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ABSTRACT
The integrated rice-fish farming system is a traditional aquacultural practice
that enhances resource utilization efficiency and productivity. Feeding rate is
among the fundamental elements influencing fish growth in aquaculture. Hence,
in a rice-fish combined culture, we evaluated the impact of feeding rate on
tilapia and common carp growth and rice output. The research was carried out
using nine different treatments with different triplicates. Only rice was in the
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Yield ' with artificial floating feed in T7 (common carp 2.40 and tilapia 4.01) and T8
(common carp 2.50 and tilapia 4.09). In T8, tilapia (306.99) and carp (187.52 g)
had the best weight gain after 75 days of transplanting. TO produced the most
rice and straw yield (5.62 and 7.00 t ha), although the rice yield was not
significantly higher than T7 (5.33 t h-1), T6 (5.25 t ha®), and T5 (5.10 t h%).
The highest net return was recorded in T7 (8501.66$ ha™*) and T8 (8501.16$ ha-
1). The T8 produced 498.44% more gross return and 58.22% more benefit cost
ratio (BCR) than the control (T0). Therefore, it could be in the best interest of
the farmers to adopt an 8% body weight daily feeding rate for carp and tilapia
cultured in a combined rice-fish farming system.

INTRODUCTION

Rice—fish cultivating frameworks establish a novel farming system worldwide. The
acquaintance of fish raising with rice production makes an incorporated agro-biological
framework. The transition from rice monoculture to rice-fish cultivation is not merely a
change in the agricultural system; more importantly, it represents a shift toward creating a
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more balanced diet (e.g., rice and fish). Ensuring the adequate supply of starch, as well as
animal protein, is therefore a crucial factor for the health and well-being of farming
households (Shekar et al., 2015).

Among the cultivating system, simultaneous agrarians had a reasonable higher offer
of crispy fish in their eating regimen than rotational farmers. Interestingly, the
simultaneous framework farmers considered fish an optional homestead item regarding
the financial return (Halwart & Gupta, 2004). In cultivating structures, simultaneous
rice-fish cultivating is the best nourishment supply. Therefore, expanding rice-fish
cultivating could be a critical way to deal with increasing food production.

These cultivating systems influenced the rice yield and made the rice field a
progressively effective biological system for rice and fish's sound and healthy production.
The rate of feeding is fundamental for the development, feed change, nutrient
maintenance effectiveness, and meat quality of fish (Henken et al., 1985; Hung &
Lutes, 1987). Assurance of the nutrient necessity is likewise influenced by the feeding
rate (Talbot, 1985). The supply of healthfully adjusted feed is noteworthy for the
development of fish, particularly during the underlying development time.

Underfeeding for youthful fish is moderately costly because of the huge concern
given to a few nutrients in order to meet their development needs. Because of the high
cost of their food, overfishing these fish raises their production costs and lowers water
quality, which can, in the end, diminish the development of fish. In addition, it may cause
the over-burden of the stomach and digestive tract to decrease the proficiency of
processing and assimilation and consequently lessens feed productivity (Jobling, 1986).
On the other hand, feeding less will cause debilitated wellbeing and moderate
development (Hung & Lutes, 1987; Fontaine et al., 1997). Two components, which
decide the monetary feasibility of aquaculture, are the species' growth and feed usage
effectiveness, and both are affected by the feeding rate (Hung et al., 1993). Therefore,
information about ideal feeding rates is significant not just for an advancing astounding
weight gain and feed effectiveness and additionally for forestalling water quality
disintegration as the aftereffect of an overabundance of feed.

Feeding rate and water quality are among the fundamental elements influencing
fish growth (Brett, 1979). Therefore, deciding the perfect feeding rate is crucial to the
achievement of any aquaculture activity, especially valid for fish. Since they are entirely
affected by overfeeding and feed deprivation, both bring about expanded frequencies of
ailment and mortality (Goddard, 1996).

A few examinations observed for the impacts of feeding rate on the white
sturgeon growth rate (20-40g) (Hung & Lutes, 1987; Hung et al., 1993), the sub
yearlings (250 g) (Hung et al., 1989) and yearlings (767g) (Hung et al., 1995). However,
no such investigations were executed on the hatchlings of any sturgeon species. Along
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these lines, assurance of an ideal feeding rate for the development of fish is essential from
both practical and biological aspects.

