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I TR KL = AL AR 6.2 C
AF B K B 938. 0 mm, 4F H BRI % 1 890. 3 h,
e, QRS MR 1R 05 % T2 2 8 000 F2/667 i, il
FERAE R 200 B/ kg, SEEG R FHREHLR H k17
Kh3 B TAGHE (CF) A HLIE (OF ) R HLAE
TNXGZE(OM) 3 NASIRI AL BRAH . S5 AR AL 4350 A
MALT R IR AL, XA T X% A R R A PLIE
NEBE I ]y 2018 4E 4 A, 3 ASLe b
3514 6 003 m* 11 339 m” F126 680 m”, K34 H
KN HIRE T 3.6.9 IS, 3 L ETE
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Tab.1 The water chemical parameters of paddy field in three fertilization models

Jba A AR DIRIEEOF AN BAE ps8 s AL R4

Treatment NO; -N/(mg/L) NH, -N/(mg/L) NO, -N/(mg/L) TN/ (g/L) TP/ (mg/L) TN/TP DO/ (mg/L)
CF 0.76 +0.26 0.23 +0.15 0.01 +£0.01 2.72+£0.09* 0.22 +£0.05* 12.61 £2.49* 6.07 £0.58"
OF 0.79 £0.09 0.26 £0.06 0.03 £0.03 9.99 +2.05" 0.27 +0.06* 38.26 +11.65" 6.14 £1.01°
OM 1.15 +0.44 0.27 £0.19 0.04 +0.03 18.49 +6.66° 0.58 +0.35" 38.33 +16.49" 3.84 +0.82"

TE : [FIZ AR R P R AL BRI AR B E 225 (P >0.05) , AR TR FRAL B A7 7E 35 22 5 (P <0.05)

Notes: The different letters in the same column mean that there are statistically significant differences( P <0.05)

63 999.00 +2 649.24 54 557.56 =5 896.21 154
633.67 +4 052.70, TP H K ELE 471. 60 ~ 486. 06
bp, W4 2, FIGM ARG RITINECN 1 174 718
5P B B 458..00 bp,,

2.2 AEBEAMKEBENSEELEREZH
o
CF OF 1 OM 2§ 3 Fji L A2 50 i 7K AR 2R

Wy i a0 P ARATH I A CF 2 B0 80 3

x2 IMEEKRX T KRERENSBENTFTER
Tab.2 The high throughput sequencing of water bacteria in paddy field in three fertilization models

A FEAI%L HRERL SR AL wKFIKE
Sample Seq_num Base_num Mean_length/bp Min_length/bp Max_length/bp
CF 63 999.00 +2 649.24 29 313 665.33 =1 250 440. 13 458.02 +0. 66 267.00 +8.00 481.00 +1.73
OF 54 557.56 £5 896.21 24 971 489.33 +2 668 314.49 457.77 £1.54 280.44 +12.61 481.56 +4.50
oM 54 633.67 +4 052.70 25 025 674.78 +1 830 041.37 458.10 +1.25 286.22 +10.33 478.00 +6.40

3 AL HILH KRR A Y 2R (B 1) o 28 OF 4B &5 T OM 41 (P <0.001), OF 41

PEAHTAS R R OF 411 ACE #8503 & T CF
ZHFN OM 4H,OM ZH 1) ACE #5450 % & T CF 4
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Fig.1 The diversity index of water microbe in three fertilization models
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[\

TR T ] A X = 82 B S i T it P A S A e
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Fig.2 The statistical result of OTU in
three fertilization models
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Sequences whose relative abundance was lower than 1% were assigned as “others”. CF1-3. chemical fertilizer group; OF1-6. organic

fertilizer group; OM1-9. organic fertilizer + fowl manure
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Fig.3 Abundance of bacterial composition at the level of phyla under three fertilization modes

http: //www. shhydxxb. com



520 S V= S N S SR 29 %

2.4 RBEBST

3 AR IEARE] 798 g . 56. 89% I B
& 3 M A 1, CF 20 A0 OF 2 CF 4471 OM
ZH \OF ZH 71 OM 21 A7 () 40T 43551 o 5 a7 s 17
59.77% 58. 65% \83.21% , OF #1711 OM 41 {4
WIBEH R, X 3 RT3 il 0. 1%
A HEAT R R (B 4). 3 R AR
Polynucleobacter . Candidatus_Aquiluna . Sporichthyaceae
hgcl_clade |
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B /KR PREE rh - By AR B dwe i 9 s L 7E 3 A
Ay R R T 13, 64% . 7.82% Fi10.28% .,

norank c_Cyanobacteria . Comamonadaceae ., Polynu-

Limnohabitans Synechococcus |
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Klebsiella . Massilia .
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o]

>

0.

