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> - >
fill (Ictalurus punctatus)[lg] 1
(Morone saxatilis)[lg] (Onwchrornis
nilotieus)[20] (Litopenaeus van- 1.1
namei)*") (Penaeus monodon)™! 2011 5—10
(Fenneropenaeus chinensis)!"™ ( ) 0.27 hm’
, (90 mx30 m), 1.5 m
15 49 m’
(7 mx7 m), ,
(Ctenopharyngodon idellus) 5 [23] 4
; G —  (Hypophyt- QkwW)
halmichthys molitrix) — (Cyprinus car-
pio) - - , , 1
#z1 Ef, i BLERFLEHRE
Tab.1 The designment of Ctenopharyngodon idellus, Hypophythalmichthys molitrix and
Cyprinus carpio in different polyculture treatments
n=3;x £SD
Ctenopharyngodon idellus Hypophythalmichthys molitrix Cyprinus carpio
treatment /ind'm™? /(g-ind™) /(ind'm %) /(g-ind ™) /ind'm™ /(g-ind™)
density individual weight density individual weight density individual weight
G 0.95 79.43+4.91 - - - -

GS 0.77 81.14+6.22 0.45 181.06+£29.31 - -

GC 0.77 82.89+1.32 - - 0.45 143.08+6.01
GSC1 0.58 81.55+1.03 0.23 145.45+16.39 0.55 148.12+16.97
GSC2 0.38 80.07+4.02 0.69 154.55+5.46 0.55 146.91+£11.91

.G ; GS - ; GC - ; GSC - -

Note: G denotes C. idellus monoculture; GS denotes C. idellus and H. molitrix polyculture; GC denotes C. idellus and C. carpio polyculture;
GSC denotes C. idellus, H. molitrix, and C. carpio culture systems.
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, pH 7.00~8.42,
_ , 3,
- , 24 0.12~0.64 mg/L, 0.01~
, 0.07 mg/L, 0.29~2.45 mg/L,
K»S,05 [23] 0.01~0.50 mg/L
2.3
[26] 4 4
( 5 cm), (d=5 cm, ,
h=33 cm) , 3 85.54%~93.38%  82.60%~84.26%,
, 60C , 100 :
(Elementar III)
TN, - (27] TP i
60°C , ,
100 TN TP : :
, ™ TP .G
Blain Weilter (1.54+0.09) g/m*  (0.19+0.01) g/m?,
2l : F=K x(NH3)"*?, : GSC2
, F ; (NH3) (4.60£0.17) g/m*>  (0.30+0.04) g/m’, :
( TAN ), K GSC1 ;. GS GC G GSC
(c/h): K=1.01+0.33U(U , m/s)
N P = N P / 2.4
N P x100% 5 5
1.5 ,
SPSS19.0 62.80%~77.15%  15.19%~27.60%,
(ANOVA) Duncan , P<0.05 ;
5.04%~7.71%
) 0.22~0.30%  1.54%~2.14%,
76.46%~
2.1 80.04%, ,
2 ’ > 9
1011.67~1 023.85 g/ind 1 162.33~1 182.67 4 ’
g/ind  701.33~726.00 g/ind, (P<0.05) , GSC2
, (P>0.05); , ,
(P<0.05), G , i
(D , G ,
2.2 GS (P<0.05)
17.1~34°C, (P>0.05)
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Tab.3 Water quality under different culture modes during the experimental period

treatment
parameter
G GS GC GSCl1 GSC2
/°C temperature 17.1-32.3 17.1-32.3 17.1-32.3 17.1-32.3 17.1-32.3
pH 7.15-8.24 7.07-8.25 7.00-8.20 7.01-8.29 7.11-8.42
/(mg-L")Nitrate nitrogen 0.15-0.53 0.13-0.64 0.14-0.62 0.13-0.53 0.12-0.60
/(mg-L")Nitritc nitrogen 0.02-0.04 0.01-0.07 0.01-0.05 0.01-0.07 0.01-0.06
/(mg-L™")Total amnonia nitrogen 0.29-2.45 0.38-1.32 0.25-1.22 0.47-1.12 0.51-1.17
/(mg-L")phosphate 0.02-0.47 0.02-0.50 0.01-0.15 0.01-0.20 0.01-0.12
- .G ; GS - ; GC - ; GSC - -

Note: Figures in the table are expressed as min—max. G denotes C. idellus monoculture; GS denotes C. idellus and H. molitrix polyculture;
GC denotes C. idellus and C. carpio polyculture; GSC denotes C. idellus, H. molitrix, and C. carpio culture systems.

