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Abstract. A 105 day investigation was conducted to measure the impacts of stocking densities at
different ratios of Nile tilapia (Oreochromis niloticus) and common carp (Cyprinus carpio)on their growth
and rice yields in rice-fish farming systems. The experiment was conducted by randomized complete
block design with three replications. The plot size was 6x3 m, 50 cm height with ditch (3x1 m) for fish.
Mean initial weight of O. niloticus was 12.2+1.92 g using three different fish stocking densities (4, 6 and 8
fish m2) in five different ratios (1:1, 1:0, 0:1, 1:2, 2:1) of O. niloticus and C. carpio. At the end of the
investigation specific growth rate, total length (cm), final weight (g), and survival rate (%) for fish were
estimated. Plant height and tiller number were also calculated. The study showed that fish growth
performance, fish survival rate, plant height, number of tiller, and abundance of plankton were
significantly affected by culture system (p<0.05). The final weight was higher in 4 fish m™, followed by 6
fish m2 while the 8 fish m™? treatment recorded the lowest growth performance. The survival showed
the same trend, the highest survival rate was found in C. carpio - O. niloticus ratio of 1:1 (66.67+£9.31%)
with 6 fish m™ followed by 4 fish m2 then by 8 fish m™2 55.36 £6.11%, and 49.78+4.17% respectively.
The highest rice yield, were found in 6 fish m™? (5.43) that was significantly (p<0.05) higher than in 4
fish m™ and 8 fish m™treatment. The present study revealed that the suitable stocking density was 6 m™
with 1:1 for C. carpio and O. niloticus for better growth, survival and maximum rice production.
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Introduction. Integrated rice-fish cultivation have huge possibility for increasing the fish
production in rice manufacturing countries. However, to satisfy the world demand for
protein and other nutrients to feed the growing populations, there is a requirement to
upsurge rice and fish yield at the same time. This analysis focuses on the combined rice
and fish cultivating system which is seen as additional profitable through yielding quality
rice with combination of fish like common carp (Cyprinus carpio) or Nile tilapia
(Oreochromis niloticus). The incorporation of rice and fish is perceived as a conservative
method for horticultural land use and offers incredible potential as far as animal protein
supply and means of revenue for the farmers (Yaro et al 2005). Disregarding the
reported, rice-fish culture has not been generally received by Asian rice farmers. Fish is
normally viewed as an auxiliary harvest. The rice production is being heightened by
developing fast, maturing, which require manure and pesticides. These few points of
confinement fish production inside the rice field, and in this manner, need adjustment of
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certain agronomic practices, as particular pesticide use (Cagauan & Arce 1992) and the
development of fish refuges. The economic profitability of rice production is affected as a
result of such activities (Mohanty et al 2004). Although, after the effective success with
regards to fish and rice culture, accomplishments, for example, expanded rice yield,
decreased weed rise, lower plot pest and improved soil quality were noted (Bray 1986;
Xu et al 2008). Lightfoot et al (1992) in the partner investigation of eighteen rice-fish
announced a mean increment of the rice yield by 15%. This was clarified somewhat by
the particular rice-fish agronomy, and halfway as an immediate impact of the fish. The
high water levels required for fish decreased weed predominance and thus expanded rice
yields (Moody 1992). The direct helpful impacts of fish on rice production are connected
with weed, irritation and ailment control by fish, and fish waste product which acts as
manure to improve soil nutrients (Cagauan 1995). In many studies, rice yields were not
influenced by the presence of fish. Fish yields from simultaneous rice-presented fish
culture are within 300 kg ha™ (Lightfoot et al 1992). The return of some fish has been
accounted for like 88-175 kg ha™ from flooded rice (Ali 1992), and 209 kg ha™ from
rain-fed rice (Middendorp 1992). Yield parameters, for instance growth, yield of fish,
survival, in addition crustacean species are mostly affected by stocking density (Naranjo-
Paramo et al 2004), and economics in the rice-crab scheme is essential. Fish yield differs
with size at stocking, stocking density, and whether or not additional feeds were applied.
The yield per crop can vary from 100 to 750 kg ha year™ deprived of feeding (Mohanty et
al 2016), and the outcome may be up to 1,812 kg ha year™ with feeding. Weed control
system or integrated approach is desired, particularly in rain fed low-land rice ecosystem,
as well as fish can perform a vigorous role. Fish species being mostly herbivorous greatly
contribute to weed control through biological process in intensive rice-fish agriculture by
measured water supply (Vinke & Micha 1985). Fish feeds on weeds leading to the death
of plants because of trouble by the cruising habit (Gupta et al 1998; Moody 1992; Billah
et al 2019). Control of weed by fish was one conceivable unintended appliance for
understanding an improved rice growth as well as production as confirmed in previous
investigations (Piepho & Alkmper 1991; Rothuis et al 1998). Biological regulation of
weeds in rice plots by herbivorous as well as further fish species, for instance Cyprinus
carpio, Barbonymus  gonionotus, Oreochromis  mossambicus, 0. niloticus,
Ctenopharyngodon idella, Trichopodus pectoralis, Carassius auratus has been reported
(Frei et al 2007; Rothuis et al 1999). C. idella was perceived to be a further ravenous
feeder on rice weeds in contrast with C. carpio and O. niloticus as stated in a trial in India
(Kathiresan 2007). Nevertheless, understanding the stocking density, growth of fish,
survival rate and rice yield are vital conditions for the establishment of a rice-fish
integration. So, this study was undertaken on rice-fish integrated farming system to
regulate the suitable stocking density, the best ratios of O. niloticus and C. carpio, on rice
yield and fish growth.