Most feeding rate changes rely upon fish species, size, and raising framework (Cho
et al., 2003). The feeding rate impacts the utilization of the supplements in the feed
(Mihelakakis et al., 2002). This investigation aimed to decide the best feeding rate for
carp and tilapia in the rice-fish incorporated cultivating scheme.

MATERIALS AND METHODS
1. Experimental treatments and design

The research was conducted using a randomized complete block design (Gomez,
& Gomez 1984). There were nine treatments in total, with triplicates of each treatment.
Only rice was used as a control treatment (T0). In T1, T2, T3, and T4, the fish were fed
with traditional feed (rice bran; unknown proximate composition) based on body weight
of 4, 6, 8, and 10%, respectively. On the other hand, T5, T6, T7, and T8 fed the fish with
artificial floating feed (protein 28%, carbohydrate 20%, fat 8%, fiber 3%, ash 10%,
calcium 2%, and phosphorous 1%) based on body weight of 4, 6, 8, and 10%,
respectively. The stocking density for the common carp (C. carpio) and tilapia (O.
niloticus) was 6 fish per square meter at a 1:1 ratio, with the amount of food provided
equaling 8% of the fish's body weight. The feed was administered five days a week, twice
a day, at 09:00 in the morning and 18:00 in the evening, with the total daily amount
divided into two equal portions.

2. Fish’s growth and yield

Random sampling was used to obtain individual fish weights from individual
experimental plots (Roy et al., 1990). The following formulas were used to compute
growth variables after 75 days:
Weight gain (g) = final weight (g) — initial weight (g)

In(Xs) — In(X4)
K ty — ¢
2 — 1

Specific growth rate (SGR) =
Where:

( Final number of fish ) % 100

Survival (%) = Initial number of fish (Kamarudin et al., 2018).
Fish yield (kg ha™!) = (Final weight — Initial weight) x Stocking density x Survival rate x
Area (Roy et al., 1990).

3. Water quality parameters
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At 15-day intervals, at 08:00 and 15:00, water temperature (YSI™ 556) multi-
parameter probes (USA), pH, and dissolved oxygen (DO) concentration were monitored
in situ using a portable pH meter and a polar graphic dissolved-oxygen meter. A
titrimetric approach was used to detect free CO, (mg L) and total alkalinity (mg L)
using a phenolphthalein indicator of 0.0227N NaOH titrant and methyl orange indicator
of 0.02N H2SO4 titrant, correspondingly. In addition, a spectrophotometer was used to
evaluate ammonia nitrogen (mg L) and nitrite nitrogen (mg L) levels (DR 1900,
HACH, USA). All tests were carried out in accordance with the Standard Methods
Handbook [18].

4. Rice’s growth and yield
Plant height (cm)

Every plot's normal plant height (cm) was measured from randomly selected
plants. The height of the plant was measured from the lowermost spikelet's base to the
highest spikelet's tip (Rothuis et al., 1998).

Number of total tillers per hill (total tillers-hill )

To find out the overall number of tillers per hill, all tillers from each sample were
recorded, and an average was calculated. There were both effective and ineffective tillers
in this group (Lightfoot et al., 1992).

Number of effective tillers per hill (effective tillers hill~7)

Only the ear-bearing tillers from each sample were used to compute the number of
effective tillers per hill, and the mean of the samples was determined (Rothuis et al.,
1998; Yamazaki et al., 2010).

Number of grains per panicle (grains panicle™)
Prior to collecting samples, the number of filled and unfilled grains per panicle
was recorded.

Thousand-grain weight (g)

Thousands of grains were randomly selected out of each plot, dried to a moisture
level of 14%, and weighed on an electrical scale (Rothuis et al., 1998; Yamazaki et al.,
2010).

Grain yield (t ha™)

Each field's grain production was determined by sun-drying and weighing the
grains. The weight of each plot's sun-dried grains was eventually converted into t ha*
(Lightfoot et al., 1992).

Straw yield (t ha™/)

Each unit plot containing straw was weighed to determine the weight of the sun-
dried straw. This resulted in straw output per plot, which was then turned to t ha*
(Mohanty, 2015).

Biological yield (t ha™), grain and straw production were combined to obtain biological
production, which was estimated using the formula:
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Biological yield (t ha™) = Grain yield + straw yield (Saikia & Das, 2009).

