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Abstract:  Objective Nitrifiers play an important role in the process of farmland soil nitrogen transformation. A study on the
distribution of nitrifying microorganisms in aggregates will help to reveal the interaction mechanism between soil structure,
microorganisms and soil nutrient cycling. Method The changes in soil aggregate properties and nitrification potential (Np) in
maize monoculture (M-M) and maize peanut rotation (M-P) were compared, and the abundance and community composition of
different nitrifying functional genes in soil aggregates were evaluated by quantitative PCR and high-throughput sequencing.

Result Compared with M-M, M-P significantly increased pH, NHI and total carbon (TC) in soil aggregates. M-P also
significantly enhanced Np, but the aggregate size had no significant effect on Np. The abundance of the AOB amoAd gene was
higher in M-P and also more abundant in smaller aggregates. The distribution pattern of AOA and comammox amoA genes was
opposite to that of AOB, indicating that AOB can better adapt to the micro-environment of smaller aggregates, while AOA and
comammox tended to dominate in larger aggregates. In addition, compared with M-M, the difference in AOA/AOB and
comammox/AOB ratio between M-P aggregates decreased, indicating that rotation promoted an even distribution of soil nitrifiers
among different aggregate sizes. By further analysis of the nitrifying community based on the 16S rRNA gene sequencing, the
results showed M-P increased the proportion of Nitrolancea-like NOB and Candidatus Nitrosocosmicus-like AOA, decreased the
proportion of Nitrospira-like NOB, and had no significant effect on AOB compositions. The aggregate size only had a significant
effect on the proportion of Nitrosospira-like AOB. NHI content and pH were the main factors affecting soil Np and the nitrifying
microbial community structure among soil aggregates. Np was positively correlated with AOB amoAd gene abundance and
negatively correlated with AOA amoA gene abundance. However, in terms of community composition, Nitrosospira-like AOB,
Candidatus Nitrosocosmicus-like AOA and Nitrospira-like NOB all showed positive correlations with Np. Conclusion Soil
aggregate size and cropping system can greatly affect the distribution of nitrifying microorganisms in soil aggregates. However,
nitrifying microorganisms have different adaptation mechanisms among aggregates. This study provides a theoretical support for
improving the ecological adaptation mechanism of soil nitrifying microorganisms in the micro-environments under
Gramineae-Legume rotation.

Key words: Soil aggregates; Nitrification; Gramineae-Legume rotation; Nitrification potential; Ammonia oxidizer
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RSN RE . WHE 2001 R0,
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Table 1

Soil aggregate properties under different cropping systems

At 77 = 1 HEH Rk Soil aggregate
b
Cropping HArt BRI A AR THAA
Size/ (mm) pH
system Proportion TC/ (g'kg") TN/ (gkg') NH,-N/ (mgkg"') NO-N/ (mgkg')
>2 16.5% 6.05+0.04bB 6.62+0.03dB 0.80+0.02bB 0.77+£0.06cB 8.89+0.04bA
2~1 31.1% 5.99+0.06bB 7.41+0.36¢B 0.75+0.09abB 1.18+0.09bB 9.17+0.06aB
M-M
1~0.25 40.5% 6.07+0.02bB 8.50+0.06aA 0.86+0.06abA 1.57+£0.02aB 8.50+0.01cB
<0.25 11.9% 6.14+0.03aB 8.27+0.03bA 0.88+0.04aA 1.56+0.11aB 7.25+0.57dA
>2 13.0% 6.77+£0.03aA 8.21+0.06aA 0.91+£0.01aA 2.91£0.23cA 7.33+0.04bB
2~1 22.3% 6.65+0.07bA 8.01+0.11bA 0.90+0.03aA 5.44+0.03aA 9.84+0.15aA
M-P
1~0.25 52.0% 6.45+0.01cA 8.14+0.02aB 0.90+0.01aA 5.26+£0.30aA 9.27+0.48aA
<0.25 12.7% 6.47+£0.02cA 8.23+0.05aA 0.79+0.01bB 4.29+0.18bA 7.42+0.11bA

e BRERNFHE + brifEZE (n=3). M-M fRE T KREME, M-P ARETRMELRE. RKEFRAFERRSFE TR Z 025 L
= NGFERARFRRRRZ MR T E. P<0.05. T, Note: Values were mean + standard deviation ( #=3) . M-M represents maize

monoculture, and M-P represents maize peanut rotation. Different capital letters in the same column represented a significant difference

between cropping systems, and different lowercase letters in the same column represented a significant difference among soil aggregate sizes

( P<0.05) . The same below.
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0.25 mm) P EBERH TR (2~1 mm F>2
mm ). $/E M-P L3 RIEHIEE N 19.46~
28.43 mgkg 'd”!, 7E 2~1 mm R K. WHAE
i Zohr (B 2) FRFPE 7 200 + s s 2 f
WERN, FRERAEXAER A RE, H

