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K A RBl2A L4 (41271258, 40871123) ., [ 5 # 5 FIERNHF 5T & B K1 (201 1CB100506) A1 Hp [ )27 5 R 6138 T 8% 51 % [ 101 H (KSCX2-

YW-407)%5 B

e KELE-HMDRARNERELRY W T £ HFIRE, B 3E 0 & 4 2 6 848 B AE F X &
EEZN: R I R0 R S I il v B R D o - v e W N N
REFERBINAGEY, BEIHEA N FTEDELAEETEL BRETH L P THRY
2T 38) % B F PR A (R H1, non-cropping) f7 A4 & K (cropping) 89 H B iR 5, ETE@E & X F X R
EARLEEANEHNERRE G MER), AR RE 7 E# L B AR AR
NFEESNEG, BrAEERNLIEROARMEENEERN T E. FREAHEERE WY
FTEFRIEIBCEAHRMEINFE, EERFTROAENEENEN G LRE. WEmIeE
B AR AR 8 N B A R R 28 . W ERCABNERNLEH 2 ME
AR, HXEEENEAEE0H), FHEERENER 9 MESRA, AxBAEHELEER

Felein]

AEMER
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1%

(nifH) A0 KA A2 B (narG 7 nosZ). 1B AEMEE N0 T LS WA LM 500 A&,
ITRFERFREFMR, RARHEEMTFEL N R MTURLIRRMAEN N 2 TESHESE

1, % e H I 5 K IR 08 B 0 o A

AR R A KB FRG R, REARNE
W T ASRGEE T, R T A B
AU B A 3 ARSI T KRR AR IR
TP LAY R AR TR TR IE R T
D) R ISR I U R AR TR
[ A= 35 R e P R AL, X SE B R R Z 4B
TloA= Wy b (0 R (2 ) L e Z REPERE £ (Un Shannon
A Simpson FEEOFHIE, JCILAE 7S AP 22 6] AR
HARR, A £ 7 Gl A 0 A v 45 R R D fE =2 ] 5%
R BIBTSE.

H 25 45 I3 W B — b TR AR A 2R
BRETNEERRRIMRGE T EN. STk,
M 25 245 3 BT B AE AT 5 KR A W 9 W o 22 18] Y
FHELAE T b R R p R 2, I F i v T
WREMEW LSRR Y A S M4
ME KRR A, PRARGHH &2 A FE X R,
WALFE A I SE T A SC R, HAh, MAie
A At b S — SRR IR R, 2B AR A R 4
LA ] LUE S A S R G R R M A B RS E
e 2 ) 1 56 2R 1L ek 0 Bl AR R PR 4 4
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Wang F, Zhou J Z, Sun B. Structure of functional ecological networks of soil microbial communities for nitrogen transformations and their re-
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Mrde AR A, o8 B RUE Y o+ AR S 45
PR T IR BRI RE D). AR A S R AN
AT R, CO, 1G5 M Ar T H A R 5
KB F MY (phylogenetic molecular ecological
networks, pMENs) Fl Tj G 43 4= &5 M % (functional
molecular ecological networks, fMENSs), [R]Hf 2 T
- SR MR RO S5 R R AR AR e R U120,

iy AR Bl R 25 i R R 0 0 R T s A 2,
TERBAESRG D, FAEEY SRR WY . F5FF
A TH DL K ek AR 4 18 P 5 A% A CAn 3l B2 RN 35 K &) 52 i)
TR DR Y, TR R, RPRE EOKEAE TR
it A 200 T R A P A 0 5 R ), B RO T) b U
L E Y REIE AN A, (HAS ] 8 A e o ) U
AT W (FR R B O B AR LA 9, core nitrogen
transforming microbiome). H A FiAH 1EY) 55 8 PR i
X AN ] A B8 A A% 0 U A T 2E ) I 4% 25 4 (AH ECAE
KFR)WZ AT A TG R, T 2 45 4 T 4 38 U0 2F
DI RE By FR LAl R [ 2R R N b 3 R 09 FR A B A
oA A R ] B o o AR FRATT R IR A T
+ . BRI I A T 2135, EE ST FP AT (cropping)
FURFIAE B K (B, non-cropping) i H [a]356,
GeoChip 3.0 HARIFHT 3 Fh -4 v oA 32 S fe il 4 3 55
PRI R R 2 W 1 %0 BUG AL FE T (core  gene) O 4FAIE,
FeFFEHLSAE M 36 (random matrix theory, RMT) /i
P+ R AL DI RE L R ) 7 FAE AR M 4%, b R
RN AZ O R AL SE IR B A EAVE FHOC R 52, (7]
ELLR 3N (1) Fod KSR A i 8% O R
A PRI ) A AH BAE FHOC &R (28 25447 (2) R RIS
AR K 9 338 A% 0 UG Ab 3 DR I 4% v e G 1
A SRR A AHIA] 2 (3) iR T K i 1 5 M WP PR R
T TS A% O A A DR o LR AR N 45 254 2
1 k55

