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1.1 RISt HER
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JKR B X (105°59" E, 36751 N , 12 X 5 4F 34 [
W 200 mm, F¥ZE L 5 2 325 mm, HEif 3
A A IR AT 0~ 20 cm A HE BL Rl B AR PR
H:A2R0.25 g kg A&BE0.45 g - kg AL
W 2.77 g« kg ' A 11.06 mg « kg 'K
% 10. 86 mg » kg ' EEALH 97. 08 mg + kg ',
pH 8. 74,

1.2 RWigit

I FFAG T 2011 4F 4 H R A H K BEHLIX
AP /NXHE AN 90 m* (15 m X6 m),3 K HE
2,2011—2018 4F, >R S48 2 (Solanum tubero-
sum) — LB —yh F 1A B 2% (Helianthus annuus
Linn. ) — S8 E — WM H 2% — £ K (Zea mays
Linn. ) — F K — F K8 =0, B & 150 m’,
W6 AL B, 43 0 o At IE CTo ) | Bt Ak AR [ (fk
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kg« hm 2.(P,0;) 195.6 kg « hm %, (K,O )98
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kg« hm* «a ' Y &AWL T &40 518 10 110
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&L HIRULI] B D BREAT . PR 16S rDNA
V3-V4 X (HT 5] 77 %) ACTCCTACGGGAG-
GCAGCA, J5 51 ¥ ¥ 5 GGACTACHVGGGT-
WTCTAAT. ¥ 3 K Bt K/NA 500 bp,

VAR R Q5 RN M (5X), Q5 &
E GC P (5X ), 0.25 ul, Q5 Hiff &
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dNTPs, I FH#5149 (10 pmol/L ) £ 1.0 pL,2
pL DNA #E g fit 8. 75 pl ddH, O, ¥ 34 & 5.
98 °C A 2 min, 98 C A8 15 5,55 Cil k
30 5,72 °C #EK 30 5,72 ‘CLLEMH 5 min, 10 CHF
L 25 ~30 MEI ., XY 7 gk )5 A Pi-
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Carlsbad,CA,USA ) #47x &, 1T 20 g/L B
U W B F Dk 6T B 1 7 ) AT A R AX-
YGEN 24wl (4 %8 g ik 0 &5 % B br 7 Btk 47
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8 USEARCH J3 41 % T 4] win ik 4015 19 )5
B HE 97 % A Bl EE K F B OTUs (Operational
Taxonomic Units ) {UERJF I #17E Y515 L5
50 . R Mothur BEAE 97 V6 (4 AH fBLEE 7K F-
T#EAT OTUs B3, 51H 4% OTU B4, 15 2
A OUT B BB 4 o 262405 B e W%
FEAKL THRAE S 3 35 R 45 . Mothur #7F3T
% Simpson I Shannon % Ff ¥ 35 %, Chaol HI
Ace FFEFEE, PD-whole tree 2§ Alpha Z ¥4
R4, it UniFrac 2087, PEAGFEA Y Beta Z £
P AR A A 2 1) B9 AL (Weighted) B9 UniFrac
PE B MR 01T NMDS 4387, £ IR A RS, 4
VAR VR REAS 20 B =z () ) 22 S R FH AR B 1 2 4 R
4+ #r ( Non-metric Multidimensional
NMDS) HAH UL 73 Hr 43 46 CANOSIMD , 8 i
F 999 MM EFI B ANOSIM 385 NMDS HI Xy
r {, NMDS il ANOSIM #3185 F R
Vegan F&/F 1., & Microsof Excel 2010 %4
PEATHCE b, R DPS 7. 05 #0447 20 %
(LSD)J5 22 70 M HL A 22 57 W 3% 1 (P <<0. 05) 3k
H Canoco 5. 0 F 34T 3 18003 7397

2 HRGA
B T HLIE B e R 0 AT AL AR B

scaling ,

2.1

AN TSR 8 a )5, % 1 C/N 4
(F=1.06,P=0.377), + 3% 3 Z 3 {k P IR 48 b
Yk 35 A2 3] 4 3 R AR 5 =08 2w (P >>0. 001)