Material and Method

Experimental site. The field experiment was conducted at the Bangladesh Agricultural
University in Mymensingh, Bangladesh. The investigation farm is located at 24°75’'N
latitude and 90°50’E longitude and altitude of 18 m above sea level. Normal monthly
rainfall was almost 330 mm throughout research. The monthly temperature varied from
17 to 32°C throughout the rainy season and 12 to 31°C throughout the dry season.
Farming season was from December 2017 to April 2018 (dry season). The soil at the trial
location was a non-calcareous black grey flood plain soil; the texture class was a silt clay
loam, with an average pH of 6.2, organic carbon content 1.4% and nitrogen content of
0.25%. The first trial was conducted in 48 investigational plots which had an average size
of 720 m?. Every field had high dikes with an altitude of round 0.5 m, and an outlet,
which linked them to two foremost irrigation networks. Those plots comprising fish
furthermore had a principal shelter pond with an area of 3 m? and a depth of 0.5 m.
Furthermore, they were fortified with a well meshed nylon net neighboring the plots to
avert the escape of fish or incursion of predators such as snakes.
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Experimental setup. There were 48 investigational plots which had a magnitude of
around 720 m? and were enclosed by raised dikes of about 0.5 m high. The plots having
fish as a sanctuary for the fish throughout squat water level or in high water
temperatures as well as every plot had an outlet/inlet, which associated them to two
dominant irrigation channels. Irrigation water was provided every day to mainatin a
water level of 15-25 cm in the fields. Roots and other existing remains from the prior
crop were merged into the soil by with preparations 20 days before transplantations,
consistent with the local exercise. Plots were cultivated an additional time 5 days prior
transplantation then flattened by a hand strained bamboo leveler. An elementary rate of
inorganic fertilizer was applied in all fields prior transplantation as stated by the reference
by the Bangladesh Rice Research Institute (BRRI 2004), consequently, 140 kg ha™ triple
super phosphate (TSP) and 100 kg ha’ muriate of potash (MP) were smeared. Rice
(Oryza sativa L., BR29 dhan) seedlings were transferred from the nursery to the fields at
substitute row layout of 15 and 35 cm and an arrangement of 20 cm within the rows.
Fish were unconfined 20 days after transplantation (DAT) at an average initial weight of
12.2+1.92 g using three different fish stocking densities (4, 6 and 8 fish m™) and five
different ratios of O. niloticus and C. carpio (1:1, 1:0, 0:1, 1:2, 2:1). Plot with rice but
without fish was also maintained as control (Table 1). The investigation was lead
following randomized complete block design with three replications. Distinct plot size was
5 x 3 m, 50 cm deep with ditch of 3 x 1 m for fish. Specific plot extent was 5 x 3 m, 50
cm deep with ditch of 3 x 1 m for fish. At the conclusion of the experimentation specific
growth rate, final weight (g), total length (cm), standard length (cm) and survival rate
(%) for fish were estimated. Plant height and tiller humber were calculated as well as
parameters of water quality (temperature, pH, dissolved oxygen, carbon di-oxide,
alkalinity, ammonia-N and nitrite-N) and plankton were measured.

Data collection

Initial weight of fish fingerlings. At the time of releasing the two fish species fingerlings,
the initial weight of the two species was recorded in grams (g). O. niloticus was at 12.5 g
and C. carpio at 25.5 g.

Fish final weight. Final weight (g) of fish species was recorded at the time of harvesting
according to the treatment plots. The individual fish’'s weight was recorded from the
individual experimental plots by random sampling.

Survival rate of fish. The survival rate of each experimental plot was calculated by
considering the no. of fingerlings released and finally no. of fish stock alive at the
harvesting period in the individual experimental plots.

. Final no. of alive fish
%) =
Survival rate (%) Total no. of initial fingerlings x 100

Water quality parameters. Temperature of water, pH, as well as dissolved oxygen
concentration were taken in situ with transportable pH meter and a polarographic
dissolved oxygen meter amid 06.00 and 08.00 a.m. and infrequently amid 13.30 and
15.00 p.m. at 15 day intervals. A YSI model 58 dissolved oxygen meter (YSI Co., Yellow
Springs, Ohio, USA) was utilized for measurements of temperature as well as DO, and a
Hanna Instruments model HI 1270 pH probe (Hanna Instruments, Woonsocket, Rhode
Island, USA) was utilized to record pH. Samples were conveyed instantaneously to the
laboratory and examined and total hardness (EDTA titration) and total alkalinity
(acidimetry). All tests were followed by the procedures offered in the Standard Methods
handbook (APHA 2005).

Fish yield. The yield of fishes was calculated using the following formula:
Fish Yield = (Final weight - Initial weight) x Stocking density x Survival rate x Area (Kg
ha™)
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Fish weight gain percent. The weight gain percent was calculated from the formula of
initial weight and final weight of fishes:

Weight gain percent = [(Final weight - Initial weight)/culture period] x 100

Plant height. Normal plant height was noted from arbitrarily nominated plants in every
plot. The plant height was determined from the base to the tip of the uppermost spikelet
of the plant and stated in centimeter (cm).

No. of total tillers hill*. To acquire whole tillers hill?, all the tillers were calculated from
every sample as well as then the average of sample plants was taken. It comprised both
actual and non-effective tillers.

No. of effective tillers hill*. To get the effective tillers hill, only the ear bearing tillers
were calculated from every sample as well as then the average of samples was taken.

Number of grains panicle™”. The number of grains panicle® was counted and then the
average of samples was taken.

Weight of 1,000 grains. One thousand grains were arbitrarily taken from every plot as
well as it was dried to 14% moisture content. Then the weight was measured by an
electrical balance (accuracy: 0.1 mg) as well as stated in gram (g).

Grain yield. Grain obtained from every piece field was sun-dried and weighed prudently.
Weight of sun-dried grains of each plot was taken and transformed finally in t ha™.

Straw yield. Weight of sun-dried straw acquired from each unit plot comprising the straw
of example plants was taken to top the straw production per plot and it was lastly
calculated to t ha™.

Biological yield. Grain production and straw production together are regarded as
biological production. The biological production was calculated with the following formula:

Biological yield = Grain yield + Straw yield

Harvest index. Harvest index was calculated on the basis of grain production as well
as biological production by the following formulation:

Grain yield
Biological yield

Harvest Index (%) = x 100

Weed measurements. For trough experiments, the whole weed population of each trough
was used for data recording, while for field experiments, weeds were sampled from
within 25 m x 25 quadrates arbitrarily positioned laterally at four spots in every field. The
first wedding was given at 30 DAT, the second weeding at 45 DAT.

Weed rating. Weed growing was visually valued (WR) on a 1 to 9 measure, with 1 for
smallest weed growth and 9 for maximum.

Weed density and dry weight. Weeds were pared to pulverized level, recognized as well
as calculated by weed species, besides distinctly oven dried at 70° C for 72 hours. Weed
density (WD) and weed dry weight (WDW) were conveyed as no. m? and g m?,
correspondingly.

Summed dominance ratio. Foremost weed species were recognized by means of the
summed dominance ratio (SDR) calculated as follows (Janiya & Moody 2008):
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[Relative density (RD) + Relative dry weight (RDW)]
2

SDR of a weed species =

Where:
RD (%) = Density of a given weed species % 100
(%) = Total weed density

RDW (%) = Dry weight of a given weed species 100
(%) = Total weed dry weight

B - No. of weed species present in treatment B.

