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WE: AT 4050 KM LIRS, HAHBEN S0 5%k, SIS T REIRALZ(CK) . &2
AE(N) . BRREALZ(P) A A (NP) TEL I ARHENEF. &R AW, 5 CK A=Ak, ki
RMARZEALT 23 pH, BF42E £33 NO;N. NH; N fe TR AR (DON) 4%, mEMARFEIR
BT EEARBREASE. LRAREFHVKFRFTHOATER (AT FED 63%~68%) , £HN
(A3t EE A 15% ~20%) FodnF V(AT EEH 9% ~15%) . FRAAILETAE SHBREET EEY
o NP A EEAAY T H5 EFHB Fo B RIGH D A 405 F2 4.16, ZHFALT CK, 55 A 502 4=
4.64, ATREZSHERESHAINP Ao N LB AARELEME CK o P RBZEFSTT. TASHARL
MR A6 pH, NO;-N F= DON A LEH AL MO LT 2HmEF. TR, KHARFALEL2Ed A
MR LR ARABE AT TR,

KPR ABMAN; LRRAE, LERN Khkle, 2t
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Effect of Long-term Fertilization on Black Soil Fungal
Community Diversity and Structure in Northeast China

DENG Huiyu', LIU Zikai', MA Xingzhu’, HAO Xiaoyu®,
ZHAO Yue’, SHEN Jupei', HE Jizheng'
(1. School of Geographical Sciences/School of Carbon Neutrality Future Technology, Fujian Normal University,
Fuzhou 350117, China; 2. Heilongjiang Academy of Black Soil Conservation and Utilization, Harbin 150086, China)

Abstract: Based on a 40-year long-term nitrogen and phosphorus localization experiment, we
utilized high-throughput sequencing technique to comparatively analyze the differences in black soil
fungal communities under four treatments: no fertilization ( CK) , nitrogen fertilizer ( N) , phos—
phorus fertilizer ( P) , and a combination of nitrogen and phosphorus ( NP) . The results showed
that, compared with CK, long-term nitrogen input significantly reduced soil pH, and significantly
increased soil NO;-N, NH;-N, and soluble organic nitrogen ( DON) contents, while phosphorus
input significantly increased soil available phosphorus and total phosphorus contents. The most abun—
dant phyla of soil fungi were Ascomycota ( relative abundance 63% ~68%) , Mucoromycota ( rela—
tive abundance 15% ~20%) , and Basidiomycota ( relative abundance 9% ~15%) . Different fertili—
zation treatments had a significant impact on fungal diversity. In the NP treatment, the number of
soil fungal amplicon sequence variants ( ASVs) and Shannon diversity were 405 and 4. 16, which
were significantly lower than those in the CK treatment, around 502 and 4. 64, respectively. Non—
metric multidimensional scaling analysis revealed that the fungal community structures in NP and N
treatments were significantly separated from CK and P treatments. Redundancy analysis showed that

soil properties, including pH, NO;-N, and DON were the main influencing factors on soil fungal
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community structure. These findings suggest that long-term nitrogen and phosphorus fertilization
treatments have a significant impact on soil fungal communities via affecting soil properties.
Key words: nitrogen and phosphorus input; fungal community; soil acidification; long—-term

fertilization; black soil

EAC A A A R GUHY T2 248 B , XTI R H 2 AR AR . REIEARIA,
(N) FIB( Py IE, SEUELHFRS GRS, W HHOCRA SRV, SR ek YRS 4L,
TR AR 285 T A8 St e 2 S ) - 3 3% 43 e Al kT S o)+ G e RAE S RS RE™ o 2L
A VI ALY LTI T R A A2 2 Mk . D3 Ah, BLTE AN RLER BRI AR
A FCAN B ORI o R, IR 0 i A 6 TR ok A TR S A AR o, X AR
SRS HUT R . INRIEBUR AP A R

