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Abstract 
Fish polyculture has resulted in high fish production per unit area, mainly due 
to the best utilization of all kinds of nutrients. In this nine month’s 
experimental study, five different fish species were stocked in five earthen 
ponds designated as control (one pond), treatment-T1 (two ponds) and 
treatment-T2 (two ponds). Fish stocked in T1 and T2 ponds were fed with a 
commercial feed containing 20% and 25% crude protein, respectively, 
whereas fish stocked in the control pond was fed with a conventional 
mixture of feed ingredients (fish meal, gluten, sunflower, and rice polish) 
having 20% CP. The fish was fed @ 3% of the fish wet body weight twice a 
day. The fish was sampled every fortnight. Physicochemical parameters of 
the ponds were measured daily. The results showed that the maximum 
weight gain (255 g) was recorded in Pangasius pangasius in treatment T2 and 
minimum (52.5 g) in Cirrhinus mrigala in the control pond. Overall, maximum 
fish production was recorded after harvest in treatment T2 followed by that 
in treatment T1 and control ponds, respectively. Overall, the commercial fish 
feed enriched with crude protein was very effective in promoting growth and 
development of pond fish. 
 

HANDLING EDITOR 
Muhammad Ashraf 
 
ARTICLE HISTORY 
Received: 14 Nov 2021 
Accepted: 27 Mar 2022 
Published: 15 Nov 2022 
 
KEYWORDS 
Polyculture; 
Crude protein; 
Growth; 
Feed; 
Conventional 

Introduction 

Fish production of the whole world is estimated to be 179 million tons, out of which 156 million 
tons are consumed by humans at the rate of 20.5 kg per capita. Aquaculture consumption is about 46%, 
while 56% of fish is consumed by the humans of the whole world. For example, in Pakistan 158.8 
thousand tons of fish were produced during 2018, which is about 1% of overall world fish production 
(FAO, 2018). Fisheries and aquaculture sector provides a source of livelihood to 59.51 million people 
(20.53 million people in aquaculture and 38.98 in fisheries), of which 14% are women. Asia is the biggest 
fish producer with the highest percentage of 88.69% (77,812.2 thousand tons), America 4.63% (3,799.2 
tons), Europe 3.75% (3,082.6 tons) and Africa 2.67% (2,195.9 tons) (FAO, 2020). Fish has become one of 
the basic sources of animal protein, and provides about 26.2% animal protein. This is the main reason 
that fish is considered as the most nutritious food. Fish culture has become the fastest growing sector in 
Asia and some other countries of the other continents (Delgado, 2002; Louka, 2004; Hussain et al., 2021). 
Food is the fundamental requirement of all living organisms as well as fish for maintenance of tissues, 
and fish growth and reproduction. Supplementary diet is the main source of natural feed supply of 
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natural ingredients required by fish for proper fish growth in fish culture system (Karapan, 2002; Ayub et 
al., 2021). Increase in amount and percentage of nutrients in fish diet also increases fish body 
composition and fish growth performance (Solomon et al., 2007). Physicians consider it a source of 
valuable protein recommended for a healthy diet, because it constitutes unsaturated fatty acids in the 
form of Omega-3 and low carbohydrate content (Razvi, 2006). Subjecting fish to any diet containing 
starchy roots, sugar and cereals is necessary for better human growth (Razvi, 2006; Salim, 2006; Yildrim 
et al., 2008; Perveen et al., 2020). 

Balanced fish diet has a great effect on fish growth and feed utilization. Full understanding is 
required for fish requirements of lipid and protein in diet formulated for better growth performance of 
commercially available fish species (Mahmud et al., 2012; Ayub et al., 2021). Fish diet may be 
supplementary or complete. A complete diet comprises all the nutrients necessary for optimum fish 
growth and healthy fish. While supplemental diets only provide help to utilize food available naturally in 
fishponds (Stickney, 1979; Nandakumar et al., 2017). Maximum production may be possible by using 
easily digestible, good quality and cost-effective feed. Every fish farmer intends to get maximum fish 
production within a proper time limit and by using low-cost feed, which can give maximum production 
(Hura et al., 2018). Sufficient dietary protein as the costly nutrient for fish diet, is required for fish 
optimum growth (Pillay, 1990; Perveen et al., 2020). An optimum amount of protein is essential for fish 
better growth performance (Ahmad, 2000).  