Statistical analysis. All data were exposed to one-way ANOVA by SAS 9.4 at p<0.05
significance level and mean separations of dependent variables of experimental
parameters using Tukey multiple range test (MRT) at =0.05 (Gomez & Gomez 1984).

Table 1
Different stocking densities and five different ratios of Oreochromis niloticus and Cyprinus
carpio in integrated rice-fish farming system

, i Total O.

Treatments Sdtock{ng 0. nI/OtIF,‘ us an dc. No. of fish/plot niloticus and

ensity carpio ratios ;

C. carpio/plot
To No fish

T, (30:30) 1:1 30T +30C
T, (60:0) 1:0 60T+0C
T3 (0:60) 4 m 0:1 0T+ 60C 60
T4 (20:40) 2:1 20T +40C
Ts (40:20) 1:2 40T+ 30C
Te (45:45) 1:1 30T+30C
T, (90:0) 1:0 90T+0C
Tg (0:90) 6 m™ 0:1 0T+90C 90
Ty (30:60) 2:1 30T+30C
T10(60:30) 1:2 30T+30C
T11 (60:60) 1:1 60T +60C
Ti> (120:0) 1:0 120T+0C
T13 (0:120) 8 m™ 0:1 0T+ 120C 120
T14 (40:80) 2:1 40T+ 80C
Ti5 (80:40) 1:2 80T +40C

T - O. niloticus, C - C. carpio.
Results

Effects of stocking densities and different ratio of O. niloticus and C. carpio on
water quality parameters in integrated rice-fish farming system. Though no
significant differences were found for ammonia and nitrite-nitrogen, but the study
revealed a slightly higher amount of ammonia (0.22+0.05 mg L™) in 8 fish m? T14 and
0.23+0.08 mg L™ in T15 when compared with values obtained from 4 fish and 6 fish m™
(Table 2). However, other water quality parameters were within acceptable culture
condition.

AACL Bioflux, 2020, Volume 13, Issue 2. 793
http://www.bioflux.com.ro/aacl


http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=4394

Table 2

Effects of stocking densities and different ratio of Oreochromis niloticus and Cyprinus
carpio on water quality parameters in integrated rice-fish farming system

T Temperature CO, Alkalinity H Dissolved O, NH3-N, NO>-N>
(°C) (ppm) (mg L) P (mgl?)  (mgL?) (mgL?)
To 30.06+£0.22% 39.62+0.04® 22.99+0.55% 7.69+0.18% 5.87+0.60° 0.15%+0.01% 0.07+0.03°
T 30.22+0.83% 39.63+0.227 23.34+0.53% 7.91+0.12% 5.42+0.13® 0.15+0.07% 0.07%0.07°
T, 29.59+0.83% 39.26+0.22° 23.15+0.53% 7.74+0.12° 6.02+0.13° 0.17+0.07% 0.09+0.072
T 30.33+0.83% 39.01+0.22° 23.04+0.53% 7.46%0.12° 4.91+0.24° 0.16+0.07% 0.07£0.072
T4 30.07+£0.83% 39.31+0.227 23.32+0.53% 7.38%+0.12% 4.73+0.24® 0.16%+0.07% 0.10+0.07°
Ts 29.67+0.83% 39.55+0.227 23.26+0.53% 7.56+0.12% 5.28+0.24® 0.17+0.07% 0.11+0.07°
Ts 30.65+0.87% 39.71+0.09° 23.47+0.73% 8.16%+0.15% 5.79+0.24° 0.16+0.09% 0.10+0.072
T, 30.17+0.83% 39.66+0.227 23.31+0.53% 7.93+0.12% 5.59+0.24® 0.17+0.09% 0.09+0.07°
Ts 29.81+0.83% 39.31+0.227 23.29+0.53% 7.58+0.12% 5.11+0.24® 0.17+0.09% 0.10+0.07°
Ts 30.49+0.83% 39.57+0.22° 23.11£0.53% 7.79+0.12° 4.96+0.24° 0.18%+0.09% 0.09+0.072
Tio 30.14+0.83% 39.29+0.22% 23.22+0.53% 7.59+0.12° 5.41+0.24° 0.16+0.09° 0.11+0.07°
Ti1  29.75+0.87% 38.83+0.26° 22.84+0.23% 7.86+0.15% 5.39+0.24° 0.21+0.05% 0.09+0.07°
T 29.66+0.83% 38.16+0.227 22.51+0.23% 7.63+0.12% 5.31+0.24° 0.19+0.05° 0.10+0.07°
T3 31.09+0.83% 38.41+0.22° 22.76+0.23° 7.49+0.12° 4.59+0.24° 0.21+0.05° 0.11+0.07°
Tisa 29.44+0.83% 38.24+0.227 22.10+0.23% 7.54+0.12% 4.51+0.24® 0.22+0.05° 0.12+0.07°
Tis  29.91+0.83% 39.32+0.22% 22.36+0.23% 7.37+0.12° 4.63+0.24° 0.23+0.08° 0.14+0.07°

T - treatment. All values represent mean £ SD. Different superscripts within the same column indicates
significant differences (p<0.05).

Total number of phytoplankton and zooplankton recorded during experimental
period, and their relative abundance (%). The study also found that the abundance
of plankton was considerably (P<0.05) higher in 6 fish m™ treatment (n = 1,901) than in
4 fish m? (n = 1,344) and 8 fish m? (n = 1,170) (Table 3). Although, Ankistrodesmus
has the highest relative abundance percentage 12.21% with a total number of 541 and
the maximum abundance was 303 recorded at 6 fish m™? while 124 and 114 were
observed in 4 fish m™2and 8 fish m™ respectively. Nevertheless, a total of 4,415 planktons
were recorded in the present work.