TIERA DAL 52 RIS AL A (N3 pH) 8IS, Rl IR 52 3700 (AN BRIE) S A B .
SRR I A2 FECH 3 pH FRAKT SN P ECR L, T FL D T R B pHL T A2 Y
e ECBR A BT EC B3 0, Eofik 22 b D TR R B0, X AE R R BB . W Paungfoodonhienne
S R PR S AR A W i, W SRR, RO e I TR A . A B R B
i AT AR ZE RO S B Z PR ST 00, O R AR o (BL5Y A FSE S 3 T R B
N AR D2 B FUN SRR B WA, S e S i B GoRDe ™ o T, R s i AT
THERAE PRI R TR SR S R ERARRRAE R EATSE, HPTE SCHAE IR H RS e .

ZRAG SR A DX R ] B T R R S, B T AR £ B e 1747 L SR, 0
ZILHAE, xR R R A, 2K R AR BRI, ASAE R B R AT R R, A
TS JRARHE . PRV E IR A I A B R O R R R, R R G A M A
HEFHAG AT A M FUER R o BRI IS AT B 1
SRR o R, SRR IR RO R, KT KRR E GO A L R
Rl 7, RSN AR ARG T U R 4 iR S R e &R, Rt
DGR A Sk S A PR BEEE 2%
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1.1 WFZEXHEOL e R A

WFSERE I T B E VLA W /R EE T e VLA Ol Bl Be 130 JEH( 126°35°E, 45°40°N) , 184k 151
m, JEMMETL i, sab iy, —FE—2d, AFER TR, EREHEW, =10 CFHARK
T 2 700°C, 4F¥) H BEBS4L 2 600 ~2 800 h, AFFFENIH 533 mm, JCFEMAZY 135 d. X5 M 5 4 8
o, AR AR R . 1980 AETFRATR/INAE K T - FKRIFUF AR

WA IR 4 FPiEACALEE, BPREZ( N) . Gk P) . ZBHEE( NP) FIAMENE( CK) , 3K
FERES, —3L 12807, AT 36 m® . BEAFENEENIE R0 N 15 g « m(/NEFIEKRS) M
7.5g m A (KGZE), P,0s7.5 g m?(/NERFEKRE) F1 15 g » m?( KEFE) , A, B HKERL
( BAKRFRIE 50%FK0t, 50% T RN IHE ) o BN HIRE (N 46%) , BEAE K H L BERR 55 ( P, O,
46%) . W2 _%K( N 18%, P,0546%) . TIEAERRAET 2021 4F 4 A FAREM T RN M)
A% X BEHLEE R S ANEURE S, FHEAEN S em M E45, BURZ 5 (0~20 em) 1R2], FA40HE 3 K
HE, IKEVKAS PR S T M . PRI T WA &R, 1 2 mm )5, BRAREAHE T )
FES AR 3 &B5r e — I ARAFET-80 CHBMIR VKA, FHT DNA $2H¢ — M E T 4 CKFER#, HT
BERERS AR A KB, ) — I AT S, T e B oA
1.2 SEREIRRR R I

- B PR T S e B AT . 438 NHI-N R NOS-N F 1 mol » L'KCl I iE 2, Y%
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30 min J5 iR HERCR FH 3% 283 8 43 BT AL ( San++ System, Skalar, Holland) M %2, +3% pH ¥ /K L
2.5 S HIRREETHHALEEINE . LA TN) |« BBR( TC) R AT L FEF R Z TR 4B il ( Vario-
MAX, Elementar, Germany) #AFE7EIE . +3E2BE( TP) & &M E K H,S0,-HCIO,JHZ&, #Hix®
AE 880 nm PAKIE . A RUBE( AP) RAIERM AL BRI R AR, HlE L OEIE . TIEnT A
MUK ( DOC) AR iEMEA HLA( DON) IE: FREC 10 g Bt RE sy, A 40 mL £8F7K, 25 CHEil
P 30 min, &0 JE10.45 pm B, R A A B H R & AT ( TOC Veph, Shimadzu, Kyoto
Japan) FUEZHA S /T E DOC Al DON #JE .
1.3 13 DNA BB sy

