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Abstract: Objective The problems caused by excessive nitrogen(N) application in agriculture has been of growing concern, but
the soil mineral N level and its effect on straw decomposition after long-term N application remain unclear. [Method] We used a
fluvo-aquic soil treated for 14 years(2005-2018) with N at the rates of O(NO), 150(N1), 190(N2), 230(N3) and 270(N4)
kg-hm2a™', and conducted a 50-day laboratory incubation experiment with and without straw addition. Soil CO, emission was
determined during the incubation, soil mineral N(nitrate and ammonium nitrogen), dissolved organic carbon(DOC), microbial
biomass carbon(MBC) were measure before and after the incubation, and the bacterial community structure was determined using
amplicon sequencing of the 16S rRNA genes. [Result] Results show that soil mineral N content and straw decomposition
efficiency increased with increasing N application rates and the bacterial community composition was significantly(P<0.05)
influenced by N application rates. The network analysis revealed that the co-occurrence pattern among species within the bacterial
community during straw decomposition changed with the N application level, and the negative association among bacterial
communities was strengthened under a high N application level. At the same time, the dominant position of Proteobacteria was
weakened and that of Acidobacteria was enhanced. [ Conclusion] The soil inorganic nitrogen content increased with the increase
of long-term nitrogen application level, resulting in changing in soil bacterial community structure. Thus soil bacterial community
structure of different long-term nitrogen application played different roles in the process of straw degradation, which was
manifested as the increase of straw degradation with the increase of nitrogen application level. The relationship among soil

mineral N content, bacterial community structure and species changed with the difference of long-term N application level. The

results of this study provide guidelines for the use of straws to amend soils under N application.

Key words: Long-term nitrogen application; Soil mineral nitrogen residual; Straw decomposition; Bacteria
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P 100 g -8 (ML), M1 1.714 g KRR EK
FEFE (i H ) RS FF AR AR AERY 2 F%, 18 kg-hm 2,
WE 75 em, 4K 8.57 gkg', N TR RS
R R AR IR 15,00 17.14 gkg ),
REWAEHA 1 LT O, KB EE T/KHE
BRCKRFFKER 55%, 25°CHRERF 50 d,

NaOH ¥, F£ T — YR ] 55 HCHS - 5 48387 14 A
VUL BBV 5% BT TR AR R A, S BB N S
Mt 1 molL A AL B E W UL, It H
0.5 mol-L™' ML IRTH & , SRIGTHIE CO, frim. TEH:
F50. 7,25, 50d RHENO, NI, N4 43 +4£, —80
CH IR, FTAEMY . R AR SRR,

TERFR 00 3. 7. 15, 25, 37, 50 d MIERAL FE A AL PR S B S A A A AT A LK |
P CO, HeFEE . 7EEIFI A 10 mL 1 mol-L™ ¥ EYEik,
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Table 1  Soil physico-chemical properties under long-term different nitrogen
it K P ‘ ) N
EERIIRTS 2R R A e e AL
Nitrogen
pH Organic C Total N Alkalytic N Total P Total K Available K
fertilization
/ (gkegt) / (gkegt) / (mgkg™!) / (gkegt) / (gkg™) / (mgkg™!)
rate
NO 8.46+0.11a 5.71+1.34a 0.53+0.07b 47.540.01a 0.82+0.03a 21.70+0.76a 173.0+£0.1a
N1 8.40+0.12ab 5.94+1.24b 0.56+0.05ab 56.40+0.01a 0.80+0.06a 20.81+0.73ab 102.0+0.0a
N2 8.21+0.05b 5.97+0.87b 0.62+0.0a 55.00+0.01a 0.82+0.10a 20.68+0.86ab 91.0+0.0a
N3 8.32+0.08ab 6.11+0.92b 0.63+0.03a 53.50+0.00a 0.82+0.09a 21.18+0.33a 119.0+0.0a
N4 8.26+0.04b 6.49+0.73b 0.62+0.03a 55.50+0.01a 0.86+0.10a 19.84+0.11b 190.0+0.1a
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Fig. 1 Content of inorganic N ( NO;-N and NH,"-N ) after
long-term application of nitrogen

