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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,0K,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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RE/NXK 21 m, 98 19m, SN 399 m*, A
Ab B FH 04 JIT AT BE R I8 /N 2 B A i — MR
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br BIERUEY; eSS ARKTE, HT
E I ARTR i

- A AR BT A S T VA S IR SRR A
Broe, pHERAAK R 1 11248 HESRE
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FastPfu 24 ; 10 ng DNA #ifie, §H4FEF K. 95°C
WA 3 min, 27 MNMEFF (95C 230 s, 55C iR
K 30s, 72°C &M 30s), f)5 72°C ZEfH 10 min, PCR
PR 2% WIS IEMEEE R T RN, Rl AxyPrep
DNA Gel Extraction Kit (Axygen Biosciences, Union
City, CA, USA) #174lifk, Tris-HCl Z& 0Py et ,
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] Trimmomatic #1 FLASH"SEAT R 4615 77 3] BT 4%
AP, EZLIR. 1) iLUE reads BHREEH 20 L
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EAR T 20 MBS o i A ¥ 8, 25 iR S
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FIHATOMHE, PHER B S X Z RIS REREHR N 0.2,
KETRTF 10 bp; 3) HRHE)F 5 & E Wi barcode
RS 9# 7 5135 7 2 84, barcode i K i T
Be, F1W 0 2 DRI R, ZBRAE eSO i
HIF%1) . {3 H UPARSE #%f4: (version7.1, http://driveS.com/
uparse/), HRIE 97% WAL E X 51347 OTU
%, IFTERE MR LBR TS RS R . R
RDP classifier (http://rdp.cme.msu.edu/) X} 5§ 55 7751 E
TR 2 e R, EXT Silva (Releasel 15, http://www.
arb-silva.de) H 0™, BEE HXTE{E R 70%.

FIFH9E 3 1Y 1-Sanger 415 = F 6 (https:/www.
i-sanger.com/) #1417 o 25 #7 (245 Shannon .
ACE. Chaol S548%), fliff] SPSS 21 #ff:, ikf7ip
K& ANOVA 43#7fil Pearson #0475 FH Excel
HIEAR G . il CANOCO 4.5 ) pEd + e 40 1
FIKEREVE G500 . 20 A X 3 B 45 5 1 SR A o
WEATIUAY M (RDA 438, redundancy analysis).
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2% (P<0.05), Jfifit (NPK Al MNPK) & ZF#LT +
9 pH AR e T HEEA ML . A WA A LR A
WAEY R A, H MNPK BI/EMHR T NPK, 133
E A . SRS, Wi AC AL HE ] 2
SARE (P>0.05), HHEEST CK (P <0.05).
AL e KR IC R E 25
22 KHEATEMAEX LIEMEEEHE. SH M
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Shannon ZHEPEFE BUH SRk 2 7m FE 5 19 ZFE 2
BE, BB, U040 T R VR ) Fh 1 224 1 el
=55 Simpson $8 8 BLE 2 YR PR, (ERUN,
AT DR ) ZAEPEBS 5 Chaol $8%UHI ACE 45
B n] PR R R HIEAN A& 10 F 5 . MNPK Al
NPK #b#H) 5E 000 T S A0 ek #% DL KL, 5 CK A
b, NPK Fil MNPK AL 3535148 T 77% F1 146%
(£ 2). HIEANH Shannon ZFEMETE%L, MNPK 4b#
3% 5T CK ORI NPK AZb#, i CK Ml NPK [H] 25 574
W3 . Simpson LH %, MNPK I EF(X T
CK FlI NPK, [F#f CK I NPK 0] 5 A B2, &uk
FHI) Chaol $5%. ACE f8¥UCRI 5] B 5034 0 i 2%
5,
2.3 KEAAR[EIME AR X 1 3% 40 B B % 4R AX R 32 Ml

