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, , IPRA , (
( , 2016; 25.0mx  16.0 mx 2.5 m), 3 ,
,2017) IPRA , ( 22.0mx 5.0mx 2.5m),
, , ( 16.0 mx 3.0 mx
(2018a) 2.5 m) , 10—20 m
; ©2019) IPRA ,
) 1 , (6.0 mx 3.0 mx
, ( 2.0 m), I ( 200mx 0.6mx 0.5m)
, 2016; , 2020), ,
(Zhang et al, 2018) 3 , 1
, 1
(Serpa et al, 2012), 1.2
( ,2018) 2.0m IPRA UPA
(8.52+1.2) g ,
, (2010) (2010) , 37500  /hm?,
(2011) (Litopenaeus IPRA 3 ;
vannamei) (Paralichthys olivaceus) (35.0£7.5) g s
IPRA R
, 1500 /hm* 350 /hm?, IPRA
, , (2.0+£0.1) m
, , 6:00 12:00 18:00 ,
IPRA  UPA 2%—3%,
, IPRA , IPRA 24 h (
IPRA ), 1:00—18:00 ,
s 20 min ;
1:00—9:00 14:00—22:00 , UPA
IPRA ,
1 IPRA
1.1 40 min 30 min,
IPRA
, 3 ,
2.0 hm*> IPRA , , UPA
, (Hypophthalmichthys 2019 4 12
molitrix) (Aristichthys nobilis) s , 5 31 ,
(Hydrocotyle vulgaris) 2019 12 31 , , IPRA

(Myriophyllum verticillatum L.) ,
4 (2.0kW-h/ ), 1
UPA 0.5 hm?, 3 , 1
(2.0 kW-h/ ),
, 4.0 kW-h/hm’