£4 FEFAEEROABHN

Tab. 4 The inputs of nitrogen and phosphorus under different culture modes

n=3;x +SD
sourse
item treatment /(g'm?)feed /(g'm?)animals /(g'm)rain /(g'm ?)water /(g'm )TN

G 41.81+3.76 1.54+0.09* 1.23£0.05 1.08+0.16 45.63+3.73

GS 41.81£3.76 3.05+0.26° 1.23£0.05 1.08+0.16 47.13+£3.74

N GC 41.81+£3.76 2.64+0.06° 1.23+0.05 1.08+0.16 46.73+3.74

GSC1 41.81+3.76 3.36+0.15¢ 1.23+£0.05 1.08+0.16 47.21+£3.57

GSC2 41.81+3.76 4.60+0.17° 1.23+£0.05 1.08+0.16 50.73+3.73

G 4.40+0.44 0.19+0.01* 0.22+0.05 0.42+0.03 5.22+0.45

GS 4.40+0.44 0.22+0.03° 0.22+0.05 0.42+0.03 5.25+0.49

P GC 4.40+0.44 0.224+0.01° 0.22+0.05 0.42+0.03 5.26+£0.47

GSCl1 4.40+0.44 0.28+0.02¢ 0.22+0.05 0.42+0.03 5.31+£0.45

GSC2 4.40+0.44 0.30+0.04¢ 0.22+0.05 0.42+0.03 5.33+£0.44
(P<0.05). G ; GS - ; GC - ; GSC - - .

Note: Items with different letters are significantly different(P<0.05). G denotes C. idellus monoculture; GS denotes C. idellus and H. molitrix
polyculture; GC denotes C. idellus and C. carpio polyculture; GSC denotes C. idellus, H. molitrix, and C. carpio culture systems.

£5 FEFERABRBEEH

Tab.5 The outputs of nitrogen and phosphorus under different culture modes

n=3; X £SD
(gm?) [(gm™) (gm?) ((gm™) ((gm™) ((gm™)
item treatment water volatilization absorption animals sediment TN
G 2.86+0.29° 0.10+0.01 0.64+0.16° 23.34+0.68" 10.25+1.13° 37.19+0.68°
GS 2.57+0.13% 0.10+0.02 0.94+0.15° 30.35+1.07° 9.75+1.07° 43.72+0.42°
N GC 2.66+0.23"™ 0.11+0.01 0.68+0.12" 24.70+0.64° 9.12+0.85° 37.26+0.64°
GSCl 2.53£0.11% 0.08+0.02 0.760.15"™ 27.32+40.69¢ 6.96+0.78" 37.66+0.69°
GSC2 2.39+0.17° 0.09+0.01 0.73+0.11% 37.08+0.65° 7.21£1.03° 47.51%0.65°
G 1.13+0.05¢ - 0.05+0.01° 0.30+0.07" 5.96+0.79° 7.45+0.89°
GS 0.98+0.01° - 0.09+0.02° 0.46+0.02° 5.86+0.68° 7.39+0.71°
P GC 0.88+0.01° - 0.05+0.01° 0.36+0.05® 4.95+0.57° 6.24+0.62°
GSC1 0.86+0.01% - 0.06+0.01* 0.41£0.01% 4.81+0.47" 6.14+0.52°
GSC2 0.79+0.06° - 0.04+0.01° 0.60+0.05¢ 4.65+0.60" 6.08+0.70°

: (P<0.05). G ; GS - ; GC - ; GSC - - .
Note: Items with different letters are significantly different(P<0.05). G denotes C. idellus monoculture; GS denotes C. idellus and H. molitrix
polyculture; GC denotes C. idellus and C. carpio polyculture; GSC denotes C. idellus, H. molitrix, and C. carpio culture systems.
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3 4 (0.56+0.06) g/m*  (0.46+0.09) g/m*, GSC1
, (1.08+ GSC2 (0.44+0.04) g/m*
0.16) g/m’, , G GS GC (0.38+0.06) g/m’ , GS GC
GSC1 GSC2 G (P<0.05), GSCI GSC2
(2.86+0.29) g/m* (2.57+0.13) g/m> (2.66+0.23) GS GC G (P<0.05), GSCI
g/m* (2.53+0.11) g/m*  (2.39+0.17) g/m’ , GSC2 (P>0.05)
GSC2 G (P<0.05), 4
(P>0.05) , (13.33+0.81) g/m’,
4 , ,G (5.96+0.79) g/m*, GS
, (115.34+1.03) g/m’, GC (5.86+0.68) g/m’
,G GS GC  GSCl GSC2  (4.95+0.57) g/m’, GSC1 GSC2
(125.59+1.13) g/m’ (4.81£0.47) g/m*  (4.65£0.60) g/m’, , GSC1
(125.09+1.07) g/m*  (124.46+0.85) g/m® (122.43+ GSC2 G GS (P<0.05),GC
0.78) g/m*  (122.55+1.03) g/m’ , GSC1 GSC1 GSC2 (P>0.05)
GSC2 G GS 25
GC  (P<0.05) 1
G GS GC GSC1 GSC2
, GSC2 (47.93+2.44)%
(P<0.05), G (58.14+3.74)%  (47.33+2.42)% (51.04+5.35)%
(P<0.05), GC GSC1 (63.04+4.68)% , GSC2
(P>0.05) GS GSC1  GC G (P<0.05), GSCI1
(P<0.05) GC G (P>0.05), GS
3 4 G GC  (P<0.05)
: 1 ,G GS GC GSCI
(0.42+0.03) g/m’, ,G GSC2
(0.71+0.05) g/m’, GS GC (2.17£0.18)% (4.49+0.38)% (2.49+0.20)% (2.47+
80 - 7
. b T8 ke
560 T ab £ 5| b
=5 ; s L SF L
=3 2z 3 a a
l‘Eg’)zo g% 2 :
E a1l
0 G GS GC GSC1 GSc2 0 G GS GC GSC1 GSC2
Ab P4 treatment group AL B4 treatment group
1
G ; GS - ; GC - ; GSC - -

