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AT 98 7 510 TR K HEA K T
IR TR 2 K A R A R T 7

1.1 #HREXEHR

WF5E XA T 77 AR T %8 22 L - HLE
B 1) o KRS FRAE S R KA 88 5, T 2020
6 H 2 HEEF,9 H 25 HIH], KR JH I
116 d, U560 B o Fh Oy v A 94 B B ( Eriocheir
sinensis) , T 2020 4 6 H 8 H R M ,9 H 28
HAfigs , A KL 112 d

RIS RS 20 hm®  FEMEIL A R4

AN 52 hm®, BRIARZY 72 h’ ARSI R K 2

720 m,3 =M 2.5 hm’,6 = H3 hm2,7 SM3.5
hm®,10 2 2.5 hm®,8 =M 2.5 hm® (¥ H
Google TLEKE) .

I R g A LA R G AR

G I WK HEA KT R, 2 i K
HEANMIERGE, ERUEAN RGKTE
1.2 £Iggit
FEHAE SR, FZ T 965 m B 1.5 m (1)

“FEIHTRAE” PR e HH SR A P R BCE T B
SRR, JF K 3 BT Bk R L 50 B e o
LA AT o ARG I N L3 5 NS0
SR 3.6.7.8.10 5 H, Hordr 8 5 HH K B in]
7K, HA 3,67 10 S5 4 > HH 0k fa 38 2 K (A
1) o g0 ek R F iR AR A M sy B s AT, A
R K vl 3 ) 3 R 0 B HE A B AL K R R i
I 88 5 4 A /K P97 T R A Bl 38 T 7K IR
78N Gl N NE 7T = A8 W DEER: S SR

r U2JO

I (s i 24 R K SR A K YA B ) B2 ISR A S RGN E M
N
A XFESA Sampling point
. —> #EH/KO Water inlet and outlet
/s -~ RYSL
e Boundary of system
38° 37r 36” /,"'—— ﬁ%ﬁfé’lﬂﬁﬁﬁ
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Boundary of fish pond or paddy
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Bl AEBEXENATRERAREIREMTFEHE

Fig.1 Experimental base plan of large-scale rice-crab culture and aquaculture integrated system
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5 PRI % 35 0 BB 35 A, e 44 1) A e A A (K
) R UE BB B I E (2 2) . fi RS
WABTR 0. 1 mL Y45 Y 2 17 WA 40 3+ OHE HEA T

e SR, F S B E P R K E
KEGEY M R E K R RS R R
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*1 BWHEAXER
Tab.1 Basic information of Paddy field

e H R e drny i AT AR
Paddies Mass of crab /kg  Paddy field area /hm>
3 5 H Paddy 3 150 2.5
6 ‘5 [ Paddy 6 200 3.0
7 5 H Paddy 7 200 3.5
10 5 H Paddy 10 200 2.5
8 ‘5[l Paddy 8 150 2.5

2 KEPEREKERBER
Tab.2 The concentrated volume of

water sample based on transparency

EIE 1000 . JKREHEAi I 0K Bt
Transparency/cm Water volume/mL

=100 30 ~50

=50, <100 100 ~50

=30, <50 500 ~ 100

=20, <30 1 000 (ANHk4h)

<20 > 1 000 (Fi%E)

1.4 BB

H Excel X} %4 47 AL B, A Origin 2018
i [ , i SPSS 20. 0 #£4T One-Way ANOVA 43 #7 .
TR 2 B R TR AR LR 22 ) TRk
TR R Y REVR S5 F4 R8P ] Shannon ¥ Fh Z A1 45
K (H) Pielou HJ2]E45%0(J) Margalef Y5+ &
JEFRE(D) FEWEAE DA FAEE (V) KoK, Y >0.02
R FN . Y PR R (H) 385 FRAE K
FT VR BRI, — R, LB AR K, 7K
JECE BUBS . 24 H >3 B, K TR R I i KA
MHN2 ~3 0, KBCRGLA R TG Y H oy
1 ~3 I K BORGCA H BETS s25 H 2y 0 ~ 1 I,
IRBURGE Ry T FE TS G o PEUFAR ) 22 PR S 9]
M ZREPEBIE (D) R (K 3) .

