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Abstract: Magnetic nanoparticle-mediated isolation(MMI)method is a promising technology for separating functional microbes
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from complex microbiota. In this study, we employed the MMI method to recover metabolically active cellulose decomposers
from paddy soils with a 28-year history of different fertilization regimes(chemical fertilizers; termed NPK afterwards), organic
amendments(OM), and without fertilization(CK)). Our findings suggest that compared to no fertilization, fertilization increased
the number and activity of microorganisms, thereby facilitating cellulose degradation. These active cellulose-degrading bacterial
phylotypes mainly belong to Bacteroides and Firmicutes at the phylum level, and further to Porphyromonadaceae and
Paenibacillaceae at the family level. Also, we found that fertilization increased community stability, partly by decreasing
interspecies dependency. Furthermore, OM fertilization increased the numbers of potential ecological function, which makes it
more effective than NPK fertilization. These results were consistent with our previous conclusions based on DNA-SIP technology,
suggesting that MMI is a powerful approach to recover active cellulose decomposers from a complex microbial community.
Above all, these results would deepen our understanding of keystone straw decomposers in paddy soils and their shifts in response
to different fertilizations.

Key words: Soil microorganisms; Microcosm; High-throughput sequencing; Molecular ecological networks; Straw utilization
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R At B B LS W0 R W L 47 2 R4l ( carboxymethyl
cellulose sodium, CMC-Na) SMERJEP FFR T ik
S SN A D WG e £ A B 1 o

1 bR

ik T EH A
AR SZE i F R [ 8 TR 2 K s R g
(28°15'N, 116°55'E ). £t 28 - AN[H]iti A AL FE (A
HLAE OM, fLAE NPK FIRitiIE CK ), HAk+HEifk2%
PR ILEE 1.
1.2 BEMESRRLFRIHI&HE

AU A B G M 0 KR ) A 1 SR H R T v
M0 HARME BT, &5 300 mL # 4l K 2] A 500 mL
SHEBEHRS, EER T AHEE AR 30 min,
JUBEI B Y 23 S PR 4.490 g FeCly-6H,0 F12.307 g

1.1

FeSO,7H,0 T LR = BRI, HUAI H 2 50 2
fift . FATIRS), WIRERA G, FHHEREER 30 mL
WEUKIEA FIRIREW W, LA KR ATE
AR, TE 60 COKFRARLLIFE Y 2 h, HeAS05
HRBRIERARY T #AT. PN ERR A, N
BB L Y S . A Al K Ve Tk, ToK LWk
WEIR, TE 60°C HAS T 1A T4 20 h, BP0 144
B PR AR Fes040 FHBFER T S J5 15 M5 A IR 40 K
FesO4, W ZEILH K 40 kHz #87 R %
10 min, 5. Hl&LFHI9IK FesO,4 FI0RL 43 51 FH i 5
Hi4% (JEM-200EX, JEOL, HAS) FRshEE & g5
it (PPMS-9T, Quantum Design, [ ) AR,
BEF ML, HA&RLYE FesO4 9KKLTH
BRI, Ride A 10~20 nm (& 1a ). GOKA RS R
£ &l 1b R , HA G375 B R 61.94 emu-g ™,
A g

Fz1 =MAEERELIERLERFYE
Table 1 The soil chemical properties under three fertilization strategies
‘ R K R
A pH AP SOM 4% Total N 4=ff Total P 24f Total K
Available N Available P Available K
Treatment  (1: 2.5) /C gkg') 7 C gkg?) /( mgkg') /( gkg!)
/( mgkeg') /( mgkg') /( mgkg!')
CK 5.25+0.09a 13.7+1.38a 0.83+0.06a  304.3+13.05a  16.77+0.49a  62.83+7.24a 0.28+0.12a 126.6+£17.47b
NPK 5.36+0.06a 18.4+2.15b 1.13£0.13b  534.3+56.98b  15.67+0.68a  83.87+9.09b 2.56+0.44b 70+7.21a
oM 5.33+0.21a 19.9+1.78b 1.24+0.08b  714.3£21.50c  15.73%1.11a 101.5+8.73¢ 5.84+0.66¢ 106+2.00b

. CK: AJif A AL 2 ; NPK - fLAE; OM : A HLAE o AN [R] -4tk 7R AS [R] Ak B ] 22 57 i 2% ( P<0.05 ), ' [F] . Note : CK : without fertilization;

NPK: chemical fertilizers; OM: organic amendments. The different letters represent significant difference indifferent treatment ( P<0.05) .

