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Abstract:  Objective Revealing soil microbial community stability of different long-term fertilization strategies is helpful to
guide field fertilization management and ensure soil health and sustainable development of agroecosystems. ~ Method Based on

the long-term stationary field experiment on nutrient balance in the Fengqiu National Agro-ecological Experimental Station of the
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Chinese Academy of Sciences, the experiments of drought disturbance and rewet recovery were carried out on three different
fertilization strategies of Fluvo-aquic soils. The microbial community stability (resistance and recovery) was quantified and
compared in terms of dehydrogenase activity, bacterial alpha diversity, key taxa, community structure and molecular ecological
network.  Result Compared with no fertilization (CK) and mineral NPK fertilizers (NPK), organic manure plus mineral NPK
fertilizers (OM) significantly increased the resistance and recovery of the microbial community. After rewet treatment, soil alpha
diversity recovered faster than community function and structure. Soil alpha diversity, the abundance of key taxa and network
topology parameters recovered to the initial level, while dehydrogenase activity and community structure did not recover
completely.  Conclusion This study quantified and compared the microbial community stability of three different fertilization
strategies from a variety of microbial community response indexes. The results showed that the application of organic manure

plus mineral NPK fertilizers could significantly improve the stability of the microbial community, which is a good fertilization

management strategy to ensure the soil health and sustainable development of the farmland ecosystem.

Key words: Microbial community stability; Drought disturbance; Different fertilization strategies; Fluvo-aquic soils
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P 55— T-20CH A7, HTFHEEE DNA,
BEAk, R WL W TR AR TR e 8l FE
AR R 25 45 1 U T 7K 4 ok R, R
25 b 3B - 8 K B R R AE ) B R R K Y
50%, BT 28 CIEFRMKEFE 30d, B 10 RRE—IK
TR T ACIRAE, I S T

F1 KEHATEMEAELLER LR EER

Table 1 Soil chemical properties as affected by a long-term fertilization

EERIR S Ko X Exil K

Qb3 pH

Organic C/ Total N/ Total P/ Total K/ Water content/

Treatment (H0)

(gkg") (gkg!) (gkg") (gkg") (gkg™")
CK 7.96+0.13 8.93+0.42 0.57+0.04 1.92+0.07 22.224+0.31 124.7+0.0
NPK 8.09+0.27 11.32+1.58 0.71+0.04 2.18+0.23 22.21+0.60 139.7+0.0
oM 7.83+0.03 18.30+0.71 1.12+0.12 2.88+0.43 22.15+0.40 146.7+0.0

TE: CK, AHifisbBl; NPK, “F- @i I ALALBE . OM, AHLIEHUIEELHEAL B . 2 8odfe A - 24 (EAR i 22 - Note: CK, without

fertilizers; NPK, mineral NPK fertilizers; OM, organic manure plus mineral NPK fertilizers. The data are means + standard deviation.
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Fig. 1
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Changes of soil water content ( a) and schema of the microbial response variable (b ) during the experiment of drought disturbance and

water recovery
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Fig. 2 Changes of soil dehydrogenase activity without environmental disturbance ( a) and during the experiment of drought disturbance and

water recovery (b)
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NMDS1

a
ab
b
CK NPK OM
AbFR Treatment

e B b A EF R A E A AL B 2 [ 2 3 25 5 (P < 0.05). Note: Different letters in figure b indicates significant

difference between fertilization strategies ( P <0.05) .

B4 KIS RDE AL ) A TSRO R A v 25 97284k (T Bray-Curtis FEES A NMDS (a) MI2HUE (b)

I3

Fig. 4 Changes of soil beta diversity during the experiment of drought disturbance and water recovery ( NMDS ( a ) and dispersion analysis (b )

based on Bray-Curtis distances )
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F2 KETRAEEHLAETRE-EKRIEPHAREEEZEMMNES (ETF Bray-Curtis BBE 8 PERMONOVA 5#7)

