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Effects of different durations of rice—duck farming on the structure of algal communities in water

WANG Xiaoying, FENG Jinxia, WEI Shengbao, CHEN Changqing”

(Jiangsu Modern Crop Production Collaborative Innovation Center, Institute of Applied Ecology, Nanjing Agricultural University, Nanjing
210095, China)

Abstract: This study aimed at exploring how different scales (0.067, 0.200 hm”, and 0.333 hm”) and duration(4 a and 20 a) of rice—duck
farming could affect the differences in the composition and diversity of algal communities using high—throughput sequencing and other
methods to analyze algal diversity and community structure in the water. The results showed that the algal abundance index of water in rice—
duck farming fields was higher than that in non-rice~duck farming fields. Moreover, the Ace abundance index of water bodies in long—term
rice=duck farming fields was higher than that in short—term farming fields, and the number of species also increased. In non-rice—duck
farming fields and rice—duck farming fields of different scales and duration, the dominant algal species were Euglenophyta, Chlorophyta,
and Cyanophyta. The abundances of Chlorophyta and Cyanophyta in rice—duck farming fields were higher than those of traditional farming.
The scale of rice=duck farming affected the abundance of cyanobacteria; the larger the scale, the lower the abundance of Cyanophyta. The
algal diversity index of the rice—duck farming field was higher than that of the non-rice-duck farming field, and the algal community
structure of the water was considerably different. The water algal community structure of the rice-duck farming system showed certain
similarities. Redundancy analysis showed that for the late stage of rice—duck farming, dissolved oxygen was an important environmental
factor that affects the structure of the algal community in traditional farming; the environmental factors that significantly affected the algal
community structure in rice—duck farming were soluble potassium and pH. Research shows that the long—term rice—duck farming system
increases algal diversity in water and changes the composition of the algal community, thereby affecting the ecological environment of the
farmland water.

Keywords: rice-duck farming; algae; high—throughput sequencing; diversity; composition of communities

WimE:2021-02-24 R HH:2021-04-29

EERIT: ERAE(1996—) , &, R B LR A, EEEWFFE 5 10 R i HAEZS AR . E-mail :2018101027@njau.edu.cn

HEEEE EKTH E-mail: 1996001 @njau.edu.cn

EETA : [HRRHE AL (2016YFD0300905)

Project supported : The National Science and Technology Major Project of the Ministry of Science and Technology of China (2016YFD0300905)



20214 9H

FRAE, 55 AR AR FRAE T 3LV AR BT T 25 K 1 52 ) 1861

e S e A 2 — ol A S 5 AR AR S 5 B B2 5 Tl
TR, DR A 2 T A 24 A MES Py it P 4 52 RS
GER I T A O b AR 2 BRI R, T 45 32
NI SCTE o MR 3% 2 n] DLAE — € R JEE b 40 2 A%
FH K PR R 5, R B s AU ) T A S = TS
THERE S B W 28 At FH KRV B, BRI J2 KA 1Y
T pHP T, i ey TR v B MR AL LR BB R
FROLFE MR ALK E R AT 750, 157
(9 B8 B 25 3 B 23 AN W7 BE 3l K MR S R K R R O
RO R R R AR W RV AL A O A K R
WM A KA AR W LA R A0S Sl ) b 26 B B
TR/ s

KR AR R b5 B 25 PF S I K o 5 20 S 7
JURP XA R E SN 1 BRI AR
e —E R RE_E ] (e R 3% 0 O e A SRR , RN
I R L T, B e A LB i, e AR AR R
1713 A FH 7K — L1813 B0 38 v, A2 Wi Ja 10 KA 36
KA 8 A AU A 0 A a2 1 e K
A A ) AR S A ) R RS T R 1 S
F T FUR A Y AR TERE BT DL 2 RIS A
5 LA 2R GEREAS IR B B S P 2, 5 R A1
LR R BEAN R A S R DU BRI R SR I E
JERERI, AMTREASRGERREE ., (HEH
FPEH XA LA B A A IS AR 1R A T 5T F2 28 3R
R J ARG A , A )4 BRI A L R G e 6
ARAY B S 1 S /0S80, AN [R) MUASE (LA i B ) g £
MBI ARG = o o TG A SR S, AS IR U s
TS BRI XA 2R e i 51 B2 19 25 57, [ Bk g 7K
=R S 22 5. 25 G T N RORIF SR , AR S
MRS A A BRI LA RS 1 A A1) B2 24 7 20, 345
AN RIS (AN [ 45 R A G JA T 2R G K A AR P 2 A
L ZAEPE AL, AT O PR LA U, i A 1
ARG, R A SO SR BE PSR , £ e T
A AT RFEE AT