The same below.
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Transmission electron microscope image ( a ) and magnetization curve (b ) of the produced magnetic nanoparticles
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2.4 f12.8 g MNPs & + 3R IR A7 %( 150 rrmin™ )
20 min, FH#EERR B REILTAEY) 10 min, 350 dE
il Ak A= W 5 2 B Ak AR B i R AR A
10 000 r-min ™" B5.0> 2 min FRAG A4 O A TLTE

# 04g
° o ’. °
® e e Bk (e K
°, ® @;,; V||, 0o, @
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(£:7Kk=1:10) ) 04g 28¢ (F:k=1:10)
o IR vl
ST L SRR
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o\ AR ELT 4 Z WA i
% MNPs E =DC,/(DC, +DC,,)
DC,.: BEALTHE YIDNA Y

DC,: B3I E YDNAY

|
|
|
|
|
|
j |
P |
|
|
|
|
|
MNPs 55 +HERR ¥ e (L Bl 8 !

il FH AN 3L 41 DNA $2HUL7 & ( TIANGEN, db
50), MBI B DNA, R HAY R 241 DNA
% 50 uL TE 22 Wi ( Tris-EDTA buffer solution )

fr, ffif Qubit ( Thermo Scientific, FE[E ) 7tk
IE A REPEAN Y DNA ¥R (DC, ) FIFRIATHS>
H TG R AR ) DNA M (DCoy), 115 T3 REL
R (E = DCpy/ ( DCpetDCpy¢) ) {E T HEREAAE
EHAI LA EN K 100%E0 45 5 i, 5681 - HEE 5 MNPs
1 el e, 3R T BRI A8 MNPs 1
B R CR T T 100%0F , MNPs & 5 5,
WEFTA G A RS, AR FIEEEE AR
RIS, RZ, MEEEACRIET 100%
BF, MNPs &l ik, A2 LI, Ws
FRFBSY Bt

ST
(75 CMC-Na)

|
|
fefk WA | #g N e . | o
Hnm| By # D) Ey &) D Ty
* 5 * Jy | 'S
ol |
co, |
Gill
CH,
) |
|
T |
| :
RIS |y psim by, BRI 35007
|

. MNPs: BEPEYIKRLT; CMC-Na: R H BT 4R, E. HI3ERLSCR . TR, Note: MNPs: magnetic nanoparticles; CMC-Na:

carboxymethyl cellulose sodium; E: soil magnetic functionalization efficiency. The same below.
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Fig. 2 Magnetic nanoparticle-mediated isolation ( MMI ) process

S ERISIEFF X

i il LI CMC-Na A M — fil I 1Y) 15 37 3
CMC-Na 10.0 g, Na,HPO, 3.0 g, KH,PO, 3.0 g,
NH,CI 1.0 g, MgS0,-7H,0 0.5 g2, 345 pH & 7.2,
121°CK B 20 min 5 o 4 0] 52 56 i 154501 Lo f51)
RA MNPs 5 = Fljii I 4b B (% + BB in =
100 mL [fil ¥ i, T % F 4% ( 150 rmin~' )20 min,
TP ER, S 18 AFEA; TR B Ak L
AW 10 min, EBRFITRS 545 85 0 RE AL A A