Various physicochemical parameters and other growth parameters affect fish protein requirement in 
the fish diet (Cowey, 1976; Hassan et al., 2021). Protein is the major source of non-essential and essential 
amino acids required by fish for optimal performance, protein synthesis and energy maintenance (Kim et 
al., 2002: Ayub et al., 2021). Increase in crude protein level in the fish diet also increases fish body 
composition, feed utilization, and ultimately fish growth performance (Koprucu, 2012). But increase in 
crude protein (CP) level in fish diet above a certain level increases cost of production, and disturbs health 
of the pond (Aslam et al., 2017; Akter et al., 2013; Kim et al., 2020). Each fish species demands specific 
level of crude protein (CP) in a fish diet formulated for that fish. For example, African catfish requires 
maximum CP level in comparison with other fish species (Nwanna et al., 2014). Similarly, Nile tilapia 
gains maximum growth at 25% crude protein level (Mohsen, 2012). Thus, dietary protein level has a 
great influence on fish growth performance, feed utilization and feed conversion ratio (FCR) (Ahmed and 
Ahmad, 2020). Determination of minimum crude protein level in fish feed for better growth performance 
is essential for successful aquaculture practices (NRC, 2011). Mostly, research works have proved that 
dietary protein requirement for most fish species is 30-50% (Hussain et al., 2021). However, it depends 
upon environmental factors, dietary protein source, fish species and fish size (Hepher 1988; NRC, 1993; 
Hussain et al., 2021).  

Fish culture in Pakistan depends on culturing of those fishes, which show better production in 
comparison with other fishes with a same kind of fish feed. Some important fishes being cultured are 
carps like Labeo rohita, Cyprinus carpio, Cirrhinus mrigala, Ctenopharyngodon idella, 
Hypophthalmichthys molitrix, Catla catla, and Pangasius pangasius. Today polyculture is a popular and 
traditional practice in Pakistan, and it is found more productive from the economy point of view. Carps 
are suitable fishes for the polyculture system where optimum manure, feed and aquatic space are 
utilized, as different fishes have different living habitats and feeding habits (Miah et al., 1997). Fish 
species, pond fertilization, ecological conditions, stocking densities as well as artificial feed affect fish 
production in polyculture system. The size of carp seed and quality of seed are also considered critical 
inputs in better production and success of fish polyculture system (Ali et al., 2017).  

Chinese carps and Indian major carps such as Catla catla, Labeo rohita, Cirrhinus mrigala, 
Ctenopharyngodon idella and Hypophthalmichthys molitrix are the main fish species which are being 
cultured in Asia, especially in South Asia. Fish culture of these described fish species is in practice since 
longtime (Chaudhuri, 1974). Composite and polyculture of these fish species result in higher fish 
production per unit area. Polyculture of these fish species is possible due to their compassionate 
behavior while living in the same pond without competition for food and habitat (Ali, 1999). Different 
fish products are a source of protein due to their protein digestibility ranging from 85% to 90% and a 
balanced amino acid profile (Rudolf, 1971).  

Polyculture of freshwater Indian major carps Cirrhinus mrigala (Mori), Catla catla (Thaila) and Labeo 
rohita (Rohu) along with Chinese carps Ctenopharyngodon idella (Grass carp), Hypophthalmichthys 
molitrix (Silver carp) and Cyprinus carpio (Common carp) is a common practice in Pakistan. This is the 
best combination for polyculture being cultured for maximum fish production and better utilization of all 
pond resources (Chakrabarti, 1998). It is naïve to expect a lot of variation in all these fish species in terms 
of their basic requirement for feed and other factors essentially required for their optimum growth. Thus, 
the present study was conducted to examine that up to what extent growth of different fish species 
being cultured in Pakistan is affected by varying levels of crude protein present in fish feed.  
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Materials and Methods 

Study area and duration 

The experiment was conducted for a period of nine months from 1st February 2020 to 31 October 
2020 in two replicates of earthen experimental ponds designated as Control, Treatment-T1 and 
Treatment-T2. The ponds were situated at the Fisheries Research Farms, University of Veterinary and 
Animal Sciences, Ravi Campus, Pattoki, Pakistan. 

Description of ponds 

The area of each pond was 0.4 ha and all ponds were similar in shape, size, depth, basin 
conformation and bottom type. The ponds were free of aquatic vegetation, completely independent and 
well exposed to sunlight. Each pond had an inlet to maintain water level throughout the experimental 
period. Each pond was watered up to a level of 1.5 m by a drain water system. This water level was 
maintained throughout the experimental period. 