1 MBETE

1.1 g E

RS T 2020 4 7 VL7548 P FH T 4E B 45 (31°89
N,119°27'E) Z 4R /R i e B3k 7, it 7
oty 2 A, HA AR O B FE RN R
DU 253 IR R ASABEARRAIE 2% ML 0 S A A< L R A T 4
WM 16.4 CHI 1 243.3 mm. RITEIAFE 20 a (K
RS ILAEH (OR) , H6/E 4 a2 BARERS IL/EH (GR) ,

AR AL G JCRS ARG T (CK) PRI ST . KA IR
g I AE 3 AN [R] RS 152 & 3 Fl A FH - 0.067 hm* (1
H7).0.200 hm*(3 ) .0.333 hm*(5 /1) . Kk, i3t
7403 - 0.067 hm® £ A 1S 4L 4 (OR1) L0.200 hm?
K 9 A8 19 4/ (OR3) | 0.333 hm® & ] i 1 4t 7
(OR5) .0.067 hm* % HIFFHE H:Af (GR1) .0.200 hm® i
WIS 2L (GR3) L0.333 hm? %6 W R 08 24 (GRS) |
0.133 hm B G FAAE (CK) , B ML FR 3 R4S

G SR FH AR B4/ DN DX Bl Ay FH 358 0 6L e T
PEAFBE S, SR e M 1 m, PRAR 2 em?, D458 6 A A 1
SNIE R, FERGE ARG H ], X4 UEA T 9K 125, 2
e K RE A MG sh LB R THE A Ik, KRN
TAEHS d HUARL T d e, AR 2k Ik 11453 d
A% FHARNS 4455 B 270 B8 7 HE4 T 10 (4 667
m? A 18 H) o R 34 B AS it AT ] PR A 24, Mk
5 25 S R — B AR FEK)Z 8~10 em. CK 4 A5 2\ Lt
7107138 kg, P05 K0 4% 120 kg ZE/K RS 7~10
d, B R T8 MRR B ARl el ) sk PR P A 4 25 il
W2 =YL, F 667 m* Tl 4~5 kg, VA [T, 55—
FEREA L AIEAE K FEFEAT 3R e e . Y+ 4%
RN EPR 4, pH 5.9, A HLF 20.2 g- kg, & %A 1.29
gk EEALIE 11.2 mg ke, WAL 166.3 mg-kg ™',
1.2 KERERTLE

2020 4F 6 A JIE & 8 A i, 76 A5 15 2 E 1 [ 4 b
7 d XA K AR SEA TR AR T KR B SR P Sk
FESAL I T I o BEAS/NK EAT 5 A BEALIR A L
FE LA E T 350 mL SR A, A7 1] 52 55 =00 o
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AAGACCCTATGMAGCT) 1 W 4~ J M 51 ¥
(A23SrVR1: AGATCAGCCTGTTATCC F1 A23SrVR2:

WWW.QEs.0r9.CN




m@g 1862

URETRR Rt Y F 4055 9
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WP ARAT B HEA P AL 11 557 586 24 37
G|, S35 H K B 24K 366 bp.o [ I 6 2t 2
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HY 2% 1 R0, i 5 A G S s ) 1 A 5 T 30
Wy 45 S e OTU 32 Je T B i a3, 45 B 40
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42.82%. 1EREMEILAE21.35.56 d B, A 4 Ak B
TR OTU 4 K ER 4= T CK 224 14 .28 142 diX
3BT A [R] RSER RS SR R R OTU #5034 2=
F(P>0.05),

22 BEEREMARTN—IIKE

R0 5 45 5 B A [) 4 PR A [ RSS2 45
KA g e B BT BESSTT, He AR R B A IR
HEATHEST , FE X 35 B2 A w8 1 9 ol A e AR A AR I o0 B
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thophyta) , H: v {0 #3211 A # e (A XF = B2
24.21%~36.87%) . & ¥ (A X F FE 2y 23.07%~
34.08%) . 1 B (AHXT B2 R 8.33%~29.47%) Fif: i (FH
XF B R 0.13%~2.59% ) , 2 7 35 25 S B 1) 80% 2
Fio BT RS TR, RIR AL BE R K A2
IR R 4 A AR TE], ORS LGRS Ab 3T #1319
AR R TF CK AR B, OR HI GR AL BT 7K 1A 45 35
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Wi 5 S S B[] ) SR, AN [ RIS T A G A
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F (& 2), HAESS 35 d B3k B b5 i i, B 5 30 1) /K AR
P2 Shannon Z H M: 48 070 [ 2.59~4.50, IR
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PR ARG eV R G KR B2 SRR SO R 2 5
FHIG BE AR AR B R K AR 52 Ace T 5 BEHREGE
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Table 1 Effects of rice=duck system with different farming years on OTU number of algae in water

