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FEH T BE YR . 5 A 25 H -30 H kg H
TR0 0], 45 050 LR — 2 AT B 1 60% (3 1L
o —Z it e 66 kg/667 m®) fE AR 56 A
10 H#EAF /KA ([1HE 20 em x 30 em) FLIFGRL;6 H
20 H i 52 8 58 FR R BT (5 ~ 10 /) M8l T
Y56 A 25 HATSEME i (25 ~50 o/ ) ik
TAE;7T A1 H5ER 3 Fhas B (B T35 0 28 ] 7

*x1

PRI ZS SR TR o BR98 7K TH T AR P B 43 e ) 128
OERE TR, N7 A1 BIFR, 45 667 m” $i1
100 g Al HLZEAUAT IR 5K 10 kg A9 LU, T 77 10
ST AR (R IRWREE 1 x107°) ,14 K
— K, W 5 AT 1000 g/1 334 m?, R
W], B R R 5 S B P N SR o A AR AR
SR 3% ~5% AR ARDLIE AR 1 .

L) e

Tab.1 The stocking ratio of test group

/(B/ 667 m*)

Monopterus albus

il

the test group

o R JREL AR
/(B /667 m*)

Procambarus clarkit

i 2F AL A
/(kg/ 1334 m*)

Bacillus subtilis

LS Y
the density of

Ipomoea aquatica

| 1200 3000 0 -
2 1200 3000 - #
3 1200 3000 10 -
4 1200 3000 20 -
5 1200 3000 30 -
1.4 RBHE SPSS 19.0( P <0.05) 47 4dh 43477 -
1.4.1  JKJECREE JsE

TR A], A4 A b WE KRR SR 3 4
5 BB 200 em H AL TR A3 5040 55, 45 05
RAE BN 3 ZKERRAEECL LA, 6 A
30 H Gl sk e, & 14 K—k, 24t 5 1k,
UOKBE R W] F 7 65, KRR Ak 2 2 i
HJ493—2009 FRUEFAT. K BT bnkail il , FH B4
A1 pH $HF1 YST % 483 5100 i pH L5 il 4 1
R e a2 F N-(1-280%) -2 Z G e 4y
I E R AR A s 2 L ik IR B 43
TRV A3 I e
1.4.2 BdRab5 0 by

BRI TAREL AL 3, {8 Excel 2010 F

2 4k

2.1 WHEFRATENE ORI 6ERE L EhYE
k{4 pH B0

pH S 7K BRI H AR AR Z — o 2 AT,
4 pH BEANT 05 1 41 > 358 2 41 > 50 3
2> 4 41 > U 5 41, 48 SPSS 19. 0 kgl n]
LS 1A pH B35 THRIKEWA (P <
0.05);ik5:2 .3 .4.5 4y pH LR EMWEF(P >
0.05) ., aRg5H W, Al 50 25 64T 18 F1 25003
XF pH A HE R REARVE R SR 2%

#2 FRERKKAN pH
Tab.2 The pH of different test groups

Z2H M values of each group

5 [a]/d time . 5 3 1 5
0 7.20 £0.02 7.02 +0.02 6.98 +0.11 7.08 0. 14 7.30 £0.04
14 7.13 £0.04 7.09 £0.05 7.09 £0.10 7.12 £0.06 7.12 £0.06
28 7.42 £0.06 7.13 £0.08 7.24 £0.01 7.17 £0.08 7.20 £0.01
52 7.17 £0.07 7.02 +0.06 7.15 +£0.02 7.02 +0.08 7.05 £0.02
66 7.59 £0.04 7.04 £0.03 7.13 £0.03 7.10 £0.12 7.07 £0.09
1f./ mean 7.30 £0.19* 7.14 £0.10" 7.12 £0.09" 7.10 £0.05" 7.06 +0.05"

2.2 FEEEZFAUAT A0 T 00 S X BE AR FE S AR IR
KA A R E R
R AR S VR T 8 A SR A e
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AFRBORE | A P, s TR
%2 41> 5 41 > 5 4 41 > 105 3 41, 70
2 396.47% 311.76% ,305.88% 138.82% , %