Pond preparation 

The ponds were dried completely, and every type of vegetation was removed manually. All the 
earthen ponds were disinfected, and the pH was stabilized by liming with CaO using the dusting method 
(Hora and Pillay 1962). All the fishponds were fertilized with cow-dung @ 3333.33 kg ha-1 two weeks 
prior to stocking of fish as a starter dose for production of phytoplankton and zooplankton.  

Experimental design 

Five earthen ponds were alienated into two replicates of experimental ponds designated as Control, 
Treatment-T1 and Treatment-T2. Each pond was a polyculture pond where Cirrhinus mrigala, 
Ctenopharyngodon idella, Hypophthalmichthys molitrix, Pangasius pangasius and Labeo rohita were 
stocked to get maximum production. 

Fish stocking 

Each pond was stocked @ 1050-fish with following proportions: 100 C. mrigala (Mori/Mrigal), 250 L. 
rohita (Rohu), 300 C. idella (Grass carp), 150 H. molitrix (Silver carp), 200 C. catla (Thaila), 50 P. pangasius 
(Catfish/Pangasius) with an initial average weight as follows: Rohu and Mori 150 g, Thaila 10 g, Silver carp 
and Grass carp each 100 g, while Catfish 550 g. The fish was fed @ 3% of the fish wet body weight twice 
a day at 8:30 and 14:30 throughout the study period. 

Feeding and fertilization 

This experimental study was conducted by fertilizing each pond only with inorganic fertilizers such 
as urea for planktonic production. The experimental fish diets were purchased from the market for 
treatments T1 (20%) and T2 (25%). The fish stocked in the control pond was fed with a conventional 
mixture of feed ingredients (fish meal, gluten, sunflower, and rice polish) having 20% CP. The fish stocked 
in two ponds (T1) was fed with a feed (obtained from the Oryza Organics) containing 20% CP, while the 
remaining two ponds were fed with 25% CP (obtained from AMG and Supreme Feeds). A standard fish 
diet for the control group was formulated having 20% crude protein using fish meal, sunflower meal, rice 
polish, canola meal and vitamin premix added @ 1% of the feed weight. The composition of the two 
treatments as well as control is given in Table 1. 

Sampling procedure  

After every fortnight, cultured fish species were captured and sampled randomly by using a nylon 
drag net at 9:00 a.m. from each experimental treatment and these fishes were released back into their 
respective ponds after recording the data. At least 20 fish samples of each fish species for recording 
morphometric data were captured for the determination of their body weight (g).  
 
Table 1: Composition of standard and experimental diets  
Ingredients  
(g/100 g) 

Standard diet 20% Experimental diet composition 
Control T1 (CP 20%) T2 (CP 25%) 

Fish meal 24 18 12 
Sunflower meal 24 24 24 
Rice polish 30 28 22 
Canola meal 22 24 22 
Maize gluten   0 06 20 
Soybean meal   0 06 20 
Vitamin premix   1%   1%   1% 
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Total fish production under different treatments 

At the end of the experiment, total harvested fish species were weighed to calculate the total fish 
production under different treatments. 

Physico-chemical parameters of water 

Since physico-chemical parameters play an important role in the productivity of a pond, so some 
important physico-chemical parameters of pond water such as water temperature (oC), dissolved oxygen-
DO (mg/L), pH, and total dissolved solids (TDS) were recorded daily throughout the experimental period. 

Water temperature 

The temperature of the water was noted on the spot at 9:00 to 10:00 a.m. which was indicated with 
the help of a dissolved oxygen meter (HI-9146) along with DO measurements by fixing the temperature 
factor at 0 oC. 

pH 

To measure the pH on the spot at 9:00 to 10:00 a.m., the microprocessor pH meter (HANNA-HI-
8520) was used after setting its range at “pH” point. 

Dissolved oxygen (DO) 

The dissolved oxygen in each pond was measured on the spot at 9:00 to 10:00 a.m. by a dissolved 
oxygen meter (HI-9146) after setting its range at “ppm”.  

Total dissolved solids (TDS) 

Total dissolved solids in pond water were measured by a TDS meter (HANNA-HI-98302). 

