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Tab.1 Stocking density and stocking ratio in different farming models
/(kg:m™) /(kg'm™) /(g'm™) (€ H L)
farming model C. idellus H. molitrix L. vannamei stocking ratio(C H L)
G 0.148 1.0 0.0 0.0
GS 0.122 0.036 0.8 0.2 0.0
GL 0.126 1.27 0.8 0.0 0.2
GSL1 0.121 0.009 0.64 0.8 0.1 0.1
GSL2 0.093 0.047 1.91 0.6 03 0.1
:“C H L~

Note: “C H L” refer to Ctenopharyngodon idellus: Hypophthalmichthys molitrix: Litopenaeus vannamei on weight basis.
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(P<0.05).
Fig.1 denitrification rates of sediment in different farming models

G, GSL1, GSL2, GS and GL mean different farming models, refering to tab.1 for details. Different letters on the columns mean sig-
nificant difference in denitrification rate among groups for every month (P<0.05).
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Fig. 2 Sediment nitrification rates in different farming models
G, GSL1, GSL2, GS, GL means different farming models, refer to the Tab.1 for details. Different letters on the columns mean sig-
nificant difference in nitrification rate among groups for every month (P<0.05).
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Fig. 3 Sediment ammonification rates in different farming models
G, GSL1, GSL2, GS, GL means different farming models, refering to tab.1 for details. Different letters on the columns mean signifi-
cant difference in nitrate reduction rate among groups for every month (P<0.05).
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Tab.2 Mean concentrations of ammonium, nitrate, nitrite, dissolved oxygen (DO) and water temperature in different farming models

mg/L
- - + /'C
farming model Do NO. N NO; N NH~N temperature

June
G 6.40 0.18 0.14 2.13 25.9
GSL1 5.95 0.12 0.05 2.29 259
GSL2 6.39 0.16 0.06 2.05 25.9
GS 4.98 0.11 0.07 1.42 25.9
GL 5.69 0.13 0.29 2.07 25.9

July
G 2.92 0.34 0.01 0.74 29.8
GSL1 2.90 0.22 0.01 3.19 29.8
GSL2 2.23 0.23 0.01 2.12 29.9
GS 2.57 0.20 0.00 2.17 29.9
GL 2.50 0.31 0.12 0.75 29.9

Aug.
G 3.44 0.68 0.03 1.37 30.1
GSL1 2.69 1.70 0.46 3.40 30.3
GSL2 2.84 0.35 0.12 3.55 30.1
GS 4.07 0.63 0.08 2.90 30.1
GL 3.12 0.45 0.12 2.42 30.1

Sept.
G 5.11 0.49 0.12 3.10 21.7
GSL1 4.46 1.17 0.13 3.01 21.1
GSL2 3.64 0.33 0.11 4.33 21.5
GS 3.23 0.75 0.10 2.62 21.5
GL 3.70 0.65 0.26 1.72 21.3

Oct.
G 1.38 0.13 0.22 3.52 19.6
GSL1 1.53 0.19 0.17 5.09 19.7
GSL2 1.40 0.29 0.03 5.45 19.6
GS 1.46 0.29 0.24 4.01 19.6
GL 1.81 0.20 0.22 1.85 19.6

:G GSL1 GSL2 GS GL s 1.
Note: G, GSL1, GSL2, GS and GL mean different farming models, referring to tab.1 for details.
3.2 (GS GL), (G) 0
>
P 5 >
, , (GSL1 GSL2)

, NH," ,
[30]

2 B b

(GSL1 GSL2)
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Tab.3 Organic matter mean contents of dry sediments in different farming models for grass carp

%
TS I hred i | farming model
item testing time G GS GL GSL1 GSL2
June 491 4.69 4.64 4.61 4.75
July 4.20 4.75 4.33 4.69 4.77
TC Aug. 4.32 4.98 4.23 4.98 5.00
Sept. 4.96 5.42 5.16 5.17 5.39
Oct. 5.37 5.53 5.25 5.25 5.28
Jun 0.26 0.26 0.25 0.27 0.24
July 0.23 0.25 0.24 0.27 0.26
™ Aug 0.23 0.27 0.23 0.23 0.28
Sept 0.28 0.33 0.32 0.33 0.34
Oct 0.37 0.34 0.35 0.34 0.34
Jun 0.05 0.05 0.05 0.05 0.05
July 0.05 0.05 0.05 0.05 0.05
TP Aug 0.05 0.06 0.06 0.06 0.06
Sept 0.07 0.07 0.06 0.07 0.07
Oct 0.08 0.08 0.07 0.08 0.07
:G GSL1 GSL2 GS GL s 1.
Note: G, GSL1, GSL2, GS, GL means different farming models, refering to tab.1 for details.
x4 FEBREERBUERE., HUEREX, SUERRSELETFHEXEST
Tab.4 Correlation of the denitrification, nitrification and ammonification rates with physical and chemical factors
- + /'C
pearson’s correlation NO; N Do NH, =N e TN TP temperature
denitrification rates —0.08 -0.365 0.199 0.34 0.468* 0.463* -0.342
nitrification rates —-0.042 —0.576** 0.686%* 0.351 0.404* 0.464* -0.354
—-0.145 —0.245 0.463* 0.382 0.317 0.394 —-0.363

ammonification rates
* P<0.05, **P<0.01.
Note: * P<0.05, **P<0.01.