0.05)  FaRZERFM, Al 55 2F AUAT B8 25 003
X A A AR TR 5 Al 5 28 AT i A B
FARTH S, HARTHRIOR fe ot 5 100 B — B =S

oS B2 3 JRE A S8 0, R £ ARG £ T S8R
BT 5

SPSS 19. 0 A& 81 - 1% 2 21 i it 4805 1 2
FrETilE 1.3 A (P <0.05) ;K 1.3 A
K4S AMEmA T EILEFEZES (P>

£3 TRAKEANERS
Tab.3 The DO of different test groups

‘ AL/ (mg/L) HHTEE %
Eﬂ‘.lEﬂ/d measurement values of each group increasing rate of each group

tme 1 2 3 4 5 2 3 4 5

0 5.10£0.46 4.35+0.15 3.51 £0.75 5.40 £0.35 4.10 +0.32 -14.71 -31.18 5.88 -19.61
14 2.55+0.45 3.67 £0.26 3.14 +0.12 3.75+£0.25 3.70 +0.21 43.92 23.14 47.06 45.10
28 1.70 £0.38 8.44 £1.07 4.06 +1.75 7.00 £0.49 6.90 +£0.26 396.47 138.82 311.76 305.88
52 2.75+0.58 7.83£0.46 4.59 £0.15 4.60 £0.61 5.10+0.55 184.73 66.91 67.27 85.45
66 4.80+0.40 4.70 £0.10 2.82 +0.29 3.50 £0.12 5.40 £0.62 -2.08 -41.25 -27.08 12.50

H{E mean 3.38 +1.49" 5.80+2.18" 3.62+0.71" 4.85 +1.42% 5.04 +1.25" 121.67 £172.81 31.29+74.27 80.98 +134.08 85.86 +129.01

2.3 HEFRFEMTOEITERRELEDE
KEEF R B F M

RAMGEFAMAEE FAWMIEE, JEE
TRV 2 A RE H 4 28 1% 4 A 5 25 55 20 2Lk
REAR SR N 5500 1A QBT 1, 3 SR IR
IR . R 4 AT, A A BE T A5 1
2> 3 41 > 5 41 > i 4 41 > 58 2

B s 2 4 > 00 5 41 > 50 4 41 > 50 3
4,43 51H 68.06% 64.24% 63.00% 57.60%
2% SPSS 19. 0 A AT 1 - A3 36 41 8] 1) S A & &=
T EEZR(P>0.05), LRGSR FN], A EL
ZEFLFT RN 2SO SR B B A R BRAVE T EACR
AN 5 R R 2R AR TR Ah B R R 22 BR R B
5ER 5 T B — AR S O SR B 2 % 3, X L

HFHAR SRR | HARME, Rk ANERIEHZEHEE.

#4 FRZKRAMWESR
Tab.4 The NHj -N of different test groups

. FAMEE/ (mg/L) FHERRE %
If )/ d
. measurement values of each group removal rate of each group
time
1 2 3 4 5 2 3 4 5

0 1.023 £0.153 0.819 +£0.224 0.883 +0.078 0.725 +£0.056 0.902 +0.055 19.94 13.69 29.08 11.85
14 0.560 +£0.100 0.326 +0.145 0.439 +0.102 0.395 +0.072 0.301 +0.080 41.81 21.63 29.51 46.23
28 2.599 +0.081 0.830 £0.067 1.354 +0.070 1.017 £0.028 0.929 +0.123 68.06 47.90 60.85 64.24
52 0.568 +0.069 0.208 +£0.062 0.241 £0.045 0.210 £0.065 0.254 +0.058 63.41 57.60 63.00 55.25

66 0.395 £0.068 0.208 +0.070 0.428 +0.082 0.279 +0.041 0.246 +0.042 47.33 -8.38 29.30 37.67
J{H mean 1.029 £0.908 0.478 £0.320 0.669 £0.450 0.525 +0.339 0.527 +£0.356  48.11+19.14 26.49+26.60 42.35+17.89 43.05 £20.06