Table 3
Total phytoplankton and zooplankton during experimental period, and their relative abundance

Treatment 1-15 Relative

; : -2 : -2 - -2

Species (No. of plankton) abundance (%) 4 fish m AL 8 fish m
Anabaena 304 6.89 89 135 79
Ankistrodesmus 541 12.21 124 303 114
Aphanotheca 382 8.7 154 146 82
Chlorella 191 4.33 44 89 58
Cyclotella 117 2.65 34 41 42
Euglena 198 4.48 83 73 42
Navicula 154 3.49 46 67 41
Oscillatoria 202 4.57 68 63 71
Pleurococcus 104 2.35 25 47 32
Microcystis 184 4.17 44 77 64
Nitzschia 166 3.76 55 72 39
Volvox 158 3.58 49 53 56
Tetradon 155 3.51 37 48 70
Asplancha 307 6.95 96 127 84
Cyclops 204 4.62 61 91 52
Daphnia 109 2.47 26 65 18
Diaptomas 251 5.69 73 109 69
Moina 310 7.02 112 124 74
Nauplius 273 6.18 84 145 44
Philinia 105 2.38 40 26 39

Total 4,415 100 1344 1901 1170
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Effects of different stocking densities and different ratios of O. niloticus and C.
carpio on fish growth performance and survival in integrated rice-fish farming
system. In the present investigation, it was noticed that fish growth performance as well
as survival rate were significantly affected by culture system (p<0.05). The concluding
weight, total length and total standard length were higher in 6 fish m™ followed by 4 fish
m™ while 8 fish m™ recorded the lowest growth performance (Table 4). However, the
survival showed the same hierarchy, the highest survival rate was in C. carpio/O.
niloticus 1:1 ratio 6 fish m™ (T6) while the lowest in T15 (2:1) 8 fish m™ respectively.

Table 4
Effects of different stocking densities and different ratios of Oreochromis niloticus and
Cyprinus carpio on fish growth performance and survival in integrated rice-fish farming
system after 105 days

; . Initial weight  Final weight Weight gain  Survival rate
Treatment Fish species (9) (9) (9) (%)
To - - - -
T, (30:30) T 12.48+0.31 66.94+0.69 54.46+0.88% 78.88
' C 25.15+0.54  55.97+0.59 30.82%1.65° 75.55
C
T, (60:0) Z 12.40_:t0.25 52.07_:i:0.74 39.67+0.83 71;11
T5 (0:60) T ] ) b )
C 25.85+0.92  70.45+0.88 44.60+0.32 75.00
T. (20:40) T 12.24+0.97 56.03+0.65 43.79:&0.26E° 76.66
C 25.37+£0.76  61.17+0.39 35.80+0.48" 76.66
Ts (40:20) T 12.57+0.20  51.53+0.50 38.96+0.21°¢ 85.83
C 25.53+0.81 50.68+0.86 25.15+0.48° 85.00
Te (45:45) T 12.24+0.07  72.61+0.26 60.3710.272 85.55
C 25.32+0.81  67.78+0.52  42.46+0.52 84.81
a
T, (90:0) Z 12.35_10.13 76.18_ﬂ:0.08 63.83+0.38 76:66
Ts (0:90) T i ) )
C 25.19+0.85 88.82+0.46 63.63+0.21° 75.92
T, (30:60) T 12.45+0.20 51.64+0.42 39.1910.482 63.33
C 24.87+0.73  65.10£0.81  40.23+0.19 67.22
T.0(60:30) T 12.21+0.21  52.07+0.74  39.86+0.24¢ 80.55
C 25.15+0.74  57.36+£0.32  32.21+0.18° 57.77
T.1(60:60) T 12.59+0.94  55.88+0.28 43.29+0.26"° 66.11
C 25.15+0.92  88.26+£0.05 63.11+0.17° 68.88
T, (120:0) Z 12.34_:|:O.17 54.59_&:0.88 42.25+0.41 65:27
T13(0:120) T i ) )
C 25.29+1.83  83.15+8.29 57.86+0.25° 65.55
T,4(40:80) T 12.62+1.03  57.21+8.18 44.59+0.21% 56.66
C 25.24+1.57  48.6+7.57  23.36+0.28° 63.75
T.4(80:40) T 12.28+1.27 60.77+10.04 48.49+0.22% 58.75
C 25.37+1.65 47.95+3.22 22.58%0.42° 27.91

T - O. niloticus, C - C. carpio. All values represent mean = SD. Different superscripts within the same column
denote significant differences (p<0.05).

Effects of different stocking densities and different ratios of O. niloticus and C.
carpio on the growth performance and survival in integrated rice-fish farming
system. The present study reported that, number of tillers, plant height, straw as well as
rice yield were considerably pretentious by fish stocking thicknesses and different ratios
(p<0.05). The highest plant height, tiller number and rice yield was found in 6 fish m™
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were considerably (p<0.05) higher than those observed in 4 fish m™? and 8 fish m™
(Table 5).

Table 5

Effects of stocking densities and different ratio of Oreochromis niloticus and Cyprinus
carpio on plant height, number of tiller and rice yield in integrated rice-fish farming

system
Plant height (cm) Tiller no. hill Rice yield

T 30 45 60 75 30 45 60 75 Gfa/’g St.rél’c"l"

DAT DAT  DAT DAT DAT DAT DAT DAT {’ﬁa.l g”f‘fa.l
To 27.93° 47.93° 67.13% 84.67° 3.80° 7.07° 7.53¢ 8.07° 5.55° 9.542
T, 32.27% 49.40° 70.60° 80.13* 3.73* 7.40¢ 7.53¢ 8.67° 5.19° 8.76°
T, 29.60° 46.20° 65.87° 76.07° 4.13° 5.27¢ 6.60° 7.67° 4.93° 8.46°
T, 31.93% 53.60° 73.07° 85.41% 3.93* 7.27° 8.47° 9.47° 4.87° 8.62°
T, 32.53% 50.87° 72.80° 84.93* 3.87° 7.53° 8.07° 8.67° 4.79° 8.19°
Ts 30.27% 51.30° 69.53% 85.33% 4.33° 9.33%® 10.80% 10.93% 4.82° 8.52°
Te 29.73% 50.13% 70.93% 84.87% 5.33% 11.07° 11.33% 11.40° 5.43° 9.34°
T, 28.13° 51.80° 69.87° 86.2% 4.13* 8.67° 9.20° 9.67° 5.31° 9.14°
Ts 35.07% 52.4® 69.06° 85.67° 4.27° 7.00° 8.20° 8.87° 5.29° 9.12°
Ty 29.68% 47.11° 63.13° 84.13* 4.40° 6.87¢ 8.27¢ 8.33* 5.17° 8.97°
Tio 26.21° 47.43° 62.47° 82.13* 4.13* 6.93¢ 7.40% 8.20° 5.34° 9.17°
Ty, 29.67% 51.22° 69.47° 86.47° 4.20° 8.73° 9.49° 9.877 4.92° 8.47°
T, 31.4° 52.82% 63.60° 85.07° 3.93° 7.67° 9.40° 9.53%° 4.79° 8.24°
T3 25.84° 51.60° 64.47° 86.53% 4.27° 7.93° 9.20° 10.00° 4.67° 8.03°
T 27.81° 49.07° 64.13° 83.13% 3.93° 6.60° 7.60° 8.60° 4.74° 8.15°
T,5 28.54° 50.93% 63.47° 83.42° 5.57° 6.43Y 8.40° 8.80° 4.86° 8.35°

T - treatment.