Harvest index (%)
Using the given equations, the harvest index was determined using grain and biological
production (Lightfoot et al., 1992):

Grain yield

>
Biological yield 100%

5. Statistical analysis

All the experimental data were subjected to a one-way ANOVA with SAS 9.4 at a
significance level of P< 0.05. In addition, all the parameters were determined for mean
separations using the LSD test.

RESULTS
1. Water quality parameter during the culture period

There were no significant alterations in water pH, but there was a significant
increment in ammonia (0.15-0.30) and nitrogen compound (0.04-0.19), with a rise in
feeding rate according to the study (Table 1). The study also found that more ammonia
and nitrogen compounds were observed when feeding with artificial floating feed than
traditional feed rice, 0.19 and 0.12, respectively.

Table 1. Water quality parameters of feeding rate in integrated rice-fish farming systems

Treatment pH Dis(s;lgv/id) Oz Temperature (°C) Alkanity (mg/L) Fr(;e:)ncq?z NHs-N (mg/L) NO2-N (mg/L)
TO 7.20+0.19 5.60+0.08° 28.19+0.72 133.00+2.81 9.04+0.97° 0.15+0.022 0.04+0.01#@
T1 6.78+0.24 5.88+0.15° 29.12+0.59 143.00+1.50 8.08+0.63% 0.22+0.02° 0.08+0.00%
T2 7.10+0.64 5.50+0.01% 27.92+0.53 128.83+2.77 8.67+0.14% 0.15+0.012 0.10+0.01°
T3 7.25+0.00 4.53+0.022 28.33+0.37 127.67+0.88 9.17+0.63° 0.19+0.01% 0.12+0.02°
T4 7.20+0.04 5.28+0.03% 28.36+0.34 131.50+1.56 10.67+0.88° 0.23+0.03° 0.07+0.01%
T5 7.35+0.03 4.80+0.05? 28.58+0.34 129.42+0.38 7.25+0.252 0.24+0.02° 0.06+0.01%
T6 7.28+0.04 5.83+0.02° 29.42+0.07 121.25+1.39 6.00+0.252 0.26+0.01° 0.15+0.00°
T7 7.13+£1.01 5.13+0.022 28.67+0.45 132.58+1.38 11.25+0.88° 0.25+0.02° 0.16+0.02°
T8 6.60+0.47 4.53+0.05° 28.50+0.14 128.08+0.80 11.58+1.38° 0.30+0.03° 0.19+0.01°

All data imply mean + SD, and different letters within the same column indicate significant variation at P<
0.05.
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2. Impact of feeding rate on the growth performances of tilapia and carp in the
integrated rice-fish farming system

Fish survival rate was unaffected by differences in feeding rate; however, the final
body weight increased with the increased feeding rate from 4-10%. The fish feed with
artificial floating pellet T7 (carp 2.40, tilapia 4.01) and T8 (carp 2.50, tilapia 4.09) had
the highest SGR as well as the survival. Nevertheless, T8 tilapia (306.99) had the best

weight gain over T8 carp (187.529) at 75 days after transplanting (Table 2).

Table 2. Impact of feeding rate on the growth performances of tilapia and carp in the

integrated rice-fish farming system

Yield (kg ha™!)
Treatm Initial weight (g) Final weight (g) Weight gain (g) SGR (%) Survival rate (%)
ent

Carp Tilapia Carp Tilapia Carp Tilapia Carp | Tilapia Carp Tilapia Carp Tilapia

TO

T 25 640.5 12.5+0.4 142.3+ | 143.5+3. | 116.6%2. | 130.9+#3. | 1.5+l 1.8+1. 865425 87.0+4 1246.88 | 1265.98
R R 27" 2h 7° 2h on on R 0

T2 25 640.5 12.5+0.4 148.3+ | 156.1+5. | 122.6%2. | 143.545. | 1.6+l 1.8+1. 88.142 1 87.8+0 1323.49 | 1389.04
R R 2.29 39 2b 39 1f 2f T 8

m 25.6+05 12,5404 158.5+ | 174.6x2. | 132.8+3. | 162.1+2. | 1.7+l 1.9+1. 88.9+0.9 89.0%0 1427.30 | 1576.36
D R 3.0f of ob of 3¢ 1€ R 6

T4 25.6+05 12,5404 171.3+ | 185.3%3. | 145.6%0. | 172.84#3. | 1.9+l 2.00. 90.4+0.4 90.1+0 1569.86 | 1693.32
R B 0.3¢ 3¢ 3° 3° 2d 2d T 1