JeAER ] HA OTU % ¥4 B9 OTU %% Number of unique OTUs
Time/d  Number of common OTUs CK GR1 GR3 GR5 OR1 OR3 OR5
7 63 163abc 121bc 109¢ 145abc 206a 193a 178ab
14 74 160a 185a 211a 210a 168a 235a 183a
21 112 182b 245ab 250ab 241ab 233ab 296a 242ab
28 171 254a 251a 275a 259a 238a 230a 228a
35 163 234h 269ab 240b 296ab 353a 299ab 327a
42 107 204a 204a 228a 227a 202a 265a 300a
49 85 199ab 185b 175b 246ab 272ab 202ab 31la
56 63 179h 175b 221ab 157b 194ab 178b 279a
63 85 215h 210be 248a 223h 165d 120e 190cd

T AT A NG R 3ROR A A Bl 22 57 .25 (P<0.05)

Note : Different lowercase letters in the same industry indicate significant differences among treatments (P<0.05).
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Figure 1 Effects of rice=duck system with different farming years
and different scales on community structure

of algae at phylum level

5571
5.0f
451
401
351
3.0r
251
2.0F
1.5}F
1.0

Shannon

7 14 21 28 35 42 49 56 63
SEAERT [E] Time/d
-O- OR1

o4 270.3~561.9, ERAMSIEAE 35 dJ5 , ORS AEHG A4
IZKIAREEZS Ace F & FEFR B K S ZHEME I R -

Wi 25 e G MV s 1 198 B, AN ) R 2 0 A S
VE R GoK R 2 FE M6 5038 2 e TH R R 1 AR b
PO 3) AN [ B ot 1 A g A 1 2R 256 ) K (R s 25
Shannon ZFEPEFE EICHH 22 5, 91 18] /K {4385 2 Shan-
non ZAEVEFE BGEE K 2.06~4.30, XF T Ace -5 545
B, it 25 R G 10 ] 194 i | AN [ RIS Jt 0 g g 2
4’!5/%%7J<12|i?ﬁ%'§§1‘$‘fék%§ﬁﬂ%ﬁi%%ﬂ}:5“%ﬁ“
A TR G AR 35 d B 38 B e e, ()R 44
Ace F & I BEERI N 174.1~462.5,

F R 53 BT 2 B0 [] — A B AN [R] A ] 58 2 24
PEFREOTC 2 22 57, DR ) — 4 PRUAS R A g 28
ZFEVEFR BO A, & DU 25 A 8 LA sl i) (0 22
KRS S G R R G K IR SR A T 50
TG AR LB 3 4) |, K 1R 3 2 Shannon £
FEVESS BOE Ry 2.43~4.29, 7E A 35 d If ik B i o5 o

7001
600
500

(5]

2 400

300

2001

000021 28 35 42 49 56 63
SEAERT [E] Time/d

-+ OR3 -A- ORS

E2 ARMETKBREBREKEELESFEREINZm

Figure 2 Effects of long—term rice—duck system at different scales on algae diversity index
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Figure 3 Effects of short—term rice—duck system at different scales on algae diversity index
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Figure 4 Effects of rice—duck system with different farming years on algae diversity index
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Figure 5 PCoA analysis of algae community at OTU level
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Figure 6 RDA analysis between algae diversity index and environmental factors

BEISAEVE (0 PRIE DR TR K AT AR T 52 M) A e £
TRV B SIS TR T 2 A ) PRI DX 1 S M

pH-
SE ik

[1] Bt FEAEE, FE AR RS FEA 0 A B KRR AL SR WIHR(]. A&
k% £ H R, 2002(2) :20-21. MA G Q, ZHUANG Y J, ZHOU M C.
A preliminary study on the production technology of pollution—free rice

with rice andduck farming[J]. Agricultural Equipment & Technology,

1% WHART]

2002(2):20-21.