(453.28+12.42) g, UPA
(498.22+15.35) ¢

>

6.24%+0.72%
15.21%=+0.18%

43.25%+0.29%
5.12%=+0.26%
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Fig.2 Schematic diagram of pond water sampling points in two modes (red triangles represent water sampling points)
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(m*/kg); UPA
(m*/hm?); , IPRA
1 kg (g/kg)
=Vi/M*100%, (7) R IPRA
=Vou/A%100%, (8) UPA 95.02%+2.31%  94.57%+1.82%,
=W o/ M*x100%, 9) 93.19%=%2.75%  91.81%+4.44%
s Vin (m*); M , IPRA UPA
(kg); Vour 3.12%+0.17%  3.20%+0.25%,
(m*); 4 (hm?) 4.36%+0.31%  4.36%=0.38%
1.9 , IPRA UPA 0.49%+0.04%
Excel 2010  SPSS 20.0 0.50%=0.036%, 0.42%+0.03%
, 0.46%=0.03%; IPRA
(One-way ANOVA), 0.40%+0.03% 3.74%+0.30%, UPA
s P<0.05 0.54%+0.04%  4.87%+0.42%;
1.0%
UPA
2
R IPRA
2.1
1 5
x1 MHFEEAR. BRHE
Tab.1 Budgets of nitrogen and phosphorous in two modes
(kg/hm®)  1204.85£29.11 4.85£0.27  1.36£0.25  39.6£2.16 3.84+0.29 3.90+0.25 4.58+0.34 5.05%0.39
(%) 95.02+2.31 0.38+0.02  0.11£0.02  3.12+0.17 0.30+0.02 0.31+0.02 0.36+0.03 0.40+0.03
PRA (kg/hm?) 275.63£8.12  0.37+0.02  0.89+0.06  4.36+0.31 1.30+0.11 0.75+0.06  1.38+0.09 11.07+0.89
(%) 93.19+2.75 0.12+0.01  0.30+0.02 1.47+0.10 0.44+0.04 0.25+0.02 0.47+0.03  3.74+0.30
(kg/hm®)  1169.23£22.45 4.85£0.34  1.36+0.11 39.60+3.1 / 10.01£0.89 4.58+0.36 6.72+0.47
(%) 94.57+1.82 0.39+0.03  0.11+0.01 3.20+0.25 / 0.81+£0.07 0.37+0.03 0.54+0.04
ura (kg/hm®)  244.17£11.82  0.37£0.02  0.89£0.06  4.360.38 / 1.89+0.17 1.38+0.11 12.94+1.12
(%) 91.81+4.44 0.14+£0.01  0.32+0.02 1.64+0.14 / 0.73+0.06  0.49+0.04 4.87+0.42
(kg/hm?®)  572.64+16.64 448.75+11.3329.67+2.12  81.15+5.61 2.03+0.13  119.45+8.65 / 14.33+0.81
(%) 45.16+1.31  35.39+0.89 2.34+0.17 6.40+0.44 0.16+0.01 9.42+0.68 / 1.14£0.06
IPRA (kg/hm?) 119.13£9.44  63.35£4.89 12.07+£0.91 22.24+1.66 0.74+0.04 67.61+4.52 / 10.64+0.72
(%) 40.2843.19  21.42+1.65 4.08+0.31 7.52+0.56 0.25+0.01 22.86+1.53 / 3.59+0.33
(kg/hm?®)  667.37+17.92 408.45+10.27 25.13+1.32  95.04+7.11 / / 25.20+1.34 15.18+0.88
(%) 53.98+1.45  33.04+0.98 2.03+0.11 7.69+0.57 / / 2.04+0.11 1.23+0.07
UPA (kg/hm?)  158.43+£11.83 45.27+3.41 10.00+0.79 31.65+2.12 / / 13.14+1.13  7.47+0.58
(%) 59.59+4.45 17.02+1.28 3.76x0.30  11.90+0.80 / / 4.94+0.42 2.81£0.22
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, IPRA 45.16%+1.31% , IPRA (2.90+0.21)
40.28%23.19%, UPA  53.98%%1.45% (0.41£0.01) g/100g, UPA
59.59%=+4.45% (P<0.05) , [IPRA (P<0.05)( 2)
37.73%+0.91%, UPA 35.07%+0.99%, 3, IPRA
IPRA 25.50%+x1.77%, 37.73%+1.31%, UPA  35.07%,
UPA 20.78%+1.33% (P<0.05) IPRA UPA (P>0.05), IPRA 25.51%=0.92%,
6.40%+0.44%  7.69%=+0.57% UPA  20.78%=+0.80% (P<0.05); IPRA
R 7.52%+0.56% 11.90%=0.80% 39.89%+1.20%, UPA
, IPRA 37.01%=1.23%, 28.60%+1.11%,
9.42%+0.68% 22.86%+1.53% UPA  22.64%+0.92% (P>0.05), IPRA
2.2 1.05+0.07 UPA  0.97+0.06,
; (P>0.05)
*2 MHEXAFEAKREREERR. a2
Tab.2 Nitrogen and phosphorus contents of fish harvesting in IPRA and UPA
(g/100g) (g/100g) (g/100g) (g/100g)
IPRA 2.87+0.20 0.2240.02 2.90+0.21 0.414+0.01
2.02+0.22 0.53+0.03 2.20+0.22 0.89+0.01
UPA 2.87+0.20 0.22+0.02 2.65+0.19 0.31+0.05
2.02+0.22 0.53+0.03 2.194+0.23 0.924+0.03
*3 MAEEER. BIAE%)
Tab.3 TN and TP utilization efficiency of harvested products for IPRA and UPA
(%) (%)
IPRA 37.73£1.3 25.51+0.9° 39.89+1.2 28.60+1.1° 1.05+0.07
UPA 35.07+1.1 20.78+0.8° 37.01£1.2 22.64+0.9° 0.97+0.06
(P<0.05),
2.3 5, UPA
4, IPRA IPRA(P<0.05),
UPA, (P>0.05), IPRA UPA R
UPA(P<0.05) / IPRA R (P<0.01)
4 WFEEREKREMAKRELR
Tab.4 Comparison of water consumption for IPRA and UPA modes during aquaculture periods
(hm®) (kg/hm?) (m*/kg) (m*/hm’)
IPRA 2.00 14681.20+£279.90 1.63+0.02° 7333.00°+152.50°
UPA 0.50 15424.50+343.80 1.85+0.04° 28001.00+£457.90°
IPRA ,“*”  IPRA
x5 MMFERNRMmEHERKILRK
Tab.5 Comparison of nitrogen and phosphorus output per unit production between two modes
(kg/hm?) (kg/hm?) (g/kg) (g/kg)
IPRA 27.05"+1.87* 7.41°£0.55° 1.84+0.13° 0.50+0.06"
UPA 120.24+8.45" 44.79£3.46° 7.8040.43° 2.90+0.16"