Statistical analysis 

The data obtained for all variables were subjected to an appropriate statistical analysis (Steel et al., 
1996). The variation for different parameters, the significance, and their interaction among different 
treatments for the growth data and various parameters were tested by using analysis of variance 
(ANOVA). 

Results 

Limnological parameters 

Water temperature 

Temperature is one of the limnological parameters vital for growth of fish and biological organisms 
(biological productivity). The overall range indicated in Table 2 of water temperature was 10.42-37.67 oC 
in control, 10.51-37.59 oC in treatment T1 and 10.56–37.45 oC in treatment T2. Maximum value of 
temperature (37.69 oC) was recorded during the month of July-2020 in treatment T1, while minimum 
value of temperature 10.42 oC recorded during the month of February-2020 in the control pond.  

The data obtained for temperature was subjected to a statistical analysis for obtaining ANOVA 
(Table 3). The results showed that average monthly values of the temperature of three treatments were 
found highly significant and different from each other, but there was a non-significant difference among 
the average monthly temperature values of each treatment.  

Dissolved oxygen  

Dissolved oxygen is another most vital limnological parameter which is required in its optimum 
value by all biological organisms of a pond. Phytoplankton are considered as the most important source 
for dissolved oxygen in any fishpond. The overall range of dissolved oxygen was 5.5-8.4 mg/L in control, 
5.3-8.3 mg/L in treatment T1 and 5.2-8.1 mg/L in treatment T2. The maximum value (8.4 mg/L) was 
recorded during the month of February, while the minimum value (5.2 mg/L) of dissolved oxygen was 
recorded during the month of September. The statistical analysis showed that the average monthly 
dissolved oxygen values differed significantly from each other of all treatments, but the values of DO of 
each treatment did not differ significantly.  
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Table 2: Monthly observations on water temperature (
o
C), DO, pH and TDS under control, treatment T1 and 

treatment T2 

Month   Temp. (
o
C)                  DO (mg/L)           pH                                 TDS (mg/L) 

       C    T1    T2  C  T1  T2  C  T1  T2   C  T1  T2 
February  10.42 10.51 10.56 8.4  8.3  8.1  8.0  8.1  8.2  1426 1433     1431 
March   16.32 16.42 16.89 7.4  6.7  7.0  7.8  7.9  7.8  1418 1428     1423 
April   23.49 23.34 23.66 7.1  6.3  6.8  8.2  8.0  7.9  1453 1450    1443 
May   30.05 30.25 30.30 6.8  6.2  6.4  8.3  8.1  8.0  1356 1351    1342  
June  35.17 35.63 35.80 6.5  6.0  6.1  7.9  7.8  8.3  1371 1376    1381 
July    37.67 37.59 37.45 6.1  5.9  6.0  8.1  8.0  8.1  1317 1334    1335 
August  35.2  35.45 35.67 5.8  5.6  5.5  8.0  8.1  7.8  1324 1341    1348 
September 30.66 30.56 30.71 5.5  5.3  5.2  8.2  7.8  7.9  1351 1358    1366 
October  24.68 24.61 24.52 6.3  6.4  6.0  7.9  8.0  8.1  1367 1368    1371 

Mean  27.07 27.15 27.28 6.7  6.3  6.44  8.0  8.0  8.0  1375 1381    1382 
 
Table 3: ANOVA (mean squares) of each parameter  

Source    DF   Temp.    DO    pH    TDS  

Treatments      2       0.103ns                 0.350ns                 0.001ns                   142.43ns 
Months      8   84.86**    0.748**   0.028**   1698.24** 
Corrected Total  10   
**, significant at 0.01 probability level; ns, non-significant. 

 

pH 

The pH values ranged from 7.8-8.3 in control, 7.8-8.3 in treatment T1 and 7.8-8.3 in treatment T2. 
The maximum value of pH (8.3) was recorded during the month of August, while the minimum (7.8) in 
the month of November 2020.  

Total dissolved solids 

Total dissolved solids (TDS) are an important and useful limnological parameter for estimating the 
chemical nature, quality, and solubility of water. The TDS values ranged from 1317 mg/L to 1453 mg/L in 
control, 1334 mg/L to 1450 mg/L in treatment T1 and 1335 mg/L to1443 mg/L in treatment T2. The 
maximum value of TDS, 1453 mg/L, was recorded during the month of April, while the minimum TDS 
1317 mg/L during the month of July. 

