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Abstract: [ Objectives ] The fertility change in nutrient contents and microbial structure of farmland after long-
term fertilization was studied in this paper, which would provide theoretical base for reasonable fertilization
practice to maintain a stable and healthy soil ecosystem. [ Methods ] The investigated farmland was from a 28-
years’ long-term fertilization experiment in the “National Monitoring Base of Soil Fertility and Fertilizer
Efficiency on Loess Soil” in Yangling Demonstration Zone, Shaanxi Province, where the cropping system was
winter wheat-summer fallow and without irrigation. The soil samples were collected from three of the experiment
treatments, namely, no fertilization control (CK), pure chemical fertilizer (NPK, N-P,0,-K,O = 135-108-67.5 kg/hm’)
and chemical fertilizer and manure combination (MNPK, 70% of N from cattle manure). After harvest of wheat,
soil samples of 0-20 cm in depth were collected. The soil nutrient contents, water content, microbial biomass C
and N contents were determined. The DNA of genome in soil samples were extracted and detected by 1%
agarose gel electrophoresis, and sequenced afterwards. The Shannon, ACE and Chaol indices were
calculated. [ Results ] Compared with CK, the NPK and MNPK significantly increased soil organic carbon, total
nitrogen, microbial biomass carbon, microbial biomass nitrogen, nitrate nitrogen and ammonium nitrogen, while
significantly reduced soil pH. The copy number of bacterial genes were 6.69 x 10’ — 16.46 x 10’ per gram of dry
soil for the three treatments, and those in NPK and MNPK treatments were 77% and 146% significantly higher
than that in CK. The Shannon diversity index of soil bacteria of MNPK was significantly higher, while Simpson
index were significantly lower than those of CK and NPK treatments, and there was no significant difference
between NPK and CK. The bacterial richness index (Chaol index and ACE index) and the uniformity index
were not significantly different among the 3 treatments. A total of 35 groups of bacteria were obtained at the
level of phylum, in which Actinobacteria, Proteobacteria, Acidobacteria and Chloroflexi were the main
dominant ones (relative abundance > 10%), and accounted for 80.1%—81.7% of the total bacteria phyla.
Compared with CK, MNPK significantly reduced the relative abundance of Actinomycetes (F = 5.845, P <
0.05) and increased that of Bacteroides (F = 4.461, P < 0.05). There was no significant difference for other phyla
of bacteria among the 3 treatments. The results of redundancy analysis showed that the soil bacterial community
structures were significantly different between no fertilization (CK) and fertilization (NPK and MNPK), and
MNPK had a greater impact than NPK on soil bacterial community composition. The importance of soil physical
and chemical properties affecting the bacterial communities was as follows: nitrate nitrogen > soluble organic
carbon > pH > ammonium nitrogen > organic carbon > soil water content. [ Conclusions ] In the rain-fed
farmland in Eum-orthic anthrosol area of Guanzhong, the bacteria population, diversity and richness are
significantly improved in soils under long-term balanced chemical fertilization and combination of organic and
inorganic fertilization. Combination of organic and inorganic fertilizers could increase the bacteria diversity that is
more efficient in increasing the abundance of Bacteroides and decreasing that of Actinomycetes, which represents
more stable and healthy in soil ecosystem.

Key words: Eum-orthic Anthrosols; balanced NPK fertilization; combined chemical and organic fertilization;
bacterial community structure; functional diversity index; nitrate nitrogen; soluble organic carbon
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rDNA =il s A, STREWNIE & F KA
Tl AE AL % 4+ SRR TR I 8 B SRR TR 4
FLL LA AT T 0BT, 35 R % 00 M sz A [+ 7t AE i
Jiti T 20 BRI AR S R, TR it A X S v
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B AR SR F B VG A8 4 B R Y X UL <
K8 1B 55 ARG a5 WD i b K BE L s A6 3t
KM (34°17'N. 108°00'E), HFKEEE N 516 m, %K
AR 13°C, R KEE 550~600
mm, HEZERZET AZE 10 A, J& T KRE
WA

