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TG AL - HE AU (N) DGR 7 A Al i A TH 60 22 5620 FE I B T % MU AE ( NPK) | AR AR i ( NPKR) | AR AR Ik i i
JREAS AT (NPKRS) | ARACE A BC it A HLAE (NPKRO) | fh A0 Ik 2t i it S FF A1 G LR (NPKROS ) 26 5 Ffie A A B, SR FH 2 B 52
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Impacts of Cb-appllcatlon of Che’mréal Fertilizer Reductlon Jand Organic- Materlal
Amendment On Fluvo-aquic Sml Mlcroblal N-cycling Fu.ﬁctlonal Gene Abundances and

-

N-conyerting Genetlc Potentlals in Nhrthern China

LI Shgng -juin ) HU He, LI Gang™, WANG Ru1 ZHAO Jian# ping, ZHANG Gui-long, XIU Wei-ming *
( Agro-Enyironmental Protettlon Institute, Ministry of Agmuhure and Rural A:ffalrs Tianjin 300191, China)

Abstract; The emerging environment-associated issues due to the overuse of i inorganic fertilizers in agricultural production are of global concern despite the benefit of high
yields. Beo-friendly organic materials with the capability to fertilize soil are encouraged to partially replace mineral fertilizer. The N cycle conducted by soil microorganisms is
the most important biogeochemical process, dictating the N bioavailability in farmland ecosystems; however, little is known about how organic material amendment affects soil
microbial N cycling under chemical fertilizer reduction. Hence, a fixed field trial with five fertilization practices was implemented to experimentally alter microorganisms
essential for the soil N cycle, including conventional chemical fertilization (NPK), reduced chemical fertilization (NPKR), reduced chemical fertilization plus straw
(NPKRS) , reduced chemical fertilization plus organic fertilizer (NPKRO) , and reduced chemical fertilization plus organic fertilizer and straw (NPKROS). The microbial N-
cycling gene abundances and associated N-converting genetic potentials were evaluated using real-time quantitative PCR. In comparison to conventional chemical fertilization
(NPK), organic addition significantly increased the amounts of heterotrophic microbes involved in organic N decomposition, N fixation, and N reduction; however, it reduced
autotrophic microbes performing ammonia oxidization. Consequently, the overall proportion of heterotrophic microbes was remarkably enhanced, and the autotrophic proportion
was correspondingly lowered. The fertilization practice shift significantly improved N fixation and gaseous N emission potentials, whereas it suppressed NO;™ leaching potential.
A significant discrepancy among five fertilization treatments was observed based on functional gene abundances (PERMANOVA, P =0.002) ,as revealed by distance-based
redundancy analysis (db-RDA), with NH," as the dominant factor. Organic fertilizer addition was beneficial for heterotrophic N functional microorganisms, with simultaneous
input of straw augmenting such an effect. Pearson’s correlation analysis revealed that N storage and gaseous N emission potentials were both substantially negatively correlated
with NH," ; NO; leaching potential was notably negatively associated with SOC and TN but significantly related to NH,". In conclusion, chemical fertilizer reduction
combined with organic material amendments, a main fertilization recommendation, may enhance soil N storage, diminish N loss by leaching, and mitigate the environmental
risk of N,0 emission. This deserves attention considering that healthy and sustainable agricultural soil environment can be cultivated from the view of microbial N-cycling.

Key words: chemical fertilizer reduction; organic material ; N-cycling functional microorganism; abundance; nitrogen-converting genetic potential ; wheat-maize rotation system
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Srlf, AR 50— & R R

=l A AL B M B ( ammonia-oxidizing
bacteria and archa.ea ,AOB H1 AOA) X 3y, FHA= ¥ hr
BN amoA FHT W ANFRERIE I NO f i 7
FEH nirk A nirS B R LA A T B R
NO B JFEN,0 , R A N 45 26 Fi 2 A
T AR R T IR SY & B nirK SR ) B
WTE b R Ak B b TR RE k4R R OC B AR
FAP2 28 nosZ JE IR Y 40 TR BE 05 K5 NLO IE RN
N,, ARG K EWfhinosZ 1 Mnosz 11 32 4~ 1k
e, X6 F Uk N OHE il 28 6