3 DNA (945U ] FastDNA Spin Kit for Soil ( MP Biomedicals, CA, USA) i&7l&r, HEERME
FMEAER, F#H NanoDrop ND-2000 JiiF DNA F¥#e 3 M1l o

FFIHEES 9 ITSTF 1 ITS2R " %+ ECR 1TS A BEy 8, Ff-7E Ilumina MiSeq & W5, %
VPR QUIME BEAT BRI, KPR EE R ( Q... < 25) , KIEZHIH (< 200 bp) HYF B
PIRBRF S, It LBRICER DR —ICEE P8, 5B RUEE S 100% R ZEH amplicon sequence
variants( ASVs) « KR “microeco” £33 B Shannon FEE0FT ASV F & BE, JRIETF Bray-Curtis ff
1 beta ZFEHEFEEL.
1.4 Edanbr

it or b FEHH Excel 2019 1 SPSS 26 #E4 7 HLIA % /5 25( One-way ANOVA) 4347, WP EdE S
K56, il AR B & 2 4E R 2 #1 ( non-metric multidimensional scaling, nMDS) EZEfH R 15
“microeco’, ‘vegan” FMIAT. TUARIIMT( redundancy analysis, RDA) FZ R CanocoS. 0 #17,

2 PR

2.1 KIGTHEAERT M LB P BT 55 i
KA R N A FE X A AL R A T B R (£ 1) o AW (N A NP) 14
NO;-N. NH;-N FIF#EHEAHLA (DON) &F&BES TLALI (P < 0.05) , 1i--3E pH A0
ffas, BITE N AP RAIG, 35 5.22, B CK ARHRREAIL 20% . BRASINALEE T (P F1 NP) +3% AP, TP
el EA LR (DOC) it M T BB ( CK FMIN) (P < 0.05) . 3 TC fil TN i 7E NP
AhFE IR, TAE P AR RS .
1 KPR E+ RGN

Tab. 1 Effects of long+term fertilization on black soil properties

e w( NO3) / o (HND) / w (DON) / o (DOC) / w (AP) /
(mg*kg") (mg* kg™ (mg+kg) (mg-kg) (mg - kg™
CK 5.85+0. 41b 2.91=+0. 35b 19. 81+2. 63c 6. 6420. 59b 9.5920. 32d
N 26.26+5. 70a 4.61x0. 64a 50. 13+8. 94b 7.28+0. 74b 15.011. 43¢
NP 26.57+0.99a 5.20+1.24a 67.20+10. 05a 8.98=0. 09a 104. 71+4. 29b
p 7.4320. 05b 2. 88=0. 14b 23.1322. 75¢ 9.19+0. 58a 115.32+0.07a
g oH w (TC)_II w (TN)_I / w (TP)_I/
(g-kg) (g kg) (g-kg)
CK 6.52+0. 11a 16. 040. 83b 1.29+0. 03b 0. 3920. 02b
N 5.22+0. 03¢ 16. 90+0. 49ab 1. 3520. 10ab 0. 38+0. 07b
NP 5.35+0. 05b 17.170. 41a 1. 6620. 32a 0. 58+0. 06a
P 6.43+0. 04a 16. 14+0. 23b 1. 20+0. 04b 0. 61+0. 09a
E: B ARRNBFERTAEREZFEE (P < 0.05) ,

2.2 KIYUEHERT R L SO R 2 PEPE AR A LRI
K NMlumina MiSeq V& X% + 3BT ITS J BoFJ& AR, BT fk e 4k45 1 331 D E
ASVs. FETF ASV {5 B A BRI E AL FEXT + 38 o ZFEMEFE R EHM(E 1 (a) . 1(b)) o HHEER
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Shannon Z M 45 4L
F1 ASVs I 1E NP
ab AR, 539
4.16 F1 405, & %
fIRT HAh 438 (P <
0.05) , 1M CK 4k 3
% 5. A A Bray-
Curtis 7 23 T AS-
Vs AHXT = B %f 1 4%
L T 9% 25 4 i A7
nMDS 73 #r, 458 %k
A [ b B ) L P
KBEREIE LSS W
HEw. HIERERH
A, W4 CK
P 4bEEE N A NP
b PR Sy T, MU A
B N A NP AbFE
FoIF, VLW CK A Fig. 1
P Rh PRV SR N