(2] i,

1-6.
ing[J

(3] B4,

—

s, AR NS ILAER Y BE (1] ME 9 AR, 2020, 196(3) :
YANG J, GAO L, ZHU Y. Research progress on rice—duck farm-
Crops, 2020, 196(3) : 1-6.

A

AR

s HH b i 20 AR RR WF AR 1)) A2 452441k, 2000, 20

(2):311-316.  WANG Y, LEI W C. Studies on the ecological effect
of plantingbreeding models in the rice field[]]. Acta Ecologica Sinica,
2000,20(2):311-316.

[4] B R, Bl
YEMRFSE, 2017, 31(6) : 607-612.

i

s B

B, AR AR S PR 09 R B S A (D)
LONG B Q, CHEN C, HUANG



20214 9H

FRAE, 55 AR AR FRAE T 3LV AR BT T 25 K 1 52 ) 1867

H, et al. Development status and prospect analysis of ecological rice
cultivation[J]. Crop Research, 2017, 31(6) :607-612.

[5) A= W], B IR, Bk, 55 . G AR 0 e K PR ER I i 52 0 )], B
FH A= Z5 244, 2008, 19(9) :2023-2028. QUAN G M, ZHANG J E,
CHEN R, et al. Effects of rice=duck farming on paddy field water envi-
ronment[J]. Chinese Journal of Applied Ecology, 2008, 19(9) : 2023-
2028.

[6] TK4x i, FATE . RS AT = 0PN TR B BB 3], A
B4, 2015(23):272, 274, ZHANG J P, WANG D Q. High—efficien-
cy rice—duck co—cultivation technology and benefit analysis[]]. Modern
Agricultural Science and Technology, 2015(23) :272, 274.

(7] RS, 235 0, 2 A, 45 . 2= v = S P AR O et PR K b TR B
KA TR B S M ], LR R, 2012, 40(21) :10789-10791.
YANG H S, PENG J P, PENG F M, et al. Effects of rice (Orza sativa
L.) —duck integrated farming on water and soil temperature in paddy
fields and dry weight of rice[]]. Journal of Anhui Agricultural Sciences,
2012, 40(21):10789-10791.

[8] ZHENG H, HUANG H, CHEN C, et al. Traditional symbiotic farming
technology in China promotes the sustainability of a flooded rice pro-
duction system[J]. Sustainability Science, 2017, 12(1) : 155-161.

[91 ZHENG H, HUANG H, LI D, et al. Assessment of nomadic rice—duck
complex ecosystem on energy and economyl|J|. Ecological Processes,
2014, 3(1):255-257.

[10] A&, B, tp 50, 5 . RHAT -1 5 A B RELE VT

[J]. & K A 253088, 2003, 19(4) :23-26, 44, WANG H, HUANG
H, YANG Z H, et al. Integrated benefits of paddy rice-duck complex
ecosystem[]]. Rural Eco—Environment, 2003, 19(4):23-26, 44.

[11] T, Pl A, sKOEHE, 2 . IS AR LA AR 25 b By S e S5
25 HE[D). LEASRR2E, 2002, 21(1) :6-10.  ZHANG J E, LU J X,
ZHANG G H, et al. Study on the function and benfit of rice=duck
agroecosystem[J]. Ecologic Science, 2002, 21(1) :6-10.

[12] B, AT, #7122 5% RN ILA X PR (RIS 3l A 1 2 4
PERZM[]. AR AL £ 4R, 2008(4) 1933937, WANG C F,
WANG ] P, CAO C G. Effect of rice=duck farming ecosystem on zooh-
enthos biodiversity in paddy field[J]. Chinese Journal of Eco—Agricul-
ture, 2008(4):933-937.

[13] BA 2, Fob ik, e, 45 . RS IR & R AL ST R0
WEFE[I). 22 Al B2, 2008, 36(21):9008-9011.  ZHEN R H,
WANG Q S, ZHOU J T, et al. Study on the ecology environment effect
of rice—duck integrated farming[J]. Journal of Anhui Agricultural Sci-
ences, 2008, 36(21) :9008-9011.

[14] 4T, B8, &0, 55 R0 A 0 R FHOK AR A PR VR (9 52 0
[J]. s A, 2006, 39(10) :2001-2008.  WANG J P, CAO C
G, JIN H, et al. Effects of rice—=duck farming on aquatic community in
rice fields[J]. Scientia Agricultura Sinica, 2006, 39(10) :2001-2008.