14

R T AR K, A R =0 RS R B
MNPs W BB A9, 4 H R TR CMC-Na
Bigp e, BT 28°CHFRAE . 2 TR FRAAS 3.
6. 9 A 12 JFCHHAEE T S DA 375 1 T 28 W B <
TREESL, GBS AR (Agilent 7890A, Agilent
Technologies, SE[E ) & CO, Il CHy MYVREE, FR1%
AR CEHE L. 12 d RS ER, eGP
TG TR T LI 20, 7 1) W A G A e 2
(TG AR IR PE U Y 20 min. B JC RS WA
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Pl AR e B BRSO, 10 000 r-min' B0 2 min
AT 4885 A DTTE f5 #2 H DNA (30 1.3 ).
1.5 16S rRNA E[F PCR ¥ &K SiEEH & FlF
fii 1514 519F ( 3-CAGCMGCCGCGGTAA
TWC-5")F1 907R( 3'-CCGTCAATTCMTTTRAGTTT-
5') P HE4HTRA 16S rRNA JEH (1) VA~VS5 A[AE X,
XA ANFRESL, T S19F 514 3vmhn—Bt 5 bp KE
Y EL B L 7 51 1) 43 2545 45 ( Barcode ), PCR 74
K&} 50 uL: 1 pL A5 DNA, 2 puL (15 pmol-L ™)
1E . RI8 5197, 2 pmol- L™ TagDNA %4 ( TaKaRa,
HAS ), 1.25 umol-L™" i AR =W R, MY}
HELATC TR 4l 7K B A DNA, PCR ¥ G FE T4
94°C 5 min, 35 PMEI( 95°C 30 s, 56°C 30 s il 72°C
455s), 72°C #Eff 10 min, PCR P=¥y34i it 1%35 05
B &8 I 2% 5 K DU RF S 4 . A QIAquick PCR
Purification kit ( QTAGEN ) 4lifki 7| & 4lifk PCR /=
%, H Qubit ( Thermo Scientific, 3¢[ ) M E PCR
PRI, BT PCR PWIAEEERIRG G, (A
Ilumina MiSeq WJ¥F- &5 #EATY 1 7 &l &= 0% .

F P F 50 A B AE A W) AR S 8 = 4R A
( Quantitative Insights Into Microbial Ecology ,
QIME) FH%EM. B, EKERPFHRESEET
20 HKBEE/NT 200 bp #9751, JiH4fE Barcode /351
S5k TICHS . 8 Cutadapt Al Trimmomatic 43
S EBRY a5 YRSk 78 . i Usearch 53k4%
M 97% M ARAUMEXT P A HEA T 2RSS, RIS AT A 1A
KB, BAATEAE 2T (operational taxonomic
unit, OTU ) 3= 5 i (9 SRR T 91 . %
MR MHAREFE DT H ( Ribosomal Database Project,
RDP ) 4325518 [l Greengene ( version 13.8 ) #47
YyFERE . i PyNast 59k xR, JE0dH
FastTree FJ i R K B .

WP AL45 5] 1245 632 451 i it 16S rRNA FE[H
JEH . AT TR LR A . R A BURN SR
AR L, BT RS T A g — il oE 2
19 233 4.

1.6 HESZITHH

TR YR =E & 54 Richness index, in term of
observed OTUs ). ¥ #k L # & 8 %0 ( Simpson
dominance index ) FI 4 Fff ¥ — JF 45 50 ( species
evenness index )R FRIEYFAE IR = J7HIHY alpha
ZFeYE, T Bray-Curtis #5 (OTUs K ) AR

B Z 4 RE 73 ( nonmetric multidimensional
scaling, NMDS ) HUIEBRBFE S M E T, B
JLH 481 ( permutational multivariate analysis of
variance, PERMANOVA ) £ 35 i ¥ 25 14 25 5 1) 1o 2
o DL Eadrdfii i R - “vegan™tl . J7 22001
( ANOVA ) LI ZHEMEd6 Bny 4i A] 22 5 00 Hr, (f
SPSS16.0 1% . ffi i MENA £ 4 (http:

//iegd.rccc.ou.edu/mena ) AT IR A L BT, AR
SR G o, AR BRI AR 22 5+ R H SPSS 16.0
WATHEA A, IR EIZE ( Tukey ) K6 50 E 4T 2 5
PO, W AR R K500 P<0.05 A P<0.01.