2.4 WHEFATEMNZ ORI EE RS L EE
7K1 I i 2 S Y 2 D
RIRTE[E=N:Ip8 LA R W AR =i oz S o
WA =M 8, ML E A ki A, §
FEEIRER AR L BT RS AT, WA R
RT3 1 2 > 0 3 41 > 15 2 4/l
55 2H >80 4 415 & A AR A S A 1
LA BT RRAR, e £ BR A8 4 41 > i 2
4> S 4 > a5 3 41, 0%k 88.39% .
86.49% \75.76% 49. 65% . % SPSS 19. 0 il

AT U 1A R A % i B i TR
IR (P <0.05) ;35% 2.3 .45 41 [A] A% 30 R &
TRILTEFEEZER(P>0.05), FiRGHIREY],
i B 2E AT B 0 20 30 WA IR R I A 22 B A
FH L BOR .3 520% 5 5 14 25 0 32 9% BE A0 BT
TR 2 1Y 25 BV FH B e, il 0 2 F AT 1 Ab 3K
Z 5 T B — 25 0 SR T, 20% \30% 11 7 %5 Ak
PP i R 2RI 2 BV T 358 T 10% IR
FEAR B
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x5 AEABARMTHER
Tab.5 The NO’~-N of different test groups

‘ S AR (mg/T) SHERF %
EH"IEﬂ/d measurement values of each group removal rate of each group

e 1 2 3 4 5 2 3 4 5

0 0.067 £0.012 0.009 +0.002 0.038 £0.005 0.008 +0.005 0.016 +0.003 86.49 42.94 88.39 75.76
14 0.017 £0.03 0.006 +£0.003 0.012 +0.004 0.007 £0.001 0.011 +0.004 64. 64 29.27 59.29 34.99
28 0.012 +£0.05 0.014 +£0.002 0.018 £0.002 0.015 +0.002 0.015+0.002  -14.90 -47.73 -23.01 -25.71
52 0.040 +£0.004 0.006 +0.001 0.020 £0.004 0.009 £0.004 0.012 +0.002 84.90 49.65 78.04 69.08
66 0.028 +£0.006 0.036 +0.009 0.044 +0.013 0.014 +0.001 0.014 +0.001 -30.81 -59.88 50.33 50.33

J{H mean 0.033 +0.022¢0.014 +0.013" 0.026 +0.014™ 0.010 £0.004°0.014 £0.002" 38.06 +56.55 2.85+52.41 50.61 +43.80 40.89 £40.53

2.5 HEFHRFRAMTORIEIRELEMYE
KE S RBIF M

SARKETR SR AT R B, A TR
TR TR A Y A KRR, SR KR R
B R 6 nl A, SAEW T {55 1
H >0 3 4 >ik5 5 A >l 4 41 > 5 2
A BB A S BB 1 AH TG, o
BRI 4 4 > 05 2 4 > 50 5 4 > il
34, Wl R 53, 12% . 49. 96% . 44. 29% |

35.16% , % SPSS 19.0 FI AT A1 iR 1 4111 5
A REEm THARBA (P <0.05) ;35 2.
3ASYMMBRGELEEEER (P>
0.05) ., iRg5F W], Al B0 25 64T T FH 25003
XA L BRAEH, SOCR B35 20% % B 1) 25
SO SREAL BRI A, RE 25 AT TR A0 J 0T SR K BR A
FH B 5, HRCHR AH I 5 T B — 25 0 S
20% 30% 1) e % B AL B B AU R bR AR B
T 10% RS B AbHL

x6 ARIAWAMNE
Tab.6 The TN of different test groups

N A LB/ (mg/L) B EERAR/ %
i/ d
f measurement values of each group removal rate of each group
me
1 2 3 4 5 2 3 4 5
0 2.825+0.149 2.198 £0.097 2.592 +0.079 2.131 £0.045 2.7%4 +0.154 22.18 8.23 24.58 2.52
14 2.525 +0.118 1.669 £0.033 2.395 +0.053 1.988 +0.039 1.879 +0.099 33.90 5.12 21.24 25.59
28 2.793 £0.271 1.397 +£0.027 1.811 £0.097 1.439 +0.080 1.556 +0.060 49.96 35.16 48.46 44.29
52 2.499 +0.128 1.433 £0.078 1.662 +0.065 1.171 £0.053 1.401 +0.043 42.65 33.48 53.12 43.94