(15147 3CF5, A5 HE 75, ARk . ZNCRE ) e 25 R RIS 25 R SR B T 5T
[J]. HE KRR, 1998, 12(4) :249-252. HE W S, LIS X, LI H
T. Characteristics of ammonium and nitrate uptake in rice[J]. Chinese
Journal of Rice Science, 1998, 12(4) :249-252.

[16] BURGOS N R, NORMAN R J, GEALYD R, et al. Competitive N up-
take between rice and weedy rice[]]. Field Crops Research, 2006, 99

(2/3):96-105.

[17] 2R BH, X2k, B W, 55 W1 S e P 2555 i 3 0 FH I 7K 8
FAUKRE ™ B AR [)]. o b S IR R 2020 (1) £ 127134
CUIR Y, LIU H B, MAO K M, et al. Effects of comprehensive plant-
ing and breeding from paddy fields on surface water nitrogen and rice
yield in Erhai basin[J]. Soil and Fertilizer Sciences in China, 2020(1) :
127-134.

(18] 5K JH ], BR3CiE, I, 55 . SESSTERE M A= 25 R e v m /) B Hox
LML), 13, 2006, 38(6) :814-819.  ZHANG Q
M, TIE W X, YIN B, et al. Algae function in paddy field ecosystem
and its effect on reducing ammonia volatilization from paddy fields[J].
Soils, 2006, 38(6) :814-819.

[19] KL, BUI, JAI#h, 45 BT B2 PR MR TLL IR K ST PP
[J1. bR 22240 (A ARBHERRD, 2020, 40(5) :536-542.  ZHANG
Q, YUAN B, ZHOU ], et al. Water quality assessment of Fuhe River
based on periphyton diversity and trophic level index[]]. Journal of
Hebei University( Natural Science Edition), 2020, 40(5) : 536-542.

[20] Az MIHE, A IO, AT 2, A5 . ORI 5 4 7K e SR ML 5 428 i 0 55
[J]. WIARL2, 2019, 31(1) : 18-27.  YANG LY, YANG X Y, REN
L M, et al. Mechanism and control strategy of cyanobacterial bloom in
Lake Taihu[J]. Journal of Lake Sciences, 2019, 31(1):18-27.

[21] 80, RS, F A, 5. TP -UF A S R SR UK A i 2R
B 2 T i S R kAR A ). UK AR AR E AT, 2019, 39(4) £ 229~
235,243. HUANG W, YU J W, LI Y C, et al. Changes of nitrogen,
phosphorus and algae in water under rice —duck = shrimp ecological
planting and breeding model[J|. Bulletin of Soil and Water Conserva-
tion, 2019, 39(4) :229-235, 243.

[22] W25, 14T, S0, 55 R0 L 5 0 e K PR SRR 7 1 52
[J]. 7K A 27412, 2007, 31(1) : 146-148.  CAO C G, WANG J P,
JIN H, et al. Effects of rice—=duck farming on algal community in pad-
dy field[J]. Acta Hydrobiologica Sinica, 2007, 31(1):146-148.

[23] [ R IFEEARY R . H K R AR E - GB 3838—2002[S]. Jk
T P EBRE Y CRE, 2002, National Environmental Protection Ad-
ministration. Environmental quality standards for surface water: GB
3838—2002[S]. Beijing: China Standards Press, 2002.

[24] YOON T H, KANG H E, KANG C K, et al. Development of a cost—ef-
fective metabarcoding strategy for analysis of the marine phytoplank-
ton community[J]. PeerJ, 2016, 4(1):e2115.

[25]1 GUPTA V, RATHA S K, SOOD A, et al. New insights into the biodi-
versity and applications of cyanobacteria (blue—green algae) : Pros-
pects and challenges|J]. Algal Research, 2013, 2(2):79-97.

[26] SCHINDLERD W, HECKY R E, FINDLAYD L, et al. Eutrophication
of lakes cannot be controlled by reducing nitrogen input: Results of a
37-year whole—ecosystem experiment[]J]. PNAS, 2008, 105 (32) :
11254-11258.

[27) sKAAR, SRTUL, FLZ A, 55 . WO LR A 7 I8 Sl R K
Zi B R A S (1) Al TR 2R, 2018, 34(3) 1 234-239.
ZHANG B H, ZHANG Y H, KONG A J, et al. Influence of feeding
density of ducks in rice field on movement behaviour and weeds con-
trol[J]. Transactions of the Chinese Society of Agricultural Engineering,
2018, 34(3):234-239.