(1) R PR, 729 B AR R L4
AR [, EHE 3 Fh R ESAIA R I 105 FERAT
M4 (8 B8 X, Phacozem) . BR8] 1+ (GE ] op
W) & &, Cambisol)FlH IV #AHT £ 358 (3F DU 20 21 %6 +
KH ., Acrisol), 3 J& 5504 H A A 7.0x10%,
1.3x10° il 1.0x10° km?*. 7EFLBLAIM G X fY 3 A [
R Bl A= R g0k (BRI TTIREAS | T Fg 35 BRIV
PEIETR), T 2005 AFgy B4 )ALLK 4
HERIGEP BRI 1.5°C, FHIFEK 550 mm;
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B AR 13.9C, FBBK 605 mm; JEFEA LR
17.6°C, 4EH[EK 1795 mm. ABFFE K+ E 8
g B L B MR L S, A
X4 2 A AL PR(BEAL PR B 3N ER): (1) i E
KA B (cropping), M 2006 4G EAERAE 1 1K,
A RO 6 5 (). ASHL 958(Hf )M 11 5
(), AHEAE, ASFEBE R F7), HAg Ol 8 2 i
54 iAH1; (2) #hxf B AL B (non-cropping), 2006
ERATEEY), NI, AR, & BBRE. FIH
18 4~ HEAE 5 (3 P 1 HE > 2 AR BE x 3REA), BF5T
bR B KX A A W 0 2% 25 R s . b A
F 2009 4 F KUK SE 2 H RS, HEAEN 2 em (1)
ANFENEEH ST RERZ 20 cm HHZ I, 7R
FE AL F/NXOCRFERT SRR R . LR G 5 R H M
B BUAL R (2 500 g), 25 ATCHE % B k4%
T 4CARR AR B BR LA Amdil s, —a
BRI AL 43T PV b A B
PERR, 5 —343 i A=70°C VK46, FIH] GeoChip 3.0 i#
17 A W 1 T i 3 PR 2 i o 100,

(i) BEALBEY MR EE.  ¥EPE GeoChip 1)
RIACTRE 5L N T4 2+ I AU b Tiie o A 38
WA 2% A 4% | B 25 S 5 #E IEG (In-
stitute for Environmental Genomics)M ¥ (http://ieg2.ou.
edu/mena/) [ 52 "7 1520 R GeoChip it Fr £ 14
FEM KRR EIS R T X GeoChip 4438 {5 55 i
BAEAT Log #5340, 1AL 2 AN JE R B2 IR BRAH oG
P (Pearson correlation), F JH i % AH 5 £8 B0 ) 48 X1 (&
SR AGE 56 K G B 12 A S T I s A A R R
B RO Bl HLJE PE R s H — > 19 [
(similarity threshold), K AHARNM: R R4 5 46 oAy SR8 H2 56 1
(HE DRI R I 1 IR )34,

(i) B AY W% PE R, FH &R
Cytoscape 2.8.2P°1%f X 45 #E A7 il MR AL AR B, 7551 ] #1
I 2 A ] B AR AR B, FE 280 . b m v . A
Kol | B A S, Tk LS A I, Y S OR
SCUAR SRR HEIE T DO RE LN, Y fL 2 [ /Y
AR TR I Z M B AH BLAE I SC R (IE | TAH S PESE).

