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Abstract: | Objective ] The use of organic manure as alternative for chemical fertilizer has been recommended as an effective
method to mitigate impacts of chemical fertilizer on the agricultural system and improve soil fertility. However, how soil
microbial communities respond to the organic input following fertilizer reduction remains poorly understood. [ Method ] In the
current study, the technique of Illumina MiSeq sequencing combined with the construction of molecular ecological networks was
used to investigate community composition and structure of the molecular ecological network of the soil bacteria and fungi in the
field of fluvo-aquic soil under a wheat-maize rotation system. Furthermore, correlation networks between soil organic manure
(SOM) content and bacterial and fungal communities were constructed. The fertilization regimes were designed as follows:
conventional chemical fertilizer (NPK), reduced chemical fertilizer (NPKR), chemical fertilizer partly substituted with straw
(NPKRS), chemical fertilizer partly substituted with organic manure (NPKRO), chemical fertilizer partly substituted with organic
manure and straw (NPKROS). [ Result] Results show that chemical fertilizer reduction and organic substitution significantly
increased the content of soil SOM. In the case of bacterial community ecological network, compared with Treatment NPK, the
treatments of chemical fertilizer reduction and organic substitution increased the numbers of network nodes and edges, but
reduced the average path length. Treatments NPKRS and NPKROS were higher than the other three treatments in average
clustering coefficient and the network density. With respective to fungal ecological network, Treatment NPKR increased the
numbers of network nodes and edges, while the organic substitution treatments increased the average path length and reduced the
average clustering coefficient, as compared to Treatment NPK. Treatment NPKR was the highest in network density among all
treatments, but the lowest in modularity. Compared with Treatment NPK, all the other treatments increased the proportion of
bacterial flora that were significantly and positively related to soil SOM content, but decreased the proportion of fungal flora that
were significantly and negatively related to soil SOM content. Some flora, like Proteobacteria, Chloroflexi, Actinobacteria,
Gemmatimonadetes, Bacteroidetes, Firmicutes and Acidobacteria, play an important role in the soil bacterial molecular ecological
network, while some, like Ascomycota, Basidiomycota and Glomeromycota, do a significant one in the soil fungal molecular
ecological network. [ Conclusion] In conclusion, partial substitution of chemical fertilizer with organic manure or material
increases the bacterial molecular ecological network in size, while simultaneously improving the transferring efficiency of
substances, energy and information among species. The substitution with straw enhances interaction between bacterial
communities and makes the bacterial community more sensitive to disturbance of the external environmental factors. The
reduction of chemical fertilizer increases the fungal molecular ecological network in size and community interaction, and the
substitution with organic manure or material improves stability of the fungal community structure.

Key words: Reduction of chemical fertilizer; Organic substitution; Bacteria; Fungi; Molecular ecological network; Fluvo-aquic soil
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Fig. 1 The content of soil organic matter of different treatments
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Fig. 3 NMDS (non-metric multidimensional scaling) analysis of soil bacterial (a)and fungal (b) communities
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Fig. 4 Network co-occurrence analysis of the bacterial communities in the soil

Ko Tamia J& . HEREHE (Agromyces ). TLIRATIH
J&( Modestobacter ) 2R [K )& ( Devosia )5 SOM
Trm B IEAHIE, Variibacter [R5 SOM & & 5 3
IR i35 SO o 211 N e e e ot R S = X AW
(NPKRS. NPKRO #ll NPKROS ) 1, EEHE T,

A & ( Olpidium ), EHRBERLJE ( Funneliformis ),
& R FE 8 ( Humicola ), R 590 B ( Purpureocillium ),
WA Z B8 ( Neopestalotiopsis ) )& il )i 55 J&
( Volutella ) {UA74ET NPK 4b3, A ¥4 SOM & &
B E WM Westerdykella J& . Zopfiella J& .

Tetracladium J& . W ¥E {4 J& ( Cyphellophora ) .

Meyerozyma J& FCHE%E JE( Pluteus UAFFE T NPKR

AhBR B Westerdykella J&'5 SOM i i 3 i Al
KA, HAh 5 AEFEEE S SOM & & i 3 IEAH K
2B (Penicillium), whiE g ( Sarocladium ).