B A Percentage age of community
[\

Sphingomonas . Exiguobacterium 5 JE 1E 3 A[A]
PR P 2E R W (£ 3) .
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Tab.3 The major bacteria with significant differences

under the three fertilization modes %o

CF OF OM
norank c_Cyanobacteria 1.56 9.29 1. 40
Synechococcus 13. 64 7.82 0.28
Candidatus_Aquiluna 0.75 3.55 9.33
Comamonadaceae 7.49 5.02 2.49
Polynucleobacter 2.60 8.24 6. 60
Sporichthyaceae 1.74 3.26 5.54
Flavobacterium 0.50 1.65 3.65
Alpinimonas 0.82 0. 80 8.88
Klebsiella 2.83 0.36 0.05
Sphingomonas 2.15 0.11 0. 06
Exiguobacterium 1.56 0.1 0.54

1.0
0.
0.
0.4 l
[
I
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| Limnohabitans WM Alpinimonas
norank c_Cyanobacteria
Malikia ™ Fluviicola ™ Acinetobacter

SRR AR T 1% BT JAl" 204 CF1-3. fLALLL; OF1-6 AHLALAL; OMI-9. A HLALINAGFEL

Sequences whose relative abundance was lower than 1% were assigned as “others”.

fertilizer group; OM1-9. organic fertilizer + fowl manure

CF1-3. chemical fertilizer group; OF1-6. organic
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Fig.4 Abundance of bacterial composition at the level of genus under three fertilization modes
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CF1-3. chemical fertilizer group; OF1-6. organic fertilizer group; OM1-9. organic fertilizer + fowl manure

5 ET OTU KETKREMEDEZNERS (PCoA) 51T E (a) AREBHESHHI(b)
Fig.5 PCoA analysis diagram (a) and cluster analysis tree (b) at OTU level
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Fig. 6 RDA sequencing diagram of 10 major genera and water environmental factors

IR B DR 2 TR AR W A 9 1) R 2 i )
To TEIRAEHEIT 1 A5, Kk NP & 525
FERH A S0 B A, BB KA AL T8 SR A
W, OF 15 OM HE A S EFH & T CF 4,
SR 2 b T A S S 8O, B s A bR, A LA A
REFEHEALI AT R R N P UG 2 R e 1
o ACHIEZE RS A0 T A AL AR AR BRI A7 5
HRoT AT, R B A B B AN pH S K AR
R R JE R X IR KR A B AT 4 B
FET s e B pH K VA SRR R AN T R
ZORAURM FE R . BT WA, A LR IR
FEARPRTE B0, A [ F K fA iR 32 TE A . 22 5
I E G 7K A A T A Vi 4 R D S WG .
HIZEERIR I TREAE S A TG 3h N P LR K,
IEHAWRFE ™ 2 WK A F 2 5 i B K P 4 7

http: //www. shhydxxb. com

A EE R . A T R U e
JERZ KR 1) BRI 12—

2 BRI AN A HEARE 202 52 0 7K A 4 B
PRI A0 A0 B ) A v 2 A 2. BT 5 2R
B ATt A IE -5 A HILAE Jin % 2 4 TH B
Tt FA AL A BB K (A A g A PR B g, AR 25 R
GEHNERAE . A HUIE 5 X8 FE Mt AR 2 BEARUK
PRZ B ) b 22 R, (BRI /0 W 98 4
MERE . WA B A S pH R K A2 T
VR M I R BB N 1

SEH:

[1] XIEJ, HU L L, TANG ] J, et al. Ecological mechanisms
underlying the sustainability of the agricultural heritage rice-
fish coculture system [ J ]. Proceedings of the National

Academy of Sciences of the United States of America, 2011,



4 BOH, SR AN AE AT AR - v PR PR AR R R 523
108(50) ; E1381-E1387. WU Q Q, MA J W, JIANG L N, et al. Effect of pouliry and
[2]  ARbARp TRy S B R, A b 5o T 4E 5—2018 household garbage manure on the growth of Amaranth tricolor

(5]

(6]

[8]

[9]

(M. dest: PER AL, 2018 54-172.