TR R 2% B F5 AR S S (1) i 38 B (connec-
tivity), fRFR—AFE 5 HADIE R 2 [0 945 (2)
BRI B (path length), 3R 2 A3 R 22 A () B G 5
(3) #EE A% (clustering coefficient), ffik— 175
AT o5 G PR A I IR (4) BB (modularity),



it 3Z

IR A W) R AR 28 TR LA R, — AN 25 431
A TR, R RERAE AR Y2 R G bl R B R
M UJREHLIT.

AT RS I8 A ) A A Ak B ] Y S R AR T RE 4
FLEAM LR 22 7 B EYE, ASCHIH Maslov-Sneppen
TRIFHI T 100 YRFEALM 4 (random network)®®!. %
D7 AN S T I 4 1) 1 s BBORT i 42 B, N i
P 2 Fh A TRl 57 B A 1T . ARG R 2 BB o AT B AL )
%5 ERAHT RN AL LIRS TEEMEZ
() %) 22 5 b e, (R BSRAR FH o G AeAS [ A Ak 34
(] F%) X 2% P Joit 25 5

K H Mantel test 77 I PEAGFIAEAEY) . LR EE 5
14 4 P 0 A 8 U AR T AR 43 AR A T 45 52
Mantel test 7E R &4 og 127,

2 gk 5590

2.1 HEEBOORE AL SR LE B

PR b AR IR0 BRI B 78 S, A
P FEORARFE A Ry 318 />, FlvRl FOK A3 & 0 i TR
[7i) R0 A R R 1) 2 B2 (T 1), 0 ARt Ak B v A
GACEEH (gdh), UK 1 ANE & A AL T T A 24 20
T B K (amoA), (BAEFIME AL RS H 2 4> gdh Fl
5 MNE A Z ST AR amoA. S5HE-HLAL AR
Ee, iR T R A B A (] 35 DR IT o b 48] A 5 i A
], 40 8 203 R (nifH) o7 2 AR R B Ll il 52.6%
R 2 39.6%, i S Al ALIEH (narG) BT 5 FL I 5.19%3%
fn) 11.6%.

2.2 3RO REF AR IE I IS TR

A3 SR A Ab BR e 78 AN FIFP AR oK b 38 rh
318 A RO EE AL A T 2 NIRRT
W2%. 3T RMT Jrykta e iy 2 A4~ 245 (0 A0 OC 1k B (A
B 0.86(K 1), T K&/ I TIZ T 154G 245 11

LU, 50 A ] DR i) £ A DG ks 80 0 0 25 7K P
AU T S R YA L C R BT

SRR L, PR R OK A9 0 RO UG A
PRRCHE | 3 A BN S B I (R 1), [R5
18- 4 2 R R 3G N, 2 B bR ORI T U Ak
PhA ) Z (W) AR AR T, S BOH R 45 45 0 B S 2 2%
HeAh, BORFPA TR AY 1 %0 R AL L L] fMENS
HRP 2 R A, (R B R K RO SRAERE
JIRE S5, 2 WIF ARG 5K AT LLTE 47 9% i R 5 78 A0 %)
RIZ B 40, XS BEHIL R 28 PE T 4 0 BT 1, Rl A
P £k R EOL P B AR IR REFAE B 5 2 H
(P<0.01).

A5 AR RIS Bl AR R A 1 RO U SR A
fMENs H1, A7 40 A28 55 nU2 R B9, (EAH I /Y
T T A S B S A S T A R )
W26 19 i TE 2 DR AL BT 2RI, FRATE X 24
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1207 CoOfprE Rk

1007
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ERFE
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Mm
I | il

> 40 ORI Qo 4 O
STEFELFTEFELTELIES

TERENER
Bl 1 Al EREE T B ORI R E RS
E
RACIE R RS ALV E FEE R (amoA) . EALTEFSEH (gdh Fil ureC) . IR
HARAMIERH (hz0) . FURBIFEZILF (napA T nrfA) . EEIEF
(narG, nirK, nirS, norB M nosZ). F&EFZENnif)FMFEILELIRE
FE[K (nasA, nirA 1 nirB)