KIENRIHA T 1990 4FHk, FESATR/NE -
SRR AR B, 7E/NEZAE RN T N T
B, TEWERKITT K B2k A ASRREK . 50 H
B 7 AR A A AL B, AHIF 58 e B A 3 A4k
B KRWIAHAE (CK); 2) FBE A0 IE - it H]
(NPK); 3) A HLIE S Z B E AL L BLiE (MNPK). &4
WE/NX K 21 m, F& 19m, BEAN 399 m*, A
Ab 3 it FH 1) JIT AT RE R 2 A /N 22 36 T iy — U PR T
Hrr, & . BRI RS0 N 135 kg/hm?,
P,O, 108 kg/hm®, K,O 67.5 kg/hm?, AH i AERHFIE Jy
JRZE . I WEIRES . R . MNPK A3 iy N
30% mAbAESRAE, T 09 A PLIREE A, H e pildT
At F A8 T A HLIE (4-3%) . HHERR R +
BER L 82BN+ ). IR

B2 1 AR A R HIEA DL 10.92 g/kg, 4
A 0.83 g/kg, 2 1.39 g/kg, 24 2.28 g/kg, Wf#
% 61.3 mg/kg, BARWE 9.57 mg/kg, HERLH 191
mg/kg, pH 8.62, fLBE 49.63%, H[H#F/KE
21.12%,
12 TEHGRESLIE

2018 4 6 H/NEWGRE RE 0—20 cm #FZ 1
o BTR3NS, ER3IRER, &
AR S E, KR A U5 I AR A MBS R
TSI KR B e A P ) S A AR R L
TAEZRY B, 5 2 mm 0, BRI AE 3R &
K, WMAEYERALESAE . BAAN &R’ —
AT EERE R AEAE—80C BRI vKAR T, kAT H
b EHEMA Y, Hefdad ARKTE, T
E IEP RIS

- A AR T I T VA S IR R AL S
Moo, pHMER KL 1 1 =4 FHES R
7RI GE A HLEK s A A B R H A —
FUCEZTEE ;. HHA Y . ARHED 2 —
K,SO, B HEIEIE ; 3 n] i A HLBCR F A Pk
TG E s HIEMEAA . AR KClL RS,
FHU RS 73 B O € .
1.3 TENMEYE DNAWERLAESEE
plE3

BEAFERFRERZY 0.5 g B+, #R¥E E.ZN.A®
soil {7 & (Omega Bio-tek, Norcross, GA, U.S.) i
Wl F P20 DNA, S8 S 240 DNA fhde s, M
A 32— W SENEEEE RS rEL TR R o AR5 B ik % 56
A EIBEATINE . ] ABI GeneAmp®9700 % PCR
1%, KM 338F (5-ACTCCTACGGGAGGCAGCAG-
3") F1 806R (5'-GGACTACHVGGGTWTCTAAT-3')
Sl AR V3—V4 7] 48 X JEfT PCR §73
P IR Z N 20 uL, 5 x FastPfu Z ik 4 uL, 2 pL
2.5 mmol/L dNTPs, 0.8 uL 5|%J (5 umol/L), 0.4 uL
FastPfu 24 ; 10 ng DNA Bt , §48FEF K. 95C
WA 3 min, 27 MEIS (95C ZEME 305, 55C iR
Kk 30s, 72°C FEfH 30s), /T 72°C LEfH 10 min, PCR
P 2% WS BE G A T IR, R AxyPrep
DNA Gel Extraction Kit (Axygen Biosciences, Union
City, CA, USA) #174ifk, Tris-HCl & 1wyt ,
2% M TR M FEL UK K . R QuantiFluor™-ST
(Promega, USA) FEA7THGMNE 17, R HiFa FRZER

HEAE
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AP 3 pH . AWK . SR Y BRI 25
B3 (P <0.05), MEAE (NPK Fl MNPK) & Z &K T +
e pH eSS T HHEA LR . &, A PR