FHALL, T N NP 5 HABAN BT R RS
LA BATBAR B AR 1(e)) o il
iof 22 SRR B ( ANOSIM) & BBl 11y
S5, BIAS () ik B [ B0 T8 HF 9V 45 4L 22
FRE(E () .

e T8 A 0 5 2R Ok B L R 2K
FERTEWN 3 ADTIARERR N RN
I AN FEE N 63% ~ 68%) , BRI
(FEXF R 15% ~20%) FI4H T 1]
(FIXFERE R 9. 1% ~15%) . AIalitALLL
MR B R R AR R T 1%
) 32 2 2K B Sk Sordariomycetes ( 37% ~
40%) , Mortierellomycetes ( 15% ~ 18%) ,
Dothideomycetes ( 12% ~ 17%) , Tremello—
mycetes ( 5.6% ~ 14%) , Leotiomycetes
(5.2% ~9.4%) , Agaricomycetes( 1. 8% ~
7.6%) , Eurotiomycetes ( 2.9% ~ 3.3%) ,
F1 Pezizomycetes ( 1.6% ~ 2.8%) ( &l 2
(a)) » Kruskal_ wallis #5645 5 % FH Mor-
tierellomycetes ( P = 0.0415) . Agaricomy—
cetes (P = 0.0378) Z¥7EAb# [R] 22 5
Fo P DX AR NE AL BER A 35E E
T B P R 2R A EA T 0B (I 2( b))

Soil fungal community diversity ( a and b) and community structure

(c and d) in long-term N and P fertilizers addition

2 AEMERLETERM(a) FE
(b) KFEZRBHENFE

B1 KEEBEEEAETHEEFREESHEME(af0b) MBELEHMSME(cFd)

Fig.2  The relative abundance of fungi community at class ( a)

and genus ( b) levels in different fertilization treatments

A 16 DPAFRE R FERT 1%, Hb 13 D HEE A TRET] (S S FER 31%~42%)

H
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A2 NEH BN ATEH TR G B EER 5. 3% ~12.2%) MBS R FER 14. 4% ~
18.7%) (Kl 2(b))
2.3 RERERERSSRIN R 25 R 1

XPAN[A] -3 BEAG IR - 3£ 17 Pearson AHOCPE A3 AT, L 43 pH AU R 34 5 & 3 A A OC, T
TP. AP Fl DOC = Z Al E IEAHC( B 3(a)) o HIERAHKCIEIR( 41 NO;-N, NH;-N, DON, TN) Fl
TC Y5 FEAHDE . I Mantel test XA [A] K P B RE VR ARG =F B2 AN 3 v B b A r e g, 9+ 3
pH, NO;-N 1 DON 5 /K- Vi B E A FE R B E A G, Ji4h, TEDKFERFKY, HEEHE
5 B B IR 7 B AR S R Y B

K RDA 53 Bt i — 25 % AN [a] BEAG R - X B TRV S5 0 EA TREAT (18 3( b)), R ITAe: I ) 4 3k
JBXoF L R % 405 ) 100 728 A R A A v T i R %, 58— RN h A3 A R T TR A S 1Y 30. 75% F
24.66% . 7i4b, 13 pH JEfERE CK Al P AL PR E R A8 b iy S 52 mm DR, iy L Ath - 338 PR D) o
NP &b FEAG B )50

