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Abstract: Functional genes related to soil nitrogen (N) cycling are widely involved in a series of ecological processes, including
N fixation, ammonification, nitrification and denitrification, and are key components of the N biogeochemical cycling, which
greatly affects soil productivity, carbon neutralization, and agricultural sustainable development, as well as global environmental
changes. In recent decades, the rapid development of molecular and microecology technology has promoted the research about
functional genes related to soil N cycle and their microbial functional communities. In order to objectively and analyze the
research trends, hotspots, and historical trends in the field of functional genes related to soil N turnover, the pertinent literature
retrieved from the Web of Science database from 2001 to 2020 was analyzed from four aspects of publications amount, highly
cited papers, high-frequency keywords and historical direct citations based on knowledge mapping. The results showed that: 1)
The application of molecular biology techniques to excavate the functional genes and community structure related to soil N
turnover so as to explore the microbiological mechanism is the current hotspot and entry point in the research field. 2) The
research about soil N turnover functional genes mainly focused on three aspects: (1) Using metagenomics and other technologies
to screen, identify and annotate the functional genes related to soil N turnover, so as to discover new microbial functional gene
sequences and updates primer database, etc.; (2) Effects of environmental factors and agricultural management practices on soil N
turnover related microbial indicators; (3) Using functional gene abundance to characterize the soil N cycling processes-related
functional microorganisms, as well as analyze the relationship between functional genes, soil properties, and microbial
community structure, in order to reveal the molecular mechanism of soil nitrogen turnover. 3) The historical development context
of soil N turnover functional genes was from the screening, identification, identification, corresponding primer design and
analysis method determination of N-cycling functional genes, to the influencing factors (or environmental conditions) of soil N
turnover functional genes, combined with the current data of the activity, abundance of functional genes related to soil N turnover,
and functional microbial populations, community structure and even soil properties, to comprehensively explore the microbial
mechanism of soil N cycling.

Key words: Soil nitrogen cycling; Knowledge mapping; Key literature; Research hotspot; Historical trend; R language
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Fig. 1 Global trends in the number of published articles in the field
of functional gene related to soil nitrogen cycling from 2001 to 2020
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Table 1 Top 10 most-cited papers on functional genes of soil nitrogen cycling in the global database from 2001 to 2020

5 S—fEE Ay EURL BiH s E1L NN
Rank First author Year Journal Title Total citations
1 Daims H. 2015 Nature Complete nitrification by Nitrospira bacterial®® 735
Comparative metagenomic , phylogenetic and
2 Fierer N. 2012 ISME J physiological analyses of soil microbial communities 689
across nitrogen gradients!*")
Growth , activity and temperature responses of
3 Tourna M. 2008 Environ Microbiol =~ ammonia-oxidizing archaea and bacteria in soil 481
microcosms!*!

Improvement in the RFLP procedure for studying the

4 Poly F. 2001 Res Microbiol diversity of nifH genes in communities of nitrogen fixers 458
in soil®"
Consistent responses of soil microbial communities to
5 LeffJ. 2015 PNAS 440
elevated nutrient inputs in grasslands across the globe!*!)
Bacterial phylogeny structures soil resistomes across
6 Forsberg K.J. 2014 Nature 425
habitats®)
Mackelprang Metagenomic analysis of a permafrost microbial
7 2011 Nature 379
R. community reveals a rapid response to thaw!**!
Young The genome of Rhizobium leguminosarum has
8 2006 Genome Biol 373
J.P.W. recognizable core and accessory components™?!
Phylogenetic molecular ecological network of soil
9 Zhou J.Z. 2011 mBio 314
microbial communities in response to elevated CcOo,™!
Loss in microbial diversity affects nitrogen cycling in
10 Philippot L. 2013 ISME J 289

soil!
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Table 2 Top 10 most-cited papers on functional genes of soil nitrogen cycling in the local database from 2001 to 2020

P H—EH 0y LURS] H LSRR8
Rank First author Year Journal Title Local citations
1 Daims H. 2015 Nature Complete nitrification by Nitrospira bacteria®®! 32

Comparative metagenomic , phylogenetic and physiological

2 Fierer N. 2012 ISME J analyses of soil microbial communities across nitrogen 66
gradients!*")
3 Philippot L. 2013 ISME J Loss in microbial diversity affects nitrogen cycling in soil®”! 22

The unaccounted yet abundant nitrous oxide-reducing
4 Jones C.M. 2013 ISME J 36
microbial community : a potential nitrous oxide sink!**!

Linking N,O emissions from biochar-amended soil to the

5 Harter J. 2014 ISME J structure and function of the N-cycling microbial 35
community™*!
Growth , activity and temperature responses of

6 Tourna M. 2008 Environ Microbiol ammonia-oxidizing archaea and bacteria in soil 43
microcosms”!
Abundance of microbial genes associated with nitrogen

7 Petersen D.G. 2012 Environ Microbiol cycling as indices of biogeochemical process rates across a 71
vegetation gradient in Alaska!'’!