A OB ST (W NTE
23 TEARG EHEAMEDIEERNS S
A RAKF AOB amod HFEFE (K 2a) £ M-P
H IR AT M-M B3 (1~0.25 mm BR4N ), HAE
<0.25 mm KL% P ey, R AOB HTRERE N 45
INT BRI IR S . AOA amod 3EH (Kl 2b) 1E
M-M + 3 & m T M-P 3, HAEH RIE E oA
a5 AOB amod FEHKEAA R, 76> 2 mm kg
FEHECR e, R AOA T B IS 1 458 K T R AR 134
1315 . Comammox amod = (& 2¢) TEFFI+

http://pedologica.issas.ac.cn



6 4] SR A5 = PR 7 S P SR A v 18 A B X A D 2 i 1771

40
o C MM S: P=0.10
el
- I M-P C: P<0.01
2 5l Aab giC: p=0.06
B
&

S5 207

2%

g
s 10t
Q
=
.‘2‘
0
1~0.25 <0.25

FJ’( Size/mm

e C, FE A S, HIRMAKARM W ; CxS,
Tt 7 RAT R AR RLAR A BV . EPERUM, P<0.05, F
[il. Note: C, the effect of cropping system; S, the effect of
aggregate size; SXC, the effect of both cropping system and

aggregate size. Significant effects, P < 0.05. The same below.

P AR D7 20T 3 SR AR A A Ao 22 S
Fig. 1 Nitrification potentials within soil aggregates under different
cropping systems
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Fig.2 Abundance changes of nitrifying functional genes in different soil aggregate sizes
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Fig.3 amoA gene ratios of different ammonia-oxidizing groups in different soil aggregate sizes

24 TEABRGUHRSHILBEDIGEERERE

B AL iE M KB

WA amod FEDR = REAE AR IRIRI R 43041, 32
USSR ZUGEN (R 2 ) TEAR[ERI A RIRIE],
FEAMEY S, AOB amod RHFERES pH, TC
M ONH, FRBETHE, 5 NO, &/ B Mk,
AOA 5 AOB W 5¢ 2 A0 , H: amod B 5 pH.
TC I NH, &3 28 8 3% A5G i Comammox
amod F:HEEE TC BEHMAK, X+ NOB,
PRI pH. NH, Fl NO, & i, 24k i 35 A%
nxrB B FRE, IFH, HF—20 00 g T K
AL A W 5 P SR AR AL T A ] AR DG R B, pH
FI NH, 755 2 5 0 A R AR AL Ny B BB ER

(P<0.01, 435124 0.800 1 0.889 ), TN JRX} Np £7
TEBEM I (r = 0.485), ML H AOB
amod FEHFE 5 N, B EIEMHE (r=0.588), AOA
amod FHFEEE Np BEHMAKE (r = -0.686),
Comammox amoA F&[H 5 Np ANF7E i 2 MO HK
25 TEARGCURSEEAREYEZARDN
KB

X} 24 PR AK DNA FE S EAT s sy, 4
AT 16S IRNA FERFFHIZ) 111.8 Ji 5%, XA FE
M2 4.66 J1 4%, WHALTAE DR AEXT EEE 2 R
1.02% (473 %4/#¢), Hrf, AOA. AOB F1 NOB
SESRR XS BE 4R R 0.51% (239 45/8F ). 0.08%( 36
Z5/KE ) F10.43% (199 £5/8F ),

®2 TEARKENMR. FEAHEYDRERFEURBLES ZERIBXSH

Table 2 Correlation analysis between soil properties, nitrifying functional gene abundances and nitrification potential

FE4F Index flfb A Nitrifier

+ BEFI T K Soil aggregate

+ _

pH TC TN NH, NO, TR AR (Np)

AOB amoA 0.548%* 0.480% 0.150 0.513*  —0.425* 0.588%*

S E S AOA amod —0.576%%  —0.742%*  —0.324 —0.754%* 0.086 ~0.686**
Gene abundance Comammox amod  —0.037 ~0.730%*  —0.263 ~0.301 ~0.018 -0.330

NOB nxrB —0.558%* 0.020 -0.325 —0.660%*  —0.697%* —0.687**

amod 3P = B Al AOA/AOB —0.693%*  —0.777**  —0.451* —0.779%* 0.250 —0.794%*

Ratio of amoA gene Comammox/AOB  —0.354 —0.824%*  —0.335 —0.583%* 0.177 —0.690%*
abundance Comammox/AOA 0.677%* 0.157 0.108 0.558%*  —0.258 0.441
IR (Np) 0.800%* 0.412 0.485% 0.889%* 0.207 1.000

7. Pearson BB B EFEM K, n=24; *, P<0.05; **, P<0.01, Note: Pearson’s two-tailed ¢ test, n=24; *,

P<0.05; **, P<0.01.
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Fig. 4 Nitrifying community structures based on 16S rRNA genes (a) and their correlation with soil properties and nitrification potential by

heatmap analysis (b )
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Table 3 Results (P values) of a two-way ANOVA analysis for the

effects of cropping system and soil aggregate size on dominant
phylotypes of AOA, AOB and NOB

ki) J@AK 32
C S CxS
Nitrifier At the genus level
Candidatus
AOA 0.001* 0.055 0.319
Nitrosocosmicus
Candidatus
0.481 0.947 0.374
Nitrososphaera
Norank_f
0.359  0.323 0.263
Nitrososphaeraceae
AOB Nitrosospira 0.067  0.042* 0.237
Nitrosomonas 0.053 0.261 0.261
NOB Nitrospira 0.027* 0.150  0.425
Nitrolancea 0.000* 0.543 0.833
*  P<0.05.