Fish growth studies 

The data regarding growth performance of five fish species, Labeo rohita, Cirrhinus mrigala, 
Hypophthalmichthys molitrix, Pangasius pangasius and Ctenopharyngodon idella fed with 20% CP 
(Treatment T1) and 25% CP (Treatment T2) are presented in Table 4. The data was subjected to statistical 
analysis for working out ANOVA for comparison of growth performance of fishes subjected to three 
treatments.  

Growth performance in different treatments 

The initial and final average weights of Ctenopharyngodon idella were 150.05 g and 1325.05 g, 
Hypophthalmichthys molitrix 150.2 g and 878.2 g, Pangasius pangasius 250.65 g and 1690.65 g, Labeo 
rohita 101.05 g and 553.05 g, while Cirrhinus mrigala was 99.5 g and 444.5 g, respectively, in the control 
treatment. The maximum weight gain of Ctenopharyngodon idella was 135 g, of Hypophthalmichthys 
molitrix 80 g, Pangasius pangasius 135 g, Labeo rohita 50 g and of Cirrhinus mrigala 33 g after 11th 
fortnight. The minimum weight gain of Ctenopharyngodon idella was 10 g, Hypophthalmichthys molitrix 
22 g, Pangasius pangasius 40 g, Labeo rohita 5 g and of Cirrhinus mrigala 15 g after 18th fortnight in the 
control treatment (Table 4). 

The data obtained for monthly weight gain in the control treatment was subjected to statistical 
analysis for working out ANOVA. The results showed that with respect to fortnightly increase in body 
weight, there was a non-significant difference among Ctenopharyngodon idella, Hypophthalmichthys 
molitrix, Pangasius pangasius, Labeo rohita and Cirrhinus mrigala (Table 5). 

The initial and final average weights of Ctenopharyngodon idella were 146.55 g and 2265.55 g of 
Hypophthalmichthys molitrix 146.7 g and 976.2 g, Pangasius pangasius 248.05 g and 2266.55 g, Labeo 
rohita 99.55 g and 712.05 g, while of Cirrhinus mrigala was 94.4 g and 564.4 g, respectively, in treatment 
T1. The maximum weight gain of Ctenopharyngodon idella was 225 g, Hypophthalmichthys molitrix 100 g, 
Pangasius pangasius 210 g, Labeo rohita 57.5 g and of Cirrhinus mrigala 48 g after 11th fortnight. The 
minimum weight gain of Ctenopharyngodon idella was 57 g, Hypophthalmichthys molitrix 18 g, Pangasius 
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pangasius 55 g, Labeo rohita 22.5 g and of Cirrhinus mrigala 12.5 g after 18th fortnight of growth in 
treatment T1. 

The initial and final average weights of Ctenopharyngodon idella were 150.05 g and 2755.55 g, of 
Hypophthalmichthys molitrix 145.25 g and 1027.25 g, Pangasius pangasius 250.05 g and 2821.05 g, 
Labeo rohita 98.05 g and 872.55 g, while of Cirrhinus mrigala 94.9 g and 956.4 g, respectively, in 
treatment T2. The maximum weight gain in Ctenopharyngodon idella was 255 g, in Hypophthalmichthys 
molitrix 102.52 g, Pangasius pangasius 265 g, Labeo rohita 67.5 g and in Cirrhinus mrigala 52.5 g after 
11th fortnight of growth. The minimum weight gain in Ctenopharyngodon idella was 62.5 g, in 
Hypophthalmichthys molitrix 20 g, Pangasius pangasius 110 g, Labeo rohita 27.5 g, and in Cirrhinus 
mrigala 19 g after 18th fortnight of growth in treatment T2.  

Total fish production under Control, Treatment T1 and Treatment T2 

A total of 20 samples of each fish species were stocked in each of control, T1 and T2 treatments and 
fish survival rate was recorded as 100% due to intensive fish culture system. Initial average weights of all 
fish species in control, T1 and T2 were found to be 751.45 g, 640.85 g and 738.3 g, respectively. The final 
average weights of all fish species under control, T1 and T2 were recorded as 824.00 g, 712.05 g and 
872.55 g, respectively. The average weight gains in all fish species under control, T1 and T2 were recorded 
as 452 g, 612.5 g and 774.5 g, respectively.  

