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Effects of Long-term Different N Application Rates on Aggregate Distribution
and Fungal Community Composition in Fluvo-aquic Soil

GUO Wei" %, ZHOU Yunpeng' 2, CHEN Meigi" ?, LI Dandan', WANG Qingxia' %, MA Donghao', ZHAO Bingzi'*'

(1. State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. University of Chinese Academy of Sciences, Nanjing, Nanjing
211135, China)

Abstract:  Objective The aggregate distribution, the composition of the fungal community, and the production of biological
binding agents can be significantly changed by different nitrogen (N) application rates. However, whether there is a correlation
between these properties remains unclear. ~ Method A 16-year field experiment located in Fengqiu Agro-ecological National
Experimental Station was used as the research platform, and this included five levels of N application rates, i.e. (1) FO: 0, (2) F1:
150 kg-hm ™2, (3) F2: 190 kg-hm ™, (4) F3: 230 kg-hm™, and (5) F4: 270 kg-hm™. The effects of different N application rates on
water-stable aggregate distribution (>2 000 pm, 2 000-250 pum, 250-53 um and <53 pm) were explored, and the correlation
between aggregate distribution and the major biological binding agents (glomalin-related soil proteins (GRSP) and microbial
biomass carbon (MBC)) and soil fungal community was studied. ~ Result The soil aggregate distribution and fungal community
composition were divided into three significantly different groups: FO, F1 and F2, F3 and F4, respectively. The results showed
that: (1) F1 and F2 treatments had the highest mean weight diameter of soil aggregates and significantly increased the proportion
of >2 000 pm aggregates and this was mainly related to the enrichment of Pyrenochaetopsis; (2) F1 and F2, F3 and F4 treatments
all increased the proportion of 2 000-250 pm aggregates, while they significantly decreased the proportion of <53 um aggregates.
The increase of the proportion of 2 000-250 um aggregates was significantly positively correlated with the ratio of easily
extractable glomalin-related soil proteins to total glomalin-related soil proteins (EE-GRSP/T-GRSP) and easily extractable
glomalin-related soil proteins (EE-GRSP). However, it was significantly negatively correlated with the relative abundance of
Didymella and Mortierella. The decrease of the proportion of <53 um aggregates was significantly positively correlated with the
relative abundance of Mortierella, Phlebia, Melanospora, Fusicolla, Podospora and Didymella, but significantly negatively
correlated with EE-GRSP and/or the relative abundance of Acremonium, Scytalidium and Exophiala, EE-GRSP/T-GRSP and
MBC. Conclusion The variation of soil aggregate stability was affected by the level of N application. Also, the stability of soil
aggregates under N application rates of 150 kg-hm ™ and 190 kg-hm? was higher than that under N application rates of 230
kg'hm? and 270 kg-hm %, which was significantly correlated with the changes in fungal community composition and biological
binding agents under different N application rates.

Key words: Long-term experiment; Nitrogen application rates; Aggregate stability; Biological binding agents; Fungal community
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JIFNREAR LT b, AT (K 23 3% 23 B4 A
FREAL, ehh, PR R AR P A 1 v 6 7T iR A1
PR R A HLBR AT AL, i v PSR A o B HL Al
FURBY, ARG R 53 1 R e A BB DL i LR
TR AL Ty, (R A K R T Rt