J = H/InS (1)
Y=(N/N, (2)
Dy =log,S (3)
H= -3 PlnP, (4)
D= (S-1) /InN (5)

AP N R REERE fh B P A A ARELG

S NREERE M PR B R P, s O A B
IRIGEEBIs N Zn 5 @ Mg RER f, RoRE
Foft ) HE BB

®3 EYSHUEBRENSRIFE
Tab.3 The standard of diversity threshold value

e FOHE
Class ' Classification
v <0.6 ZFEEZ Low diversity
v 0.6 ~1.5 ZHEE— ] Average diversity
m 1.6 ~2.5 ZFEVERHT Better than average diversity
I 2.6~3.5 Z ke E High diversity
1 >3.5 ZREMEAER - E Highest diversity

2 RS0

2.1 BEAERZFHEDTREY

AW rp AL S TR IR 8 1] 253 Fi, L
o, g P 1) 81 B (32. 0% ), #REE ] 60 B
(23.7% ) ,iE#E1] 54 M (21.3% ) , WEHET] 42 Fh
(16.6% ), W¥E [T 7 Bl (2. 8% ), &[T 5 Fh
(2.0% ), BEHETT 3 Fp(1.2% ), & #E0] 1 F
(0.4% ), 85 H R Y FI A b, 2y 127 B
10 5 HERHE Y FP 2R i 2,y 159 F, 8 5 H 43
B LU L T SR e T R BT
BBl ] S ANT128, Hofth 4 A H 43 BE I IR Y 3%
TEEPI R R E LR 2o TEKTF I 4 AR K
o AL IR ) R R R R £ . TEKFE I 2 8
AREIN 8 S H 5 7 5 H BRI Y128
T A ORI IAEET],3.6.10 S Hp 8 M)k
SORERYiZ L7/ BoR SRvE:/N

AT P H R 13 Fh, SR 4
(19 )8, H  JEBET O B, Sk 2 A iEdel ] 1
iR L A S AR, 8 S EAL AR
e/l JEL R AT e 2 N A I K RE R s
TAPLEE D B T A K. e
ZH HEBE f1 K, A OG0 8 R K AT Ak W] I
WAL HE T IR AR K
2.2 TEEALHEZHFEDEE

HEK % EE AR ALy 3.2 x 107 ~ 1. 052 x
10 cells/L, &5 [ v [a] 2 B A8 L Y5 B 4 0. 4 x
107 ~6.4 x 107 cells/L, 47K 11 %5 5 25 4k 30 B
2.4 %107 ~7.55 x 10° cells/L, WLIE 1, #FH 7]
TR ) 4% B A e HE R K 1T K 1T 8 R S R
I, AT R AR H o () 7K AR 32 7 E o ) 1% 7K A 5% e
firE, 10 S5 HpE R EY B R Z , TS
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10 5 A DL B8 A TH TR 24 5%, T HAd A
FETR A5 g P 0 A B 9 RS T v ] 9 e 75 X, 4K
S A KA T A T AR B A A

8 5 M B Ak, 10 5 [H % B ey, i T 8
5 HHEME A BT, T Rt FH E TRE 1 #1382 K
ARIE RPN T WA I A TR
ASLEG SRR, 6 5 K B A K Rl 47 A6 3 T i

)0 B de e, T WAL 4 R B A HE BT /KA 23
BEIAY 8 5 I rp a6 5 ML (I FE K, #hn
RFESFAPUIE A BB 1 P A i 2R
FEZKREAN TR A (P, 7 1 A0 2 2 7 A i 2 4
R, B L BB W de i, 2 AR S, AL
o= BERI AR B

x4 FHEEHABFAER

Tab.4 Composition of phytoplankton dominant species

Species Tillering stage

Jointing stage

BT WAL

Flowering stage

Maturation stage

W] Cyanophyta

WEESE Spirulina sp. -
T Pseudoanabaena sp. -
WA Pseudanabaena limnetica -
KA IS Chroococcus tenax 0.024
A SR e Microcystis aeruginosa 0.121
RNE LB Microcystis incerta 0.100
BRI AETE Microcystis densa 0.042
h G Microcystis marginata -
A/NE-243E Merismopedia minima -