T5 1720.45 | 2775.64

188.6+ | 292.6x2. | 162.9+2. | 280.1+2. | 2.1+l 2.1+1. 93.510
25.610.5 12,504 5 gt od s ot 0 30 90.0+0.8 5
Te 196.2+ | 314.2+4. | 170.5+4. | 301.6+4. | 2.2+1. | 3.7+1 91.3+0 1807.56 | 291005
25.620.5 12,504 41c 9 18 9 3 o 90.9+0.2 3

T 25 6405 125404 205.4+ | 334.2#5. | 179.7#4. | 321.745. | 2.4+1. | 4.0+0. 91.740.7 92.7+0 1908.88 | 3143.36
T T 4.6° ob 6? o 12 3 T 1

I 25 640.5 12 5+0.4 213.2+ | 346.0+4. | 187.5+2. | 333.5#4. | 2.5%1. | 4.0x0. 93.040.1 94.8+0. 2009.44 | 3325.52
R R 2.1 02 12 02 38 38 R 8

All data imply mean + SD, and different letters within the same column indicate significant variation at P <

0.05.
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3. Impact of feeding rate on the plant height of rice in the rice-fish farming system

At 75 days after transplanting (DAT), the plant height was higher in T7
(105.30cm), TO (105.00cm), and T6 (104.7cm), while the plant's shortest height was
detected in T4 (89.36cm), as shown in Table (3). However, plant height in TO (control)
was significantly higher from the beginning at 30 days after transplanting 88.34cm.
However, at 45 days, even though it has the highest plant height value 89.55cm, yet they
were not significantly higher than T6 (87.11cm) and T7 (87.22cm). Nevertheless, at 60
days after transplanting, almost all the treatment and the control had the same plant height
except T8 (88.89cm). At 75 DAT, plant height increased 0.29% at T7, but 0.19%
decreased at T6 compared to control (TO).

Table 3. Effects on the plant height (cm) of BRRI dhan49 of feeding rate with tilapia and
carp in the rice-fish farming system

Treatment Plant height (cm) at different days after transplanting
30 DAT 45 DAT 60 DAT 75 DAT

TO 88.34+5.69° | 89.55+6.01° | 94.89+5.39? 105.00+5.00°
T1 78.44+4.23° | 83.77+4.15° | 93.11+2.71 102.20+2.22°
T2 78.22+1.68° | 82.33+2.85° | 92.00+1.67° 101.20+1.22°
T3 77.44+2.50° | 80.78+5.01¢ | 90.33+3.84% 97.88+3.00°
T4 72.44+395% | 74.00+1.46° | 81.78+2.01° 89.36+0.36"
T5 80.11+1.17" | 85.44+3.66° | 94.22+3.412 103.40+3.42%
T6 80.89+1.90°° | 87.11+3.08® | 94.67+0.88° 104.80+4.00°
T7 82.00+4.73° | 87.22+41.50°° | 94.78+2.01 105.30+5.00°
T8 744443379 | 77.44+6.75% | 88.89+2.79° 95.48+5.48°

All data imply mean + SD, and different letters within the same column indicate significant variation at P<
0.05.

4. Effects of feeding rate on the total number of tillers hill of rice in the rice-fish
farming system

At 30 days after transplanting, the number of tillers in the control TO (9.44) and
T7 (9.33 hill'Y) considerably improved than other treatments. However, after 45 days, it
was revealed that the control was superior to all of the treatments. However, on the 75
days of transplanting, the number of tillers were recorded higher in TO (12.31cm), T7
(11.96cm), T6 (11.33cm), and T5 (11.20cm), while T4 (9.51cm) has the minimum
number of tillers hill™X. At 75 days after transplantation, the total number of tillers hill*
decreased 2.84% at T7 followed by 7.96% at T6 compared to control TO (Table 4).
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Table 4. Effects on the total number of tillers hill™* of BRRI dhan49 of feeding rate with
tilapia and carp in the rice-fish farming system

Treatment | Number of total tillers hill-* at different days after transplanting
30 DAT 45 DAT 60 DAT 75 DAT
TO 9.44+0.512 11.78+0.39 | 11.89+0.84* | 12.31+0.83°
T1 8.78+0.19° 9.89+0.19% 10.78+0.69%®® | 10.94+0.42%
T2 8.44+0.51° 9.55+0.39¢ 10.61+1.27® | 10.78+1.07%
T3 8.33+0.58° 8.89+0.19° 9.77+0.69° 10.11+0.19%
T4 7.22+0.77¢ 8.44+0.39° 9.11+0.19° 9.51+0.72¢
TS 9.00£0.67* 10.00+0.33 | 11.00+1.00* | 11.20+0.72°
T6 9.110.19° 10.44+0.20° | 11.27+0.96* | 11.33+0.88°
T7 9.330.34° 11.00+0.50° | 11.56+1.26* | 11.96+0.93°
T8 8.22+0.39° 8.77+0.39° 9.22+0.19° 9.88+0.96

All values represent mean + SD, and different letters within the same column denote significant variation at
P<0.05.