T4 CO, BRI K . i b3 CO, BGH
FRABRE R 5 37 0F 6] ) 34 i i s/ (B 2b). #E
BREME BB, CO, B ERINN N4
(022pgg™h') > N3 (021 pgg'h') > N2
(016 pugg™h') > NI (0.14 pgg'h') > NO
(0.11 pgg “h')o fEEEAEEIRMIN, +HE CO, B
TRk i A A it KT B s (&1 3 ). A
W a5 R, B KM EUK T &, XSRS FF
R RCR VS 14 S i 5.
2.3 TEFMEMBERES T IEAFSET IS
Rifraid e, SIRmM L, HENMED A
Y B E N (P<0.05) , HEA B Rl K0
RACFRX i e (B 4) o BRaidsE, Mxt
TXFIREH (NO ), KRR T 19 R340 OTUs Mz H:
ZRERAFERENE (K Sa, K Sb), A4
IR AEE R 2R (Kl 5c, P<0.01),
JIT A Ak 3 A8 A TR R U AN IR R B R B L (W
NMDS 2 i) #tores, HAXkEE s E (i
NMDS 1 %l )2 3022 [ 4 AH ] ) 38 B I Se ).
il Sd mTAT, Bl K i 20 3G, 3R R AT
W11 (Acidobacteria ), JZ AT ( Actinobacteria ).
%25 %] (Chloroflexi) Fl B -78 K A 44
( Betaproteobacteria ) [AHXS F BEU /1N, JERET ]

http://pedologica.issas.ac.cn



5 PN ST, P SIS A RN A2 I A - R AH SRR R S e PR 2R 1363

T, 70F
on a) I 024 b)
611) —=— N0
< 60 ~
(@) T
S sof . = o018
o on

I g )

=2 40} e

ﬁ;% EE o

g2 5 O 2
| 5 006
= 10k S
g
e 0 e 0.00 — Y7
£ 0 10 20 30 40 50 0 10 20 30 40 50

B IR FE 7R )

Incubation/d

Incubation/d

K2 COy SRBURE MO AU AR 5 Bl I 7] 9 22 £

Fig. 2 Temporal variation of the cumulative release amount and emission rate of CO, over the 50-day incubation period
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Fig.3 Temporal variation of the cumulative release amount of CO, with nitrogen application level
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c) Soil bacterial community structure was successively changed with the incubation time. d ) Community composition was measured by the

relative abundance of major phyla and classes for bacterial 16S rRNA.
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Fig. 5 Changes of soil bacterial community structure, diversity and composition after long-term ( 14 years ) application of nitrogen
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Table 2 Topological properties of the empirical ecological networks (MENs)  of microbial communities in and their associate random MENs

o S256 M 4% Empirical networks FfifIL 9 2% Random networks
it B K
4 AL - ) T ARk )
Nitrogen T PHRERE PR " . - AR B "
o fig Bibebt M Hibebt
application Average Average Average path Average path
Similarity Modularity Average Modularity
level degree clustering distance distance
threshold clustering
NO 0.82 7.66 0.50 3.94 0.63 0.10+0.01 2.80+0.04 0.2940.01
N1 0.82 5.46 0.35 4.11 0.61 0.06+0.01 3.13+0.05 0.37 £0.01
N4 0.82 6.24 0.44 4.73 0.69 0.07+0.01 3.03+0.04 0.34 £0.01

C) 1245, 16815, 524454k (84.4%)1EAHX:
12 modules, 168 nodes, 524 links (84.4% positive)

o RFI AT Acidobacteria
o JitZk 1] Actinobacteria
o 1UFTI% ] Bacteroidetes
o L[] Chloroflexi
JEREE ] Fimicutes
o AT 1% ] Gemmatimonadetes
o 7514 [ ] Pproteobacteria
o HAlh Others