WWW.Qes.019.CN




m@g 1868

URETRR Rt Y F 4055 9

[28] MADONTI P. The contribution of ciliated protozoa to plankton and ben-
thos biomass in a European rice field[J]. Journal of Eukaryotic Micro-
biology, 1996, 43(3) :193-198.

[29] ZOHARY T, PADISAK J, NASELLI-FLORES L. Phytoplankton in
the physical environment: Beyond nutrients, at the end, there is some
light[J]. Hydrobiologia, 2010, 639(1) :261-269.

[30] OBERTEGRGER U, FLAIM G, BRAIONI M G, et al. Water resi-
dence time as adriving force of zooplankton structure and succession
[J]. Aquatic Sciences, 2007, 69(4) : 575-583.

[31] JOHNK K D, HUISMAN J, SHARPLES J, et al. Summer heatwaves
promote blooms of harmful cyanobacterialJ]. Global Change Biology,
2008, 14(3):495-512.

[32] 4R AW . 7K 111K Pl VT BT e A W 2 1 8 Ak X HAE W 2 RE ).
Wk F5%, 2019, 41(1) :26-33.  CUI L F. Seasonal change of phyto-
plankton and biodiversity in Xiongjiang reaches of Shuikou Reservoir
[J]. Journal of Fisheries Research, 2019, 41(1) :26-33.

[33] 1E 41, B P25, B07, % RS I E RS K AR B2 8 2 1h ).
25541, 2009, 29(8) : 4353-4360.  WANG J P, CAO C G, LIC
F, et al. Elgal change in paddy water under rice—duck complex ecosys-
tem[J]. Acta Ecologica Sinica, 2009, 29(8) : 4353-4360.

[34] XUk, E3RE, VFETR, 45 R ILAER AR R GERY A S0 5 HoR
()] P E AR AR, 2015, 31(29):90-96.  LIU X, WANG Q S,
XU G C, et al. Ecological effect and technology mode of rice —duck
farming system[J]. Chinese Agricultural Science Bulletin, 2015, 31
(29):90-96.

[35] B4V I, PSR, UL, 4% . MR TIORS 12545 A R TR BUIR & &
JEX AL BARA B, 2020(11):221-222. ZHAO J H, MIN S
G, GAO R X, et al. Status and development countermeasures of inte-

grated ecological planting and breeding of rice fields in Gaoyou City

1% WHART]

[J]. Modern Agricultural Science and Technology, 2020(11) :221-222.

[36] REYNOLDS C S. Environmental requirements and habitat preferenc-
es of phytoplankton: Chance and certainty in species selection[]], Bo-
tanica Marina, 2012, 55(1):1-17.

[37] PAERL H W, HALL N S, CALANDRINO E S. Controlling harmful cy-
anobacterial blooms in a world experiencing anthropogenic and cli-
matic—induced change[J]. Science of the Total Environment, 2011, 409
(10):1739-1745.

[38] HALDNA M, MILIUS A, LAUGASTE R, et al. Nutrients and phyto-
plankton in Lake Peipsiduring two periods that differed in water level
and temperature[J]. Hydrobiologia, 2008, 599:3~11.

[39] ZERLTy, B o, TEAF, 45 . Rl RS (A0 75 P R 21k
RS2 IR, R TT R IR 5 3858, 2009, 18(2) :126-131. LICF,
CAO C G, WANG ] P, et al. Phosphorus variations of paddy fields in
rice—duck and rice—fish ecosystems|J]. Resources and Environment in
the Yangtze River Basin, 2009, 18(2):126-131.

[40] JRI A, ARFR DI, BEMN . ZRR AN AT & R FR X)), Aol 5
iR, 2017,37(8):140. ZHOU K C, ZOU C Y, FAN C C. Explor-
ing an efficient rice—duck farming model[]|. Agriculture & Technolo-
gy, 2017, 37(8) : 140.

[41] Z=AR, R E 2, @Ot M LY7o s & R WA - R 2k
ARG AL AR A ). o B R CHR, 2006, 36(3) - 283
288. QIN B Q, SONG Y Z, GAO G. The role of attached organisms
in the transformation of algae—grass ecosystems in shallow eutrophic
lakes[J]. Science in China(Series C), 2006, 36(3) :283-288.

[42] £, BRI, WU . PREG I R0 82 Ksa 4 s i [J]. o
Ae2£3E 4, 2013, 29(17) :52-56.  WANG J, CHEN J Z, MENG S L.
The effects of environmental factors on the growth and competition of

algae[J]. Chinese Agricultural Science Bulletin, 2013, 29(17) :52-56.