LI P R R B AR E F2 R i L A
Yy A LSRN A Yy 1a] S 2% AR AR T SE B, e

T R A S A R AR T BR A AR IR 2 2 — 1,
AR AR 0 A 398 AT [T 3R R 4 e A SR A R 1 T kS
EEEEH. SHEML, BERERARRIERS %
HEHETREREMERY, BRI 655 1E L
FCECTR TR 22 MR AN AR M gE SeVE L, nl AT R b fif
TR R LSS, BRI RN, Six R
P 22 S ARES AR 3E T KF 2 000 pm R K1Y
Bk, wAMEVEN, BREFEEMLLEEA
( GRSP) FfdEY EYidk (MBC) JEfR451EH
E AV, BTSRRI R AR
S A AH OGP . GRSP J& —Fi i AR AR FL TR ( AMF )
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P B G ERE R, 20T Dok 35 ok R
HTE—RNEEH . GRSP Al AT AR HE+
BER R AFEE . (1) GRSP 1EML A AR PR 2 18]
PEATRLEE; (2) 78 GRSP 520 R P= A 16 T ALk
B (AEsh B ) REMARA; (3) ARHZ
FFH YR R 456 MIA R IEE KA R K G, i
GRSP 3% 12 K A1 58 % PR 355 11 1) B e A P SR 44k
(4) 1E KA R FIE W GRSP {2 ®, — gt =,
T3 5y PR Ok B A FAH O T 1 ( EE-GRSP)
B H 5 BERERT A OC 38 19 Hu{E ( EE-GRSP/
T-GRSP) 5+ BARR M G =, 78—
FREE L] R WO b R e 8 E A X R E A 20
DA e A e IS AT MR T ) BR A ). MIBC J2: 3
A Y, R EEEE R T S, el
S REEE R, AT E A W B S R 2
FER R RO R e v b B4R ) (B B R R A
LRI I 235 9 5 P9 A A D 8 S A A

REEY A KT LT REIFRICE, it Z e
P R e PR R A s KRR
S BRI T A A 5 ) I i 2 I it K S
S, Bl Tang SRS, RIR A ZUIE AN &=
XiF B VR ZREVEAR AR BB R s Tong 250135 H 4
JE it A3 2 T e R B iR Ak . kAR Ak . 3R
RATFIVEYIR FE, WX+ 39 558 2 R = A= f i
FEMR ; Lu Z502HE O R0 S i B AR R,
W45 I P A o (RS TR) RUBE GG FF 45 14 F BCIE VR 41
RS 45 4 I % e A8 A 5 A R A R AR 4 A 2 R] 1)
KR MATERE

O R TR E AR 25 X R
PRI, MR LR, SRR AR AN G B Y i I
T A HESE R IR AL B KBS, A0 haE SR AR P R Y
PETH R A R B3R A 2 . A
FIFHRCRRAR, SOm R & TR = g e . (HE
HAS ()it 2K 1 an ey 52 g PR SR AR A B S TR VR 5
JI 485 40 5 O VB F AL AR 1 AN T 4 o AR F 9 A6 A T
(PR a0 AN o RN I BN S 0 S A = S
T 5 ANEEACE T S KR R AR 22 573 K
L5 R A W I S5 0 A L DA R O Z IR AH DG, F2 %2
Hra$s: (1) BI6H RN E F A B X) £ e A 3R Ak 4]
B RSP B R EL RIS AL, (2) 42
Fi; - 19 A1 3R A 2 A 55 e 65 0y o R L R AR 5 4L R 2 1)
INTER R o

1 MRSk

1.1 ARXER

AR U, TR g 48 8 & 1l 3 e B v R 2
e Rl AR S S28e 0, (35°01'N, 114°24'E) NF
BIFRE , 1% XS 2 52 0 10 B U 2 KUk
AEEENRIE 13.9C, Z4E BN E YY) 615 mm, 78
KEY 1875 mm, 44 H A% 2 300~2 500 h,
12 DI 3 Ry B e B R TR A SR
i O 1 = 8 Y8 R s R U iE e i
1.2 K5git

AR AR E AR (4R 2005 4F ), RE
5 AT AEOKE, BNEAEY 4 B 0. 150, 190,
230 #1270 kg-hm ™, FAMEAEK & 3 ANEE, /N
XBEHLHES], MA/NX AR 48 m® (8 mx6 m ),
KR 2w, +4 (0~30cm) HALPEF . pH
8.28, AMLEK 5.92 gkg', &A 057 gkg', 4W
0.76 g'kg ', 40 21.2 gkg', BHf#A 45.7 mgkg ',
B 5.75 mgkg ', A 120.0 mgkg .