B) 12/\if U, 15415, 420554k (76.7%)1EH0C
12 modules, 154 nodes 420 links (76.7% positive) 5
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Y FIAYTT 4328, Note: A) Ecological network of soil bacterial species at no N level. B) Ecological network of soil bacterial species
at low N level. C) Ecological network of soil bacterial species at high N level. D) Z-P plot showing the classification of nodes to identify

putative keystone species in different level nitrogen soils. The colors of nodes indicate different major phyla. A red link indicates negative
interaction between two individual nodes, whereas a blue link indicates positive interaction.
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Fig. 6 Network interactions between soil bacterial in different level nitrogen soils after long-term ( 14 years ) application of nitrogen

T BEE KW AR R g . X —atrE EekaE B KR EAHAILE, BRI 2 WO
BEEPWE 2, ,\Eﬂﬁﬁéﬁﬁﬁ*ﬂ:ﬁ?:ﬁl& TASERKER . BEAKME . BRIER I,
K /2 S8 R A B m OIS R sk e fd, [ RO RGR &g

http://pedologica.issas.ac.cn



1366 + S

¥l

59 %

e B, KGR EAR, HHEEIEIARE
NG

ARG RFY, BFAMA LG, AR
FRMIE], CO, RFVBUR A CO, BUE KBl % K3
Jit 2R Y BE I R L I R g, SR AIRSE
— P R KA R KT R LA
N, H s R A R
BHAR SR, WINGREFE, HEARE ON
Bl LA R & BRI REAS . BB A 1
TCHLE R RSG5
M, Won—EARE RN, TEAMSARSE
MR, FEFFREAR O R BN, AR R,
FEREAFEFF MR, B (17 3 K ) 1) CO, B
HRWEMR, X5 Chen PRI 45 R —5,
P 5 A v AT AL 53R PR 2 < B T R ik 3 -
TERY R ATE ) FOMERR AR 038 2 (AR R ) P2
TEXEFRATANT B, IR ) TR RS AT b 5 B i
BIFRAY, RS FT, CO, BB RE A (a1
I I AR B, A M2 TR E I A v e A 1)
gy, MASREFFRE MRS, IRRRRE M EL, CO,
FERGHR BN, EXANBY B, EEE E R REH .
(HARER AR, AR N 28 RS i
RUIRY B, I AT JRAS FE R A 00 5 B B, TR 4F
b ) W AS AR A AR, B A DS AT DI i
MIHRSE, RIS, HIERUEY
eI (MG ) s fl,
32 TEARERBHENKEAEERERN WA RE

TEFREFRERE TR R T 4FAE

AR R SR T AN R E AL . P
THREIIRE, XARAFEE LuE T AR Y
R, EAVYT (hRYaRIASE ) BEAE . AL
FR B BRI - 98 AT [ SR A A6 i R b 2 S B 0
mE 5 s, a0 s VR i K i 2K R A
[FIT At o3 8, X R A E AN, 40 AT
MU AME, EREMNEAFEAEE DE
( P<0.05) 25 . WmEpHEIOHL R Z it 75
SR E SRR E AR KRT, H TS5 A g
BMAERKER, SR eAs T W3 5 1 AT el
S AN AR & AR AR g TP REE K
Wt A B B RN, FRAT IR . O RS T ) AR
XFFERE ) PN, T JEERE B TR y-8 0 B 2R X 3
wam (B sd). A, ARFSE R, KIS E A

IRV AN B 2o i 5 it S/ S 1 1 22 2
W, X 5 Campbell 25958 45 FAH— 3L,
{H Fierer 25 P0UfF 5% % PR ARUIE A0 el JFH X 41 1 22 Rk 3
WA/, R FE (P<0.05) 728 T A RETE S5
{75 5 5 7 A A TRURE 6T = BE RGN, T 2 A 2 R A
XF K. Ramirez %575 i OUL S B BF 58 A0 &
MAZWMHHEE (P<0.05) 228 T 415 I RETE 45
o PR, W] AR E 2, 03 A9l B35 ( P<0.05)
U T 2 TR R TE 2 AL o RUIE 4 1 X 4 T A
SR PO AF 98 AN —B0, 7T RE Ak FH ) 1 e A 3 3
my, BRIERA T — 200 5%