FEMS Archaea rather than bacteria control nitrification in two
8 Gubry-Rangin C. 2010 28
Microbiol Ecol agricultural acidic soils™*

Shifts in soil microorganisms in response to warming are

9 Yergeau E. 2012 ISME J 19
consistent across a range of Antarctic environments!*?
Improvement in the RFLP procedure for studying the

10 Poly F. 2001 Res Microbiol diversity of nifH genes in communities of nitrogen fixers in 38

soill®!
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Fig.2 Keywords cloud map about functional genes related to soil nitrogen cycling from 2001 to 2020
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Fig. 3 Keywords co-occurrence network about functional genes related to soil nitrogen cycling from 2001 to 2020
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Table 3 Keywords co-occurrence network analysis about soil nitrogen cycling functional genes from 2001 to 2020

P KA iR LI FEruLPE

Rank Keywords Occurrences Degree centrality
1 ZFePE ((diversity ) 397 0.377
2 . (nitrogen ) 211 0.252
3 +4 (soil) 174 0.217
4 SAHAAE (denitrification ) 149 0.187
5 475 ( bacteria ) 145 0.169
6 % ( carbon ) 130 0.164
7 FEP (genes) 128 0.162
8 /¥ (abundance ) 124 0.144
9 EALER Cnitrification ) 111 0.141
10 WY RFIE45H ( microbial communities ) 105 0.126

http://pedologica.issas.ac.cn



14 + b1

60 %

climate cpinge

enzyme activy#es

1 functional-diversity

cterial communities

o mncrobm][commmmﬁ

microbial commuynity
bacterial H

Q
nitrogeh fertilization
o § oE o
L By forgst ~+——e- — gradient- fortilizdNqn
.

ribosomal RNA

bialb, abundance

functiong] genes
A g

management

Dim 2 (16.38%)

T

L populatlor&s
act ®_
community structure o

& TermpgTatT denitrifying bacteria

. ammonia ox1d1Zing nirk
_ //._ 168 ribosomal RN_A —_— —gn}mo#qaexid-izmg bacteria -
nitrous oxlde.emlsswns 7057 genes

. .
ooxidation | _® nitrification

community  denitrification

T N.O emissions

Dim 1 (41.35%)

El 4 2001—2020 4F 4 5 EAEFR T it 2 PR Stk 1) R 25 (R ik

Fig.4 Keywords clustering map of functional genes related to soil nitrogen cycling from 2001 to 2020

AR (FRMR (forest) FIFLHL (grassland ), < fE
24k ( climate change ). +HiFH (land use ). &JE
i H ( nitrogen fertilization ), JifAl ( fertilization ).
P ( management ) . fC AR W)/ 40 TR B 7K
o Be A
( functional genes ). /M ( enzyme activities ), 4=
Yy 2P (biodiversity ). DHEEZ#EM: ( functional
diversity ) 5§
24 HEEESIX

WP s ARG O, AR R 21 G 2001—
2020 4 - HEAG I T R AL R 5 G sk e i 7R
W S SCk (RS ik 4), HOR BT S 3¢
H5#R1ME 2 PRI CES RS BT
St RBL, A 6 R SCERTE HIEAIE I D e
F 5% G A Jre ad 2 v AT BLRR AR L, R R R Ty
G FEAE R F LI L

1) HHEFEZSEDIGE . 2001 4, Poly %50 xf
[ RANE ARG T Be B nifH 43 7 5 ¥6 64T 1T ek
i, RIAFZER (B ) LT nifi A
ZREVE R ERE, B A S AR R 45 52 3 o
PR B0 Patra 25 YOIE LR AR R TE T
R i 20 Bl A S R DA R VR L B PR A g
FERZEF AU . Wakelin ZEPO5E 052 nifH ([
R DhReEEH R, NMHhE A28 M (F
HERENHEH ) %F 33 ZE PR AH S BE U E e o
B4R . Hsu F1 Buckley® 7 Patra 251911 Wakelin
SO B g SR AR T A R AR R R 4 M T R

( microbial/bacterial community ) .

MEZM, RWE A RS B . B AR RS
T SRR OG, T - B T 2 S AR A R s
[l SR ek P 4] RU TR AR I G A 2 A A B L B Bk
Yy B AR HAE FH 5

2) L IERIGIA 2 o BT . 2005 4, Wallenstein
H Vilgalys®2JF &t qPCR A , i i %F 5 4~ HE Y
RIGAM e (nifH. amod. nirS. nirK Fl
nosZ) AT E RSN, KT T HEAE IR T He i
PRI RETS LS RGP AR ] (06 2R © Yoshida %05
I Stone ZEMIfEHLILRY b, AN TG T AN RIS 4G
A R SR A 22 2o R O 1 1 36 TR R s ] 3 4 2
FEWI AR AL, D B - 48 Bl A 4 A ik i) A 2
JE b 45 UG B B UL