R OBRHAAE TR IR T 3800 L D) B 5 74 25 M 48 B9 4R T A BT DU BE AL I 2% B 58 14 5

AR e TR B BEALI
b 58 Y vH TEREE ROE | TE TEERE
MR B AR : A B B ’
ZRHE RE WRH BEK ’ W BBK RN MMEo BBk A%
L, 78 0.86 45 82 0.84 (P<0.01) 3.64 1.25 0.47 0.39 (8) 2.63+x0.30 0.127+0.030
Al E ok 318 0.86 272 634 0.70 (P<0.01) 4.66 4.41 0.42 0.79 (28) 3.51+0.13 0.027+0.006

a) KRG S 540 d 4 1 B R R0 7 2 45 IR AT 43 1 Log[P(k)]~vlog (M)A G R AT I, Hovl P(JEIE B & 194K, /2

R P TE A AT A T O A e A 44 5 O AR R AE
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ML A 1) 40 AT RTINS A AR LA, A
RIS TE 2 R b o A AR B KX EMEN's 45 44 (14 5% 1l ([
2). S¥H AL, FRAE E KA IMENSs HRRER A i
I DAL 1Y) D) 2% 52 2% B8 (592 3k TR 978 2 1 1 S B0 A
EEE, ANAEARAE A TR (amoA) . S i Ak FE A
(narG) . AR LB R I R (nirB, nasA il nrfA) M 28 A5
Hl (ureC); R A A6 3 R (nirK) 1) X 28 52 44 B2 R AIK
T RN AL EE I (norB #1 nosZ). AL TR
e M (nirA) K 8 B P (nifH) B9 B 2% 52 2% B2 28 AL R
K. Dby e gs R B, Pl FORALAE T 158
A2 U S8 B Al DAL ) 8 A IO 8% 25 4, [ sl 8 3 e A
T2 H AN [ R Ak ) e 3 DR 2SR 1Y T 45 A ELAE
KE&.

2.3 B OREEAE N S g Rl #LAe

EYRe 7 FAER MR, 7 Rk
RIFACTIRREE N, N FHY S 2% A 6 mT AR
TR S B I DR AR . 39 S A D A T B Y
T30 B (Zi) PSSR 0] % 30 B (Pi)FRAE. A PN % 38 B
IR T — A7 s AE B rh 5 A Y A R
T ASE B (] 3% 3 25 S W 17— A1 i 3 2 B AN [ A e 1)
FREE. M S — Bk 4 2508 (1) AhEAT A
(peripherals), Zi Fl Pi{E#AI%, 48R/ H B2 S5
Hep R SR (2) 3L (connectors), Zi Ik, Pi
B, RN EREAEEARAL, (B5E I BE
FERZE; (3) BIHX A (module hubs), Zi fF . Pi 41K,
ARV 297 fm Bk, (A5 AR P 12

100

L Eoi!
CoOfEERK
80-
60-
E]
I
e
40
20-
0_
&ov&o &\0 Q@@v ((\@ PURG {\\& Re Qoga (\04/ & $
TERENER
B2 BRHAAE E RO T 1RO R T B A %
H A BT R BB E
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R (4) MR A (network hubs), Zi Fl Pi 5, [A]
st LA A R 21 RN 2 4 RO AE .

AR O AL FEL A MENs A 255 5 A4
N E (K 3), 48 KR ZEN 4T f 8 T A F T A,
KZHAIMNET 5555 FRIIBA B R (Pi=0). #hbh+
BE fMENs Hscf A8 1 A, ZEFPAE £ oK Y 1
fMENs FUAFTE— N34 1 0, 1 R 5 I A
VEFA S50 nirS JEH (5 2). i+ 3% fMENs Hg 2
MBI AL, H 2 A4 [ RIE nifH R i oK
H fMENs H & 47 9 MK AL, 46 4 1 nifH JEH,
4 N EEE (narG Ml nosZ # 2 1), 1 1k HE
B-Proteobacteria W2 AANEH I ureC(FE 2). XL
PR CRFIAEAED) 5T, A P 58 AU A
AR TR S YR 5 L MR, mAMEEY S
[ 2601 52 i b 440 TR A R0 A 3 R ) % v [ B A 7
EEH.

