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Effects of Reducing Chemical Fertilizer Combined with Application of Different Organic

Fertilizers on Soil Bacterial Community Structure During Rice Season
WANG Juanjuan, ZHU Zijuan, QIAN Xiaoqging, WANG Guiliang”
(College of Environmental Science and Engineering, Yangzhou University, Yangzhou, Jiangsu 225000, China)

Abstract: In order to study the effects of reducing chemical fertilizer combined with application of different organic fertilizers on
soil bacterial community structure during the rice season, Illumina high-throughput sequencing technology was used to compare soil
environmental factors and soil bacterial community structures in different soil layers under three fertilization modes, namely
chemical fertilizer, reducing chemical fertilizer combined with rapeseed cake and earthworm manure. Compared with chemical
fertilizer treatment, the treatments with combined application of organic fertilizers significantly increased soil organic matter(SOM)
and EC in each soil layer, and the treatments with combined rapeseed cake increased SOM and EC significantly. Soil N, P and K
nutrients were significantly increased in each soil layer, which were highest in the treatment with combined application of wormcast.
The treatments with combined application of organic fertilizers increased soil bacterial Sobs index and Shannon index. Proteobacteria,
Acidobacteria and Chloroflexi were the first three abundant in soils under different treatments at phyla level, reached 36.24%,
18.30% and 13.87%, respectively. Reducing chemical fertilizer combined with application of organic fertilizers had a greater effect
on the phyta whose relative abundance was less than 1%. Soil bacterial community structure was greatly affected by soil pH and TP
in the 05 cm soil layer, mainly affected by EC, pH and TP in the 5-10 c¢m soil layer, and greatly affected by soil TN and pH in the
10-15 cm soil layer. In conclusion, reducing chemical fertilizer combined with application of organic fertilizer can affect soil
bacterial community structure, especially rare bacteria, by changing soil physical and chemical properties.

Key words: Combined application of organic fertilizer; Rice season; Bacterial community structure; High throughput sequencing
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SERFUFIEIASE B BN AHE o w] b AL A T4 M
KEEAR M, s & M A= 38J5 15 2.
1.2 RIgit

REBEE 3 MEEIGR 1): HUfLAL(CF). 2k
PERZERALIE A 30%(RC) . i 18] 282U AR AL IE A
30%(WT). CF b Ay >4 i #E 77 05 N 270 kg/hm?,
RIEHIRE (& N 464 g/kg), MHEAE . JrEEIE . {246
RESGH, ek 502 ¢ 3; JtifdER: P,Os 90 kg/hm?,
BEAE Ry 1 BERR S (& P,Os 135 g/kg), VERIEAE— Wk

it A 5 Tt AR K0 120 kg/hm?, SRR M SALER (B K0
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AHUBREEAE— K P A . DA CF 4bFE 28, HiAh
AL BRR FRER IR A I AR SY, LIRER | i R ES
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SR HNE, 5 5 SR, KRS T 2019 4E 6 H 6 H
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H 31 HIGR . FHoAb ) FH (1 S it (] 2 i B ik
£1 RBDRMEEER

Table 1  Fertilization of test plots

abE fbBkg/hm®)  SEREHE O dEMEIZE R (kg/hm’)
N P0s Ko (kehm) o (ke/hm’) Ty o Ty
CF 270 90 120 0 0 270 90 120
RC 189 72 101 1620 0 270 90 120
WT 189 3 55 0 3115 270 90 120

1.3 TEEARESIE

TERRBUWCIRAT 1 R, H 5 em AR 4 RE 0 ~
5.5~10 F110~15cm +JZ2+HE, # “S” AL 1S
A EI A, B2 RRRR AR, SR A0k
R ERAR SR T, 3 N K AR A TR VR DR T AS
e, Al [ SR KR IR S 2 0, —
By WIS 5, SR 8 R 3R Ak 23 A 5 s 148
AHLFI(SOM)., pH. HLFHR(EC), &R . 2. Bl
A AR e R

F—hT-80°CIRfF, HIT 13 DNA 2, +
% DNA R Power soil™ DNA i& 7 & (MoBio
Laboratories, Solana Beach, CA)#EA TR EL, & MEA 3
AR . 1EL 3 DNA JEGEUR , SRHT 16S RNA 2
V3 ~ V4 X 5% 338F(5'-ACTCCTACGGG
AGGCAGCAGF-3"), 806R(5'-GGACTACHVGGGTW
TCTAATR-3)i#47 PCR #"14, J5 L SCFEMIEE . Miseq
I Py 4 16 b 36 7 AR ) BE 245 BR 2 W ( Shanghai
Majorbio Bio-pharm Technology Co., Ltd)f# Illumina
MiSeq PE300 Il 5 & L £51,
1.4 HFELAESSH