KA, i AR U A N —Fh G
BHEY), Bz TR, £, RA4E, BeeIInEY
PR, AR BeEAR AP SErA
W —8, ARG RE RS EKEE (M-M)
to, FoR/AEERAE (M-P) RS M e+ KA
Bk pH. NH, I TC &,

[, AE1ERE 30 o MY AR ) 4 B 2 T fin 2 4%
(BT T, $2 M IR YRR 2 R X T
LA s, ffF M-P #£5 T RAE&H AOB
amoA FEHFFE, MFEKT AOA amod FEHFJE,
FEOUASRL AT SRR - AOA/AOB F1 Comammox/
AOB A 1Y 22 780N, RUTASAEAL A IR LA
W AERL IR IR () S0 A5 ST AN E 50 . A S I O A R
AE I A REe 5 m AL 40 R B . i — DTSR R
e AKX - 48 P SR A v i A TR R Vs AL LA T 4 AT
g5 W WK AEH ® T Nitrolancea J& NOB il
Candidatus Nitrosocosmicus J& AOA L], FEAR T
Nitrospira J& NOB 1 L3 , X} AOB £ J& JC Itk 3 52l
AN, M-M 558 P SR A A il A T 58 i IR T M-P
+HE, R M-P LIEEACTE R R . AT, FRAE TS
O - AT R AR TR IR DL . AR e DL e A A
P TR, AR GERAET T ivE
W A A N P R T SRR

Mo FR R RIS i s, B ER RS
1 AOB Fll AOA amoA FEH £ FBEE A2 3 £
FRIRBEIN Z e 15 26 Hodh ) pH Al NH, Jt ol 56
ST ARBIFST IRV R BRAE ORI A R A4 pH 5
NH, & B EEAHE(r=0.62, P<0.01), % AOA
1 AOB £ B AL =4 T W E 5, P& 5 R
& AOB amod FEHFEFEIEM K, 5 AOA amod F[H
FEREEMAE, W AOA il AOB HAT AN[H A E i
KARPIF I RE S . 82098 B Ll S I e ol it
T AOA PREAER ;T 7E & B ml b M-k 1 48
H, AOB B LA K HED 27 sl ad A= 5 554, AOB
Ml AOA TERIRIE 1B A T 45 A bR A i ok,
AOB {1 5 7F NH, & A0 | B B K A i A
BIK (<025 mm) L, i AOA U7E NH, & 4%
MIREIRME (>2 mm) HREHEEERRH, AL,
TC 115 AOA Hl AOB amod K:[H FJi i 3 (P <
0.05), — Al GEH T TC W 1L BEMS I fin 4 33l F]
FI NH /E RS ARIR Y , MRl A A K
J—JH TC WReMEH 2 T HRBUR A EFREKNA
AT REXT B VR T >R 28 I R AA T Comammox BES
5 AOB Fll AOA 47, H5 AOA A= Ay AH
L, RWIPIE R E SR TR g™,

Zhang ZEPIR X} Bk (pH 6.3) IR RUEFTHE
7%, KB TN I C/N GBS m & A AL E Y+ 14,
fHoRNS pH HI NH,HE TR . Han Z500% BL7E R 1k
(pH 5.7) M M +3EHI RIAT NH, 5 AOB A
AOA amoA B:FFFEEA X, {H TN Fl TC Xf amoA
SR 2 AR A BT B T ONH,, KX R {& pH
PEAFRGEI . Jiang 45 PTG It IR A B R iR E (pH
4.62~6.79 ) A +HEHATHIGE, KL TC Hl pH 43
IR A SRR I AOA I AOB = B Fil j 32 22 A
#. Li PR P 3 (pH > 8) v, ARIAKL
B AOA Fl AOB amod H:PH £ 57254k 1 AR [F]
HEE T RrORE, TN, SOC Ml NO; 5 AOA Ff%
ZH A OCHE, T pH A SOC /&5 AOB RV 1)
FERE. RILATOL, A Y 7E AR Aok 2% )
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ZNRILFEER, 5 AR BRI 5% A 1T 55
o1 T B A S AR A0 5 O ik B = G —bRifE, hE
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7 P R AR TR IR 58 1 73 S AL A RR R AAZ I
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