All values represent mean+SD. Different superscrips within the same column indicates
significant differences (p<0.05).

Effect of weeding regime on different stocking densities of O. niloticus and C.
carpio in the rice-fish farming system. Various stocking concentrations of O. niloticus
and C. carpio in rice-fish farming has artificial weeding regime in the rice field. However,
the control without fish had the uppermost number of the most common weed
Schoenoplectus mucronatus found on the research area. Nevertheless, it also had the
highest dry matter weight 24.6 g (Table 6).
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Table 6

Effect of weeding regime on different stocking densities of Oreochromis niloticus and Cyprinus carpio in the rice-fish farming system

T Schoenoplectus Digit@ria_ Echinochlo_a Mono.cho_ria C_yperu; Total Dry matter (g)
mucronatus sanguinalis crus-galli vaginalis difformis
To 25 0 0 0 0 25 24.6
T;(30:30) 10 0 2 2 0 14 4
T, (60:0) 3 2 0 0 0 5 10.6
T3 (0:60) 0 0 0 0 0 0 0
T4 (20:40) 0 0 0 0 0 0 0
Ts (40:20) 13 0 2 5 0 20 11
Te (45:45) 9 0 2 5 0 16 19
T; (90:0) 7 9 3 3 0 22 10.2
Tg (0:90) 0 0 0 0 0 0 0
Ty (30:60) 0 0 0 0 0 0 0
T10(60:30) 8 0 4 3 0 15 12.4
T1; (60:60) 5 0 4 2 0 11 4.2
T12(120:0) 8 1 1 3 0 13 9.2
T13(0:120) 0 0 0 0 0 0 0
T14 (40:80) 0 0 0 0 0 0 0
T:5(80:40) 7 2 8 1 0 13 12.4
T - treatment.
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Discussion. Water quality is a primordial reference in fish production, where water
quality play a vital role in rice-fish integration as well as is prejudiced by biological,
chemical, and physical factors. Although the water quality parameters does not
significantly varied, but the quantity of ammonia and nitrite-nitrogen was slightly higher
at non-significant level in 8 fish m™? compared to 4 fish m? and 6 fish m™. Generally, in
the present study, the different hydro-biological parameters was in accordance with the
literature data’s, within the experimental treatments, where the values did not exceed
the optimal ranges and did not vary significantly; because of the fertilizer parameter was
similar in all the treatments (Chapman & Fernando 1994; Vromant et al 2002). The level
of toxic metabolites does not increase drastically due to stable level of temperature (29-
30°C), pH 7 and DO (4.5-6.0 ppm) and hence metabolic performances, in 4 fish m™? and
6 fish m™ growing as well as degree of mortality were not high (Babu et al 2013).
Advanced nutrient eminence of the pond suggests a increase in plankton compactness,
water quality and fish yield (Yaro et al 2005), whereas phytoplankton compactness and
assortment is controlled by acquaintance to solar radiation (Mohanty et al 2016). The
obtainability of CO, for phytoplankton development is connected to total alkalinity,
normal pH produce a suitable quantity of CO, for plankton yield (Mohanty et al 2010).
Throughout the present investigation, the lowest and highest documented alkalinity was
22.10 and 23.47 ppm respectively; were the best water quality was meet in the 6 fish
m™ treatment. Furthermore, the growth of phytoplankton and increase in chlorophyll
concentration is stimulated by fish (Frei & Becker 2005). Recurrent fertilization, amplified
levels of metabolites as well as decomposition of unused feed in the nonappearance of
water replacement might be the reason of steady upsurges in nitrite, nitrate, and
ammonia detected in the contemporaneous investigation (Mohanty et al 2004; Boyd et al
2002). Shading, which results from the rising rice biomass, is the utmost significant
factor preventive aquatic photosynthesis in rice plots (Kropff et al 1993; Mustow 2002;
Heckman 1979). Furthermost feed nutrients absorbed by fish in feed-based aquaculture,
are unconfined into the instant environment in which they are raised as merely about 1/3
of the nutrients in the feed are used by the yielded biomass (Edwards 2015). Although in
the present study no supplement feed was given. Nevertheless, more natural feed intake
from the environment due to increased levels of stocking density, overcrowdings and
thereby generates additional wastes as observed in 8 fish m™ treatment in the current
study (Mohanty et al 2010). The investigation additionally revealed that the abundance of
plankton was considerably higher in 6 fish m™ treatment than in 4 fish m™? and 8 fish m™;
amplified plankton density also reflects higher nutrient status of the water body. The
water quality and fish production always depends on plankton density (Smith et al 1987),
that ultimately reflected the fish growth and rice yields in 6 fish m™ stocking density
within the five different ratios of O. niloticus and C. carpio. Hence the outcome is in
accordance with report of Mohanty et al (2009). Fish scratches on the photosynthetic
aquatic biomass as well as another rudiments of the scheme, there by assisting in
nutrient pedaling (Mohanty et al 2017), diminishing N reduction as well as simplifying P
discharge from the soil bottom (Bjoernsson 1994). In this study, higher growth rate was
observed in 6 fish m™2 compared to 4 fish m™?and 8 fish m™. The faster rate of growth at
6 fish m™ was in connection to the efficient use of ecological functions in addition to the
high detrital food web that was upheld; this approves to the conclusions of Mohanty
(1999). But at higher stocking density of 8 fish m™ low weight gain was experimented
perhaps because of low natural food disponibility, advanced grade of organic load
(Mohanty 1999), increased level of ammonia and low dissolved oxygen concentration
which could have effects on the growth performance of the species. Nevertheless, regular
reduced growth rate with upsurge in stocking density from 6 to 8 fish m™, could be
explained because of communal antagonism for food as well as space that produce
physical stress (Wedemeyer 1976) as well as comparatively altered water quality
(Bromley & Smart 1981; Trzebiatowski et al 1981). Still, low survival rate was noticed in
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8 fish m™ as a result. The cultured species improved at 6 fish m™ shows higher survival
rate, growth and yield performance which may be due to increased amount of nutrients,
normal food obtainability as well as less fluctuation of physic-chemical parameters
(Mishra et al 1997; Mohanty et al 2010) while general production performance was
decent at a stocking density 6 fish m™. In fact, when the stocking density is amplified
elsewhere this level, the total oxygen demand upsurges with dangerous fluctuation of
other physic-chemical parameters (Zonneveld & Fadholi 1991; Bjoernsson 1994) with no
substantial rise in production. Roy et al (1990) revealed that in customary deep water
rice-fish framework in India, the return of rice in a season run somewhere in the range of
1.1-1.4 tons ha' and fish production somewhere in the range of 50 and 200 kg ha’l,
while use of cow dung fertilizer improve the production of rice and fish to 3.1 and 0.67
tons ha’!, respectively. However, a mean efficiency of 62 t ha? of fish has been
accomplished without the utilization of cow manure in some investigations, which was a
much higher than the prior recorded profitability in a season. This high production of fish
in rice-fish combination farming may most be mostly in connection with the ideal
condition of the pond (Mohanty et al 2004).