AL R A S PR A AT Ak X 2 246 4 ] (1 4)
WR TARRIAEETT 584 W) U A0 358 DR e 34 I 4%
o AE e 5 A JE D A LI R . 7R AT Ak )
g, ANRIEEACER T S BRI, T8 R AL
& GenBank ID; #4147 s AT A4 Jl— A I 28 A5,
PR 158 fMENs H 8 MECHRA l, 1A oK L
¢ fMENs €04 28 ML, 5 2 W] B9 2L (i 2 SR
W Z BB A EAE R, e AR IEAH AR
LTS SRR Ib o i Nt N i e N s 2
FEE K 3 fMENs A [F] B E S AR TR

4
|
156446963 ey e |
3% / ;gggg%g 84693457 I RSl
1/ 10863129 g 119391415 !
& 38427030 [
28 49 _ 04633560 R I
B-9908307% r
o ) 62149208 . ro
19 o" o | AR .
W oo ¢ 006 : OFPIERK
< A g o !
& Of 8 o o |1
m B 0o o © I
® L A
—1 o o © : 028542629
INEPR b e
) o :
I
I
-3+ T T T T T - r
0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8
EREERE
Bl 3 #RHAIAE FORALIE T IR0 B LT R E A M4
BIFRIMA

FF5 BT AN B R 46717 0, A A I s 0 bR e I o 3
K315 (GenBank ID)



S
g

R2 REMMBERERBIERBANESZEER

Ak B B 715 4 BN g K

- 77686324 nifH Eif= Alkaliphilus
10863129 nifH Bk enrichment culture clone
28542629A" nirS R Rl uncultured bacterium
84693457 ureC Atk Polaromonas
119391415 narG Atk uncultured bacterium
38427030 narG Ak uncultured bacterium

Bk E K 156446963 nosZ B uncultured bacterium

4633560 nosZ Stk uncultured bacterium
33385703 nifH B Desulfotomaculum
62149130 nifH B uncultured bacterium
99083075 nifH [ %L uncultured bacterium
62149208 nifH [ L uncultured bacterium

a) 2% HAS

2 oo oo —o 060 060 0 0°
‘/%. ./\j\\.’ ‘/Qb /:0 ./:. oo o060 00O —9 ©e0 00
4 BRAAUAE T RALIE T -5 0B 30 B 0 B 28 B O

BT RFR— DRI, RIS T SR A SRR i (0 AR SR N B M IEAR AR, 20 G2k 1 ni il i SR AR
B | I He AT 3 B O bR SR R P

B 1 —— A AL IR R R IE [N nirA(148255520) A B /b ANAEFE L ANLL 2 A4 nifH SR HX 4100 25 B2 45 A,
LRI S —— AL ] nirS (28542615). AT JEPR Z A A K ZR A0 28 S Qn AboRE R OK ) A A
AL W 2 K A mT DU, BRHD AR RS oK 0 13 M ECKRIEIE N T IR LS A EAE R,
fMENs Z5MfF7E b 3525 5, BRIBIN S8 a7 o0 . B ROCHE MR RS IR R d kA T o 2 el s,

391
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2.4 PO AL IS SRR EREE A T

Xof 55 M) - 8 A% 0 SR A 35 DR IR 285 485 ) 1) R B TR
T iE47 T I Mantel test 38T, 455 (F3)FM, #ibik
T AR YA A K R 1 B K 4% o 3 I A
K(P<0.05); 1AL T KA 2R AR . L4
YrERAS | R DA LA — AR (3 pH,
TS A . TR 55) 5 I 2% 142 3 B 359 S A 3 o6
(P<0.01), T IR LRI EEF2Z +
e S RIAR P 5 R 2R Y SR RS

3 e

WA SR E MV ERR . AL B BROCE HUBK
AP B P Y D aE T o D B IR AR
R A EE HECR L WM E LI E T
Tl A <5 A5 B i Xk S0 e Ak 2 e T A W B9 R i
G820 SR 3 H R AR MR R R
TR RCRAE B — 1) B AL B Y R v A R e, R B
STt FES Ak L AT LA S 2 A 1 v A A A T
T 1) amoA JE[H O K [ B nifH B R 43 A5 SR,
B Xt LA SR Al TR 1) BIF M L 4 1 4 78+ R e