(£ D5 T, #H, I8 e it 4 = & 40 U5 A LBk
(T, Ty) T, & 584 & 40l 3 64. 00%
56. 00 %6 5 fb ML E 7t 45 A% 5t AP A HLAKR (T, . T5)
T, AR AN 28, 00 % ; {BAK & A A Pk
BT . A A 3 I B AR T AR U R A AL
Wi AAL IR, TSRO A BT B A R B S+
AR RRI AT, T, 5 2 A A
Jo A3 O R AT S B A7 0 AR A BB i A
e R[50, A8 B TEHLAE 45 A 110 355 M0 45 it 4 A
e R U 2 RS B, D) AR AE R i v A A
V5 A BLR CIED B8R B bt

ARG T H w5 T, ¥ % %=
S HA R R R T 225, 5 T, M, -
B R T A A R B 5 e, H
Hh A IE T it 5 i A R A ML AL R (T, . T, -
R T, A A3 1. 24 A5 1. 14 £, 1
T, T, Z M JC W %25, SMEMKEA PL i A
T AR MR T it A A AL L T R AR 1 Ak R
B A A A 3 ) - R AR T W 2 . AN
BeAm s 9% pH & T, FRE0.07~0.14;T,,
T, Ab ¥4 T, + 5 pH 4 3l B AR 2. 51%.
2.05% . B EAMEA ML AT, 400 B i 2R
FE(T,) V38 (T, B4k I8 B it 1% = A MLAk (T, .
Ts) -/ pH AL 4 5 T B 0. 61% ~ 1. 22%,
1.71%~2.32%.,

3 C/N S Ay it + 5k AU 37 TR O 1Y
AR 5 T, MR E P A LS TS A
AR B A i 2 B AR T £ C/NL HUF R 8 A
4.41%~15.10% . 43 Hrik A, 5 oA [/ A AL
TCAIL R AL il £ 412 1 4 39843 BLAR F1 4> 20 R B[]
W, 51 7 R C/N W22 i T L5 C/N 28
5 T IEFR ARG A e ARG G, R
ML A PLE M oL K LR RN A

®1 BHNRESEVBEBE L EBLEROZIE(xLs)
Table 1 Effects of organic and inorganic fertilizer application on soil physicochemical properties
4 2R/ LW/ A HLR/ it R/ AR/ AR/ o
Treatment (@7 keD  (gekemD (gekgmD)  (mgekg D (mgeketD) (mge kgD pH B C/N
TN TP ocC AN AP AK
To 0.25+0.02d 0.654+0.06 b 5.16+0.25d 17.17+1.49 29.78+5.45 ¢ 159.33+16.67 ¢ 8.77£0.05a 21.06+1.17 a
T, 0.2840.03 cd 0.74£0.05a 5.56+0.61d 19.69+2.49 44.42+6.40 b 249.33+38.90 a 8.58+0.13 ¢  20.25%+0.85 a
T: 0.41+0.09a 0.814+0.04a 7.84£0.50a 33.38+8.72  66.80%6.57 a 295.00£38.90 a 8.5540.09 ¢ 19.73+3.80 a
T3 0.39+0.05 ab 0.76+0.08 a 7.2740.58 b 30.33+8.72 63.70+6.64 a 286.00+50.07 a 8.5940.06 ¢ 18.90+1.17 a
Ty 0.32%+0.06 bc 0.794+0.07 a 6.22+0.67 ¢ 24.36+4.71 51.36+4.13 b 244.00459.87 ab 8.61+0.08 bc 20.13+2.72 a
Ts 0.32£0.09 be 0.754+0.05a 5.49£0.47d 22.96+£7.47 46.41+7.05b 192.00%+16.59 be 8.7040.04 ab 17.88+3.67 a
P-value <<0. 001 <<0. 001 <<0. 001 <20. 001 <<0. 001 <<0. 001 <20. 001 >0.05

TE « [R50 RO 5 A [ S B 2 A B ) 22 53 f8 35 22 57 (P <C0. 05) . I,

Note: Different lowercase letters within a column indicated significant difference( P<C0. 05). The same below.
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RO A6 IR 5 - AU W Ak 7 S A AR AR IRl A7 AR 2R
AR
2.2 BNEXHBREN T EAREHEZESHFY
B 48 B B 7 i

