1 44 ; Glomeromycetes: 3k 2 & 44; Eurotiomycetes: f 2 1 44 ;
Agaricomycetes ; 4 484 Chytridiomycetes : 5 4 44

Bk 8% ARk RH IR ALK 25% W78 Ak MW Rh =E 5 B 52% A8 Ak, DA K BL I RETE 4500 18% 11748
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FRT 8 0 S A AR T R BRI L R 0 b 2 B B (P<0.05) , pH B AR £ B i M v 10 A8 Ak, MBI
Vo AL BAE A =F 5 B AR AR ATI ORI + S LT RE T A K A AR A B R 3R E P RN K 43 i 4
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PR TR S5 AL A5 (b I R i AN | 3

3 g

3.1 HOMLRERR AR T R NN M TR 7 25 K B 2 )

TERHAE B R G , RER BA B , RER TAEY A KRR — AR R PR 1 3l i A T DU A A K
PRALE SR AL b i AU AT REX A 25 R SR B TR 2 AR LR R AR B AR IR T T AR
FUIRPE A T TN F R R B e T B R R S, T 1 A R 2 T, T R Ry
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B N5011 =3 n: Leohumicola mm al: Unclassified Ceratobasidiaceae

E4 AELKETIEEEHEZRSLZFMN(LDA HE 2.0)
Fig.4 The cladogram of soil fungalcommunity under different treatments ( LDA score=2.0)
Pseudogymnoascus : EFRE H & ; Coniothyrium ; J& 7% I8 ; Phaeosphaeria ; BRI )& ; Geoglossum ; 41 {E 55 I8 ; Fusarium . 9 J1 8 J& ; Trichocladium . T
Wi 8JE ; Clavaria . W] & ; Ramariopsis : AR ; Clitopilus : 755 42 J& ; Entoloma : 3 ¥4 Tl & ; Geastrum : 8 52 T J& ; Sporobolomyces : $5 761 1% 1)
TR ; Glomus : BRFERE 8 ; Mortierella . Wi {55

RO SO T HIEE R BREE5 4, Z AT s 2] T 28I 45 5, Paungfoo-Lonhienne 554/ 57 3¢ B & IE
Tt FH AR ZUCE T I FL R RV 2, RUIE A B (R 1S % - e 06 PG T AE 1) T I s e [ i T A
JE B RR P 1 L TR T 1 5 Zhou 451200 AN EE I i S T (1 T 9T A1 3 Wt AN LR AIR T - BB 2
P ELCE T R REA L, X AR B O AU AR IS RS A S TS R B pH R AL I
S 18 C NP Ak Y T RO s L A R SO U MR AR B A Y SR
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I N14010 = c: Geastrum I h: Mortierellales
B N130I0 I d: Geastraceae

3 N15011 I e: Geastrales

5 TELELREAEFERFELEM(LDA HHEH45)
Fig.5 The cladogram of soil fungal community under different treatments ( LDA score=4.5)
Entolomataceae : ¥} 18 £l ; Agaricales: @ B H ; Geastrum ; Hb B T8 J& ; Geastraceae; Hb 5 18 £ Geastrales: #b 5 H ; Mortierella . #% 1l % J& ;
Mortierellaceae : B 1 #EF} ; Mortierellales : # 5% H
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L SR A TR )78 PR - M ECRRTIRE v 24 e A S A Y 2 B R 2R T JC AL M pH S AR - 4
FLGA R A5 A0S AR A0 B R WA 50/ | G T 08 o BRI A ) A v E T S MR L R RV 254 . Cassman S TFEARL
AT A P JCHLIE Y e AR v 5 e M BB VR A TG 22 S LL 5 A T AT R O R0 s
BRI A R VE A 5 LU 0 S KR R pH (I B AHE X RIS ATk
ESEeRt Y IEEATE S AR R N p i 3

3.2 FFE KGRI ox - 3 EC R R I8 S5 44 14 52 )

TR ARG B SR o il R IR SR 2 B A R AR B BT R ) S L TR A 45 A 1Y
—ANEEBWE R ARSI h, SRR G, K SIS RO T AR B AT 25 A
FaH B e R 7R A R RSN A LA 3 KM NN 1 b e ECRE P L S AN TR T 2640
X BEXS AN . PCoA ST AL RAR R IR - BN 1 A Xt S V& 45 M B 2 i), 1R
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Fig.6 The PCoA results of fungal community structure
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Fig.7. Structural equation model of N and water addition effects on the plant-soil-microbe system
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