Table 2 Differences in soil community structure during the experiment of drought disturbance and water recovery (PERMANOVA based on
Bray-Curtis distance)

oY BN L
JOBL
Global test Pairwise comparison
Treatment
F Model R P F Model R P
8.33 0.25 0.001 CK vs NPK 5.75 0.14 0.001
it HE
CK vs OM 12.09 0.26 0.001
Different fertilization
NPK vs OM 7.32 0.18 0.001
CK 2.68 0.26 0.001 Begin vs Dry 2.14 0.18 0.003
Begin vs Rewet 2.32 0.19 0.002
Dry vs Rewet 3.59 0.26 0.001
T2 shabH NPK 2.86 0.28 0.001 Begin vs Dry 2.73 0.21 0.001
Experimental Begin vs Rewet 3.24 0.24 0.002
treatment Dry vs Rewet 2.61 0.21 0.004
oM 2.42 0.24 0.001 Begin vs Dry 2.09 0.17 0.004
Begin vs Rewet 2.48 0.20 0.001
Dry vs Rewet 2.68 0.21 0.004

®3 KETRERESLETR-SERIRPERHZENERINSHOTN

Table 3 Changes of bacterial community network topological parameters during the experiment of drought disturbance and water recovery

- SR FHRAE R / FFAE ]
. AT . X EE TR
AR BLE 3 1 ) (F/IEEHEEL) Average RN 3 i L
R Average ¥ Average Rk
Similarity Total links clustering Centralization Connectedness
Treatment Total degree path distance Module
threshold ( negative/ coefficient of eigenvector (Con)
nodes (avgK) (GD)
positive links ) (avgCC) centrality ( CE)
CK-Begin 0.97 1425 10104 (2.9) 14.18 0.251 4.996 0.186 0.734 97
CK-Dry 0.97 1683 17004 (3.1) 20.21 0.258 4.996 0.13 0.824 76
CK-Rewet 0.97 1408 10792 (3.8) 15.33 0.235 5.224 0.158 0.733 93
NPK-Begin 0.97 1329 9570 (3.7) 14.40 0.247 5.394 0.175 0.786 77
NPK-Dry 0.97 1523 13326 (3.4) 17.50 0.239 4.819 0.179 0.718 92
NPK-Rewet 0.97 1415 10885 (3.0) 15.38 0.249 5.355 0.169 0.757 79
OM-Begin 0.97 1520 12157 (3.3) 16.00 0.255 5.074 0.15 0.749 89
OM-Dry 0.97 1535 12158 (3.3) 15.84 0.240 4.985 0.172 0.724 104
OM-Rewet 0.97 1471 10763 (3.0) 14.63 0.243 5.086 0.173 0.741 89
CK 0.102 0.30 (0.14) 0.19 0.05 0.03 0.18 0.07 0.13
5 R
NPK 0.07 0.17 (0.10) 0.10 0.02 0.06 0.03 0.05 0.10
(cv)
OM 0.02 0.07 (0.06) 0.05 0.03 0.01 0.08 0.02 0.09
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WISk 14251329 F1 1 415; SOEHE0 91 10 104,
9570 f1 12 157, KM OM > CK > NPK, TET
KR R, =it IR Ak B A TR 0 2% 1) 52 %
CEVT B SR P PR REONE
W) BRI T BRI, ZKERAK. b,
T A2 K R = ol it S Ak BB 4 B I 4% 1) B 3
5 IE S R R AR AR B T A BRRE B A ek
s HARFEIN T R0 8h 45 AR CK 6 22 5 LL 7]
B, NPK fE A LB REAS, 1 OM 1 T iE#
B A ANAE - 0 5 B it A Ab 34 7R
DO 285 (1) °F- 1) B AR R FE AR, DA RA I8 ) /N 53 1)
2 Ak, MEKEX—BRES, TRUREE
oo A Ak 3 ) R ) 2 rPOC MR, KIS 3,
RBL T W 2% S B AR . TR KT
i, CK, NPK Fll OM 41 M 4% 45 0 $h 3 K A8
SERBCOEHE AR 011, 0.06 F1 0.04 (£ 3),
VLT 5K R OM (40 18 R 25 75 1k e /)
K IFLE -
25 KEAREIELEMEDEEREN