FEAT R Al RE b, T A Ak L 200 T 7R % 1 A
Bo SRR, WEFRESR)E, AR S
ZREMERAL, MEREET (N1 N4) HIEQHZ
BEPER N, IMAREFF G, HHEARES CO/N BiE K )
Jiti 2L P B I8/ )N o FEAS TR A 350 N SR T,
TR RER IS AN, AR FEEERTE], P4
R AEVE 22 B PR R S5 Rt AN [R) 2520 Bt 5 R R ik
7, HEEANEREE AL LA SCSBRIE T A B
BRI, 3B A LAY A RS O/N B AR,
B Jo - 39 40 T B VR A AR O . T R it A Ak B
(NO), HHETRML A & B, AL LIS HERSFF R A
P s i RS AR, PO S G SR RTAH L, e £
FEVEREAR s SO 70 /2 R UR , Il o A T I i e 2 1Y)
AT, HIEARES ON KA, IR &
AR, X EALHE (NT R N4 ), HHELHLA
B, RSP LR AT A e i RS AR,
U, R, AN 2 RE M, HOREE &
AR
33 HFEMBEEDRAREKETHRYFZE

FIESES

YDA A A RGN AR TS A B 18 SR R A A )
128 o (T R = 1) G 15 A s> VAR P s
N T B A B AR RS AT R, BT BRI E DY)
PRI AE B G FR o 48 A BT vl AR A REAIL A A
AR, FFPRALAN R A S R G AR P ARBE Y
R, SEFERAHL, BFFRERIE, AHXAAE AL
(N0, 6.7%), MMiZALEET (N1 Fil N4) + 540
TR AE 9% ) b 22 TR) YOG R R SRR i, 4 i R
23.3%F1 15.6%. X AT fig fH T4 — & 1938 Bl N Bl +
HEA S C/N 193/ (NO( C/N=15)>N1( C/N=10)
> N4 (C/N=6)), 3Evhnl 205 FH 19 280k A

http://pedologica.issas.ac.cn



51 N

AR MRLAY | IR AN 2k S LAY SRR SRR SR R [ 2

1367

BN, AR TG AR ERK AT, i
HHE RPN AT RE A R T A B AR, A
ST A AS [F] it ZK - 40 B 0 = & B R 2 RE R4 e
CHAXT T A RAL B, MR ALE T (N1 A N4 ) 45
() 3= B AN 22 AP S AN [ R B 3 ) Ak 1
% — W {H 5 Blagodatskaya Fl Kuzyakov®® } Mau
ECUBR IR 25 R —B, X v] BES AT X 4 4 e rh
RMFHFEFEAL, MG T, FIEFEE,
YDA RER NS G G RIS, PRI R 4B ot 1) 74 G
B85, HAA TP P R R D SRR Z A,
TEVR NS 4 0 R 3000, PR M 3 b 1] 0 R DG M At
HAFA FARSEE R DR B 2B A g, &4k
PR A B RS IR & 2, AR A K
91 KT B3 i Eg BRI R A RGS C/N Bl
K E UK BRI N 38 T A R A AR
K A B0 S AR RN . AR TS
AR ON AR EF, Wik, fEFFRET
B, X FARERACRE, i &AL EE T ) A R
B CNAGET, NEETHEWERKEST, 4HH 0
MYFE 5 G Z A AT REACOR , I A 1 e 1] 67 AH DG P 358
ik, HAAATAHCHEMYIF S Z . Wik, XFTFK
v A 8, T DL Y RS A

4 % ik

KIPA )it ROK - B TR S AR, 7
—EVERN, T IRICHLR R il KT 1 T R
MG FERS AR R b, Bl KUt UK /Y
Thm, TR S R, BT AT R
W R R 2 O . A R R VR A R B 1
WA R AL & A, HRE A e R B 2.
TIETCHLAR SR, ek 1L R B IR T
B AR T, I TR PR AR A A KA
PETTACAL T W 22 18] 2 B8 B AN Lo foi), 380k e 4
[y e S G

S %3 Hk ( References )

[ 1] Geisseler D, Scow K M. Long-term effects of mineral
fertilizers on soil microorganisms - A review[J]. Soil
Biology & Biochemistry, 2014, 75: 54—63.