2R HEA YL TCHLE L E T 25 4 B+
SRR il A B SO Y B 3 R A R A 0. 97, BEW]
20T B W) RN B B TR B R B D A 2R

AE S e A R RE T B LSS 0L . AN TR AR TR
F 8 AR E (Chaol F8%L. Ace 540 . Z HEMEFE 2L
(Shannon 8 %X . Simpson 48§ ) 7F £ 4t # 2 6] 14
TR ZESH (P >0.05) . XULW 5 X AR L , %
SE 8 a By HERT MRS At B AR L O R 3 el AN B
RETE B 0 B 2 A,

®2 BAHNBRSENERENAFRSHEERFEFEENZIN (xLs)

Table 2 Effects of organic fertilizer and inorganic fertilizer application to

soil bacterial communitiy diversity and richness index

i WL R A B AR K AR AR Chao 1 5% ACE 54 [EE = it R ZHEE
Treatment Observed species Shannon Simpson Chao 1 ACE Goods coverage PD whole tree

To 2589.174+132.61a 9.53+0.19a 1.004+0.00a 3319.66+£177.32a 3 340.08+£206.29 a 0.97£0.00 a 226.88+11.01 a
T 2 467.50+162.56 a  9.484+0.19a 1.004+0.00a 3 038.89+346.07 a 3 107.35+335.68 a 0.97+0.00a 217.16+13.16 a
T, 2 389.334+94.96 a 9.4040.17a 1.0040.00a 3219.79£719.27a 2 997.41+188.84 a 0.97£0.00 a 208.33+11.90 a
Ts 2677.504+181.58 a 9.684+0.08a 1.0040.00a 3261.13£360.93 a 3 318.66£366.21 a 0.97£0.01 a 234.17£20.98 a
Ty 2541.334290.62a 9.324+0.69a 0.9940.01a 3120.62+£409.81 a 3 204.87£386.20 a 0.97£0.00a 231.15£22.77 a
Ts 2 535.174+460.86 a 9.434+0.50a 0.9940.00a 3 154.73+681.89 a 3 205.56+689.57 a 0.97+0.01 a 225.43+39.54 a

P-value 0.48 0.65 0.49 0.93 0.68 0.81 0.37

B R 36 A b AR N 3R A 1 A T
51 46 531 45,3 494 41 OTUs, 43 )& F 58 ']
67 49 143 H 271 #} 639 J& 435 F, X} £ K
I ET 10 1T ZEJE B 1] (Proteobacteria) » il £k
W] (Actinobacteria) . FR #F & '] (Acidobacte-
ria) . ¥ #F B ] (Bacteroidetes) ., 2 5. il B |']
(Gemmatimonadetes) I A X 3= B 3 8 (& 1),
BT AR 1A A A TR 2R AN, R 5 1T
5B 1] (Chloroflexi) FT i Ho il 43 %1 & 3. 22%6 ~
4.86% , J&£ B B 1] (Firmicutes) & 0. 69% ~
6.11% HRFFH '] (Fusobacteria) i 0. 006 8% ~
1. 068%. ¥t # W '] ( Verrucomicrobia ) H
1.26% ~ 1.61% . & i H 1M (Thaumarchaeota)
0.8200~1.79% Bt & LL Bl B 851K

I TTH LB T, 5 T, (8] A9 AH X = 5 JC B
WS, T, T, T, T 4B 5 T, M, A xF
FRE 4y B | 5. 18%, 19. 832, 11. 91,
9.90% . T 5 LL @il ik 37. 76 % ~ 43.03% . A 1
FIRRFTTCE 1. 508 CT O A L A I
ALK S LB BE (T, VT, W2 T2 B T4
Xt 2 B B MR A 11, 91% ~19. 83 % . B i %
ARt AR AT BILAS FN Ak I E it A B 2 it £ A Ak 33
(3G AN BE . R AT T T R B 2R e e B
AN IR AAR A L C it A 2 B 18 BT L BR AT R D
AFDRT =2 B2 A 3% B A% BRI AR 1) e #e L - 24°F
4 10.52% ~ 14, 41% . A [ 4b 3R T K F

VR R 1T AR X 3 R A o Ak B AR S T A
B B AN AL B N Ak A i Ak b, A X
F N 13.88% ~15.40% . 55 B AN EA HLER
55 Al T i Ak BT A KR X S R AR L L AFF R T B
A F B R i T 10, 70%0 .24, 14 %,