Syt b5 E A = it A A B TR A ) B TR RRE
PE, S35 T T Rk AR T - A RS L 4
% alpha ZF£1%: ( Richness 1 Shannon $5%% ).
KAEYIFPERE | AMFEBEE S (beta ZFEM:) Al
T A SR NS B0 2R AT A [ it S Ak 38
FFRBT I RNl Ty, 36 4 RTLLE W, =it AR 40 3
2 e 7 5 FR AR B AR T AUE 1, BRI

fitg 1% 14 . alpha Z2AE4% . SCHEYIRD | HEVR 451G FN 50+
A 25 W4 35 52 B SRR ZN L sl — it AE Ak FE
B PE RIS 250 0 11 52 34 0 AR TAUE 1,
i BH O S BT 1 RV A5 R N g e 4 Il & Z R ARtk
A, i CK fil OM 7E alpha ZFPERY[FI R ) 55UE 1
M A B 25, Uil alpha ZFEMERE R &=
EARIRAS o = At A A BRI 28 F S50 11 &2 T 1
58UE 1 A REZER, WUMNKHINSEORIE -
A AE

=it A Ak P M 1N A B 0 HEBT J) FE A
BIRI K OM fm o TEHRBTI) b, B ST 1 R
& OM > NPK > CK, Hr OM WkHi 1 B &+
CK; Richness Al Shannon §$(FE M N OM &&=
T CK Ml NPK; X&YW FEI A OM > NPK > CK,
AbFRIRI 25 5 W 3 BEVR 454 R OM 5 T
CK #ll NPK; MZ&#+h2%0 £ F N OM > NPK >
CK, Hr oM BE® T CK. 7ERE J1 I, WA
LIS OM > NPK > CK, 25 W% . NPK 1F
Richness #ll Shannon 8% I A9 M1 & 1 S5%0(H 1 AL
BA WE 25, W NPK 1Y alpha Z R K 5¢ 45 0]
% . i CK F1 OM Ky alpha ZkEMERENS 5E 4 Ml 42,
H oM 1#1a1 % J1 .3 = F CK. NPK Fl OM () 5
YkhaefE e 4 nl 2, UiB NPK F1 OM (118l & J) %
F CK. 7EREE4EM ., CK 1 OM Wylnl 4 )y B3
15 T NPK 94 30 F0 i 4 119 19 52 A6 A [) it A Ak 28
[ERCZERTE 2N

x4 TE-EKkIEPKETREERSLOMEDRERENE

Table 4 Soil microbial community stability with fertilization strategies during the experiment of drought disturbance and water recovery

o o XA I $1i b
otk posil it 2 1 R A AL Beta AH{BI P4
Abundance of Network topological
Stability Treatment DHA Richness index ~ Shannon index Beta similarity
core taxa properties
e CK 0.524+0.20b* 0.795+0.07b* 0.950+0.01b* 0.21+0.08c* 0.717+£0.02b* 0.649+0.27b*
&)
NPK 0.724+0.21ab*  0.786+0.05b* 0.949+0.01b* 0.32+0.06b* 0.720+0.01b* 0.755+0.17ab*
Resistance
OM 0.903+0.05a* 0.937+0.05a* 0.984+0.01a* 0.42+0.06a* 0.733+0.01a* 0.901+0.11a*
4 1 CK 0.443£0.07¢* 0.991+0.04b 0.997+£0.01b 1.36+0.11a* 0.727+£0.02a* 0.991+0.08a
i
NPK 0.628+0.02b* 1.056+0.04a* 1.014+0.01a* 1.11+0.12b 0.701+£0.01b* 1.028+0.06a
Resilience
oM 0.745+0.06a* 0.997+0.02b 1.005+0.01ab 0.98+0.12b 0.725+£0.01a* 0.983+0.08a

e BPEE N EIME £ AR, BT RIE T B [R5 B R AN R /NG SR 3R R AS [) it HE A PHE ) RS T At 2
(P<0.05), *“ /A5 1HHLZESTEF (P<0.05), Note: The data are means + standard deviations, different letters of resistance and

resilience in the same column indicate significant differences among fertilization strategies ( P < 0.05) . * indicate a significant difference

tol (P<0.05) .
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