66 2.286 £0.067 1.762 +0.126 2.583 +0.056 1.866 +0.060 1.911 +0.086 22.89 -13.00 18.37 16.39
YI{H mean 2.585 +0.224* 1.692 +0.322" 2.200 +0.441° 1.719 +0.400" 1.900 +0.524> 34.32 £12.1713.80 £20.4233.15 +16.3326.55 +18.02

2.6 MEFRATENSOEX IR Lt E
IR BB R
MBS FOIE BT R 1Y B, i
TUE i Tk B w8 K- B AR I i ] 23 8
R SRR AT R SR, nE KR
EERRE ., IR T A, BT ik
59 14 >35S 4 > 00 3 4 > 5 4 4 > 5
2 2 A LA S GRS | YA TR,
EBRF A 2 4 > A5 4 41 > 50 3 41 > A%
5 41, 4y Bk 58. 82% . 49. 02% . 42. 86% .
41.18% %5 SPSS 19. 0 F I A] %1 355 1 2 Sk
TEEES THARXEA (P <0.05) ;A5 2.3,
45 R am SRR EMEER(P>0.05),
IR EE R R R R ST B AN A0 ST B Y
A EBRVERT, SOR 103 5 Rl B 28 AT 3 A0 30T
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3.1 FHEZFAUAT A0 T 00 e X B MRS AL AR IR
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R BT 250 SRAL BN pH A AL 1R, 51T
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IR T E RS, e e fle ot s il R0 5 LY
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DHALIRIR 2, 20% %5 J5E ) 23 0 SR AL FEFHIR Z o
i LA 22 5 (4 T BE ISR AT « Al R 25 F T R AE
PRI i A ARA I AR TS e AR S, AT 42
THIRGE K AR B 95 i 4 a5 B — B S D3R
MR A% i A A 3T R A 8 i R, X R
WA Qe R IR AL RE 7 8 7 1 i, 4 T I A S

HAYBE BT . £ LTI A R E ST R A
Z0SRYUERS T pH MAEE , A A T Ik B AR 11 2
WS, B R T R A IS R P e R TV R
SRR T DD T A R IR 8RR S
APARRE , B AR 1 B 8 ol S0 77 Sk DK % 4l 12 19 458
oK, HEERRRE AESRBE 1A PR R

x7 AREAWAEANZHE
Tab.7 The TP of different test groups

A LB/ (mg/L)

HHERE %

Hﬂ‘-l‘lﬂ/d measurement values of each group removal rate of each group
e 1 2 3 4 5 2 3 4 5
0 0.106 £0.026 0.078 +£0.032 0.088 +0.034 0.097 +0.039 0.102 +0.010 26.35 17.02 8.51 3.69
14 0.135+0.035 0.099 +£0.009 0.108 +0.021 0.101 £0.014 0.108 +0.027 26.67 20.00 25.00 20.00
28 0.115 +£0.043 0.047 £0.036 0.083 +0.032 0.059 +0.017 0.068 +0.013 58.82 27.45 49.02 41.18
52 0.095 +0.025 0.054 +0.031 0.054 +0.014 0.050 +0.032 0.068 +0.021 42.86 42.86 47.62 28.57
66 0.088 +0.028 0.045 +£0.023 0.059 £0.023 0.079 +0.043 0.061 +0.010 48.72 33.33 10.26 30.77