YEDFIAE 7 20 B BRI NZ e, fEY i
LERATEWOR G B bR . FORMFOAABR 958, /NEE
mn AR AZ 9023, AL HIRE (N 46.3%), 41
BENE A AT Ut KR 60% Ry BLjifi , HAr 40%
F RN IE BRI ;. /NEE 2 40% it
HAx 60% TR WIME MIB AL . B0 K 83 B R
55 (45 P05 46.1% ) 80 kg-hm 2, HRAC MERIRA (&
K50 49.6% )200 kg-hm >, i AT FER AR 1 b UIE 2Lt
INFE B RS A TTE I, T oK 2B A A TG R Y
&R AR T 20 mm B R4 TVEE .
1.3 HFmRESWE

+IERES T 2020 4F 10 A Tk e R4 . A
A/NXAFHT S BERAEREE 0~20 em T4 1RG5
Ay, — B TS T S AR o R 2
Py, —H oA T —20°CTF T I0 1 498
DR EER. MiEMEAENR . ATEER LA AR
VA R, — O AAET-80C T T L1
DNA #2H, /DX /MR REE 0~20 cm +
JEIEOR SRR, S AR MR R T 8 mm
i, RBRVEVR RS ST, T 1A
R

TG MR (SOC), 2% (TN), 28 (TP ).
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2 (TK), AR (AHN), A% ( NO;-N),
BASA (NHE-N). I3 (AP). BE (AK).
pH AL T3 (EC) RAF M ykmz", +ien]
wrEA LK (DOC) KAlEPEAHLA (DON) R H
Multi C/N 538742 ( Analytik Jena, Multi3100, fE[F )
T E

+ 35 AT R AR 2R Elliott! AGIRIRvE .l
LU 2 000, 250 F1 53 um A4 A1 8 4& [ 50
TAGHEAT A%, K 60 g TIERENE T H L2
2000 pm §ii b, PEDLRER B ZE K I 5 min,
LI 3 em $EME . 2 min P 50 AR IEAT RS,
QR T % N i B W i ol W L w353 [ R
EWSCHREME ST, 5FKT 2000 um, 2 000~
250 pum il 250~53 wm K g AR, K DT T
T HERE A TE 1 250xg T .0 30 min, HE]/NF
53 um BB KDL AR R AT R IR T 60°C LT
JERRE, FHEEER (MWD) HEARNT.

MWD =3" X, x,

Ko, W R | AR A AR ST IT  H AR L X
TR | R RIRA P EAR, mm,

PREEFGRM A HIEE N (GRSP) MM R H
Wright #il Upadhyaya ") 05 3 - R VE B . 5 L
BRYEFF R MK T 3EE A (EE-GRSP) 4R BT %0
BT g 2 mm G B9 KT 8 F O A 8 mL
) 20 mmol-L™" (pH 7.0) AIFFEERR NIRRT, =)k
K 60 min (121°C) J&, T 10 000xg .01 F B
O 6 min, Y LI, BERBEHEZEMCHEEA
( T-GRSP) B4R W1 g i 2 mm i 59 KT
+TFELE ., A 8mL B 50 mmol- L™ ( pH 8.0)
FIRF I RANIZ HE I, & K 60 min (121°C) J&,
F 10 000xg LN N EL 6 min, W RIHR, &
PRI 5 W DAAE I8 A e, 2% B s
WL E bR LW M, SR13 EE-GRSP
Fl T-GRSP ik, MEFEHUIKZER R AHC HEE N
( DE-GRSP )% &}y T-GRSP 5 EE-GRSP &2 2%,
R Y E R (MBC ) SR AT B2k kAT
SRR 2
1.4 TEDNARNSFEENRF