YT NG RE AR Yy nY 2 A ST
HH ] 5 AR 40 4R 9 /N 22 - B R AR AR B2 R f6 I o
G A HLYPEHES IS IR ) N AR 25 2 AR Ak A
TR N FeAbs 608 Iy w52, JF U 5 1 e ik
B O FR . ZEF B Ol T IE it 2 s/
AHEHEA 5 N BRIBHICHY chid F1 nifH H P
FESG I, BEMTHETE N APAE T 5 QamoA K F 2 [H]
AN P80 A RE B AR BTG SR U808 T FAEAIR, 350 NOy
WA TR, @ TE S FRAEN, AE AR
ik SEPULL I AT B mirS 35 8L HE 2 AT BLARH A9
PRI K 1 5m A8 N R, WA E

5 B NLO I8 JE A1 B (1 nosZ 55 PR =F JiE 4 45 Jr 412
T AWTTE U O A B Dol et 4565 HILYPRLER Jinoxs £
SRR N A A SR ) 9 7 A 2 5 R B BB Y
ULAFE I H oA S 2 A bR il BT i S e 28 ) 2
Tl AT Rp 2 K e FR AR AR S 4.

1 HHSTE

1.1 AR5 XS Sk ket

AR FEAT BT A AT B LRI Wil fie
TRIR ARl A P T R T X (117°43'E,
39°28'N) , J& T HLAY By Iy KBl 2 KA fe | 3382k
RUA A BEVE 7 ORI - R, ARG T
2015 4F 10 A, L4145 5 Fhoab B, O % B i AR
(NPK) , [FIBHE A0 R QISR (NPKR) ; @1k
RS AT (NPKRS ) 5 @G ik AL A HLAE
(NPKRO ) ; ® fb JIE Wk it i it 5 #F A4 AL 10
(NPKROS). £ 2b#(22 m x 22 m) 1% FREALIX 41 1%
T th AN TR K A 5 1 WA 360 1
U, DRI A 1 T A A0 S 2 K T Rt
BAEEIHR 200 kg-hmi® (BA N 1) | 187.5 kgehm ~°
(L4 PO, H)M 63 kegghm?® (1L K,0 ) , ik it
B P A 4% 140 kgehn > (BA N $F) 131,95
kg-hm'z(.u‘.ff'zo5 FYF144.1 ke-hm 2 (L1 K0 ).
Frit FHAERE ATCHLIE G B | IR &R | 2 B IR 45 A1
1B, 60% HYEUE (JCHLE B AR ) LI K 4 it i HE A4
NEAE R BENE T/ N2 T F KRB RIS, 0T 40% 1Y A
NE(PRZR) VE R38N T /N 22 1) 1 10 0 6 K A 445 10
TR 45 18 24 Mo B B X, B A b B rp N A AT
4HRIE W, AR 4 NPKRS Al NPKROS Ab 2 /1 i /% FF
LR FORFEFT, T EORWGR 5 M ik H. A HLIEA AR
INZE it AR AL EE it A 15 tohm 2.

2019 4E 9 H 78 F KWK AT R4 T HEHE 5. 78
FEA/NX B BEHLEESE 3 MEEE A A
RE SR o T EAR 5 em B LHERPERSHE IR 5
FRPEERAE 5 A 185(0 ~20 em) |, B IR G M —
AN ARERD . AT LR B TR AR b, T
634 B E K ITE LR SNR AL 2 mm
it LA 2B AT UL 0 A e W R A R Bl g A S R
R T TA92 0 M i TR T - 80°C VKAl
TRAT. A 55 BT R FH B4 A 2 2 o 43 A 96 D SC ik
(147, Hr H A HLEK (soil organic carbon, SOC)
R 34 MUK (soil organic matter, SOM ) , A &1
YR WSk [ 14 ] FER 1.