IPRA ,*”

IPRA
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2.4 >
6 IPRA ( , 2010)
IPRA UPA, IPRA , IPRA
24 R 10 , UPA, IPRA
1.2 /hm?, IPRA , , ,
UPA (Yuan et al, 2019),
IPRA IPRA UPA
7 IPRA IPRA UPA 3.12%=+0.17%
, , 3.20%=%0.25%, 4.36%=0.31%
, IPRA (28 /kg) UPA 4.36%+0.38%, Thakur (2003)
(23 /kg), R , ,
, IPRA UPA(P<0.05), 3.9% 2.12%
IPRA 53.96%+2.21%
3 ( , 2019),
(2011)
3.1
, 1%,
, (2012) , (2018)
87.03%—90.45%  90.06%—91.13%, 3.39%—4.03%, 0.49%—0.86%
®6 WMHFEENXFEMAN LR
Tab.6  The cost structure of the two aquaculture modes
( /hm?)
IPRA 4.50 15.45 3.00 1.80 0.25 1.20 0.50 26.70
UPA 4.50 14.69 1.50 1.80 0.50 0.00 0.80 23.79
x7 MIMFERAZFUE LR
Tab.7 The profits of the two aquaculture modes
(kg/hm?) ( /kg) ( /hm?) ( /hm?) (%)
IPRA 14681.24+279.90 28.00* 41.11*%+0.73% 14.41+1.13% 53.96+2.21°
UPA 15424.50+343.80 23.00 35.48+0.79° 11.69+1.02° 49.12+2.05°
2019 12
3.2 UPA ,
IPRA
IPRA  UPA
45.16%+1.31% 53.98%+1.45%, ,
40.28%=+3.19% 59.59%+4.45%, (2006) R
50% R

40.28%%3.19%  59.59%+4.45% , ,
(2019) ,
50% , IPRA ( ,
[PRA 2013; , 2017) IPRA
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22.86%=1.53%,

UPA

(2012)
22.4%

>

(Jiang et al, 2008;

3.3
(1995)

16.0%—18.0%;

trituberculatus)

8.7%—24.4%,

(2015)

29.73%—31.29%

UPA,

UPA

Hernandez

(Paralichthys olivaceus)

>

37.73%+0.91%
25.50%=*1.77%

9.42%+0.68%,

>

, IPRA
35.07%+0.99%,
20.78%=1.33%

10.5%,
36.0%—47.0%

14.8%—18.1%,

, 2015),
’ , 2018)
, UPA , Green
18.0%—21.0%
(2013) (Portunus

(Penaeus vanname)

14.1%—18.9%;

(Carassius auratus auratus)

>

9.03%—10.06%

, IPRA
IPRA
: IPRA
, Ogata  (2000)
(2002)

(Oncorhynchus mykiss)

(2014) fip

(Barbodes schwanenfeldi) ,

: (2018)

bl

IPRA

(Yuan et al, 2019)