In the present study, the productions of rice straw as well as rice paddy were
considerably influenced by fish stocking density. With regards to different stocking
density, 6 fish m™ has the utmost grain production recorded, this was essentially because
of higher quantities of grain production t ha (5.43) and straw production t ha™ (9.34).
Moreover, the beneficial outcome of fish on the dry weight of rice plant material at
collecting is likely related to expanded supplement (nitrogen) obtainability in the soil
because of fish action inside the field, as found in the reports including in rice-fish
environment (Lightfoot et al 1992). Fish in the field have improved soil fertility,
recuperate lost energy, and modify the energy flow by weeds, insects, plankton, and
microorganisms that compete with rice for food. Also, carbon is upgraded by fish
discharging carbon dioxide to plants, the supply of oxygen increments because of the
flouting of the soil superficial and oxidization of the layers, in this manner advancing root
development and tillering capacity of rice plants. In a survey of eighteen rice-fish
experiments, growth and production of rice was improved in 6 fish m™, Lightfoot et al
(1992) found the inclination of enhanced rice productions (4.6 to 28.6%) in the
integrated farming of fish with rice. Be that as it may, Rothuis et al (1998) detailed that
paddy production were not impressively extraordinary amid in rice-fish culture and rice
monoculture. All in all, from different areas, studies concerning rice-crab culture,
provided information on rice-fish integration; both systems are highly connected.
Significant outcome of fish on paddy production was reported in rice-fish farming where
even studies were conducted in controlled conditions at research stations (Suharto et al
1994; Haroon & Pittman 1997). Moreover, the physical-compound characteristic of arable
soil improve, the development rate of rice plants quickens, as well as the dry matter
besides leaf area record at various development phases builds, all because of the
presence of fish in the rice field, along these lines advancing photosynthesis and grain
production (Duan et al 2007). In the present study superior rice production was
documented in TO control (5.55 t ha!), because of the lower chlorophyll and plankton
density which diminishes the challenge for nutrients with the rice plants. The results of
the present study are in accordance with the reports of Heckman (1979), Kropff et al
(1993), and Mohanty et al (2015).

Conclusions. The present study revealed that the integrated rice-fish farming system
can be initiated for rice and fish culture while required suitable stocking density of 6 fish
m™ with 1:1 ratio of C. carpio and O. niloticus for better fish growth and survival in
addition to maximum rice yields. The results obtained within the present study prove that
rice-fish farming guarantees a naturally stable and economically active way to utilize the
swamp and lowland environments. Nevertheless, its multi-environmental capacities, for
example, its function in saving assorted natural variety, ensuring food security, and
advancing soil quality must be investigated. Further research should be conducted with
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different dosage of organic fertilizer and additional research should be done using feed
supplement for a more wide understanding of fish-rice culture.

Acknowledgements. The authors wish to thanks Putra Malaysia University and the
Bangladesh Agricultural University for laboratory facilities and support during the entire
period of study. The authors also wish to thanks of the other contributors in particular,
the farmers in Agronomy Field Laboratory, Bangladesh Agricultural University (BAU),
Mymensingh who generously contributed with their time and knowledge. The research
team would like to acknowledge the grant support of Putra Malaysia University, research
grant code no. 9494700.

References

Ali A. B., 1992 Rice-fish farming in Malaysia: past, present and future. In: Ricefish
research and development in Asia. De la Cruz C. R., Lightfoot C., Costa-Pierce B. A.,
Carangal V. R., Bimbao M. P. (eds), pp. 69-76, ICLARM Conference Proceeding 24:
457.

Babu S. C. H., Shailender M., Krishna P. V., 2013 Effect of fertilization and artificial feed
on the growth, condition factor and proximate composition of Indian major carp,
Catla catla (Hamilton). International Journal of Research in Fisheries and
Aquaculture 3:57-62.

Billah M. M., Uddin M. K., Samad M. Y. A., Hassan M. Z. B., Anwar M. P., Kamal A. H. M,,
Shahjahan M., Asif A. A., 2019 Fertilization effects on the growth of common carp
(Cyprinus carpio) and Nile tilapia (Oreochromis niloticus) and rice yields in an
integrated rice fish farming system. AACL Bioflux 12(1):121-132.

Bjoernsson B., 1994 Effect of stocking density on growth rate of halibut (Hippoglossus
hippoglossus L.) reared in large circular tanks for three years. Aquaculture 123:
259-271.

Boyd C. E., Wood C. W., Thunjai T., 2002 Pond soil characteristics and dynamics of soil
organic matter and nutrients. In: Nineteenth Annual Technical Report. Pond
Dynamics/Aquaculture CRSP. McElwee K., Lewis K., Nidiffer M., Buitrago P. (eds),
pp. 1-10, Oregon State University, Corvallis, Oregon, USA.

Bray F., 1986 The rice economies: technology and development in Asian societies.
London (UK): 13. Blackwell.

Bromley P. J., Smart G., 1981 The effects of the major food categories on growth,
composition and food conversion in rainbow trout (Sa/mo gairdneri Richardson).
Aquaculture 23(1-4):325-336.

Cagauan A. G. 1995 The impact of pesticides on ricefield vertebrates with emphasis
on fish. In: Impact of pesticides on farmer health and the rice environment.
Pingali P. L., Roger P. A. (eds), Natural Resource Management and Policy,
Springer, Dordrecht, 7:203-234.

Cagauan A. G., Arce R. G., 1992 Overview of pesticide use in rice-fish farming in
Southeast Asia. In: Rice-fish research and development in Asia. De la Cruz C. R,,
Lightfoot C., Costa-Pierce B. A., Carangal V. R., Bimbao M. P. (eds), pp. 217-234,
ICLARM Conference Proceedings 24, 457 p.

Chapman G., Fernando C. H., 1994 The diets and related aspects of feeding Nile tilapia
(Oreochromis niloticus L.) and common carp (Cyprinus carpio L.) in lowland rice
fields in northeast Thailand. Aquaculture 123:281-307.