5. Impact of feeding rate on the yield and yield contributing characters of rice in the
rice-fish farming system

Table (5) shows that TO had the maximum rice and straw yield (5.62 and 7.00 t
ha1); although the rice production was not much higher than T7 (5.33 t h-1), T6 (5.25 t
ha!), and T5(5.10 t h'l), respectively. The plant height was decreased by 3.02% at T7
compared to control (TO). The greatest decrease in the number of total tillers hill* was
3.19% at T7, followed by 6.52% at T6 compared to control (T0). This finding pointed out
that the application revealed a decrease of harvest index of 0.79% at T8 over the control
(TO).

6. Economic evaluation of diverse stocking densities of tilapia and carp in the rice-
fish farming system

Table (8) reflects the economic impact of various fish feeding rates in the rice-fish
farming system. Rice-fish culture has a significantly higher net return than the control
(US Dollar 807.50 hal) while the highest net return was recorded 8501.16 $ ha in
treatment T7. The T8 treatment produced 498.44% more advanced in gross return than
the control (TO) and returned 58.22% more in benefit cost ratio (BCR) than the control
(TO).



Table 5. Impact of feeding rate on the yield and yield contributing characters of BRRI dhan49 with tilapia and carp in the rice-fish
farming system

No. of

- Grain . Biological Harvest
Plant height | No. of total No. of No. of non No. grains sterile 1000 grain ield Straw yield ield index
Treatment . N effective effective 2 : y y
(cm) tillers hill tillers hillX | tillers hill: panicle spikelets wt. (9) . (t ha'd) .
spike'! (that) (tha') (%)
TO 12.62+1.13
112.60+5.34% | 14.12+0.88? | 13.67+0.672 | 0.45+0.11°% | 133.40+4.45* | 5.50+0.50¢ | 17.33£0.33% | 5.62+0.30? | 7.00+£0.89* | ; 44.52+0.26°
B 107.90+2.89° 52'3&0'33 11.60£0.60° | 0.73+0.07¢ | 120.10+4.86¢ | 6.62+0.62° | 16.37+1.23" | 4.92+0.08" | 6.61+0.20° 51'53i0'28 42.68+0.34°¢
T2 107.80+0.00° 32'0510'05 11.19+0.19¢ | 0.86+0.04° | 115.40+0.45¢ | 6.79+0.20% | 15.92+0.08¢ | 4.77+0.20° | 6.15+0.15%® 30'9&0'30 43.67+0.88°
T3 106.90+2.000 | S167#067 1 10762020 1 91,0 079 | 110.3042.14° | 6.80+0.20¢ | 15.67+0.00° | 4.60+0.20° | 5.89+0.950 | 1049088 | 43 84,0 660
4 104.90+1.15" | 9.95+0.05¢ | 8.90+0.10° | 1.05+0.13* | 102.70+3.00" | 7.33+0.33% | 14.33+0.33¢ | 3.61+0.30° | 4.91+0.04° | 8.52+0.34° | 42.32+1.84°
IE 107.90+2.00° 32'8710'87 ,,12'2510'75 0.62+0.08¢ | 123.50+2.00" | 6.35+0.35° | 16.75+0.25% | 5.10+0.10% | 6.80+0.10% &1'9"*0'” 42.86+0.44°¢
6 108.90+1.00%® | 13.20+0.20? ,}2'6110'10 0.59+0.10¢ | 125.70+5.00° | 5.93+0.03° | 17.00+0.50% | 5.25+0.25% | 6.89+0.03? 52'14i0'27 43.23+1.12°
T7 ab a a e ab c a a a 12.26+0.37 b
109.20+1.91% | 13.67+0.67? | 13.17+0.172 | 0.50+0.07 128.40+4.37% | 5.80+0.20° | 17.10£0.10% | 5.33+0.33% | 6.93+0.07 2 43.45+1.58
8 106.50+2.05° 51'1&0'15 [}0'1510'15 1.00+0.10* | 105.30+6.67¢ | 6.80+0.20% | 14.78+1.00¢ | 4.15+0.15° | 5.25+0.45° | 9.40+0.30¢ | 44.17+2.07%
All values represent mean + SD, and different letters within the same column denote significant variation at P <  0.05.
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Table 6. Comparative per hectare cost and economics return of tilapia and carp with BR dhan49 yield in the integrated rice-fish farming system