) 05 SR OD,, MO, 378 3 2 4 25 ik 1 1 WAEYER S S, H MNPK f/EH R T NPK, 15
A ER . MAEMESRE, P B 2

(copies/uL). F ] Illumina 2% @ i) MiseqPE300 ¥
AT G, B IR R EE AT AN AR R, R
A Trimmomatic F1 FLASH"S#E47 J5 45 I 75 13 51) i 4
MPFz, EEEEE. 1) 198 reads BHFTEAE 20 L
AL, B S0 bp AT T, ERET LN R
HAKT 20 MBS T A 78, ZE LR S
KT 50 bp M55 2) ARAGEBBEE, Kf P 7
SIHATHHE, PHERTE S X Z B R RESELRE R 0.2,
KIET KT 10 bp; 3) M4 )7 51 E Wi barcode
FE P F 55 0 2B HEA, barcode 75 K B L
Be, 51 2 DR RESRIC, 2 BRAF 7RO il
(RIS, fdiH] UPARSE k1 (version7.1, http:/drive5.com/
uparse/), M4 97% WAL XS ¥ 51 #E 47 OTU H
%, IFTEREN R LERPE SRR G R
RDP classifier (http://rdp.cme.msu.edu/) ¥4 555 51 i
TR 23R, X Silva (Releasel 15, http://www.
arb-silva.de) % FE"", W E AT BIE A 70%.
FIHZE R A 1-Sanger 4215 = F 5 (https://www.
i-sanger.com/) #£47 o Z¥ M1 (£2F5F Shannon .
ACE. Chaol #F45%0), fliH] SPSS 21 #fF, #EATH
K Z ANOVA 43-#7F1 Pearson #H31E4#7; FH Excel
HITEARSCE . i CANOCO 4.5 #fFxt + 140
FIKEREI S 54 . AR T 32 B AE S - I A M
HEFTTUAR ST (RDA 43#T, redundancy analysis).

2 R0

2.1 KHEARE e AB XY IR IR 4 B A =20
RIYIAS [7) ft JE A S B T B AR PR T (3R 1)

SAREE (P>0.05), HIHEERT CK (P<0.05),
NGRS 29 S o R -2
2.2 KEAT RS DIEMAEEERE. 2N
REZEEREM

Shannon 2 #EMEF5 KM Sk R A i i Z A PR R
BE, RGBT 20 TR R VR 4 ) 2 A P R R
{5 Simpson FEEU LA SRR, (E/N,
RERFEA DRI ZHEPEBS ; Chaol 8% ACE 45
¥l R R A0 TAREVE 19 5 . MNPK A
NPK Ab BRI B3N T H3EAn 45 DL 5L, 5 CK A
o, NPK Fl MNPK 4 #7542 5 T 77% Ml 146%
(#2). TN Shannon ZAEMEFEEL, MNPK 4b#
5T CK FfINPK 4bFE, ifif CK Al NPK [i] 22 5 A
3% . Simpson EH LA, MNPK B ELF
CK FINPK, [H#f CK fil NPK [0 5 AN BE, 54k
FE[Y) Chaol #5841, ACE FREUCRIY S FEH8E0Y o i
5
2.3 KHIFREIHEAD T IR A B & LA AR B $2 0

TETTKE b, L3048 35 MR, 43
10 NAAXTFBE > 1% BY2RHF (B 1A), Hr,
Il (Actinobacteria) . ZFJE ] (Proteobacteria) . FRFT
W1 (Acidobacteria) . Z8Z5 5[] (Chloroflexi) b %
PREBAETT FHXT R > 10%), AHXTFEEST51h 20.82%~
26.83%. 21.08%~24.71%. 17.41%~23.72% A
13.37%~15.50%, i B4R 11 80.14%~81.67%.
HoAth 6 FEHEF- AT EEY < 1%, B HEAEITH
18.33%~19.86%. 5 CK #flt, MNPK & E &ML T
T (F =5.845, P<0.05) BYAHRTFR8, T

Rl 3NPLELIRBUAM R

Table 1 Soil physical and chemical properties in the three treatments

e L SR EHEIWR MeEYER MEPEAE EAA AR e KA
Treatment pH SOC Total N DOC MBC MBN NO,-N NH,*-N Soil water content
reatmen
(g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (%)
CK 832a 7.84 ¢ 091 ¢ 109.08 b 235.08 ¢ 19.15b 1.99b 0.66 b 12.89a
NPK 8.20b 10.37b 1.08 b 133.56 a 358.76 b 36.10 a 9.11a 1.00 a 14.08 a
MNPK 8.11c¢ 13.95a 147 a 135.36 a 44573 a 36.95a 9.14a 1.07 a 12.85a

 (Note) : FIFVEUEG A F/NEG FEER/RAEIFIAE 0.05 7K F-25 57 2% Values followed by different lowercase letters in the same column
indicate significant difference among treatments at the 0.05 level.
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Table 2 Quantities and functional diversity indices of soil bacteria in different treatments
Jb3 TS DKL (< 10°) LR MRS ACE 8% Chaol #5%K B o) R a
Treatment Bacterial copies Shannon index Simpson index ACE index Chaol index Evenness index
CK 6.69 ¢ 6.59b 0.0030 a 2666 a 2656 a 0975 a
NPK 11.81b 6.64 b 0.0031 a 2734 a 2764 a 0974 a
MNPK 16.46 a 6.75a 0.0024 b 2750 a 2758 a 0975 a