Duan Y. H., Yin X. M., Zhang Y. L., Shen Q. R., 2007 Mechanisms of enhanced rice
growth and nitrogen uptake by Nitrate. Pedosphere 17(6):697-705.

Edwards P., 2015 Aquaculture environment interactions: past, present and likely future
trends. Aquaculture 447:2-14.

Frei M., Becker K., 2005 Integrated rice-fish culture: coupled production saves resources.
Natural Resources Forum 29:135-143.

Frei M., Razzak M. A., Hossain M. M., Oehme M., Dewan S., Becker K., 2007 Performance
of common carp, Cyprinus carpio L. and Nile tilapia, Oreochromis niloticus (L.) in
integrated rice-fish culture in Bangladesh. Aquaculture 262(2-4):250-259.

AACL Bioflux, 2020, Volume 13, Issue 2. 800
http://www.bioflux.com.ro/aacl



Gomez K. A., Gomez A., 1984 Statistical procedure for agricultural research - Hand Book.
John Wiley & Sons, New York.

Gupta M. V., Sollows J. D., Abdul Mazid M., Rahman A., Hussain M. G., Dey M. M., 1998
Integrating aquaculture with rice farming in Bangladesh: feasibility and economic
viability, its adoption and impact. ICLARM Technical Report 55:90.

Haroon A. K. Y., Pittman K. A., 1997 Rice-fish culture: feeding, growth and yield of two
size classes of Puntius gonionotus Bleeker and Oreochromis spp. in Bangladesh.
Aquaculture 154(3-4):261-281.

Heckman C. W., 1979 Rice field ecology in Northeastern Thailand. Monographs Biologicae
(Dr. W. Junk Publishers, The Hague) 34:1-228.

Janiya J. D., Moody K., 2008 Weed populations in transplanted and wet-seeded rice as
affected by weed control method. Tropical Pest Management 35:8-11.

Kathiresan R. M., 2007 Integration of elements of a farming system for a sustainable
need and pest management in the tropics. Crop Protection 26:424-429.

Kropff M. J., Cassman K. G., Van Laar H. H., Peng S., 1993 Nitrogen and yield potential
of irrigated rice. Plant and Soil 155:391-394.

Lightfoot C., van Dam A., Costa-Pierce B. A., 1992 What’s happening to the rice yields in
rice-fish systems? In: Proceedings of ICLARM conference on rice-fish research and
development in Asia. de la Crus C. R. et al (eds), International Center for Living
Aquatic Resources Management, Manila, Philippine, 24:177-183.

Middendorp H. A. J., 1992 Contribution of stocked and wild fish in rice-fields to fish
production and farmer nutrition in Northeast Thailand. Asian Fisheries
Science 5:145-161.

Mishra A., Ghorai A. K., Singh S. R., 1997 Effect of dike height on water, soil and nutrient
conservation and rice yield. Research bulletin No. 5, Water Technology Centre for
Eastern Region (ICAR), Bhubaneswar, India, 19 p.

Mohanty B. P., Sankar T. V., Ganguly S., Mahanty A., Anandan R., Chakraborty K., Paul
B. N., Sarma D., Dayal J. S., Mathew S., Asha K. K., Mitra T., Karunakaran
D., Chanda S., Shahi N., Das P., Das P., Akhtar M. S., Vijayagopal P., Sridhar N.,
2016 Micronutrient composition of 35 food fishes from India and their significance in
human nutrition. Biological Trace Element Research 174(2):448-458.

Mohanty R. K., 1999 Growth performance of Penaeus monodon at different stocking
densities. Journal of Inland Fisheries Society of India 31:53-59.

Mohanty R. K., Thakur A. K., Ghosh S., Patil D. U., 2010 Impact of rice-fish-prawn
culture on rice-field ecology and productivity. Indian Journal of Agricultural Sciences
80(7):597-602.

Mohanty R. K., Verma H. N., Brahmanand P. S., 2004 Performance evaluation of rice-fish
integration system in rain-fed medium land ecosystem. Aquaculture 230(1-4):125-
135.

Mohanty R. K., Jena S. K., Thakur A. K., Patil D. U., 2009 Impact of high-density stocking
and selective harvesting on yield and water productivity of deepwater rice-fish
systems. Agricultural Water Management 96(12):1844-1850.

Mohanty S., Bhandari H., Mohapatra V., Baruah S., 2015 The ongoing transformation of
rice farming in Asia. Rice Today 14(4):37-39.

Mohanty S., Swain C. K., Sethi S. K., Dalai P. C., Bhattachrayya P., Kumar A., Lal B,,
2017 Crop establishment and nitrogen management affect greenhouse gas emission
and biological activity in tropical rice production. Ecological Engineering 104:80-98.

Moody K., 1992 Weed management in wet-seeded rice in tropical Asia. Food & Fertilizer
Technology Center Extension Bulletin 364:9-20.

Mustow S. E., 2002 The effects of shading on phytoplankton photosynthesis in rice-fish
fields in Bangladesh. Agriculture Ecosystems and Environment 90:89-96.

Naranjo-Paramo J., Hernandez-Liamas A., Villareal H., 2004 Effect of stocking density on
growth, survival and vyield of juvenile redclaw crayfish Cherax quadricarinatus
(Decapoda: Parastacidae) in gravel- line commercial nursery ponds. Aquaculture
242(1-4):197-206.

AACL Bioflux, 2020, Volume 13, Issue 2. 801
http://www.bioflux.com.ro/aacl


https://www.ncbi.nlm.nih.gov/pubmed/?term=Mohanty%20BP%5BAuthor%5D&cauthor=true&cauthor_uid=27189049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sankar%20TV%5BAuthor%5D&cauthor=true&cauthor_uid=27189049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ganguly%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27189049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mahanty%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27189049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anandan%20R%5BAuthor%5D&cauthor=true&cauthor_uid=27189049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chakraborty%20K%5BAuthor%5D&cauthor=true&cauthor_uid=27189049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paul%20BN%5BAuthor%5D&cauthor=true&cauthor_uid=27189049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paul%20BN%5BAuthor%5D&cauthor=true&cauthor_uid=27189049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sarma%20D%5BAuthor%5D&cauthor=true&cauthor_uid=27189049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dayal%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=27189049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mathew%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27189049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Asha%20KK%5BAuthor%5D&cauthor=true&cauthor_uid=27189049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mitra%20T%5BAuthor%5D&cauthor=true&cauthor_uid=27189049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Karunakaran%20D%5BAuthor%5D&cauthor=true&cauthor_uid=27189049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Karunakaran%20D%5BAuthor%5D&cauthor=true&cauthor_uid=27189049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chanda%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27189049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shahi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=27189049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Das%20P%5BAuthor%5D&cauthor=true&cauthor_uid=27189049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Das%20P%5BAuthor%5D&cauthor=true&cauthor_uid=27189049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Akhtar%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=27189049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vijayagopal%20P%5BAuthor%5D&cauthor=true&cauthor_uid=27189049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sridhar%20N%5BAuthor%5D&cauthor=true&cauthor_uid=27189049

Piepho H., Alkmper P. J., 1991 Effects of integrated rice-cum-fish culture and water
regime on weed growth and development in irrigated lowland rice fields of
Northeast Thailand. Journal of Agronomy and Crop Science 166:289-299.