B3 EREHHEFENFEMEEEMNIESMETF

Fig. 3 Main factors controlling fungi community composition and structure
3 ik

ARAE R L R A R AR, R ORAIE " o 0 AT, DR et T R M R PR KR £ A
TREEAR 2 A AR ER o ALIERIAE I E AR B RS R HE I s B . T R
MFHL DR T -5 Al PRS2 I S 6 0t SN S UG e, A B ARUE AN A FES Py 4 30 it P T - 3 TC iR
WA AN S22, H TR A S R A S R AT Vi et A A AT A P b R 1) 2 A AL B (N A
NP) & FARMEIEAL TR, fEUE TR 3553 ORI PR = A B T . SRR UG, 2%
WA 1 3 pH, X R 3ESR A AR A O™ A T R E R Rl AR BE R 1 NOS N & 3%
P, Fomik 26 mg e kg, A CHBIE AN T I A 2 UM O KU, Xk K R PR 5 3 R T 1 5
WY ATOL R AN B R O LR S R, T A 2B, s g HLE.
REFFIRH L 7 Gt s ek AU HL , RMTER i T T R

TR TP AN RE R S I R UK, ESROMAIR . A HLTRE R AR I E S 5 T R A
R . Gt 40 AT GAEAL Y, K I TR S e AR RAL TN 22 5 B, R i
FALHE, X5 Zhou % T [A] —FE M A AE AL FR 34 AF (BT LS R — S, S AS BRI T R it AR
AEFRE 13 AR TR G RA 80P o Bl — 2 S0 S N 32 SR B AR BRI AN TR, 18 B SRR X 2
+ B AR A A VIR A T B S S 2 o M5 — T T UE R AR b K 3 5 8
FECR BRI BV R AR B0 T o BB A K R T B2 I vk BE R pHL . B R B
pH JE R H S R BRI, i TRUER RG], 5 pH £E N AL BN BEiR R ok, R
LA LU A AT R BT ERRE T, (H pH BRI ISR A T B R, XSS Wl R T
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LB 5 pH 19 Pearson AHXCHEMHT AT RDA S0 8150 E( 18 3) o LA 455 531 176 4
B RG R AR A A S RS IR R4 S — 80 o S WF TR FALES 27 o 110 7 v e kR 2 446
T AN pH R, R BT 254 A 49yt BRI D8] 2 550 S T RN FO000 S () 200 10 KB 1) B8 AR A 1 A7
(i, DR, A I T L T DR 4 2 2 TR A BT LR X pHL B 3 P G A, D AR &2
M EREE .

TR % B L8854 00 T ) PP X b 098 220 B R 9 2L B RN 85 40 TS A S (11 3) L R R X LA
PR, U IS [ e P A 0 ) - 8 LA R PR L A B 2 S, (H LR )4 2K A o B
pH. NO;-N 1 DON fAHXAE A FIN B EMAKT, X = REEMES AN T EEmE T, 5
TR 0 s AR G IR0 L B REVE 11 5 W) DR 2 1 3 60 SO AN pHL IO 258 AR — 80 . AN
KA, Shon 3 ama R, 54 BT 4 FE MRS, SR T H AN
BotE, — IR 13 pH oA T R Y RR AR T R C/N L, MR R PR
BRI R LB A FUA . U ARRIR T B 2R, X SR A MBI R g i —5 ", HAE NP gbB
BB EAKE. BT LR R R B I TR, X — KR FR 4 A B R Y,
TR C/N R A AE . A, 3P St S B R A I R &, SRR — T
T TR T R P OEREE Y S T PR AU BRI R U A X S 7 A Y TR S
1 o 3t B P Yo 4 e M Sy L AR L R A KR TR
4 &g

(1) 28t 40 AAEK J01 0 IR b 30 05 0 125 B - - 394 A0S ORI el 1 4 ik, WIS T H 8 pHL,
(A% 3 TC ISR AS 23

(2) A HI A BB F BB TREE ), K AR T X L B RS 2 A A S S

(3) KBRS B s T 28 L BRI RETR LA, BRAR T BB 2R, T L4 pH. NO; N Al
DON 2 LB RREVE 454 1 T B IR -

R Lk
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