1.2 HHEILH A DNA $2HORISER 2 & PCR 43H7

i il DNeasy PowerSoil Isolation Kit ( Qiagen,
Hilden, USA) M\ 0. 25 g A7 1 438 4F it rh 4R B 1
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K40 DNA, % B8 5 4F 3d B gk 47, @ o 1.0% (10 ( NanoDrop Technologies, Thermo Scientific, MA,

mg-mL~") 3505 B BE B HL UK 90 TR 2 A5 AR 2 £
DNA , 3 F NanoDrop ND-2000 spectrophotometer

®1 TRMEEERET LELF

USA) Kl DNA 114 4fi B Uk B 7693+ HE W27 o3 B
HT, Ur A DNA FE S IIPRATT - 80°C ukAH H.

n&ﬁl)

Table 1~ Soil chemical properties under different fertilization practices

e oH w(SO(E? a)(TNﬁ)l a)(T]?’i)1 w(AP)ﬁ1 w(NH, -N) w(NO; -N)

/g kg /g-kg /g kg /mg-kg /mg-kg ™! /mg-kg !
NPK 8.08 0. 12a 16.21 £1.46¢  0.92 +0.08c 0.63 £0.07a  25.19 +4.35ab  2.22 +0.28a 23.91 +2.96a
NPKR 8.13 £0.02a 17.17 £1.60bc  0.98 £0.02bc ~ 0.64 £0.03a  14.40 £1. 72¢ 2.14 £0.16ab  16.31 +£5.62a
NPKRS 8.11 £0.05a  20.08 =1.04a 1.03 £0.02b 0.64 £0.06a  20.69 £3.56bc  1.82+0.08ab  18.75 +6.40a
NPKRO 8.08+0.03a  22.22+1.91a 1.16 0. 05a 0.70 £0.03a  35.10 £5.23a 1.75 £0.27b 21.17 £6.57a
NPKROS 8. 14 +0. 06a 19.62 £1.36ab  1.06 =0. 06b 0.67 £0.02a  34.89 £9.29a 1.36 £0.19¢  21.27 £10.67a

1) Bt R P81 + bR (n =3) 5 RSP AFE/NG SRR R 22 5388 8 KT (P <0.05) 5 NPK 78 5 BUMEIE , NPKR 278 TR I8 il i,
NPKRS 2755 Ak HE sl 2 B it 75 FT , NPKRO 275 AR IE s B Bt fiti A5 HLAE , NPKROS 26 /R A6 AR s & e i A% FF A HLAE ; SOC Fom HHEA DL, TN R
SR, TP 2R M, AP 3R/R BULHE , NH, -NFORE AR NO; -NFRMAEZ, FH

fdi Jl CFX 96 touch 521} 5E # PCR % %5 ( Bio-
Rad, Hercules, CA, USA ) M %& N Dfg 3L K F . 25
wL i PCR S R & 4035 12.5 pl A9 TB Green™
Premix Ex Tag™ ( TaKaRa, Japan), 0.5 pL H‘j}%ﬁ
19110 pmol - L") (BRITEH nirK HETH I 2 A

1.25 pL 7h), 0. 05 L 8 T4 gene (32 proteln(lO_;,

B 2B TR, TS Bk PCR M4 105 | 904 F A
SV L 3 2. G 3ot o A I R LA

ARG ()10 5 R RR A H b
HEPR A B I 22 B . R &fﬂﬁﬁ%ﬁn
I R 8E B 3 0 1 25 R A el
35 SRS 18 () RV FE) GPCR 2T Wy JpJm AT