2 ZER518

2.1 MNPs 51E2®HHRELH

SRR UE A AN 6] A B A9 A P e
S H BN, MR SCR IR A 2] 100%, X
TFAH A B TR W, NPK 5 CK ARk P iy
RTEE 1.6 ¢ MNPs, i OM AbHERNTFEE 2 ¢
MNPs ( ] 2a ), WS —4 NPK 5 CK 1y /P
YORBORLAS I, OM Hr B 43 Wy P vl B8 A 4 R M 40
KM EHRE  AS 5 EMNEESE; W% —H oM
) B ARG 9 K ORI N i, NPK Al CK s 4
T 54 H R A B S 25 it 5 1) MINPs AL 28 17 e
3 S T R O B oy B R . TR 2b R R OR
e R LOITR G LR S MNPs, T FH #4420 Fff
WETEM R Y G, RIS B EE S
P € 0 VR A A A R B, AE T MINPs 5 +
R B A LA
2.2 fRUSEEFE R AR E AR AL 1B E M AT 4 E PR A

Lkt

FHRES) ST B 5 CMC-Na SR 3 5 5L IR 51
REVERT RO SR G | B R B S B (& 4a),
H DCfBME, fUAE 0.11~3.74 ng-pl™' Z[a], 28%C
B 12d)E, ARSI, iR
(K 4a), ILHF, DCue FFFE 81.29+14.96 ng-pL™
(CK). 84.60+36.64 ng-pL™' (NPK) il 115.5+
29.35 ng-uL ' (OM ). 12 d L35I A9 CO, 5 CH,
VAR R ) 72 A A, S e T 5 R B ] ) A A 34 B R O
T H YR M CK NPK £ OM B4l #a 3 P<0.05 )
(P 4b )o 05510 2 Foe A H A7) Ay 495 8 G [ 5 1 )
IR, AR REYE (BEEE ) KR
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T Munes A REPEGURRLF TR B b 15 (19 BT R U3 MNPs 1S4 . Note: My, is the mass of magnetic nanoparticles. The text

above panel b ) represents the amount of MNPs.

K3 =ML T R A R AL RCR 5RO MNPs A 5C R (a) S MNPs JF 25 BRBEAC 205 A7 4y 1 5
B (b)

Fig. 3 Relationships between the magnetic efficiency of three fertilization strategies soil solution and the MNPs concentration ( a) and the

remaining of corresponding soil solution after removing magnetic part (b )

H OM. NPK. #| CK Z#iFE LAy, R
BTN 4 B SR RN i R SR D
AR KRG T b g (R 1),
L3 o e - A SO el PR A T 3 TR
A (I v LB B A A R AR R e 1, el
THOK . RRYEEPESE ), NI Yk 5%
PR B e A O e A T AR 258

T 37 J5 AT AR AT AN ) it JE Ak T A1) 306 2 21 24
ENC i S S W il M R SN
M AR OL I R BN Wy T 1) — B 48 BB R R AE Py ol
FEE. BB —E I H alpha ZFME. 245
W, alpha ZFEVER =FOK L B EEES
(P>0.05) (&l 4c ),

T Bray-Curtis FEEf R NMDS (& 4d) #

PERMANOVA (% 2) &£H], AHiCALE CK AT
P 2T 24 3R 680 firk A D RV 45 4 5t A b 3 OML Al NPKC
P25 (P<0.05), 1fii OM 5 NPK [H] ] 7 it
FES (P>0.05), R0 T 1648 K %
fiff 240 TR ARV 4 -
2.3 A REIHEAR AL IR iE M 4T % H M fR 40 R B S M