£3 BEETFEMKEREZEMEREHR
Mantel test 431

¥ 4% W T AR r P
- T HE K E 0.126 0.029
AER K 0.123 0.006
SGawELE Y 0.181 0.001

gy A 0.275 0.001

R A it © 0.140 0.001

14 pH 0.126 0.001

AR 0.267 0.001

FRLEOR U 0.289 0.001
MR 0.093 0.001

M AR 0.089 0.003

MHER R 0.153 0.001

T A KR 0.241 0.001

+ ek 0.155 0.001

a) AT RO 18 pH, AURSE ., 2
P MAE . BB A MU A S A SR
BASHESE.  BEYE . R R R e REEE K

., RHEERE . EEOKRE | R AR, b) LY
HUE B LA KRR E; o) MY RS M bAE
Py A b A S K
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WA Y R TS R AR, ke s R R E TR
I 4 v AR BAE . ASBIESE B UK T e AR S M
289 T v B A T A S W i v 4 A R T g
HIAIF 5, I i 38 e 5 RO B AR MR R
I 2% 53 B 7 s iF 90 AR T A 25 R G v RloRE B oKk 1
Wl R AL D e 3 DX I 45 G5 M (R sg ),k BN AL A
YR T R EE AT RE R I B U T AR
R DI e N AE o FAE S M A BEAEH, 8
JN T A R A5 P 1 R e b AT D 2R T
HERUEY Y Re I N 0y M g g5 1, R TR -
BT W B U S5 R0 1 AL R RT A K-

ST AW E N R Z, Ty
7 R X 4% J5 % (differential equation-based network
methods) . DI 0372 77 7 (Bayesian network methods)
DA Jo S B W 2% T 7 (relevance/coexpression  network
methods)*'. 44 £ 437 A 25 90 4% B e 22 14 2 i T
AH S B D 48 T . b 3R T S R 1) D O g =
bR, KRG M A 2 iR AT ) 48
IS PEFI T, AT ST 52 2% 0+ SRR AE W) R G RS o
AL, Luo %5 AR H L T LR B S A9 A2 45 K
Y8 Tk, I R DRI RN 5 DR ES R T T R R
IR RE K AT T R FESE TS 20L B R
VO 25 A EE 7 I A A5 TR A o A A B
il PR FF S, GRS H S5 BEME ., e 0
FIWr, BE6E T bR 2% 20 b i M T REE A AT
NGRS/ R S22 T €1 s T L6 e 11 I S 26
AT 3% T vk 3 B FE T 4% R [R] [H 22 R A
TE R IR ARG AR OC, A 52 BR 8 ) 45 v PR 22 ] A]
REMAELMEM B A0 R, NIV L AE AR L MR AR et
Dy AT IE.

— W 2 R G EAE TR E (scale free). /Mit
B (small world) . # 3R fk (modular) A X 2 &k P
(hierarchical) %5 5 2 (1 0 45 R i 2 04 B 14 0 45
FREJE R 2800 A miE AR 2, B iR 43
WS TE M 2 5 HAL Y AR 2R, it — %
TChw BE P 2% (1Y) 34 38 5 AF 5 RF o0 A RRAE . ASBIF ST AR
AR ORI 2 A A% 0 R A SR T I 245 1)
A R ELGA)5 B1 9 0.84 F110.70(F 1), F WML H
A ICHR BERAE. /N 5 0 45 2 48 X 2% vh (1) Z2 85015 A
ByAE 9 P AH AR, A 248 K 22 850 A0 AT A At AT =YY
M HAR BB IR A ST h N 451 3 i A2 1 RN
RERFSGELN G AHN 2R E2EZRGR D),



I A i 1 SR A R R 25 S /N HHE SR R 4% bl
R —HAEN SRR G, (RS AR &R
DRI RE R ARG rP AR AR AR EOK A 2 A~ 11
WO AU AT R W 25 3 R IR AR AP O BE PR GR D).
JER AR 2 g o RN, BAER N
WAHSHATNE X, HE—-MRERERRAKS
AR R WO R, A A AR S
25RO A L, AR 5T b i - 8 R b D K
AT ICREE L /N FE | BEEAR DL R 2 U ) X 2%
Tk, AT LA 7 S0 W) D e 43 AR AR R 246 56 PR B
AR A B e L