K BB HL X 583t 2 R T 25 43 i 808
Duncan E#ATEZEH AL, srdrkbs, + 2Pk
)2 28 HAE R - S AR PR 5T R4 TR 22 R P 52
M . > FH Microsoft Excel 2010 A1 SPSS 19.0 254k {41t
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Mothur 358 8. ARIEFHIRIFRLE, A 80F5
RIEN OTU97% AHIUE) . R HIA TR 16S rRNA X [
J# Silva(Release132 http://www.arb-silva.de)X} £ OTU
HATHIR IR . SRS Bray-Curtis 250 R E
B8 £ 48 R & 4 ¥ (non-metric multidimensional
scaling, NMDS) 15431745 4b B + 340 1R V% 10 2544
255 AR ST TACE E A B S & B R
FEEL, IETHE AT 2 A RIS A OCHR . AN [RIREAR 1]
IKF b By A = B 25 Sk B R 3R Oy 253590 Hr
W, ARAGAEA R B V22 R Wb . SR student’s
T test J7 75 LA S R AN TR R Vs 2061 o SRBE 1
A AR REA LA, M F % OTU Z[H) SE & A
KRFMITURIHT(RDA) HLEL

RC Hl WT Ab#i45 + 2 +HEE ML & R A0 A Wb
B, RC ALFRIEANGEEE L WT kb, 0~5, 5~10,
10 ~ 15 em + )2 13 pH 73 51° 344 6.82.6.96.7.08;
FALFRA L RC 4D PR 43 pH A%, CF A1 WT Ab 2]
ZRARE . L ECKE LZ KA T BB,
HALBP DL RC AbBEfR &, CF Ml WT AbBi[E] 22 F A
B ME 2R, HHEA R R SR
NG SO ER T s e IR S g I e B W N
5, BRI 2.16 g/kg Fi1 95.43 mg/kg., &Ab R
RC il WT ZbHIRy4. 20%. IR . ARk,
SRR ES T CEAM; 0~5.5~10cm T2
T3 WT AbBABRAEA . AR, SRS ST
RC 4b3H,

ST AN [ AG AILAE A B — 280y Xeh e 3K 1

2 BRE
ARSI FHCAHLR . pH. EC. 2R & g B
21 BEHREREEVIEGISH T EREE T S TR LR U X pH A AR T 2
2411 SR, oAb A BR8P TR S s AL A L

AP Bl A2 IR 2 R (R 2),
0~5.5~10, 10~ 15 cm +J2 HIHA P &0 9
A4k 28,77, 23.49. 21.98 g/kg; 5 CF ZbFEAHLL,

JRAZ AN A 2 A B — RN SRR ] T R R
Wi JLFARTA], Al DL, Bt A [ HLAE XS - e ER5 [H 5
AR5 A2 - J2= B R VR HIAS AT 22000

F2 R LEBECHE A E A AR X IR IR A F RIS

Table 2 Effects of reducing chemical fertilizer combined with application of different organic fertilizers on soil environmental factors

1 JZ(cm) A3 SOM(g/kg) pH EC(mS/cm) 4% (g/kg) 2Wi(gke) B A (mg/kg) £ 308 (mg/kg) # A (mg/kg)
0~5 CF 2539 ¢ 7.05 ab 0.32 cde 1.25b 1.86 ¢ 95.14d 75.56d 143.03 ¢
RC 3142 a 6.40 c 0.50 a 1.48 a 2.28 abc 109.01 b 94.51b 148.99 b
WT 29.51b 7.02 ab 0.36 be 1.46 a 2.26 abc 126.16 a 111.49 a 163.41 a
5~10 CF 22.36¢ 7.01 ab 0.31 cde 1.13 ¢ 1.90 be 78.63 f 85.66 ¢ 9833 ¢
RC 25.68 ¢ 6.85b 041b 1.24b 2.17 abc 88.85¢ 105.24 a 102.29 f
WT 2442 d 7.02 ab 0.30 de 1.24b 2.17 abe 97.98 ¢ 110.02 a 126.79 d
10~ 15 CF 20.28 g 7.26 a 0.28 ¢ 1.04d 2.10 abc 63.951 91.79 be 81.98 1
RC 24.01d 6.81b 0.35cd 1.12¢ 2.40 a 75.03 g 94.05 b 94.14 h
WT 21.65f 7.16 a 0.27 ¢ 1.07d 2.35ab 70.65 h 90.55 be 110.56 ¢
AHHLAE *k * * ns * ns ns ok
+ 2 sk ns * sk * sk ns sk
IR L2 * ns * sk sk . ns .

e [ —FUR R TR R AN ] £ )2 AL B R 22 57 2 (P<0.05); * 43 5|3 /R 7 P<0.05 Al P<0.01 K520 35 ns FRFEINA
W, R,

22 BHEWAEREAVIEXFEE T EAEBTELS W RC M WT ABEARAESR AN R 12 T IRAN TR 2 4F

eal:ap=Al|

A Ab PR - SERE SR IR 97% AHRIPEXS AR A
(AEFHFINDFEFT OTU 2L, OTU BEUE 7 7154
(% 3). H Alpha ZHEVESHT A AT, 5 CF AbBEAHLL,
RC I WT Ab#ERREHE = AR £ )2 LA b =F 5
Sobs 8%, UL RC AbHifi K. Shannon $540% /& T #f
iR E SR, R REE S5 R N SE A