+ 1% DNA {ii Ff| Fast DNA Spin Kit for Soil ( MP

Biomedicals, Santa Ana, CA, FE[E ) {7 &, W
VLI HBHEAEM 0.50 g & + 42 B, ffi i NanoDrop™
1000 43 ¢ % T ( Thermo Fisher Scientific ,
Waltham, MA, 3E[& ) Jll& DNA ZEREFIHKE . fif
FH51¥) ITSSF (5'- GGAAGTAAAAGTCGTAACAA
GG-3') /ITSIR (5'- GCTGCGTTCTTCATCGATGC-
3') PEATEE PCR 4§71, PCR ¥ HF&MH 98<C
5 min, 25 PMEI(98C 305,53°C 305s,72°C 455s),
ZJ5 72°C 5 min, B VAHTSTM DNA
Clean Beads ( Vazyme, F§ut) il & raifb.
AFEFEAL ) PCR 38 =W BRI B )5, R
Illumina MiSeq Ml AL AT 2 51 43 A ( 4T LR 7%
VAR A A R "I AE ). {1 QIIME( 1.91)
FBRAR T 7 91 0T A% 8 RS 2 ( Ribosomal
Database Project ) KFRiAIA, Fm ity 5 4d H
Uparse #HLL 97%AHALEE 4] 53 J5 2k H Blast J5 ik LA
B4 %08 )% ( Unite Database ) PEAT ELIH TR
1.5 #HBESZitHH

R R 4.2.1 B AFH) vegan fl #EAT 32 AL bR 43 H7
( Principal co-ordinates analysis, PCoA ) FITUA
#1 ( Redundancy analysis, RDA ); ffi & £ 0
)7 2253 Fr ( Permutational multivariate analysis of
variance, PERMANOVA ) | Wi 4[] &b 3 1] 4 4 ¥
VAE VR 45 A0 Y 25 S B SRR R OUR O A
( Monte Carlo permutation test, 999 permutatio-ns )
XoF 5 W -1 M U DA A Vi 2 4 Y - S AP T R AT
EVER

i1} SPSS 26.0 #RAF#EAT B 2 J5 2 43 1T FlAH
KarAr, B E RS (Duncan’s new multiple
range test ) FEATFI(E W EME L E L (P <0.05),
ffiFl Microsoft Excel 2019, Origin 2021 F1 R 4.2.1
AT R R A B A A

2 4 R

21 KEAEERKETHIEERELER
5 FO AL BRAHLL, F1. F2. F3 Hl F4 £ 34 SOC
M TN &EBETE (P<0.05), 554 0
20.26%F1 32.90%, T1fii AP Fl AK & B3 A%, F
B AR 55.33%F1 40.60%, {H2 iR IIASZ%
FE F1, F2. F3 fil F4 RbP 2 o) JC & A5k (1),
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B AE R A3, 56 pH A RAES, H
{UH F4 4bBR R EMLT FO 4bEE; 1 NO;-N, DON
M EC & Tt s (HUA F4 bR % 5T Fo