TESE 2 1 A D R O v R D 2 i A= R T e i) o
YRR RN TP — D, BT RUEY R
HHE SN 2D SR REREFMEY, K
AR B VR D B OB T IR HE. ZE AR ST R
I - U AR 1 S B 1) BB 3 IR R L T I 45 A
BT RS, 7ERIZEY S0 4 N FRFM A E R Y S
BIHRAX AL . a1 05 . WA, 4% HX 4 i
REEE, KO E R B S A% O A A 2 AN [
BEP A bt 520 T A I 45 1) 342 38 1 RN RS e
PR ABZEABGE h, FRATTAEA B i A 18 U A TR )
WA R BN A AL, DR I A R X A o B A
T RAE A I g b ) O B PR FRATT e B T R R AR
i CAN PR £ oK) I - R b Dh g o AR R M &% rh
I EYR(E 4), TR EREY B AE AR . Kk
TEAL A TR AL A B (1 4). eoh, FRATARI nirA %
[K(148255520) F nirS F£ K (285426 15) 43 EE, F
BUEM T 2 ANIERTES AR iy 5 B R
[ 8 i < I S i D W < s g S S i P
D) 4 v ) A1 LT s B AR — S A R e R A
PIRER, (HEECRER, 1B — X TAERRS
e A RKA . S b, ARFFRERAE T —R
5 0 A 25 T RE Y G SR (BRI ) I JE A BIF ST HE B,
AT AR HE A R 2 - S A W AV 25 ) L A A A
R 5 20,

- SR W RV 5 FA 6 PR BE e A i o7 ML ) 2
WEMAEY RSB BEIS KA. DIAENIRE S
P2 M b3 Y RT LA R A W G 2l
iAW T 2 O BRI, a2 ST R R
) 5% M) - S G A= W A i R VR I BILTRL . T il 2 ) B
e FAESMEM A T — MBI T, A
A 5% AN BH X R 5 vk ] DA 4 7 Hh ALV E 9 2

HEINT A R A KL IR 4 0 A AR AR, T HL R R
HH I O 20 245 K 1) AR A2 AW | R R B R fb
S B R B RS R (3R 3). R R G P AR 1
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Structure of functional ecological networks of soil microbial
communities for nitrogen transformations and their response to
cropping in major soils in eastern China

WANG Feng'?, ZHOU JiZhong® & SUN Bo'

! 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 Institute for Environmental Genomics and Department of Botany and Microbiology, University of Oklahoma, Norman OK 73019, USA

It is well established that nitrogen cycling in agricultural soil-plant systems greatly affects productivity and the environment. However,
the impact of microbial interactions on nitrogen cycling and its response to management practices such as cropping and fertilization
remain unclear. In this study, three typical soils were selected (a black soil located in the cold temperate region, a Chao soil in the
warm temperate region and a red soil in the middle subtropical region) along a North-South transect of eastern China, and a controlled
field experiment was set up with non-cropping (bare soil) and cropping (planting maize) treatments. The core microbial communities
(with members shared across different habitats) associated with N transformations were identified from high-throughput functional
gene array hybridization data. Functional molecular ecological networks (fMENs) were then developed by a random matrix theory
(RMT)-based conceptual framework. Cropping increased the richness of most N transforming core genes and the complexity of N
transforming fMENs. The number of modules in the topological structure of fMENS increased from eight under non-cropping to 28
under the cropping treatment. Two module hubs (key genes) of the nitrogen fixation gene (nifH) were present under the non-cropping
treatment, and nine module hubs including the nitrogen fixation gene (nifH) and the denitrification genes (narG and nosZ) were present
under the cropping system. Additionally, changes in the network structure were significantly correlated with plant, climate and soil
variables. In conclusion, agricultural management practices and environmental changes can alter the network interactions in soil
microbial communities, and consequently affect their nutrient cycling functions.

core nitrogen transforming genes, functional molecular ecological networks, maize cropping, black soil, Chao soil, red soil
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