HBER

A OTU WA iE BRI S5 0L, K AS L IR PR LR
Fof gt A AT RE 95 TPOlB 90%0K F T 3 AN T 1( % 3):
LW 1] ( Proteobacteria ) ( 42.88%~63.99% ).
FFE ] ( Bacteroidetes ) ( 18.37%~37.26% ) Fl1JERE
B0 ( Firmicutes ) ( 15.19%~18.74% ), A [alJiti AT 4k
PERIEATHOER, RIUARIE AT T/E CK Ab3 N F AL
o, AT RS BE B T ZEAGAE. ( NPK AT OM)
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S, 30000t
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i 10 000 +
=
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© g I} i) Time/d
g 25¢
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g
gL I5f
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WG MU W x oL HE - - =
Before After  Before After s N
adsorption adsorption adsorption adsorption O A i) Time/d
) d)
400 - 0.125~ 0.80 ° DREK
P=0.17 P=0.63 P=0.88 020l [ I Stress=0.1 bz
L 0.100} o 0.75} ®
=} L IS w2 ®
) 350 @'é % § 070 2 0.00} .
frig=) %5 0075 - 3 5
3 S 3 0.65 Z N
£ i & R E oor @ °
3 £ 0.050 & -0.20} o
300+ @
0.60} 5
0.025 . . ®
055 -0.50 -0.25 0.00 0.25
CK NPK OM CK NPK OM CK NPK OM NMDSI
AbFH Treatment AbFH Treatment KbFH Treatment e CK @eNPK ©OM

AbFE Treatment

(o) BORESRE A (b) B3R 12 RN CO M CH MR BE; (¢ —PBAE A 21T 3 4 27 4k 22 A A0 9K 1) alpha 22 R 1
eg2e5; (d) EERZHERESHT (NMDS ). B (b) FREFR: BRI #1225 B3 . Note: (a) Microcosm picture; (b)
CO, and CH, concentrations for 12-day cumulative; ( ¢ ) Changes in alpha diversity indexes and ( d ) the nonmetric multidimensional scaling
of metabolically active cellulose-degrading bacterial communities under three fertilization strategies. The different letters in Figure (b)

represent a significant difference.

Kl 4 UG IR R VLT 2 3R R i A R RV 22 R AT

Fig. 4 Microcosm and diversity indexes of metabolically active cellulose-degrading bacterial communities degrading bacterial communities

R2 TREERLETALERERAEFEEUER A RESE RN I AN TA] , $EL DNA-SIP 4 AR TE A

Table 2 Dissimilarity tests of metabolically active FJE %ﬁ%ﬂ%ﬁi%@?i“” o
cellulose-degrading bacterial communities between fertilization . " . TN
on ek e 53 R B AERLK T, CK A B ST BT TR

strategies using Permutational multivariate analysis

it # B A 4 3 B B ( Rhodocyclaceae ) 7 4 T

KbFRE] L 3L Pairs  F {H F value R’ P
0 7 k [ 0,
— T e 005 29.03%, % NPK\‘ OM AbHERY 19.41%H1 18.79%i#8
H o 10% 44, 52 MKk, NPK (19.06% ) 1 OM
CK vs OM 3.497 0.259 0.015 X N . . N
(15.81% ) AbFE A FUUFF TR ) AO A0 3 B 2 45 PR i v B
NPK vs OM 1.173 0.105 0.339

( Porphyromonadaceae ), ¥ F CK ( 1.34% ) Ab#f;

RhFRF S B L %t H A B LA FE o ey, NPK (6.13%) Fil OM (6.91% ) AbFErJEERER Y
FIJ DNA-SIP 3% AT & SRR rp DB HE N IEFEATRERL (Paenibacillaceae ), 1L T
fZE R REZ AN AT R R Ty CK (2.19%) ARBE gpsbh, JEREER ] b i) B IR H R
WREZ IR, 2 HLIE M B i 3 . %254 (Lachnospiraceae ) MI7E CK. NPK Fl OM Akt
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Feas ks Rk 8.41%. 8.67%F1 8.06%., T A
52 1S NIE A A LA 2T 248 25 bR A S e 4 st e BT O
SRR AR 2015 4F, Hahnke S5PMHEA
SN A B T — RS BRI R A TR, O AL
PRI 2 H ok 0 2] T g B AT A B R SR . 2005 4R,