Zhang F S, Wang J Q, Zhang W F, et al. Nutrient use
efficiencies of major cereal crops in China and measures

for improvement[J]. Acta Pedologica Sinica, 2008, 45

[4]

[8]

[9]

[ 10 ]

[11]

[ 12 ]

[ 13 ]

[ 14 ]

(5): 915—924. [Tk, FiaE, sk P, <5 b
FEEAREEYICER IR IUR SR ms g, L
i, 2008, 45 (5): 915—924.]

Schroder J L, Zhang H L, Girma K, et al. Soil
acidification from long-term use of nitrogen fertilizers on
winter wheat[J]. Soil Science Society of America
Journal, 2011, 75 (3): 957—964.

Lu X, Mao Q, Gilliam F S, et al. Nitrogen deposition
contributes to soil acidification in tropical ecosystems[J].
Global Change Biology, 2014, 20 (12): 3790—3801.
Vance G F, David M B. Forest soil response to acid and
salt additions-of sulfate[J]. Soil Science, 1991, 151 (4 ):
297—305.

Oades J M. An introduction to organic matter in mineral
soils[J]. Minerals in Soil Environments, 1989: 89—159.
Ju X T, Xing G X, Chen X P, et al. Reducing
environmental risk by improving N management in
intensive Chinese agricultural systems[J]. Proceedings of
the National Academy of Sciences of the United States of
America, 2009, 106 (9): 3041—3046.

Chen Q, Zhang X S, Zhang H Y, et al. Evaluation of
current fertilizer practice and soil fertility in vegetable
production in the Beijing region[J]. Nutrient Cycling in
Agroecosystems, 2004, 69 (1): 51—58.

JuXT, KouCL, Zhang F S, et al. Nitrogen balance and
groundwater nitrate contamination: Comparison among
three intensive cropping systems on the North China
Plain[J]. Environmental Pollution, 2006, 143 (1):
117—125.

Malinska K, Zabochnicka-Swiqtek M, Dach J. Effects of
biochar amendment on ammonia emission during
composting of sludge[J].
Engineering, 2014, 71: 474—478.
Zhou J, Jiang X, Ma M C, et al. Effects of long-term

nitrogen fertilization on soil fertility and microorganism:

sewage Ecological

A review[J]. Soil and Fertilizer Sciences in China, 2016
(6): 8—I3.[Hd, ZWr, Hngdn, & KIEX L+
SRS 3 K SRR W R (D], T E SRR, 2016
(6): 8—13.]

Zhong Y, LiulJ, Jia X Y, et al. Microbial community
assembly and metabolic function during wheat straw
decomposition under different nitrogen fertilization
treatments[J]. Biology and Fertility of Soils, 2020, 56
(5): 697—710.

Chen L, Zhang J B, Zhao B Z, et al. Soil fertility and its
response to drying-wetting alternation as affected by
nitrogen fertilization rate[J]. Acta Pedologica Sinica,
2013, 50 (4): 675—683. [WRbk, skthse, &R, 4.
AN TR KT 3 A A= AR SRS R 52 i R [T].
+ IR, 2013, 50 (4): 675—683.]

Chen L, Zhang J B, Zhao B Z, et al. Dynamics of nitrogen

in topsoil related to integrated water and nitrogen

http://pedologica.issas.ac.cn



1368

+

e 59 %

[ 15 ]

[ 16 ]

[ 18 ]

[ 19 ]

[ 20 ]

[ 21 ]

[ 22 ]

management[J]. Acta Pedologica Sinica, 2013, 50 (3):
459—468. [BiAk, SRS, BAHE, 5. RFEKERS
HETHZ DR RSED]. L3, 2013, 5003 ):
459—468.]

Huang P, Zhang J B, Zhu A N, et al. Nitrate accumulation
and leaching potential reduced by coupled water and
nitrogen management in the Huang-Huai-Hai Plain[J].
Science of the Total Environment, 2018, 610/611:
1020—1028.