Fishery and Fishery Administration of the Ministry of
Agriculture and Rural Affairs. China fishery statistical
yearbook-2018 [ M ].
2018 ; 54-172.

g WD IR IR R R AR (2018) [T
2018(7) ; 20-27.

Non. China crayfish industry development report (2018 )
[J]. China Fisheries, 2018(7) : 20-27.

HOU M H, XIONG J B, WANG K, et al.

Beijing: China Agriculture Press,

EK,

Communities of
sediment ammonia-oxidizing bacteria along a coastal pollution
gradient in the East China Sea [ J ]. Marine Pollution
Bulletin, 2014, 86(1/2) ; 147-153.

BT, BRAHE, EHE, 55 RFRLRIRPIEXT 1A R AR
bR EEEAE T RE S RE R [T ] /RS 254k, 2011,
37(1) . 105-111.

YANG Y H, CHEN D M, JIN Y, et al. Effects of different
diversities of microbial flora in
rhizospheric  soil ~ of tobacco [ J ].
Agronomica Sinica, 2011, 37(1) . 105-111.
WA, REMUTE, R0, S ARRIRERIN -3 AR
PSR B i s BRI [T ], K RO RRA 4R
2008, 22(1): 123-127, 133.
JIX J, XIONG S P, LI C M,

fertilizers on functional

monoculture Acta

et al. Studies on spatial-

temporal  variations of soil enzyme activities and

microorganism’s number under different fertilizer types[ J].

Journal of Soil and Water Conservation, 2008, 22(1); 123-
127, 133.
fraife, WDy, REGHIULT A R SHgREL)].

ARAE Tk, 2017, 44(1) : 9-12, 30.

FU C H, SHAN G F. Development of organic fertilizer
industry in China and market outlook[ J]. Chemical Fertilizer
Industry, 2017, 44(1): 9-12, 30.

WED, FXOF, BIEAR, . A ROl A SRR
PRI e X HE LT ). AR 7S IR, 2004, 13(4) : 656-
660.

HUANG G Q, WANG X X, QIAN H Y, et al. Negative
impact of inorganic fertilizes application on agricultural
environment and its countermeasures [ J |. Ecology and
Environment, 2004, 13(4) : 656-660.

TEFZR, K0, Ok, S5 LI [ L XS 26 ExT
KAV R K e [J]. Y ERS
AR, 2014, 20(5) - 1178-1185.
WANG J D, ZHANG H, ZHANG Y C, et al. Effect of
different ratios of chicken manure N on organic matter
accumulation and acidification of paddy soils[ J]. Journal of
Plant Nutrition and Fertilizers, 2014, 20(5) ;. 1178-1185.
ST, DA, LU, 5. GIEHIA HUIEX TS
AR ARG REBRNET]. OV IREERA ),
2010, 29(7) : 1302-1309.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

L. and heavy metal accumulation in soils [ J]. Journal of
Agro-Environment Science, 2010, 29(7) : 1302-1309.
ZHOU L, BOYD C E. Bluegill yield in response to nitrogen
and phosphorus versus phosphorus-only fertilization in ponds
at different times since sediment removal[ J|. Aquaculture,
2015, 446 7-11.

SANTL-TEMKIV T, SAHYOUN M, FINSTER K, et al.
Characterization of airborne ice-nucleation-active bacteria and
bacterial fragments [ J]. Atmospheric Environment, 2015,
109 105-117.

EDGAR R C. Search and clustering orders of magnitude
faster than BLAST [ J]. 2010, 26 (19):
2460-2461.

QUAST C, PRUESSE E, YILMAZ P,

Bioinformatics,
et al. The SILVA
ribosomal RNA gene database project:
tools [ J ].
Research, 2013, 41(D1) ; D590-D596.
LOZUPONE C, KNIGHT R. UniFrac;

improved data

processing and  web-based Nucleic  Acids
a new phylogenetic
method for comparing microbial communities [ J]. Applied
and Environmental Microbiology, 2005, 71 (12). 8228-
8235.

LOZUPONE C, HAMADY M, KNIGHT R. UniFrac-an
online tool for comparing microbial community diversity in a
phylogenetic context [ J ]. BMC Bioinformatics, 2006, 7:
371.