H (Note) : [FIFNEMEG A F/ING F 1R RAL LR ZE 0.05 /K257 23 Values followed by different lowercase letters in the same column

indicate significant difference among treatments at the 0.05 level.
A 100
i

60 r

40

20

AHXF 3 Relative abundances (%)

m Actinobacteria

Proteobacteria
m Acidobacteria
m Chloroflexi

m Gemmatimonadetes

m Nitrospirae

m Firmicutes

m Bacteroidetes
M Planctomycetes
m Others

B 100

80

60

40

20

0 j . I .
CK NPK

MNPK

Actinobacteria
m Acidobacteria
W Alphaproteobacteria

b
B Gammaproteobacteria
m Deltaproteobacteria
M Betaproteobacteria
m Bacilli
m Thermomicrobia
m Nitrospira
m Chlorobia
m TK10
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Fig. 1 Soil bacterial composition at the levels of phylum (A) and class (B) in different treatments
[FE (Note) : [FIZRANEAIR/NE FREFSAHAEILE 0.05 /K25 8%

Different lowercase letters indicate significant difference among treatments for the same type of bacteria at the 0.05 level.]

PFFHETT (F=4.461, P<0.05) FIFEXS 5, HABRE
IR EES.

PR I, HRAT 68 NZHE, Hob 13 4280
AR R, HARISHEE X Y < 1%
(F 1B), HZE Y (Actinobacteria) . MRFT & 4
(Acidobacteria) Fll a-ZF X 44 (Alphaproteobacteria) A
FERBEN FXTERE > 10%), HxFFEE 500
20.82%~26.83%. 17.41%~23.72% F1 10.62%~
11.80%, iE&FHENE 53.06%~56.82%., 5
CK AHEL, MNPK &R T A (F=5.845, P<
0.05) MG HH (F =33.960, P <0.05) BIAH*T
B, 3 A ERE AL A IR E

24 HWHEBHESEHSHIEMRNXR

Ry itk — 25 53 BT AS ] - SEERBE R - 6 2 T 1] K P
RETE LS R 05200, XoF 20 TR A T 4540 5 1 R I 1
47 RDA 40 #7 (B 2). 453K, RDA1 R
AF 5511 56.9%, i RDA2 REARFE AR 1Y 22.8%. 4
HITKFEE, &AM 0PLE RDA B A fefe B 3 2%
5+, CK AbFERA 5 5 HABAL B4 AR A0 B AN A], AR
Jiti A RE A BILTC AL B it 1 25 28 + 98 200 TR A E v 45
F4, MNPK b3S CK (B K, BiBHA HLICHL
JIES Pl XoF 48 40 TR A A 25 R RS W R . PRBE IR 0t
- S TR R 5 R 5 e E R BRI 1 R S A
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Plan&tomycetes \
- Chloroflexi’ '

3 !

\, Actinobacteria
'
pH

-1.0 RDAL (56.9%) 1.0
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Fig.2 RDA results based on phylum level of bacteria
[# (Note) : 1, 2, 3—CK; 4, 5, 6—NPK; 7, 8, 9—MNPK.
DOC—T] %144 HLBK Soluble organic carbon; SOC—+ 84 HLAK
Soil organic carbon; SWC—1 3% 7K & Soil water content.]

(NO,-N). A A PR (DOC). pH. AR (NH, -
N). fi#lLik (SOC) Fl+3E K (SWC), CK si7E
pH FABGEAEIE T M, 1if NPK il MNPK 7£ pH ff
Jy ) b, SR WY I i K 9% pH 5 CKUJB 22
5. NPK Fl MNPK %] SOC. DOC, NO,-N Hl NH,'-
N RS/ A e EJr W), 1 CK A E 5 )5 ) |,
F Wt T 46 T aX 2E - BEME BTN 5 CK A3 ™ A
%5, pH 54 HE ] (Actinobacteria) . 2 FA I ]
(Gemmatimonadetes) . H{LIRTA ] (Nitrospirae) FlJE
BETE ] (Firmicutes) £ W EifH, AMIEMHKXKR; 5
AT ] (Bacteroidetes) FIFRFT ] (Acidobacteria)
EHRHEM, HOMHKEKER, £ SOC, DOC,
NO, -N Fll NH,"-N 55t 28 i1 ] (Actinobacteria),
AR ] (Gemmatimonadetes) . AifLIZ ] (Nitrospirae) .
JERER ] (Firmicutes) DL UATE ] (Bacteroidetes)
FIERFF BT ] (Acidobacteria) FFHIEE RS pH EHHZ