Huang P, Zhang J B, Zhu AN, et al. Coupled water and
nitrogen ( N) management as a key strategy for the
mitigation of gaseous N losses in the Huang-Huai-Hai
Plain[J]. Biology and Fertility of Soils, 2015, 51 (3):
333—342.

Zhang J, Huang J S, Liu J, et al. Carbon dioxide
emissions and organic carbon contents of fluvo-aquic soil
as influenced by straw and lignin and their biochars[J].
Journal of Agro-Environment Science, 2015, 34 (2):
401—408. [k, s, XU, 5. AT, RBTR K
HAW AW 1 COy RS A B & 1 TR [1]. 4R
AP IE R 23, 2015, 34 (2): 401—408.]

Dalal R C, Wang W J, Robertson G P, et al. Nitrous oxide
emission from Australian agricultural lands and
mitigation options: A review[J]. Soil Research, 2003,
41 (2): 165.

Galloway J N, Townsend A R, Erisman J W, et al.
Transformation of the nitrogen cycle: Recent trends,
questions, and potential solutions[J]. Science, 2008, 320
(5878): 889—892.

Wang J B, Zhu T C, Ni HW, et al. Effects of elevated
CO, and nitrogen deposition on ecosystem carbon fluxes
on the Sanjiang plain wetland in Northeast China[J].
PLoS One, 2013, 8 (6): €66563.
Chen L, Zhang J B, Zhao B Z,

mineralization and microbial attributes in straw-amended

et al. Carbon

soils as affected by moisture levels[J]. Pedosphere, 2014,
24 (2): 167—177.

Milner P, Ralevic V, Hopwood A M, et al. Ultrastructural
localisation of substance P and choline acetyltransferase
in endothelial cells of rat coronary artery and release of
substance P

and acetylcholine during hypoxia[J].

Experientia, 1989, 45 (2): 121—125.

[ 23

[ 24

Banerjee S, Kirkby C A, Schmutter D, et al. Network
analysis reveals functional redundancy and keystone taxa
amongst bacterial and fungal communities during organic
matter decomposition in an arable soil[J]. Soil Biology &
Biochemistry, 2016, 97: 188—198.

Jackson L E .
Press, 1997.
Campbell B J, Polson S W, Hanson T E, et al. The effect

of nutrient deposition on bacterial communities in Arctic

Ecology in Agriculture[M]. Academic

tundra soil[J]. Environmental Microbiology, 2010, 12
(7): 1842—1854.

Fierer N, Lauber C L, Ramirez K S, et al. Comparative
metagenomic, phylogenetic and physiological analyses of
soil microbial communities across nitrogen gradients[J].
The ISME Journal, 2012, 6 (5): 1007—1017.
Ramirez K S, Craine J M, Fierer N. Consistent effects of
nitrogen amendments on soil microbial communities and
processes across biomes[J]. Global Change Biology,
2012, 18 (6): 1918—1927.

Zhang X F, Xu S J, Li C M,

carbon/nitrogen ratio and moisture affect microbial

et al. The soil

community structures in alkaline permafrost-affected
soils with different vegetation types on the Tibetan
Plateau[J]. Research in Microbiology, 2014, 165 (2):

128—139.

Livesley S J, Ossola A, Threlfall C G, et al. Soil carbon
and carbon/nitrogen ratio change under tree canopy, tall
grass, and turf grass areas of urban green space[J].
Journal of Environmental Quality, 2016, 45 (1):

215—223.

Blagodatskaya E, Kuzyakov Y. Mechanisms of real and
apparent priming effects and their dependence on soil
microbial biomass and community structure: Critical
review[J]. Biology and Fertility of Soils, 2008, 45 (2):
115—131.

Mau R L, Liu CM, AzizM, et al. Linking soil bacterial
biodiversity and soil carbon stability[J]. The ISME
Journal, 2015, 9 (6): 1477—1480.

Bissett A, Brown M V, Siciliano S D, et al. Microbial
community responses to anthropogenically induced
environmental change: Towards a systems approach[J].

Ecology Letters, 2013, 16: 128—139.

(RERE: 5 )

http://pedologica.issas.ac.cn