SKUTA C, BARTUNEK P, SVOZIL D. InCHlib-interactive

cluster heatmap for web applications [ J ]. Journal of
Cheminformatics, 2014, 6(1) ; 44.
DENG W K, WANG Y B, LIU Z X, et al.

PLoS One,

Heml: a toolkit
for illustrating heatmaps [ J ]. 2014, 9(11)
el11988.

FETEAE, fATH, WS, . WIA/KERANTE 2R A S
DIRebt Rt ()], 2R, 2013, 21(4) : 421-432.
REN L J, HE D, XING P, et al. Bacterial diversity and
ecological function in lake water bodies [ J ].
Science, 2013, 21(4)- 421432

BEO, fTRERE, B, 45, ol
ﬁ%%ﬁm%ﬁ%ﬁ%*@#ﬂﬂ?[ﬂ. KR
785-794.

XUEM, HE Y Y, QIU M D, et al

Biodiversity

JF 5 BT FLAPIEE X U
[, 2017, 41(5)

Characterization of
aquatic bacterial community of Litopenaeus vannamei larvae
during hatchery period with high-throughput sequencing[ J].
Journal of Fisheries of China, 2017, 41(5) ; 785-794.
KRBT, AR, MR, 2 RNV RIRIRE T T
FYAMBE R R [)]. RS2, 2013, 33(2) : 483-
491.
QIU Q F, ZHANG D M, YE X S, et al. The bacterial

community of coastal sediments influenced by cage culture in

Xiangshan Bay, Zhejiang, China[ J]. Acta Ecologica Sinica,

http: //www. shhydxxb. com



524 Eo W W R E % 29 1%
2013, 33(2) : 483491. fertilizer and algae addition to tilapia aquaculture water on the
[22] PNVRE, skfhite, HRUIR, 48 KRG 20 vk community structure of phytoplankton [ J]. Journal of Agro-
Wy R AN Y IR A R 2w [ ], AR SRR, Environment Science, 2017, 36(10) ; 2099-2105.
2010, 21(11) : 2792-2798. (291 EBOF, sk, RIS, 5. S IIE b A0 E L sl
SUN F X, ZHANG W H, XU M G, et al. Effects of long- &7 7J<LL%%¢&, 1992, 16(2) ; 113-118.
term fertilization on microbial biomass carbon and nitrogen XIA S F, ZHANG J Y, CHEN H H, et al. Composition and
and on carbon source utilization of microbes in a red soil[ J]. population dynamics of bacteria in oxidation ponds[J]. Acta
Chinese Journal of Applied Ecology, 2010, 21 (11) . 2792- Hydrobiologica Sinica, 1992, 16(2) . 113-118.
2798. [30] ET XSO, EA2, S AT RIS Jedis il i = R %
(23] EMH, ®WZE. EEIXPUEROBIHERLT]. #iig T e B 0 o0 R AR R PR SE RIS [T ). R LA
Ar2EdR, 2011, 23(2) ; 373-377. ?Ii, 2010, 4(4) : 855-860.
WANG Y, ZHANG M K. Absorption of four antibiotics onto GAO Y, LIU W B, WANG Y, et al. Experimental study on
animal manures[ J]. Acta Agriculturae Zhejiangensis, 2011, screening and some characterization of an ammonia nitrogen
23(2) . 373-377. transformation strain used for water pollution control [ J].
[24] XUFHA&, A, WR, & YA PUIEX E 4R % Chinese Journal of Environmental Engineering, 2010, 4(4) :
B 2 ()], e A, 2008, 39(4): 942- 855-860.
945. [31]  Z=ER, JAA, T, 45 5200 5 v Jm 1 b S A E
LIU X C, GAO Y M, FAN Y H, et al. Adsorption and KA RN P CN102168054A. 2011-08-30.
desorption of heavy metal ions by organic fertilizers [ J]. LI Z K, ZHOU L, WANG Y M, et al. Sphingomonas sp.
Chinese Journal of Soil Science, 2008, 39(4) : 942-945. strain and its application in water treatment [ P ].
[25] FRANK D A, MCNAUGHTON S J. Stability increases with CN102168054A. 2011-08-30.
diversity in plant communities: empirical evidence from the [32] k&, AP, DM, WUNTF# Exiguobacterium spp. J HLER
1988 Yellowstone drought[ J]. Oikos, 1991, 62(3) : 360- Sen wrs R[], N5 3B A W24k, 2013, 19
362. (5): 898-904.
[26] AU, XIBR K, B, % HEFETRWAREE ZHANG Y, SHI P, MA J. Exiguobacterium spp. and their
LXK R IR R sh A8k [J]. ferh Rl K2 applications in environmental remediation [ J]. Chinese
%, 2017, 36(5) : 52-59. Journal of Applied & Environmental Biology, 2013, 19(5):
CHENG M L, LIU C F, CHENG D Y, et al. Dynamic 898-904.
changes of bacterial community in two eutrophic areas of [33] XM, FOFH 22 AR A0 3 By g5 A it 25 454k [ D]
Donghu Lake in spring and summer[ J]. Journal of Huazhong & ME K, 2013,
Agricultural University, 2017, 36(5) : 52-59. LIU Q C. Temporal-spatial variability of bacterial community
[27] SMITH V H. Low nitrogen to phosphorus ratios favor dominance structure in the surface water from Poyang Lake, China[ D].
by blue-green algae in lake phytoplankton [ J]. Science, Nanchang: Nanchang University, 2013.
1983, 221(4611) ; 669-671. [34] HAUKKA K, KOLMONEN E, HYDER R, et al. Effect of
(28] @iJe, Z2FHpt, EuidE, 55 WmsEEAAE P2 9k nutrient loading on bacterioplankton community composition