215 JE ( Schizothecium ), 7% )& ( Gibberella ). ¥y
¥ )E ( Entoloma ), HETE5¢)E ( Coniochaeta ) F
Colacogloea JEAUAEFTET NPKRS 4b#rr, [R
Colacogloea J& 5 SOM 71t i & TUAHICHN, HAh 6 4~
HEEYYE SOM & & W& IEM ¢, fEiki)E
(Alternaria ) FIKTERJE ( Wardomyces ) {UAFHET
NPKRO 4b#i, Hrhgftk g ( Alternaria ) 5 SOM %
BEEML, KMEE)E ( Wardomyces ) 5 SOM &
WERA; $RITRIE (Fusarium ). PUSCIE

=
o
=
o

http://pedologica.issas.ac.cn



2 1 ES P iV Sl e AW R R R 7 AR 7R % e e e N LS 551
LA Positive (98.95%) LA Positive (98.55%) IEAI Positive (98.54%)
NP 741 ¢ Negative (1.05%) 7M1 & Negative (1.45%) A1 5€ Negative (1.46%)
°be°°o o ouooooc,q. o"oc. ..Jo
Wess s P B ', T o SoRcihy
° oooz':c’coo., g 3 ¢ oooo Oa °° °°°°o°°°c f 00 °°° L °° R o" 0‘) 5 oo 1
4, o°°o TN/ . b “_°°. QOS ° °o°o;:’c°_ \
° Srone N > e 5 W e NS .° g°°°°e°°n°cou.°.°o.
°°°0°‘°°O: ;o‘; ¢ : °°°.. .~»°°°°q ,,o oﬁco[)()g%ooo
00, ' 3°°o°§2 0000000 7 Sl g Qooggoo 7 300000%05
GEEEIS ° O ST S T AR SRR SNy O
00000 el O 0006 G686 L\ &3 38690 Pk ORB K
[0 e ] e 0B go° ON5 OO %0 OO o LSS W
ORIOES o £3 \ BOER °. JONOIORO v e TR, = e
O/ blges ) NESEO70 . (o' o) QOOOO . N
i ol oOC?OOOO aoocoo
’ el i 900 3OOOO . .. goc‘)oo
d ¢ oo o ° O e « -
Q R & o B ¥ pae: - oo o087, /& o
e SRR~ . feiee,
.Oo°oO°° gooo'o°°° A b o2, oo N
60 |7/ o OO0 o o OHOE0 -
4 v e OIE0 ° LSty s °.9 o .
4 oﬂOOOOOOC '000°°°¢oooao "
§o§o [\ g8 L) P B SRV s Qv !
S’ < = o T B e e
QDZOOO ] X o2 OO O%% X ooooooo 2.y 3 b e g LN g
ST G e )
-Oiogo _OO%O 5 ° ° :ooo
o= AERy - e » o
<= . M °
TEAR Positive (97.30%) TEAR Positive (99.28%)
NPKRO N . NPKROS N .
k1 5& Negative (2.70%) k5% Negative (0.72%)
[ F#EHT ] Ascomycota [ FHF#i[ | Basidiomycota I 24 %1 ] Blastocladiomycota [7] &7 | ] Chytridiomycota
[T BRFEH ] Glomeromycota [0 #4781 ] Mortierellomycotalllll “E%£( ] Mucoromycotal ™ 77 | JOlpidiomycota
I B0 ] Rozellomycota M U2 ] Entomophthoromycota
K5 FCR R L IUE R 25 14 i
Fig. 5 Network co-occurrence analysis of the fungal communities in the soil
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Table 1 Topological properties of the microbial interactions network relative to treatment
A B1IE R R . . B
b AR K o 4 75 i BEgek:
Total number of Total number of Average clustering
Treatments Average path length  Network density Modularity
nodes edges coefficient
404 Bacteria ~ NPK 193 549 0.52 5.37 0.03 0.86
NPKR 197 653 0.43 4.88 0.03 0.86
NPKRS 210 795 0.58 5.17 0.04 0.81
NPKRO 199 598 0.51 4.98 0.03 1.30
NPKROS 200 1066 0.54 3.66 0.05 1.68
H T4 Fungi NPK 211 1145 0.80 2.71 0.05 0.79
NPKR 221 1447 0.81 2.28 0.06 0.74
NPKRS 210 1029 0.77 5.22 0.05 0.78
NPKRO 187 779 0.75 3.32 0.05 0.82
NPKROS 206 1107 0.78 4.05 0.05 0.79

( Pyrenochaetopsis ) FItfil5CH & ( Podospora ) AT
1EF NPKROS 4-3, e JTH)E ( Fusarium ) HHUHGE
ftlJ& ( Pyrenochaetopsis ) 5 SOM & it 3 fAHG,
Wittl7e )& ( Podospora ) 5 SOM & i # IEAHE .
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