AR DOC &1 B 1 =5 & 476 F1 AT F2 Ab 3,
A FO AP 23800 23.27%., +5E TP, TK. AHN

HINH -N &5t 76 A0 B 8] G 3% 284k (P>0.05 ),

F1 TELELIREBUMER
Table 1 Soil physicochemical properties under different treatments
NOj3 -N/
AL B Treatment pH SOC/ (gkg') TN/ (gkg') TP/ (gkg') TK/ (gkg') AHN/(mgkg')
(mgkg™)
FO 8.51+0.02a 6.31+0.17b 0.58+0.03b 1.2240.05a 12.26+0.52a 41.78+6.85a 1.65+0.06b
F1 8.40+0.02ab 7.40+0.13a 0.72+0.02a 1.114+0.05a 11.93+0.53a 32.72+8.34a 2.58+0.18b
F2 8.34+0.09ab 7.45+0.25a 0.76+0.03a 1.02+0.09a 12.00+0.37a 44.02+21.86a 5.63+2.72ab
F3 8.30+0.08ab 7.97+0.24a 0.79+0.00a 1.21£0.06a 12.35+0.25a 51.634+21.40a 6.46+2.61ab
F4 8.19+0.10b 7.53+0.45a 0.79+0.03a 1.04+0.05a 12.24+0.28a 40.37+6.69a 11.35+4.73a
NHj -N/
Ab P Treatment AP/ (mgkg') AK/ (mgkg') EC/ (uS-em') DOC/ (mgkg')DON/(mgkg')
(mgkg™)
FO 0.27+0.18a 27.22+4.53a 313.83+11.02a 95.98+2.88b 31.09+0.40b 2.73+£0.21b
F1 0.25+0.07a 13.51£2.36b  201.04+12.87b  98.49+0.50b 38.84+3.40a 5.85+0.99ab
F2 0.25+0.09a 13.39+2.84b 190.73+£17.47b  119.83+£14.48ab  37.80+1.57a 15.34+9.02ab
F3 0.18+0.10a 10.67+0.86b 192.67+16.44b  117.57+13.85ab  36.12+1.98ab  19.54+10.44ab
F4 0.22+0.11a 11.05+2.05b 161.30+7.65b 151.73+30.79a 36.88+2.12ab  38.22+19.32a

. SOC: HHEAMLE; TN: &% TP. &Wf; TK. &4,

AHN: Bif%%; NO3-N: FHA&Z; NHj -N: #&%; AP: A

B ; AK: HELHET; EC: HLSR; DOC: nI¥EPEAHLE; DON: nEMEA ML . RPEIENFEARER (n=3), R—3IRRE/N
B R AN A AbFR ] 2% 5 3 (P <0.05 ). FO: jifi% 0 kgrhm ?; F1: fti%( 150 kg-hm 25 F2: Jiti%& 190 kg-hm2; F3. Jiti%& 230 kg-hm ?;

F4: Jiti% 270 kg-hm *. F [, Note: SOC: Soil organic carbon; TN: Total nitrogen; TP: Total phosphorus; TK: Total potassium;

AHN: Alkali-hydrolyzable nitrogen; NO3-N: Nitrate; NHj -N: Ammonium; AP: Available phosphorus; AK: Available potassium;

EC: Electrical conductivity; DOC: Dissolved organic carbon; DON: Dissolved organic nitrogen. The data in the table are of means +

standard deviation( n=3 ). Different letters in the same column indicate a significant difference between treatments( P < 0.05). F0: 0 kg-hm >

N; Fl1: 150kghm?N; F2: 190 kg-hm? N;

22 KEHAEERKETHLERAREAER. T
WEEEZRRKEMR

R ATE F1 5 F2 AbBREZEL. F3 FI F4
AbHEIERL (K 1a). 5 FO AbHAH L, FI1 A F2 4b
PR F IR T 2 000 wm F1 2 000~250 wm B4
Jo i LB T RN T 53 wm KBRS LU
F3 Fil F4 4bBH 3140 2 000~250 pm [ B4 T &
Fe i, S AR/ T 53 wm R AR B HL A

5 A RARTEA ] 2 8] (4 o A #a AL, ~F3
FEES (MWD) 78 F1 #il F2 AbBfEZSL . F3 A
F4 AhBEE 2L (& 1b). 5 FO Zb3EAHEL, F1 Fil F2
AbH Y MWD SE-3438 1 25.60%, 1 F3 I F4 4K

F3: 230 kg:hm*> N;

F4: 270 kg:hm * N. The same as below.

MWD 5 FO &b 3 2 [ J¢ i 2% 281k .
i1 2 Al 1, EE-GRSP fil MBC & 78 F1.F2,
F3 I F4 AbRH[H) T 1 35 22 5%, (H 5 FO Ab3AHLL, F1 .
F2 .F3 #il F4 kb B EE-GRSP 7 & V- Y34 1 25.44%,
MBC & F¥#n 36.80% . L4 F2 A HAY
DE-GRSP #il T-GRSP ¥ &t 5 FO Al F1 4bBH2EAL, {2
BEKT F3 Fl F4 4b# . EE-GRSP/T-GRSP N £ #
AE F2 b B rp g
23 TEERSEREARRSIEBUERNXR
FLIE ITS i 5 05 7 90 22 Wy b e g I VA s
T 17407, 444049, 100 41~H, 180 DFFFI 268 4~
Ja o I 2 WA, A4 B ELHE PSR 1Y O T
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>2000 pm
2 250~53 um