Siddique %R TG K BE S oI AFE FF G K 2 T 28
SFRFFRAHOAIE; 2014 4F, Keita 2522 UBF A KPR
PERZRAEREA T 23 B T — RS 2T TR R A R AR
I K ) B H B A L 48 OB EG TR E . 2010 4R

Wongwilaiwalin %52 H JE HEAE 0 16 T — >
Er LR BRRHI) o T P AT A 2R B A BRI T IE SR
V5 T B SRS FT S5 S R 4 R 0 B A 4 3K R
P . BIRARHAE W) h & A 1 22 S B AT e KA C
HIRE, XS T DRI er iR, H H %2 ®
AR R 1% 2 W] 6 M B R R M Xt & sk b R
(A LA B ) L — R R B gE R, AR
GEIT IS R IR R AT AR R I RE T L IEHH
TR T3 B S T AT 4k R B o i T A1

£ 3 TEIMGABANID T 5 14 4 4 35 B W40 1 A 4B

Table 3 Relative abundances of metabolically active cellulose-degrading bacterial phylotypes between fertilization strategies

I"] Phylum A Family CK NPK oM
Alteromonadaceae 0.14% 0.00% 0.01%
Comamonadaceae 3.96% 4.42% 3.89%
Caulobacteraceae 1.49% 0.98% 0.65%
Campylobacteraceae 0.00% 0.16% 0.05%
Desulfovibrionaceae 6.58% 3.21% 2.17%
Geobacteraceae 1.06% 1.74% 2.20%
Hyphomicrobiaceae 5.60% 5.03% 2.71%
) Helicobacteraceae 0.65% 0.15% 0.10%
AFJE B 1] Proteobacteria
Methylobacteriaceae 1.35% 0.52% 0.11%
HHLAE OM ( 42.88% )
Methylocystaceae 0.36% 0.61% 0.46%
fLAE NPK ( 48.38 )
Neisseriaceae 1.97% 1.48% 1.34%
ANt CK ( 63.99% )
Oxalobacteraceae 4.70% 2.57% 2.96%
Rhodocyclaceae 29.03% 19.41% 18.79%
Rhodospirillaceae 2.80% 4.62% 4.18%
Rhizobiaceae 0.73% 0.52% 0.52%
Sphingomonadaceae 1.36% 0.27% 0.46%
unclassified Ellin329 1.10% 1.89% 1.45%
Xanthomonadaceae 0.60% 0.24% 0.21%
Xanthobacteraceae 0.07% 0.12% 0.06%
Chitinophagaceae 2.89% 1.51% 1.98%
1.20%
Cytophagaceae 0.80% 2.30%
AT B ] Bacteroidetes
HHUE OM (37.26% ) Flavobacteriaceae 0.83% 1.47% 0.07%
{EAE NPK ( 32.11) Porphyromonadaceae 1.34% 19.06% 15.81%
ANt CK ( 18.37% ) Rikenellaceae 2.57% 2.79% 7.31%
Sphingobacteriaceae 0.02% 0.76% 0.03%
unclassified Bacteroidales 9.65% 2.64% 8.59%
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gk
I Phylum B} Family CK NPK OM
unclassified Sphingobacteriales 0.02% 0.94% 1.30%
Weeksellaceae 0.25% 0.55% 0.96%
Clostridiaceae 2.08% 1.13% 1.24%
Christensenellaceae 0.04% 0.08% 0.58%
Erysipelotrichaceae 0.26% 0.46% 0.32%
JELBETR '] Firmicutes Gracilibacteraceae 0.14% 0.20% 0.07%
1 HLAE OM ( 18.74% ) Lachnospiraceae 8.41% 8.67% 8.06%
LI NPK ( 17.56% ) Mogibacteriaceae 0.20% 0.09% 0.07%
At CK ( 15.19% ) Paenibacillaceae 2.19% 6.13% 6.91%
Peptococcaceae 1.03% 0.08% 0.31%
Ruminococcaceae 0.70% 0.30% 0.85%
Veillonellaceae 0.09% 0.20% 0.25%
THZ B ] Actinobacteria Cellulomonadaceae 1.24% 0.40% 0.31%
fHLAE OM ( 0.38% ) Microbacteriaceae 0.01% 0.12% 0.00%
fLHE NPK ( 0.69% )
Nocardioidaceae 0.11% 0.12% 0.06%
AHEAE CK ( 1.43% )
FRFTF ] Acidobacteria Holophagaceae 0.80% 0.50% 0.65%