(2014) , IPRA
, IPRA
, IPRA
UPA
3.4
UPA >
, (Cai et al, 2013;
Dauda et al, 2019),
s (Ll et
al, 2020) , IPRA
UPA,
: (1) IPRA ,
; (2) IPRA
; (3) IPRA
UPA
(Lemonnier et al, 2006),
IPRA ,
(2018) IPRA
DHA , ; (2019)
IPRA
s IPRA
, IPRA UPA,
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2018a) , IPRA ’ ’ oto,
> 5 > , 6(5): 13—20
UPA, , IPRA > ) , 2017.
IPRA UPA, IPRA . , 37(1):
’ ’ 192—203
UPA, s , R , 2018.
6m , ( ), 31(4):
IPRA , 25—30
) , , 2020.
(2019) o
> > 317—326
) s , 2015.
4 , 34(2): 95—100
,2002. 4
UPA R IPRA . 101—200
> , IPRA , 2010.
, 11—20
' : , , 2016.
- IPRA ,28(5): 1047—1056
, 2019.
UPA, IPRA ,39(6): 48—53
UPA, , > 5 , 2018a.
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> ) , 2018b.
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) ) , 2016. > s , 2017.
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,32—41 ,(3):21—22
) ) , 2019. > , , 2006.
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A COMPARATIVE STUDY ON NITROGEN AND PHOSPHORUS BUDGET AND
AQUACULTURE EFFECT OF MICROPTERUS SALMOIDES IN TWO MODES

LIU Mei, YUAN Ju-Lin, NI Meng, LIAN Qing-Ping, GUO Ai-Huan

(Agriculture Ministry Key Laboratory of Healthy Freshwater Aquaculture, Key Laboratory of Freshwater Aquaculture Genetic and
Breeding of Zhejiang Province, Zhejiang Institute of Freshwater Fisheries, Huzhou 313001, China)

Abstract

Aquaculture (IPRA) mode, expound its ecological characteristics, nutrient orientation, and rationally evaluate the

To discuss the changes of nitrogen and phosphorus budget and aquaculture effect of Inner-Pond Raceway

ecological and economic benefits of IPRA, the input and output of nitrogen and phosphorus were analyzed based on regular
sampling. Meanwhile, the usual pond aquaculture (UPA) mode was set as the control treatment. Results show that: (1) Feed
was the main source of nitrogen and phosphorus input, accounting for 95.02%+2.31% and 94.57%=1.82% of the nitrogen
input, and 93.19%+2.75% and 91.81%=+4.44% of the phosphorus input in IPRA and UPA modes respectively. (2) Sediment
deposition was the main mode of nitrogen and phosphorus output, accounting for 45.16%+1.31% and 53.98%+1.48% of
nitrogen output as well as 40.28%+3.19% and 59.59%+4.45% of phosphorus output in IPRA and UPA in P<0.05,
respectively. The second part was the fish output, accounting for 37.73%=+0.91% and 35.07%=+0.99% of the nitrogen output
in IPRA and UPA with P>0.05 and 25.50%+1.77% and 20.78%=+1.33% of the phosphorus output in IPRA and UPA with
P<0.05, respectively. (3) The relative and absolute utilization rates of nitrogen and phosphorus in IPRA mode were
significantly higher than those in UPA (P<0.05). IPRA improved the utilization rates of nitrogen and phosphorus in the
breeding objects. (4) The water consumption coefficient, drainage coefficient, and pollution discharge coefficient of IPRA
were significantly lower than those of UPA (P<0.05). The profit of IPRA was significantly higher than that of UPA
(P<0.05). Above all, the IPRA is a clean and efficient new aquaculture mode, which can be promoted and applied. This
study provided a data support for better implementation of water quality management and scientific aquaculture for IPRA
in the future, and built a theoretical basis for the evaluation of IPRA in water-saving ecology and other aspects.

Key words Inner-Pond Raceway Aquaculture;

Micropterus salmoides; nitrogen and phosphorus budget;

aquaculture effect