Rothuis A. J., Nhan D. K., Richter C. 1. 1., Ollevier F., 1998 Rice with fish culture in the
semi-deep waters of the Mekong Delta, Vietham: Interaction of rice and fish
husbandry management on fish production. Aquaculture Research 29:59-66.

Rothuis A. J., Vromant N., Xuan V. T., Richter C. J. 1., Ollevier F., 1999 The effect of rice
seeding rate on rice and fish production and weed abundance in direct-seeded
ricefish culture. Aquaculture 172:255-274.

Roy B., Das D. N., Muhkopadhay P. K., 1990 Rice-fish-vegetable integrated farming:
towards a sustainable ecosystem. Naga, The ICLARM Quarterly, October 1990.
Smith S. J., Naney J. W., Berg W. A., 1987 Nitrogen and groundwater protection. In:
Ground water quality and agricultural practices. Fairchild D. M. (ed), pp. 367-374,

Lewis Publication, Chelsea, MI.

Suharto H., Suriapermana S., Fagi A., Manwan 1., 1994 Potential of fish in rice-fish
culture as a biological control agent of rice pests. In: Dela Cruz C. R. (ed), Role of
Fish in Enhancing Ricefield Ecology and in Integrated Pest Management. ICLARM
Conference Proceedings 43:32-33.

Trzebiatowski R., Filipiak J., Jakubowski R., 1981 Effect of stock density on growth and
survival of rainbow trout (Salmo gairdneri Richardson). Aquaculture 22:289-295.

Vinke P., Micha J. C., 1985 Fish culture in rice fields. International Rice Communication
News, (FAO/IRC) 34:297-314.

Vromant N., Duong L. T., Ollevier F., 2002 Effect of fish on the vyield and yield
components of rice in integrated concurrent rice-fish systems. Journal of
Agricultural Science 138:63-71.

Wedemeyer G. A., 1976 Physiological response of juvenile coho salmon (Oncorhynchus
kisutch) and rainbow trout (Salmo gairdneri) to handling and crowding stress in
intensive fish culture. Journal of Fisheries Research Board Cananda 33:2699-2702.

Xu M. G, Li D. C,, Li J. M., Qin D. Z., Kazuyuki Y., Yasukazu H., 2008 Effects of organic
manure application with chemical fertilizers on nutrient absorption and yield of rice
in Hunan of southern China. Agricultural Sciences in China 7:1245-1252.

Yaro I., Lamai S., Oladimeji A., 2005 The effect of different fertilizer treatments on water
quality parameters in rice cum fish culture systems. Journal of Applied Ichthyology
21:399-405.

Zonneveld N., Fadholi R., 1991 Feed intake and growth of red tilapia at different stocking
densities in ponds in Indonesia. Aquaculture 99:83-94,

*x*x  APHA (American Public Health Association), 2005 Standard methods for the
examination of water and wastewater. 21%' Edition, American Public Health
Association/American Water Works Association/Water Environment Federation,
Washington DC.

*x*% BRRI (Bangladesh Rice Research Institute), 2004 Adhunik Dhaner Chash. 12
Edition, Publication No. 5, BRRI, Joydebpur, Gazipur, 24 p.

AACL Bioflux, 2020, Volume 13, Issue 2. 802
http://www.bioflux.com.ro/aacl



Received: 21 September 2019. Accepted: 23 March 2020. Published online: 05 April 2020.

Authors:

Md Masum Billah, Putra Malaysia University, Faculty of Agriculture, Department of Land Management, Malaysia,
Selangor Darul Ehsan, Serdang, 43400 UPM, e-mail: billahims@yahoo.com

Md Kamal Uddin, Putra Malaysia University, Faculty of Agriculture, Department of Land Management, Malaysia,
Selangor Darul Ehsan, Serdang, 43400 UPM, e-mail: mkuddin07@gmail.com

Mohd Yusoff Abd Samad, Putra Malaysia University, Faculty of Agriculture, Department of Land Management,
Malaysia, Selangor Darul Ehsan, Serdang, 43400 UPM, e-mail: myusoffas@upm.edu.my

Mohd Zafri Bin Hassan, University Putra Malaysia, Faculty of Agriculture, Department of Animal Science and
Fishery, Malaysia, Selangor Darul Ehsan, Serdang, 43400 UPM, e-mail: mzafri@upm.edu.my

Md Parvez Anwar, Bangladesh Agricultural University, Department of Agronomy, Bangladesh, Mymensingh-
2202, e-mail: parvezagron@gmail.com

Abu Hena Mustafa Kamal, Malaysia Terengganu University, Faculty Fishery and Food Sciences, Malaysia,
Terengganu, 21030 Kuala Nerus, e-mail: hena71@yahoo.com

M. Shahjahan, Bangladesh Agricultural University, Department of Fisheries Management, Bangladesh,
Mymensingh-2202, e-mail: mdshahjahan@bau.edu.bd

Abdulla-Al-Asif, Putra Malaysia University, Faculty of Agriculture, Science and Technology, Department of
Animal Science and Fishery, Malaysia, Bintulu, Sarawak Campus, 97008 Bintulu Sarawak, Nyanbau Road, P. O.
Box 396, e-mail: jessoreboyhemel@gmail.com

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
are credited.

How to cite this article:

Billah M. M., Uddin M. K., Samad M. Y. A., Hassan M. Z. B., Anwar M. P., Kamal A. H. M., Shahjahan M., Asif A.
A., 2019 Effects of different stocking density of Nile tilapia (Oreochromis niloticus) and common carp
(Cyprinus carpio) on the growth performance and rice yield in rice-fish farming system. AACL Bioflux
13(2):789-803.

AACL Bioflux, 2020, Volume 13, Issue 2. 803
http://www.bioflux.com.ro/aacl


http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=4394
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=19780
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=148
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=3028