TR B, 348 35 ANk ae, 155
10 AR FBE > 1% H2ERE (B 1A), Horb, s
I'T (Actinobacteria), ZEJE A (Proteobacteria), RFF
1] (Acidobacteria). Z¢Z5 1] (Chloroflexi) A F &
PEFATETT (RS FRE > 10%), AHXT R 73510 20.82%~
26.83%. 21.08%~24.71%. 17.41%~23.72% F
13.37%~15.50%, 5 2 2HEH 11 80.14%~81.67%.
HoAh 6 BBETF-IIATFERER < 1%, R HBAEITH
18.33%~19.86%. 5 CK #tt, MNPK &K T
LT (F=5.845, P <0.05) BAEXS 5, BT

F1 3PN LIRIBUM R

Table 1 Soil physical and chemical properties in the three treatments

e A HLk A IR NER BeEYER MEYEA O ESEA SR ek
Treatment pH SOC Total N DOC MBC MBN NO,-N NH,-N Soil water content
(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 820b 10.37b 1.08 b 133.56a 358.76 b 36.10 a 9.11a 1.00 a 14.08 a
MNPK 8.11¢c 13.95a 147a 13536 a 44573 a 36.95a 9.14a 1.07a 12.85a

H (Note) : [RIFVEUESG ARG FREFRIRALBERIZE 0.05 K F-25 55 8 3% 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

s HHETE DL (< 10%) ZREMERRL L EAEEL ACE 8% Chaol $54L B =i
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 0.975a
NPK 11.81b 6.64b 0.0031 a 2734 a 2764 a 0974 a
MNPK 16.46 a 6.75a 0.0024 b 2750 a 2758 a 0.975a

i (Note) : [RIFIEME )G ARR/ING L3RR AR BRRIFE 0.05 /K225 8.3 Values followed by different lowercase letters in the same column
indicate significant difference among treatments at the 0.05 level.
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< .
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220 1 m Others
H
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E 0 1 1
CK NPK MNPK
B . 100 Actinobacteria
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o 80 | .
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m TK10
o 20 f
o W S085
&
E 0 1 1
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NbPE Treatment

El1 TEETIRMAEET (A) TR (B) 53K LRIKEFAMK
Fig. 1 Soil bacterial composition at the levels of phylum (A) and class (B) in different treatments
[ (Note) : [FIZEHHRAF/NE F-EERR AL B TE 0.05 /K28 57 3%

Different lowercase letters indicate significant difference among treatments for the same type of bacteria at the 0.05 level.]
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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—TH A HLK Soluble organic carbon; SOC— 1 HEA LK
Soil organic carbon; SWC—13E % 7K & Soil water content. ]

(NO,-N)., "[&EMHEAHLER (DOC). pH. #A% (NH, -
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F 18 F AR S R AR, K I A R T
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T TR, St A A A T B it A HLIE 32 2
FEARBIE PG DG P RN FR 4R % 10 pH ;. B =S50S
RIN, TEH 4w it TR A ML AL Be i
SPRAR R pH ;3025 A5 LA B AT X B PG O rh
WA % L TSR 45 R o, A HLCHUIE Rt 25 12
FHEAL A4 pH, HFEH — e, MLEAR
TEFAL AW, P24 1, AT RRAR 1238 pH; 55—
J5 T AT RE R, i A T A AL
i, A AL BRI b B, R AR i T
PECS ARG IX S ARV I, BT LA
A HLICAUIEBC i AT {5 148 pH T F%.
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P BEFR R R R T AR B RS E AR E I 2
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(MNPK) ¥J7] DM RAER IR B E A K S
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A MBN A9 BH 38 (% 1) DAL AN 75 DB (B 5 41
(R 2) BIRESE TIX A, X 5= RO AR
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AR AT RER T O AN A A o B AF e 1 By
WL R o, KM A IS A1 HLICHLIE Fo it 15
2 AR S ANTE R R 2 e . X TR T
TIERHEARR G, B IR AR S, T
BIEVE OC 3% B S AT AR . X T B BRIy &) i
Kl BALFRTCW E 2, X5 TUKEPHER
SRR S R AR, DHRSECOH] TRFLP J7 v %)
Pt RN 2 AR R DT SRR B IR R 4 OR
X AT RE A TR AE R 2 A Ab B b & S A TR AR A
Frider, SRS I oA B AR,
TS T A AT I o BE RN &) OO R A 784k
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