Fig 1 The nitrogen and phosphorus utilization rate of animals under different culture modes
G denotes C. idellus monoculture; GS denotes C. idellus and H. molitrix polyculture; GC denotes C. idellus and C. carpio polyculture;
GSC denotes C. idellus, H. molitrix, and C. carpio culture systems.
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0.19)% (5.53+0.40)% , GSC2 3.2
(P<0.05), GS G GC
GSC1 (P<0.05), G GC GSC1 ,
(P>0.05) 31%!2;
3 39%  12%0%;
3.1 44.4%~51.5%  7.2%~17.2%">"

b

(49.0%~53.9%  47.5%~50.1%)

(45.3%~50.7%  65.1%~69.9%)

[16]; - (Cyclina sinesis) —

(Gracilaria lichevoides) ,

(54.7%~75.5%  81.6%~93.6%)
[29].

b

: (87.03%~
90.45%  90.06%~91.13%)
[30].

; (Oreochromis niloticus) ,

T1%~75%  53%~65%"1

b b

85.54%~93.38%
82.60%~84.26% ,
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50.3%~68.3%%:

>

43.82%~57.99%

6.05%~9.83%, 17.49%
27.56%  76.80%~92.38%""; ,
62.80%~77.15%,
76.46%~
80.04%

[31]

B

58.64%~68.73%  2.16%~5.62%, ,

GSC2
, 20~25 pmt?,
8 um ,
, (POM)
(341 1t 18.84 kg
1.57 kg, ,
. [35]
[36-37] [38]
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Nitrogen and phosphorus budgets in grass carp, silver carp, and
common carp culture systems

SUN Yunfei', WANG Fang', LIU Feng®, DONG Shuanglin'

1. The Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China;
2. Provincial Freshwater Fisheries Research Institute of Shandong, Jinan 250117, China

Abstract: We investigated nitrogen (N) and phosphorus (P) budgets in different grass carp (Ctenopharyngodon idellus)
culture systems within a land-based enclosure. The experiment began in May and ended in October in 2011. Samples
were collected periodically, and the enclosed area was 7 m x 7 m. N and P inputs and outputs were evaluated in grass
carp monoculture(G), grass carp and silver carp (Hypophythalmichthys molitrix) polyculture (GS), grass carp and
common carp(Cyprinus carpio) polyculture(GC), and grass carp, silver carp, and common carp (GSC1 and GSC2) sys-
tems. N and P accumulation in water and sediment were analyzed. The results show that fish feed was the main N and P
input source in all culture systems (85.54%-93.38% and 82.60%—84.26%). Other sources were the stocked animals,
precipitation, and the initial water used. The N output sources in the different culture systems were the stocked animals,
sediment accumulation, water accumulation, and absorption and volatilization by the enclosure cloth, which accounted
for 62.80%—77.15%, 15.19%-27.60%, 5.04%—7.71%, 1.54%-2.14%, and 0.22%—0.30%, respectively. The P output
sources were accumulation in sediment, accumulation in water, culture animals at harvest, and absorption by the enclo-
sure cloth, which accounted for 76.46%—80.04%, 13.04%—15.14%, 4.09-9.79%, and 0.71%—1.61%, respectively. Ni-
trogen accumulation in sediment from the GSC1 and GSC2 system was significantly lower than that in the G, GS, and
GC systems (P<0.05), whereas P accumulation in sediment from the GSC1 and GSC2 systems was significantly lower
than that in the G and GS systems (P<0.05). N and P accumulation in water from the GSC2 system was significantly
lower than that in the G system (P<0.05). N and P utilization by the GSC2 culture system was significantly higher than
that by the G, GC, or GSC1 systems (P<0.05). These results indicate that the GSC2 system (grass carp: 0.38 ind/m?,
silver carp: 0.69 ind/m* and common carp: 0.55 ind/m?) effectively reduced N and P accumulation and enhanced N and
P utilization. Thus, the GSC2 system was an effective and clean grass carp polyculture mode.

Key words: Ctenopharyngodon idellus; Hypophythalmichthys molitrix; Cyprinus carpio; polyculture system; ni-
trogen; phosphorus; budget
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