- - 0.020
0. 440 0.245 0.113
- 0.038 0.154
- 0.079 0.080
0.030 0.034 -
- 0.093 -
0.117 0.035 0.075

£k Chlorophyta
/NBR#E Chlorella sp. 0.039
VY 2+ 7% Crucigenia tetrapedia _

0.248 0.249 0.251
0.026 - 0.201

Tk ] Bacillariophyta
oW E 49 Aulacoseira ambigua -

0.029 0.020 -

#E#[7] Xanthophyta
TR Gonyostomum depressum 0.072

S = T IORTRIAE A R B (R <0.02) .

Notes:“ - ”indicates the phytoplankton is not the dominant species ( dominance < 0.02).

2.3 FEHYKOLZFEY SFEESE

WK 3 fros 8 3.6.7 .10 S HTKAAY 2
FEPERAERE BCBO BHEIC /R g 41, 8 5 e fE
XTHRZAL . i3 4 Shannon Wiener Z2 4% P §i5 £
{H R 2.02 £0.30, Xf B8 2H Shannon Wiener Z+£ 4k
FEBME R 2. 14 £0. 20, 50 20 Axt B2 2 R
TR & 25 (P >0.05) o Gk b it 5 %)
HRADK Bk DL Ry v B 6 8 Ak, vl RE & th TSR
FE K HE A LA B A 23 A S 5200 T A BB SR AR
Ol B2 Pielou ¥4 FEHE Bl 0. 57 +
0.09, %} & 20 Pielou 3347 FF 45 B ¥4 {H 0. 60 +
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0.06, HARE 4L AIxT HE L 2 5] BEFR B i % 22 57
(P>0.05) . B2 Margalef 3= B 48 B ME N
1.82 +0.21, %} B 20 Margalef = & B 5 50 5 (H
1.72 £0. 17, J5 2253 A R WA g 4 Fu IR £
JERRETIC W 25 7 (P >0.05) , I 2
(R 5. 17 0. 22, %F WA 40 2 ke 1 R N
5.01 +0.24 350 41 A6 B4 22 R B (E TC (B 3%
Z5(P>0.05), Zif BRI, PRI Y 24
PR B R NSRBI POk R,
AW 5 AAE H PR IEAR ) 22 FE M 3 T AR
2FHE,
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1201 [ 135 Mg Water inlet of paddy 3

65 HIHE Water inlet of paddy 6
75 H B Water inlet of paddy 7
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=
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121
] 35 4  The middle of paddy 3
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i
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K44
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1 ENmZ iR

Sy BEH WATH e 7y | 2% 00
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0
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N 7
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A WEW RN A
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(c) FSH ok O

Phytoplankton density in paddy water outlets

&2

FIEEY T E

Fig.2 The density of phytoplankton
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H3.6.7 .10 5 HEH K O 5 A5 H A E] K BT
AR PR BCE B E IR 4, 55 R4 8 =
TR (B 4,36 5) o A8 P K i BE 7K
AR RIS R R, Z 5 B K
A A I T 3 AP, 7K R 7 3 /KR e v, )
KA. — MR Uk, KR 5 W A 2 L, T
TR B e KA AR T A 1) O T AR B AIG, 7T RE 2
I Ay A 71 300 7 i A A0 1) R e A K B 1
T U AR A T ERmh X, g 2H £
JE R AR e A R e A W R R A
R TR RRA, AT fig R O A A e R T
X HRAA O, Tl AR 3 T A PLE A
TERERRERAF LA By o S H R ER AL /)N, 22 IR T
REE N O, KU FE HE LK BTSOR B . BF5E
93 1v0) 2, (L B A RS A R B0 T YR AT 156 A