- AN R 3 TR L AR X SR B T 25 40 i
GERRWICE D, 1K B Bt f S AL #F L AR
XFEBERE B HET 10 AT R T (P =
0.001) FRFFHE T (P =0.002) ZFEFTH ] (P =
0.013) BB TP =0.001) 5 X} B8 6] 45 # i 2
MR, A 2% AC At AL AC A BE A+ HE AR R T
(P=0.008 66) IR I[T(P=0.0027) LRI
[T(P=0.000 13) 55 X M [E] A7 A i 2 22 5% 5 1
FEMCHACIE N, W RN AETE R 1T (P =0.032)
BIBWEIT(P=0.046) AR EMLER. KEaaf
BUBK B AL NEBC T o 4 B8 A 10 1] B9 AR X = B2 v
BREFTET 1T (P =0.008 197) 78 24k & fic fti fk IE . 2F
FETC it A0 I ) A A o 2 2 S A, G T D ) A A
XFERE O W 25 L B A PR K Ak AT B it
AN HT 10 1A A B A T T B AR B
(] 35 TG BH &k 25 5, 5L F 11K OF b B9 40 T 41 % b 4
AHARL s (5 5 % BEAH EE . T, VT Ab BRI AN B0 Ry 2 7
HI1(P=0.026.P=0. 02D F R &M LR, &
TETR T BT ] RRAF B 1] BUAF B 1] L 2 S B
P T R R AR XN A AL LB IR R R
- R AT B 5 5 IR B 45 BL L JE LB IR
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Fig.1  The clustering analysis of soil bacterial communities, the taxonomic composition and the

distribution based on the phylum level by the method of Weighted Paired Arithmetic Mean( PGMA )
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SIM.R=0.29,P<C0.01).T; 5 T, #t (ANO-
SIM,R=0. 35,P<C0.01) ¥WHEEEES, |
B SN A HLAK B it fL BB AY T, . T, Z 18] CANO-
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Abstract In order to reveal the response mechanism of soil bacterial communities to organic manure
and inorganic fertilizer application in arid region,the farm land soil ecosystem was selected as the re-
search object,and the soil bacterial community structure and diversity were analyzed by high-through-
put sequencing technology after 8 a organic manure and inorganic fertilizer application. The relation-
ship between soil bacteria communities diversity and structure was also discussed based on the phylum
level and soil physical and chemical properties. The results showed that the soil physical and chemical
characteristics were significantly affected by continuous organic and inorganic fertilization application,
but the ratio of soil carbon and nitrogen decreased. 46 531 sequences of the bacterial V3-V4 region be-
longed to 3 494 OTUs,the total 3 494 soil bacteria operational taxonomic units(OTUs) were divided
into 58 phylum,67 class,143 order,271 families,639 genus and 435 species. However,the soil bacteri-
al community richness index and diversity index were not significant difference under the different or-
ganic and inorganic fertilization application. The relative abundance of Proteobacteria of all treatments
accounted for 35.91% —42.03% ,and it was a dominant phylum of bacteria. There was a significant or
obviously significant difference for the relative abundance of Proteobacteria and Chloroflexi between
the treatments of cow manure or sheep manure with chemical fertilizer, compared with the control.
The top 10 bacteria with the higher relative abundance were not significant difference between the
treatment of potassium fulvic acid and bio-organic fertilizer with chemical fertilizer based on the phy-
lum level. The composition of soil bacterial communities were similar between the control and the
treatments by organic fertilizer combined with the lower amounts of organic carbon and chemical fer-
tilizer application,while there were a higher similarity between cow manure and sheep manure com-
bined with chemical fertilizer. The relative abundances of Proteobacteria, Acidobacteria,and Gammati-
monadetes were negatively correlated with soil pH and soil available nitrogen. Based on 78. 67 % and
97.49% of accumulated variables in principal component analysis(PCA) ordination of based on the
phylum leve, the relationship between the relative abundance of the dominant bacteria, soil bacterial
communities diversity and soil physicochemical properties could be explained separately . Soil pH and
the available nitrogen were the main driving factors affecting the relative abundance of Acidobacteria
and Actinobacteria. The composition and the structure of soil bacterial community were influenced by
the varieties and the amounts of organic fertilizer with addition of exogenous organic matter in soil un-
der the the medium and long-term organic and inorganic fertilization application.

Key words Organic and inorganic fertilization; High-throughput sequencing; Bacteria; Diversity;

Community structure
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