Cost items Treat. TO | Treat. T1 | Treat. T2 | Treat. T3 | Treat. T4 | Treat. T5 | Treat. T6 | Treat. T7 | Treat. T8

($/ha) ($/ha) ($/ha) ($/ha) ($/ha) ($/ha) ($/ha) ($/ha) ($/ha)
A : Variable cost
1. Land preparation 1031.25 1031.25 1031.25 1031.25 1031.25 1031.25 1031.25 1031.25 1031.25
2. Rice seed 93.75 93.75 93.75 93.75 93.75 93.75 93.75 93.75 93.75
3. Seed sprouting of rice 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
4. Irrigation 150.00 150.00 150.00 150.00 150.00 150.00 150.00 150.00 150.00
5. Weeding 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00
6. Artificial floating fish feed 0.00 1615.01 1615.01 1615.01 1615.01 1615.01 1615.01 1615.01 1615.01
7. Rice bran 0.00 240,53 240,53 240,53 240,53 240.53 240.53 240,53 240.53
8. Tilapia fingerlings ($ 0.03/piece) 0 900 900 900 900 900 900 900 900
9. Common carp fingerlings ($ 0.06/piece) 0 1800 1800 1800 1800 1800 1800 1800 1800
10. Hired labor 0.00 162.50 162.50 162.50 162.50 162.50 162.50 162.50 162.50
11. Post-harvest _operation 187.50 187.50 187.50 187.50 187.50 187.50 187.50 187.50 187.50
12. Miscellaneous 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00
Sub-total of variable cost : 1637.50 6355.54 6355.54 6355.54 6355.54 6355.54 6355.54 6355.54 6355.54
B: Fixed cost
1. Protection fence by net cover 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
2. TSP (124 kg x $0.37/kg) 0.00 46.50 46.50 46.50 46.50 46.50 46.50 46.50 46.50
3. Cow dung (1235 kg x $ .01/kg 0.00 15.44 15.44 15.44 15.44 15.44 15.44 15.44 15.44
4. Urea (247 kg x $ 0.25/kg) 0.00 61.75 61.75 61.75 61.75 61.75 61.75 61.75 61.75
Sub-total of fixed cost : 100.00 223.69 223.69 223.69 223.69 223.69 223.69 223.69 223.69
Total cost (A+B) : 1737.50 6579.23 6579.23 6579.23 6579.23 6579.23 6579.23 6579.23 6579.23
1. Tilapia ($. 1.85/kg) 0.00 2342.07 2569.72 2916.27 3132.65 5134.93 5383.60 5815.22 6152.22
2. Common carp ($ 3.58/kg) 0.00 4463.83 4738.09 5109.72 5620.11 6159.20 6471.05 6833.79 7193.79
Total fish income ($/ha) 0.00 6805.91 7307.82 8025.99 8752.76 11294.13 11854.65 12649.01 13346.01
1. Grain yield ($ 370.38 %) 2107.50 1845.00 1788.75 1725.00 1353.75 1912.50 1968.75 1998.75 1556.25
2. Straw yield ($61.73t) 437.50 413.13 384.38 368.13 306.88 425.00 430.63 433.13 328.13
Total rice income ($/ha) 2545.00 2258.13 2173.13 2093.13 1660.63 2337.50 2399.38 2431.88 1884.38
Gross return (GR) $. 2545.00 9064.03 9480.94 10119.12 10413.38 13631.63 14254.03 15080.88 15230.38
Net return (NR= GR-TC) $. 807.50 2484.81 2901.72 3539.89 3834.16 7052.40 7674.80 8501.66 8501.16
Benefit cost ratio (BCR) 1.46 1.38 1.44 154 1.58 2.07 2.17 2.29 231
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DISCUSSION

Several factors may be responsible for proper water quality management; there
were no notable changes in the pH of the water and other water chemistry parameters in
the present study. Dissolved oxygen, pH, and temperature were within suitable arrays for
fish culture (Aride et al., 2004). However, a considerable increase in ammonia (0.15-
0.30mg/ L) and nitrogen compound (0.04-0.19mg/ L) was recorded with an increasing
feeding rate. The study also found that more ammonia and nitrogen compounds were
observed when feeding with artificial floating feed than traditional feed rice bran and in
the dry season (boro) at non-significant levels (0.19mg/ L and 0.12mg/ L, respectively).