I{H mean 0.108 +0.019* 0.065 +0.023" 0.078 +0.02* 0.077 £0.023* 0.081 £0.02

40.68 +14.14 28.13+10.42 28.08 £19.56 24.84 +14.03

3.2 WHEEZFTAT B AN 0 SN 6 HRAE S E IR
KEER . EHBRRKN
REREZFART RO K 3 K™ SR 5 K B =
U R A AR I R BRACRY Y sk R
AL R A g e B B A B
LT 7 B 835 PRV I P R B 5 PR K K 4 A
FH BRI R I 20% 8 FE 1 70 S 7 R X T
PR A 25 BR A die e o AN a6 X 22 260 A9 A 0 245
SRR R ART B A BN 2R 25 BRAE
5 ,30% % L 28OS BRIR 2, 20% %5 L 1 25
DAL FRR Z o 3 b 22 S i Al R JEUER AN
N SEANRE LA b o5 U BRI 70% 1
AKAEAE A R I S R R R, R4 T A
IR A B BE, PRI 2% 12X 6 4 A B A7 09 5
Tl A TC R A P 2R 5 o AN IR i PR )
RN 45 SR, 20% %8 J5E 1R 2 0 33 A B . i R
RN L R AT o, Al G 20 JAT iR AL BIR Z 0 i
IR 22 SR AT BRI AR - 25 DR AR S it 1
WA LU W I A R IR R fe
255 FARER A i BRI R 5 50 B ) 25003
BEAE A B3 A W B A ORI B A
S0 BAT A PR D, X e R R A
RIS o SR, Al B 2 SEAT T RE 7™ 242 53k R o
A H AN WA EFF I XK A A AL
BT R PEVE S MR A 2 T2 AR AR
A il BRI A (R BGEOR A 25038 27 E
JIEIR | Aok 2 FEUAF TR A6 4 S0 SRR B A R A7 Wt I
IR RS IR R A L BR AT, LA I A R

PPN € oL RN & - KW OB ki
I3 BTV T SEAR AP L R, S HE T B AR
fi e K
3.3 REETEFRAT BN ZS 0 ST 6 HRAS 2R S
KK B E BRI

R SEHFF RN R & K7 FR 58 75 7K P i
PSP A R AT R BRACR T s R K
FIFHE BTS2 BH,20 % 55 5 25 0 AL B 7K
RER AN BB R R, AR AR
A ARG T 45 SR 5 0, 2090 5 JE (10 25 00 32 40 B A
B ZEFURT TR AL HEOGH b S RO 1 7 2% 22 R AR
B ZE SR T AL R BB 10 25 R A P R, 20%
BRI 28 DS IR 2 o 3 A 1R 25 R T B
JEUDR 0 R A B2 R B RE G I 40 W A1
i 2 W SR Sl ) 10 BT F 0 A e ) T
WA, T 25 0 SE AR R L RE IR A 37 3 /K MR v B R
B ST R AN AE B R R 5 e H
B2 TR R TAT B B Ak B . HOR, 10%
P B AL R ) 25 0030 3% 1 5 T BB 1 e Ak K A
S AR X A BR 5 T A R A 23 0 S AE AR
F I 75 B R B S T R, S T it
2 S T R A XA R, — R -
BRI T 30% 5 B B AL BRI 25 U SR I AR K R 1Y
PRI X 80 B 1) 2 B A A S AR I (B . 45 b
FIF SR , A B 2 LR I 20 S X AR B A
TR 22 A T, e T K R 7 SR AL R K
A5 T XA SFK A BV 7 15 Y , I AT R b I 5
U 1 SR A KRS T B K BRI, AR HE B 0 A A
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The effects of Bacillus subtilis and Ipomoea aquatica Forsk on water quality
in the pond for co-farming of rice-crayfish-finless eel

SHAO Nailin', GUO Yin®, SHEN Hong’, CHEN Jinmin®, WEI Hua’

(1. College of Fisheries and Life Science , Shanghai Ocean University, Shanghai 201306, China; 2. Shanghai Vocational
College of Agriculture and Forestry, Shanghai 201600, China; 3. Shanghai ChunRun Aquaculture Cooperatives, Shanghai
202170, China)

Abstract: The contrast experiment was carried out about the effects of Bacillus subtilis and spinach ( Ipomoea
aquatica Forsk) on the water quality improvement in the pond during the co-farming of rice-crayfish-finless
eel. The results showed that Bacillus subtilis and spinach both improved water quality, increased DO and
decreased pH of water. Bacillus subtilis had better effects in the decreasing of the NH, -N, NO, -N, TN, TP
than spinach of three density groups with the highest level of degradation rate by 68. 06% , 86. 49% ,
49.96% , and 58. 82% respectively. Generally, the spinach with 20% of density degraded the level of
NH, "-N, NO, -N, TN, TP by 63. 00% , 88.39% , 53. 12 and 49. 02% most efficiently. In sum, the
combination of Bacillus subtilis and spinach with the 20% density in the pond during the co-farming of the
rice-crayfish-finless eel was better.

Key words: Bacillus subtilis; Ipomoea aquatica Forsk; rice-crayfish-finless eel; water quality
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