k \\b“\ RES \ \

2.000~250 pm
<53 um

o SO R
g SO
SZ ooff SO 5 10 I I s
£ ] [ ] R pan
=5 o] fnng fng |
8| By S A
< b 7 //% ;/ S
) 4 17 ) )

A B B A A R A

0 £ ks s s

FO F1 F2 F3 F4
AbFRTreatment

by 15p-
a
12k I
£ w |1
a + b
Z ool ©° b
S 09— I T
& 1
=
Ha?+‘0‘6'
;F_{'
H_
03F
0.0

FO F1 F2 F3 F4
Qb ¥R Treatment

e AR E B IR ZE L R ER, ARG RS R A RO [R] A R R) 1) 25 57 & 3% (P <0.05 ). Note: The error lines on the bars

in panels a and b are standard errors. Different letters indicate a significant difference between treatments ( P<0.05) .

K1 RKIPREGE UK T IR g AT R AR B L] () RSP HE & AR (D)

Fig. 1 The mass proportion ( a) and mean weight diameter of soil aggregates ( b ) under long-term different N application rates

#2 KYPFRRERAKTETHLEREMR

Table 2 Effects of long-term different N application rates on soil binding agents

Qb GRSP

MBC/ (mgkg™)

Treatment EE-GRSP/ (gkg™!) DE-GRSP/ (gkg')  T-GRSP/ (gkg') EE-GRSP/T-GRSP
FO 0.361+0.008b 0.466+0.020ab 0.827+0.015b 0.437+0.016b 94.24+1.81b
Fl 0.438+0.0252a 0.480:£0.020ab 0.918+0.041ab 0.477£0.010ab 132.24+10.24a
F2 0.461+0.009a 0.435+0.017b 0.896+0.021b 0.515+0.009a 131.2147.19a
F3 0.456+0.016a 0.525+0.014a 0.981+0.0052 0.465+0.015b 125.70+5.07a
F4 0.456+0.0052 0.496+0.023a 0.952+0.028ab 0.480+0.009ab 126.55+4.72a

¥ : GRSP: BREHF MK L IEE M ; EE-GRSP: Sk #HFE A X L IEHR M ; DE-GRSP: MEfEHBk#E M HIEFE A,
T-GRSP: S BR#ERE EMC L EH 4 ; EE-GRSP/T-GRSP: B RHURBEHE ZMC LIRS BRREHE RN L EWHAMLME; MBC:

WA Y EK ., TR, Note: GRSP: Glomalin-related soil proteins;
T-GRSP: Total glomalin-related soil proteins; EE-GRSP/T-GRSP: The

DE-GRSP: Difficultly extractable glomalin-related soil proteins;

EE-GRSP: Easily extractable glomalin-related soil proteins;

ratio of easily extractable glomalin-related soil proteins to total glomalin-related soil proteins; MBC: Microbial biomass carbon. The same as

below.

K] ( Ascomycota ), HAHXIFERE R 75.40%, HAy
FFERER T 19091 ) EZAHT AT K Basidiomycota )
#eFtEE ) Mortierellomycota JFIFEZE[ ( Mucoromycota ),
AR BESP R 4.57% . 3.16%F1 2.27%. I % Jifi A
HEKE I, TR AR X RN T R,
5 Fo fbFEAH L, F1. F2. F3 I F4 Ab3 )+ 5
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Fig. 3 Principal co-ordinate analysis( PCoA )of soil fungal communities under different N application rates( a )and redundancy analysis( RDA )

of soil fungal community composition and physicochemical properties (b )
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Fig. 4 Differences in the relative abundance of soil fungi at the genus level under long-term different N application
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