3) RIEAEEH AR FRBTE . 2007 4,
Yergeau 217 FH 0 BE KL DI 38 B 4 A, BFSE T AR
2R B AR AR X IR MRS R, R
PSR DR R R S R R T ARG, BT
M ERS T HIEEEMAE R, JFRUET e
B DRI A DU P B8 A A v ) RE A W e s 722 Ak T 7
SEAME, IR T LR 2 A W SR 1 R
IS FEIUEYE . Yoshida, Morales & Yergeau &5t 7E It
LA FARSETE R T — SO OCSY , DARA T R
SRR F R P AN )Y A R
J7 sBAE B Y . AR H & A
BRI DT RE SR R 2 B T IR A TR 2 S A HE R R (R AE
Fierer 2OVl 1132 ] 16S rRNA I 55 Bz 2% L PR 4 24
AR, XAFEREAKTT 0 A e 4548 S )

http://pedologica.issas.ac.cn



13] SDUMAE : FETRIPIET 1 23 # 64 13 E AR PR D RE Sk PR 5 ik g 15

(Tourna, 2008)

(Yergeau,2007)

(Wallenstein, 2005)

2001 2002 2003 2004 2005 2006 2007

(Rasche, 2011)
(Gubry—Rangin, 2010)

Daims, 2015
(Morales; 2010) (Daims, >)
(Yergeau, 2012)

(Yoshida, 2009) (Stone, 2015)

s (Philippot; 2013)
(Harter, 2014)

(Jones; 2013)

(Petersen, 2012)
(Graham, 2014)

2009 2010 2011 2012 2013 2014 2015

A% Year

K5 2001—2020 4F RGN HE LR ) & %5 | SCE %

Fig. 5 A direct citation map of the history of soil nitrogen cycling functional genes from 2001 to 2020
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Table 4 Historical direct citations about soil nitrogen cycling functional gene from 2001 to 2020
" ) AN K
0y F—EE it
Local total
Year First author Title
citations

Improvement in the RFLP procedure for studying the diversity of nifH genes in

2001 Poly F. 40
communities of nitrogen fixers in soil*"!

2005 Wallenstein M.D.  Quantitative analyses of nitrogen cycling genes in soils™® 19
Effects of management regime and plant species on the enzyme activity and genetic

2006 Patra A K. 20
structure of N-fixing denitrifying and nitrifying bacterial communities in grassland soils*”!
Functional microarray analysis of nitrogen and carbon cycling genes across an Antarctic

2007 Yergeau E. 37
latitudinal transect”
The effects of stubble retention and nitrogen application on soil microbial community

2007 Wakelin S.A. 16
structure and functional gene abundance under irrigated maize®”!
Growth , activity and temperature responses of ammonia-oxidizing archaea and bacteria in

2008 Tourna M. 43
soil microcosms®*

2009 Yoshida M. Temporal shifts in diversity and quantity of nirS and nirK in a rice paddy field soil™>* 18

2009 Hsu S. Evidence for the functional significance of diazotroph community structure in soil®" 24

2010  Gubry-Rangin C.  Archaea rather than bacteria control nitrification in two agricultural acidic soils""! 29

2010 Morales S.E. Bacterial gene abundances as indicators of greenhouse gas emission in soils®* 52
Seasonality and resource availability control bacterial and archaeal communities in soils of

2011 Rasche F. 25
a temperate beech forest!*’!
Comparative metagenomic , phylogenetic and physiological analyses of soil microbial

2012 Fierer N. 67
communities across nitrogen gradients!*”
Abundance of microbial genes associated with nitrogen cycling as indices of

2012 Petersen D.G. 71
biogeochemical process rates across a vegetation gradient in Alaskal'®!
Shifts in soil microorganisms in response to warming are consistent across a range of

2012 Yergeau E. 20
Antarctic environments'*?

2013 Philippot L. Loss in microbial diversity affects nitrogen cycling in soil®®” 22
The unaccounted yet abundant nitrous oxide-reducing microbial community : a potential

2013 Jones C.M. 36
nitrous oxide sink**!
Linking N,O emissions from biochar-amended soil to the structure and function of the

2014 Harter J. 35
N-cycling microbial community®*
Do we need to understand microbial communities to predict ecosystem function? A

2014 Graham E.B. 16
comparison of statistical models of nitrogen cycling processes®®!

2015 Daims H. Complete nitrification by Nitrospira bacteria®®! 32
Long-term balanced fertilization increases the soil microbial functional diversity in a

2015 SuJ.Q. 25
phosphorus-limited paddy soil™**!
Parent material and vegetation influence bacterial community structure and nitrogen functional

2015 Stone M.M. 16

genes along deep tropical soil profiles at the Luquillo Critical Zone Observatory!*’!
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Fig. 6 The nitrogen cycling pathways and key functional genes®" ** 3%
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