HhREWE R I K 5 B K & R G AL S
X KA R 2T B Sk el A

S A TR I AR P R 2 B R AR S R
16 i e A 9 #6417 DCA 437, & Bl lengths of
gradient Z{{EH 4 2. 639 (/T 3) , Rtk X Al RDA
SHTCELS) o SR RIS RS R Bon ok & W] E
(P=0.002) @R (P =0.004) JKi (P =
0.002) .,pH(P =0.004) JAEfE (P =0.030) .
fiEREh (P =0.022) (A (P =0.016) J2& &
T (P <0.05), RDA Jp#rakH], —fh, —
R 43 ) 42. 5% (25. 4% . IF ALY %
pH GEWIFE JKIRE MK, H—RPFE 5K
ST ER R BERRER S IEAHC R R, £
A5 R 5 ( Pseudoanabaena sp. ) R ER B
( Chroococcu stenax ) . P4 J& + % ¥ ( Crucigenia
tetrapedia) ;5 " Z IR F 25 EWE AL EA
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(SR VNI B 31 &

TR R, FEMUIERIE K O ( Gonyostomum incerta ) B BN FEE ( Microcystis densa ) i1 2k T 5%
depressum) ;5 = 2R R L5 IR I B2 3 ( Cryptomonas # ( Microcystis marginata ) . 4 /N F ¥
ovata) ;SEVURIB FEE S pH BIEAH KRR R, B E ( Merismopedia minima ) . /NER 3 ( Chlorella sp. ) .
AL FE 12 i B ( Spirulina sp. ) . W1 YA th £ iR B M B 5% ¥ (Aulacoseira ambigua ) #§ JE, /N ¥ 3

( Pseudanabaena

limnetica ) . 5 %% 1 %%

b ( Cyclotella meneghiniana) 5K /NI EE ( Cyclotella

( Microcystis aeruginosa) . A~ 7€ 131 2 % ( Microcystis catenata)
—a— RIU Experiment group
~ 2.4 —o—XIf4l Control group ~ 0.70 —— iR¥ 4 Experiment group
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P 8 0.65
= =
5 g 0.60
g 2.0 %
7 £ 0.55
= 1.8 & dus0
= 2o
g 1-6 g 0.45
R R
1.4 — 0. 40 =
GBS B el Bl SE WWH BieH B
KFEA K Rice growth period KFEAEKH Rice growth period
(a) ZFEM:FEE Shannon Wiener (b) ¥IBIEHRE Pielou index
2.1 . b.4 —=— R4 Experiment group
& —=— R4 Experiment group ~ —— X841 Control group
& ——Xf 4 Control group 2 5.3
o 2.0 o v
= = 5.2
a 1.9 o
§ § 5.1
g 1.8 IS
= = 5. 0
& 1.7 & 4.9
e P 48
#H 1.6 H 4
3 #H o407
M L5 »
4.6
KAEA KW Rice growth period IKFEA K] Rice growth period
(c) FEEHRB Margalef index (d) LR Diversity threshold value
B3 FEEY ST
Fig.3 Diversity characteristics of phytoplankton
0.35 ~ 012 - 18
=2 —=— R4 S —— R4l @ 1.6 i
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go.zo § 0.06 F (1).2
7 go.
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Fig.4 Variation of main nutrients in paddy fields in different growing stages
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#5 MWHEKE.DO.pH. FEMBEE
Tab.5 Water temperature, DO, pH, Salinity and total alkalinity of paddies

BiH SrEEH
Ttem Tillering stage

WAL

Flowering stage

Maturation stage

BT

Jointing stage

JK iR Temperature/ C

15640 Experiment group 24.80 £0.96 29.63 +0.67 24.71 £0.84 22.04 £0.42
Xif BBZH Control goup 24.38 +£0.00 31.92 £0.00 23.29 +0.00 23.30 +£0.00
V%A Dissolved oxygen/ (mg/L)

TR K2 Experiment group 13.07 +0.71 11.75 £0.71 8.64 +1.44 8.09 +0.72
X &4 Control goup 12.01 £0.00 12.33 £0.00 5.96 +0.00 8.14 £0.00
pH

R4 Experiment group 8.54 £0.03 8.84 +0.15 8.73 £0.06 9.04 £0.07
X 20 Control goup 8.73 +£0.00 8.75 +0.00 8.64 +0.00 9.09 +0.00
EHEE Salinity