T ZE DS B BB A2 T W e Ak B 200 81 TR v T RO = B Y o B o A OO0 ) — A 23T € o TR 28 T S A N =R 32 o v B JEE

Note: The values in brackets on the left represent the relative abundance of the phylum species in the bacterial community of this treatment.

The colors of the same line on the right side from dark to light indicates the relative abundance from high to bottom.

24 EUEALEZBRBHEEHEES FESRES T

Sy WP f A T i I Ak 805 28 2T 4 2% o fidk 40 o b
[ AR E AR 52, 8 T CK. NPK Al OM Ab3i
THEY T ASME REARINS S5 (B S F
Fa), g WA, =i IR B A4S Sk
T 0.4, R = HBEEHAEIALEER, IFFEES

Ui, ML T CK, Hftib®EE (NPK Fil OM)
I P T A 2R A A TR T RS AR R L gk
MR CPHRB RO &, WCEE AL, B
Jiti NS AL EE T A 2 R AR YRS A ST Re R IS 5
CMC-Na YRR, HeAh, M AL 3RS G2k 4 1al i
RIEEPRE S A A H MR E e s T CK b3

© Proteobacteria
@ Firmicutes
Bacteroidetes
@ Acidobacteria
N " @ Actinobacteria
ﬁ“@;ﬂ @ Cyanobacteria
Sy ." @ Chlorobi
: .,v. @ Spirochaetes

o @ Verrucomicrobia

Bl 5 =Rt A Ak BT T35 1 £ 24 3R o A A 1 A s 201 AR AR M 2%

Fig. 5 The molecular ecological networks of metabolically active cellulose-degrading bacterial communities under three fertilization strategies
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Table 4 Topological properties of the empirical molecular ecological networks (MENs) of metabolically active cellulose-degrading bacterial
communities under three fertilization strategies

#HFMZSHL Topological parameters

FEHA Module
M4k H5 %0 Modularity
T #HL Total nodes
% Connectedness
X Average degree
SIS R B Average clustering coefficient
M HLZEZ R Geodesic efficiency
A o 25 Harmonic geodesic distance

FEHEYY 5 Nodes with max betweenness

A A ] A B S A A L M e, D
FENEHE R T CMC-Na i 4 R A= W i A 286, 4
TN 4% 1 R E M L FAARR T Ao Pl A< 1

O3S 2 PR BOE S TR i e B R
BN, OM AL FE R RO 2, R
YESREE £, hTRcEY ESItEL Sk
FHOEEO3 ST RS CMC-Na 76 OM b 3 v iy [ fid
MR (E 3b) BIREYIPLE]

3 45 i

AR5 A8 FHREVEGEKR T G0 B H R MM )
I = Fof it FIES = B8 v g BT T MR W L AT 4E R N
(CMC-Na) @AY, S T A IR RE2H w0 LA
FFA Y, FIFH DNA Fa s P [\ A7 2 8 R 45 &1
( DNA-SIP ) £ AR Mt 3= 558 FF B it G A= 0 W o 1) 5
R, THEVIEIR TR, REAEA HUEE I TS
P 688t T AR 1 A A X 4 B T T R Ak, i o
THUFFEE T A R, SRR R T RS AT Y 4 A
HA VLRI TR . 78 RESRAS KA A IR 4538
AL, MMI AL DNA-SIP 4 A4 i R £
Pric B RIS B SE 56 A0 BN R b s, B
A7t B R EAME
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