% Shannon #5451, HH RC AbFEH K .

et A ) AL ) B — 240 1 o WSO AR B - 38 400 7
FHE Sobs FRETC W E M, )i P 2P
Shannon F8%5; AN 7] 42 A9 B —R000; B I 25 52 1) 1 48
P F & JE Sobs T8 8 Z A% Shannon 5%k, AT UL,
+ )2 (A/E R AE Bt A HLAE X - 38 41 B 22 FE M 1 52
T B EAEH
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Table 3  Effects of reducing chemical fertilizer combined with application of different organic fertilizers on soil bacterial alpha diversity

+Z(cm) Ab 3 HYFIEL F & BEFREL Sobs ZHEMEFE 4L Shannon
0~5 CF 68 445 5027 be 7.26 be
RC 84 817 5061 be 7.40 ab
WT 66 445 5036 bc 7.34 abc
5~10 CF 81033 5321 ab 7.31 abe
RC 76 218 5450 a 7.46 a
WT 84 103 5427 a 7.36 abc
10~15 CF 71 720 4756 ¢ 7.05d
RC 74 601 5084 be 7.19 cd
WT 76 385 5050 be 7.19 cd
AHHLE ns ok
+ 2 - sk
AHEx L2 * %

T Bray-Curtis [ 5 A [A] b 31+ 398 40 7 I 2
W24 RJE T (NMDS)E(E 1), #£0 ~ 5 em -
2, RC Ab#E #RHS CF M WT 4b#, CF fil WT
AP B T R EE R (P =0.734); £ 5~10cm +)2,

MR ] 25 S 5L (P =0.001); 7F 10 ~15 cm +)2,
HALFRZ R AP R AR R E A AT, A AbE
Xof AN P B AL A B R EEAE S ~ 10 em
+Z.

0.12 - 0.12 T 0.20 T
0.10} 0~5Sem | stress: 0.018 | 5~10cm | stress: 0.02 10~15cm | stress: 0.038
' w o CF 0.10 0.15F w
0.08 + + : 1
1 ARC 0.08 |
0.06 *WT 0.06 - 0.101 \ )
o~ 0.04f o e~ *
K 0.02} A 0.04} 2 005 :
= OF---- SRR - - - 2 0.02f S b A ' —
Z 00t ‘ . “ ol [ B s | Z ._
—0.04 Al —-0.05F ¢’
~0.06} £ ~0.027 " 0.10f :
—0.081 w -0.04} 0. e
70'10—1 1 1 L 1 1 1 1 70'06—| 1 1 1 \ 1 1 1 70'15_| 1 1 1 1 1 \ 1 1 1
OV g0 V@0 a0 (25 (00 M0 080 D000 802220000 P Q%30 3320

NMDS1

NMDS1

NMDS1

1 ETF Bray-Curtis BEEARLEMEIFEE S HRESHHFT(NMDS)
Fig. 1 NMDS of bacteria under different treatments based on Bray-Curtis Distance

AP A AN R AR A Z R RO T8 e
B[ ](Proteobacteria) . FRAT ] (Acidobacteria) F14% 25
I"T(Chloroflexi) & 1K LA F1iT 3 0 A A RE
-1 03 000 o5 A0 B 36.24% . 18.30% FlI
13.87%(&] 2), BARTTF , AXFERT 1% HIEIT]
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PE2ER; 5~ 10 cm )2, ZBECHEAHLIESZ Y]
¥ %, HPBRZE 1] (Actinobacteria) 1 B #T 1 ]
(Latescibacteria) ZAMAAFATEI1; 10 ~ 15 em )2,
/N3 A 41 RG] (Microgenomates) . [ & TR B I

(Aminicenantes) , BRC1 B[ ] 4 Ab 3] B VL2 R
23 FEHIEREEFIAREFZNZM
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TR ERE T HIEME R B LR 50.91% Al
13.10%, PSR T 64.01% AY4ITE VR AR S,
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W, AR O3 A 52 AN TA) 42 35 TR 75 a4
H 225 . Mantel K56 045 20, pH(R® = 0.513 8,
P=0.03), W (TP)(R*=0.497 3, P=0.029)J&50 0 ~
5 cm 2 AN A 5K 3B EREE R T
EC(R*=0.513 5,P=0.035).TP(R*=0.5721, P = 0.026)
1 pH(R*=0.498 7, P=0.031)Z50 5~ 10 cm /2
TR E LS RN SRR T, &R
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Fig. 2 Analysis of soil bacterial community composition at phylum level of each treatment
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Fig.3 Comparison of differences among groups of bacterial communities at phylum level of each treatment
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