ng- j.LL )(Roehe Laval , Quebec Canada) LT -"}LL }(%}ﬁ’f?ﬂjﬂ?ﬂéﬁﬂf %E’*Tﬁ‘,. E’ﬁ%ﬁiﬁﬁi_‘?{alﬁjﬂ 82 5%"
1 10 Fﬁfﬁﬁﬂ’}‘DNA BidR mFﬁaMsaﬁ %'{E’JJZ ~92.5%, R {E 7 [ 4,0. 998 ~ 1. 000. .
‘ -4 5 ‘
- aez *;wﬁ; PCR mal%%%n#wamsr =
i : Table 2 | Prither/sets and thermal procedures for real-time quantitative PCR
wlinl Bipgn] e O Ly At TRy SOk
nia Fehif2' GACGGCATCGACATCGATTGG ...--~"6"5°c, 2 min; 40 1E ¥ 95C, 30 s, 439 (27]
o ! chir CSGTCCAGCCGCGSCCRTA 55C, 30 s, 72°C, 30 s
il PolF TGCGAYCCSAARGCBGACTC 95°C, 2 min; 40 I~ 1& ¥ 95C, 30 s, 165 (28]
v PolR ATSGCCATCATYTCRCCGGA 55°C, 30 s, 72°C, 30 s
o Arch-amoAF STAATGGTCTGGCTTAGACG 95°C, 2 min; 40 4~ 1 ¥ 95°C, 30 s, . 1291
@M% Arch-amoAR  GCGGCCATCCATCTGTATGT 55C, 30 s, 72°C, 30 s
AOB amod amoA-1F GGGGTTTCTACTGGTGGT 95°C, 2 min; 40 4~ 1& ¥ 95C, 30 s, 491 130]
MO amoA-2R CCCCTCKGSAAAGCCTTCTTC 60°C, 30 s, 72°C, 30 s
e nitk FlaCuF ATCATGGTSCTGCCGCG 95, 2 min; 6 TR 95°C, 30 5, 63%C,
AT nirk K R3CaR  CCOTCGATCAGRTTGTGGTT 30 s ( =1C/cycle) , 72°C, 30 s; 35 ME 473 [31]
mr v ¥£95%C, 30 s, 58°C, 30 s, 72°C, 30 s
BB nirk nirK(F TACGGGCTCATGTAYGTNSARCC 95°C, 2 min; 40 A~ f ¥ 95°C, 30 s, 450 (3]
SRR KR AGGAATCCCACASCNCCYTTNTC 55, 30 s, 72°C, 30 s -
. . /\/ >3 N
. nitSCd3aF AACGYSAAGGARACSGG 95, 2 min; 6 PRI 95T, 30 5, 63T,
nirS SR3ed GASTTCGGRTCSGTCTTSATGAA 30 s ( —1C/cycle) , 72°C, 30 s; 35 MF 425 [33]
mrahoe ¥£95C, 30 s, 58%C, 30 s, 72°C, 30 s
. . /\/ N ~
o 1 nosZ2F CGCRACGGCAASAAGGTSMSSGT 2(5)0(: ‘ 2_ ;”{‘ ;c?/clle;@ Ij;’lé% ; 032_53’ Séflicﬁ’ 267 [34]
nosZ2R CAKRTGCAKSGCRTGGCAGAA 05, 30 5. 60°C, 30 5, 72°C, 30 s
Z10 nosZ- I -F CTIGGICCIYTKCAYAC 95°C, 2 min; 40 4~ 1 ¥ 95°C, 30 s, . 1351
nos nosZ- 11 -R GCIGARCARAAITCBGTRC 54°C, 30 s, 72°C, 45 s
1.3 Sitortr PSR B o e RoR . 5 le 3 B AE e R

il R T5 225 PR R, F D RE L [N 78 DUt A Y
X RCHAE. SR N (A D) e N B A = B2 P
AW N AL B BER R, A 3 DR Y 2 B X 2

TEAE I B S A BRI T B nirk i
K B 43 M. (chiA + nifH )/ ( AOA amoA + AOB
amoA) . (AOA amoA + AOB amoA) /(M nirkK + E
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B 43 %

B nirK + nirS) M (nosZ 1 + nosZ 11 )/ (4 nirk +
B nirK + nirS) W35 43 00 FIEm 38 4
PIE) N AERETE 100 NOy ki T Y FIN0 18
RV 1 (CARHSE) . eAh 2R T (AR nirK + BB nirk
+nirS) PRV TIERCE Y S N HRB0E T
(ABHSY) . R B J7 2243 FT (one-way analysis of
variance , ANOVA ) 344 & Duncan Z 5 L 437 5 Ff
i A BT BE PR~ B Y 22 53 5, P < 0. 05 IR 22 57
3. R Pearson AHIC/M TP N JEFR D REIE A 42
JERN N FASHE 11 540 AR B ] A AR OGP, ARAE N
TEP Ty g R B, SR T3 T 18 85 19 T0 4% 43 A
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Fig. 4 Distance-based redundancy analysis (db-RDA) according to the abundances of N-cycling genes

Table 3 Relationships of N-cycling functional gene abundances and N-converting genetic potentials
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