R 520 Experiment group 0.51 £0.07 0.54 £0.10 0.59 +0.03 0.51 £0.06
X B8 20 Control goup 0.56 £0.00 0.60 +0.00 0.34 +£0.00 0.40 +0.00
JEBHE Total alkalinity/ ( mg/L)

J 520 Experiment group 410.58 +51.54 395.83 +96.67 381.67 £39.10 265.50 +55.82
Xif B8 ZH Control goup 354.33 £0.00 430.67 £0.00 217.33 £0.00 173.33 £0.00

pH
0.2 0.4 0.6 0.8 1.0

8 ;
-0.8 -0.6 -0.4 -0.2 O

a. W28 Spirulina sp. ; b. Pl fhJiE 3 Pseudoanabaena sp. ; c. iH]
VAh fa R B Pseudanabaena limnetica; d. H 2 {4 BR ¥
Chroococcus tenax ; e. il LRI AEW: Microcystis aeruginosa; f. N5E
THAEEE Microcystis incerta; g. % HE I HEBE Microcystis densa; h.
HG RS Microcystis marginata; i. 40/N-243%: Merismopedia
minima; j. /NBR 3 Chlorella sp. ;5 k. P&+ F ¥ Crucigenia
tetrapedia ; 1. FEOR ELAE B Aulacoseira ambigua; m. i J& B 17 35
Gonyostomum depressum ; n. GRIE 3 Cryptomona sovata; o.
JE/NIRBE Cyclotella meneghiniana; p. 4% /N3 BE Cyclotella

catenata

5 FHEEYMEREERFRIRIN
Fig.5 Biplot of RDA of phytoplankton

and environmental factors
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Phytoplankton community structure of rice-crab culture of integrated system
in Ningxia

GU Yun', LI Kui', CHEN Lijing’, SHEN Xiqgin', SHI Wei’, GUAN Weibing'"*

(1. College of Marine Ecology and Environment, Shanghai Ocean University ,Shanghai 201306, China; 2. College of Fisheries
and Life Science, Shanghai Ocean University , Shanghai 201306, China; 3. Yinchuan Kehai Fishery Biotechnology Co. , Lid,
Yinchuan 750000, Ningxia , China ; 4. Ningxia Suwo Ecology and Environment Co. ,Lid,Yinchuan 750000, Ningxia ,China)

Abstract: The study was based on the rice-crab culture of integrated system to analyze phytoplankton and
environmental factors at the water inlet, middle and outlet of paddies in the village of Helan, Ningxia. The
rice species was Qiuyou 88, and the crab variety was Eriocheir sinensis. In the experiment, four paddies
(paddy 3, 6, 7 and 10) were irrigated with fish pond tail water ( experimental group) and one paddy ( paddy
8) was irrigated with water from Yellow River ( control group). The results showed that A total of 235
phytoplankton species were identified from 8 phyla throughout four periods in experiment group,among which
153 species from 8 phyla in paddy 3, 147 species from 8 phyla in paddy 6, 143 species from 7 phyla in paddy
7 and 159 species from 8 phyla in paddy 10. A total of 127 species from 7 phyla were identified in the control
eroup. The average density of the experimental group was higher than that of the control group (P < 0.05);
A total of 13 dominant species were found in the experimental group and 9 dominant species were found in the
control group, all of which were dominated by Cyanobacteria. The diversity index of paddy irrigated fish pond
tail water was higher than that irrigated Yellow River water, which indicated that the phytoplankton community
structure of the paddy irrigated fish pond was more perfect and stable. There was no significant difference in
total alkalinity and salinity between the experimental group and the control group (P >0.05), but there was
significant difference in transparency, water temperature, phosphate, pH, dissolved oxygen, nitrite and
ammonia nitrogen between the experimental group and the control group (P <0.05). The RDA analysis
showed that pH, transparency (SD) and water temperature ( WT ) were identified as the main factors affecting
the changes in phytoplankton community.

Key words: Rice-crab culture; integrated system; phytoplankton; environment factors; redundancy analysis
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