Ammonia concentrations were always below the critical levels (1 mg/L). The study
also found that the abundance of plankton was significantly (P< 0.05) higher in TO
(74.08) and the lowest in T7 (55.75) while zooplankton highest and lowest in T4 (17.75)
and T7 (11.83), respectively were also observed. The number of tillers and plant height
were both influenced by the feeding rate. Plant height was higher in T7 (105.30cm),
while the minimum plant height was noted in T4 (89.36cm). Plant height increased by
0.29% at T7 but decreased by 0.19% at T6 at 75 DAT compared to control (TO).
However, the tiller’s number was higher in TO (12.31cm) and T7 (11.96cm), while T4
(9.51cm) exhibited the lowest number of tillers hill™* at 75 days after transplanting. At 75
DAT, the number of total tillers hill-*decreased by 2.84% at T7, followed by 7.96% at T6
compared.

TO yielded the maximum rice and straw (5.62 and 7.00 t ha?l, respectively);
meanwhile, the yield of rice was not considerably higher than T7 (5.33 t hal), T6 (5.25 t
ha!), and T5 (5.25 t hal) (5.10 t hal). Fish survival was unaffected by the difference in
feeding rate; however, the final body weight increases with an increase in feeding rate
from 4-10%. Therefore, the fish feed with artificial floating pellet T7 (carp 2.40, tilapia
4.01) and T8 (carp 2.50, tilapia 4.09) had the highest SGR as well as the best survival
rate. Nevertheless, T8 tilapia (306.9g) had the best weight gain over T8 carp (187.52¢) at
75 days after transplanting.

The feeding rate for fish growth varies depending on factors such as fish species,
size, and environmental conditions. The amount of food provided in each meal is a key
factor influencing growth. Feeding rates at 4% body weight (BW) per day result in
constrained growth (Ng et al., 2000). However, fish fed at higher rates, such as 8% and
10% BW/day, experienced more growth, especially when fed twice a day to maintain
consistent feeding. For example, studies on cobia (Rachycentron canadum) showed that
the specific growth rate (SGR) was higher when fish were fed 7% BW/day compared to
3% BW/day (Sun et al., 2006). This suggests that higher feeding rates lead to improved
growth rates, particularly when the fish are fed regularly.
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More noteworthy development was also seen in the Bagri catfish (Mystus nemurus),
the European ocean bass (Dicentrarchus labrax), the channel catfish (Ictalurus
punctatus), and pacu (Piaractus mesopotamicus) when encouraged with higher feeding
rates instead of littler (Robinson & Li, 1999; Ng et al., 2000; Eroldogan et al., 2004).
However, the water is still within the culture condition, and it may be the reason for the
good SGR and survival (Cho et al., 2003).

This may be because of the mutual relationship in the rice-fish integrated farming
system, which allows the rice and plankton communities to make positive use of the
waste from the fish, including the uneaten feed that is lacking in a normal culture system.
In addition, it has accounted for the higher rice yield and fish production, and survival.
Furthermore, mortalities were low and decreased with a higher feeding rate during the 75
days of this study. Similar low mortalities were reported by Deng et al. (2003). However,
a slight increase in mortality was observed in Lake Sturgeon, and Atlantic sturgeon
(Herold, 1996), and Siberian sturgeon (Gisbert & Williot, 1997), with Gisbert et al.
(2000) reporting significantly higher mortality rates.

CONCLUSION

Based on fish growth, survival rate, and rice yield, feeding at 8% and 10% of the
body weight per day had the same impact. However, there was no noteworthy increase in
weight gain, survival, or rice production with the higher feeding rate of 10% body weight
per day. The production in treatment T7 with an 8% body weight daily feeding rate was
valued at USD 8,501.66 per hectare. Given these results and considering various factors
in the economic evaluation, such as feeding costs and overall production turnover, it
would be in the best interest of farmers to adopt an 8% body weight daily feeding rate for
carp and tilapia cultured in an integrated rice-fish farming system.
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