3 e

it AL RE A5 4 MR 9 ™ i, B4 AR P s AT RAR 2
i, e AV A S E, KRR, [
AT DA 3 AR BN KRR R Y
ARG, EEmEEREY R AEES, A5
KU, SXREAEAHL, it (NPK) FIA LTS
MUEECHE (MNPK) &8 7 4 SOC., 24 .
DOC, NO,-N FI NH,-N & & (% 1), X5a7AMR
A O GO 7117 LN o ST s a1 7] 7 S e N |
HA A F AR A R IR Y], KA R T

PR E PR SR K, Bk AR . AR
WFFE 25 F 20, BAjii £k RO RN Ak A B it A5 HILAE 35 8
FAAR I 7Y DG P R R AR F % 1 pH 3 % = 2 S50 5T
KB, AEEE 4 it JCHLAE R AL ICHLAE it 24
SxRRAR - pH ;B 25 S L) B AR OXT B 7 O
WA 2%+ AT 2 SR R, A HLIGHLAC i 25
ERRAR M pH, HFEH — AR, MiIEE AR
FEFEAL AT P A He, DT AR 1 pHEY; 55—
J5 T AT AR, il AR S R T A o ALk Y A
i, A LR R B2 B E vh o, Tl gk T
LGN N TSP - T A/ e e SN DN <8 T A
alA HLICHLAE St ol i + 5 pH TR
TR . SRR R, SRR B
AR B R R AE RS R G R Y F 2
55, A EMALIE (NPK) i& 24 HLICHLAE B it
(MNPK) ¥0] DR it AR R SRR I LA A K 5
P, KA AR AT LTSI FCiE Ak P 13 MBC
HIMBN F B 585890 (32 1) UK 4 i #% D080 & 4R
(R 2) BIESE T A, X 5 X =R EO SR
—H, THIREFIXTRE P OC A 4 ST AR
R ZE R . AWF5 R Nllumina “F 55 Miseq (=518
S AR 43 BT I PG O v R R AR P - A TR 2 R
FBEESSFRIE R, KIS ILAE (NPK) 40
A S AEALALEE (CK) LT 325 5, i
B HLLHLIEEiE (MNPK) 680 B 32 5= + S0 i o
Shannon 15 EUAIFEAR Simpon T #EFERL (% 2). [H
FETERE £ I, DhBRSECORIH TRELP J5 6% 40
ZHER B, KIARRAL (NPK) A LG
PMUIEECTE (MNPK) XJ 4 3 40 7 22 FF P34 T 18 3% 52
i, PhER LT Biolog Ik MIMF S 4 R s, K
99t FH TCAILIE BE A8 5 2 4 i T S Am TR 2 A, TR
Z2AECOR ] PLFA IR ARFoE 45 5 o, K30 i a0l
JIE 25 b S IR E MR IE ) 2 RN, X2 R
AR AT RESE TR ) . BB+ b
R as R won, KW A A IR R ALIEHLIE Bl i34
o3 I EREAR IR RV I 2R . X AT REE T
AT SRR, B R A R,
B VG OC % I T AR RAR . 6 R R A B
KUl FABRTREES, X5 FUKEEH ERAA
OO S5 AL, SHRAEC YR TRFLP J7 ik Xt
P4 A P 2R I SR A B R R AR S5 AR
XA RE A T A Y 2 A Ah PR b A5 2R A AR A
Frde i, SRR AN TE BT LR B AR, A
T {off - AN AT —F & RN 5 B Ay B A R Ak
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AT it AE Ty 245 2 5 T 200 R R V5 45 4 . ARIIFSE
(4 3 DA TA] i AE Ak BEAEAS 2) 35 TR, 68
P EREF L 500 @A 2R . A FAEHLY
AR O ST TR EBE (AT > 10%) AL, HAR
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