TR AR R S5 sE [ D] RV IR B Rl
244, 2017, 36(10) : 2099-2105.
MENG S L, LI D D, QIU L P,

et al. Effect of organic

http: //www. shhydxxb. com

in lake mesocosms[ J].

137-146.

Microbial Ecology, 2006, 51(2):



4 34 B, AN B AL AL AR g R HeAR R T R 4R 525

A preliminary study on the water bacteria of rice-crayfish co-culture paddy
field in different fertilization modes

HUANG Jin'*?, CHENG Yongxu'*”, WANG Haifeng' >, SHEN Haoran'*”’, CHEN Huangen®,
LI Jiayao'*”

(1. Key Laboratory of Freshwater Aquatic Germplasm Resources, Ministry of Agriculture and Rural Affairs, Shanghai Ocean
University, Shanghai 201306, China; 2. National Experimental Teaching and Demonstration Center of Fisheries Science,
Shanghai Ocean University, Shanghai 201306, China; 3. Shanghai Aquaculture Engineering Technology Research Center,
Shanghai Ocean University, Shanghai 201306, China; 4. Fisheries Technology Extension Center of Jiangsu Province, Nanjing

210036, Jiangsu,China)

Abstract: To study the effects of different fertilization modes on the water bacteria in rice-crayfish co-culture
paddy field, Hlumina high-throughput sequencing technology was used to detect the bacteria in the water body
applying three fertilization modes: chemical fertilizer ( CF), organic fertilizer ( OF) and organic fertilizer
added decomposed chicken manure ( OM ). The results showed that Proteobacteria, Actinobacteria,
Bacteroidetes, Cyanobacteria and Firmicutes were the main phyla in all treatments. The main dominant genera
were Sporichthyaceae hgel _ clade, Limnohabitans, Polynucleobacter, Alpinimonas, Comamonadacea,
Hydrogenophaga. In the three models, the bacterial abundance of the OF group was significantly higher than
that of the CF group and OM group, and the diversity of bacterial species of OF group was significantly higher
than that of the OM group, and there was no significant difference between OF and CF groups. It indicated
that in the mode of organic fertilizer application, water microorganisms had better diversity and its ecosystem
was more stable. Although the OM treatment reduced the species diversity of bacteria in water, it also can
greatly reduced the abundance of Cyanobacteria. Although the species diversity of bacteria in water was
reduced under OM treatment, it also greatly reduced the abundance of Cyanobacteria compared to other
treatments. The results of cluster analysis showed that the similarity of bacterial community in water was
higher between the OF group and OM group. According to the RDA analysis, the dissolved oxygen, total
nitrogen, pH and total phosphorus were the most important environmental factors affecting water bacteria. The
aim is to understand the effects of different fertilization treatments on the ecological environment of paddy
fields and provide a theoretical basis for the optimization of paddy field comprehensive fertility model.

Key words: Procambarus clarkii; fertilization mode ; paddy; water microorganism; community
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