%5 FEBRKERBUER. HUEEX, SUER=FZEMEXEDIH
Tab.5 Correlation among the rates of denitrification, nitrification and ammonification in the sediments of different farming
models for grass carp

pearson’s correlation denitrification rates nitrification rates ammonification rates
denitrification rate 1.000 0.054 0.072
nitrification rate 0.054 1.000 0.475 *
ammonification rate 0.072 0.475 * 1.000

* P<0.05, **P<0.01.
Note: * P<0.05, **P<0.01.
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Tab.6 Comparison of daily denitrification rates in sediments among different countries and regions

/(nmol-m>-d™")

location o .
denitrification rates method
]
1.12-34.09 ATI
the east Chongming tidal flat
[20]
. . 30-840 ATI
. the near sea section of Pearl River
estuaries
Tagus estuary?! 20-250 IPT
Lawrence estuary””! 1.8-3.3 IPT
Humber estuary!® 1.2+1.1-10+0.7 ATI
Okeechobee!*! 2-25
a series of method
lakes Hampen'?*! 5-50 ATI
[26]
16.34-46.36 IPT
the Meiliang Bay of lake Taihu
The Daya Bay"”! 0-2.88 ATI

coastal marine

culture ponds

[8]

Qi'ao island coastal zone, Pearl River
estuary

Four League Bay!**)

Arabian Sea(ocean stations)!*”’

Arabian Sea(coastal stations)™”!

[14]

different shrimp polyculture enclosures
[15]

different sea cucumber polyculture enclo sures
( )

different grass carp polyculture enclo

sures(this experiment)

N,

239.92-707.74
N, flux method

2-74 ATI
(9.1+1.0) nmol/(L-d) IPT
(33.2412.4) nmol/(L-d) IPT
0.212-6.490 mg/(m>d) ATI
0-3.03 ATI
0-734.15 ATI

T ATI

, IPT

Note: ATI refer to acetylene inhibition technique, while IPT refer to Isotope pairing technique.

[14]

G GL 6
NO3- ’
, DO
NO3_ ’
) ;
+ + )
: «C +
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Benthic denitrification, nitrification, and nitrate reduction rates in a
range of grass carp polyculture enclosures

GUO Yongjian, WANG Fang, DONG Shuanglin, GAO Qinfeng, ZHANG Meizhao, TIAN Xiangli

The Key Laboratory of Mariculture of the Education Ministry, Ocean University of China, Qingdao 266003, China

Abstract: We measured denitrification, nitrification, and ammonification rates in the pond sediment of several
systems for the polyculture of grass carp (Ctenopharyngodon idellus) using AIT (acetylene inhibition). The rates
of denitrification, nitrification, and ammonification ranged from 0-734.15 pmol/(m?-d), 0-1209.20 mmol/(m?-d),
and 0—41.25 mmol/(m”-d), respectively. The denitrification rates were relatively high, and were similar to those
measured in estuaries and pools. The nitrification rates were either very low or undetectable during the mid-period
of culture. The ammonification rates increased each month in all systems, but were highest in the triple polyculture
system. A higher ratio of shrimp (Litopenaeus vannamei) to grass carp was associated with an earlier increase in
denitrification. However, the system was unable to maintain this level of nitrification. Conversely, a higher abun-
dance of grass carp resulted in a delayed increase in denitrification, but a more rapid, and sustained increase dur-
ing the culture period. In general, cultures with fewer species had lower rates of nitrification and cultures with a
higher proportion of silver carp (Hypophthalmichthys molitrix) had higher rates of nitrification. The polyculture
group (shrimp, grass carp, and silver carp) outperformed the monoculture triple group (shrimp only) and the binary
groups (grass carp and shrimp or grass carp and silver carp). We tested two stocking densities of the polyculture
group, but it is unclear which of these groups performed best. The objective of the present study is to access the
effects of different poly culture systems of grass carp on the dynamic changes of N at the ponds sediment-water
interface, and to provide a certain basis for the further optimize of polyculture models.

Key words: grass carp polyculture system; denitrification; nitrification; ammonification
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