 
Table 4: Increase in average body weight (g) with time of different fish species of control and two treatments  

Fortnights          C.  idella                          H. molitrix                P.  pangasius               L. rohita                  C. mrigala 

/Date          C        T1          T2                     C        T1        T2                C           T1          T2        C        T1           T2             C       T1      T2 
28-02-2020     20.0     37.5    46.5      15.0      18.4    23.0     30.0     36.0      42.5     7.0    10.0  17.0      3.0    7.0  11.5 
15-03-2020     30.0     60.0    75.0      25.0      25.1    27.5     50.0     52.5      55.0   10.0    17.0  28.5      4.5 10.0  18.0 
31-03-2020     50.0     74.0  100.0      30.0      35.0   34.9      70.0     82.5      77.5   15.0   23.0  34.0       8.5 15.0  23.5 
15-04-2020     70.0     92.0    27.5      35.0      38.0    39.0     90.0     95.0   100.0    23.0   26.5  37.5    14.0  21.5  28.5 
30-04-2020     80.0   110.0 145.0      40.0      47.0    46.0   100.0   110.0   120.0    28.0   30.0  42.0   18.0   26.5  33.5 
15-05-2020     90.0   132.5 167.5      45.0      50.0    50.0   110.0   132.5   140.0    35.0   36.5  47.0   23.0   32.5  37.5 
31-05-2020   100.0   155.0 182.5      50.0      55.0    55.0   115.0   150.0   165.0    40.0   40.0  53.0   25.0  40.0  42.5 
15-06-2020   110.0   182.5 200.0      60.0      61.0    63.0   120.0   177.5   190.0    42.0   45.0  57.0   28.0  42.0  47.5 
30-06-2020   120.0   200.0 237.5      70.0      85.0    85.0   130.0   195.1   220.0    45.0   51.5  62.5   30.0  44.0  53.5 
15-07-2020   135.0   225.0 255.0      80.0    100.0 102.5   135.0   210.0   265.0    50.0   57.5  67.5   33.0  48.0  52.5 
31-07-2020     90.0   200.0 227.5      70.0      85.0    92.5   100.0   180.0   235.0    45.0   51.5  64.0   30.0  43.0  47.5 
15-08-2020     85.0   172.5 200.0      50.0      65.0    75.0     90.0   150.0   220.0    38.0   50.0  58.5   28.0  38.0  38.5 
31-08-2020     65.0   135.0 187.5      45.0      50.0    57.5     80.0   132.5   192.5    25.0   48.0  54.0   25.1  33.0  32.5 
15-09-2020     50.0   112.5 160.0      35.0      44.9    45.0     70.0   105.0   162.5    18.0   41.5  46.5   21.8  25.0  29.0 
30-09-2020     30.0     95.0 131.5      30.0      30.0    35.0     60.0      87.0   150.0    15.0   35.0  42.5   20.0  17.5  25.0 
15-10-2020     20.0     78.0 100.0      26.0      22.0    31.0     50.0      67.5   126.0    11.0   27.0  35.0   18.0  14.5  21.5 
31-10-2020     10.0     57.0   62.5      22.0      18.0    20.0     40.0      55.0   110.0      5.0   22.5  27.5   15.0  12.5   19.0 
 
Table 5: ANOVA (mean squares) of control and each treatment  

Source    DF   Control    T1      T2 

Fortnights   16   2382.12***         5079.78*     6073.06** 
Species samples  68       919.17*  2633243.0**     4274.44*** 
Corrected total  84 
*, significant at 0.05 probability level; **, significant at 0.01 probability level; ***, significant at 0.001 probability 
level 
 
Table 6: Fish production in control (One acre), treatment T1 (One acre) and treatment T2 (One acre)  

Treatments       Standard diet    Diet with 20% CP   Diet with 25% CP 

No. of stocked fishes         20                   20          20 
No. of fishes survived          20                   20          20 
Survival rate        100%        100%      100% 
Initial average weight (g)     751.45        640.85      738.3 
Final average weight (g)     824                712.05      872.55 
Gain average weight (g)     452                612.5      774.5 
Gross fish production/acre/y (kg)           4.89            6.78              8.13 
Gross fish production/ha/y (kg)       12.08          16.76          20.09 
Net fish production/acre/y (kg)                   3.37            5.41              6.66 
Net fish production/ha/y (kg)            8.32          13.36          16.44 
Total gross fish production/pond/y (kg)           10.18          63.43          75.53 
Total gross fish production/acre/y (kg)      10.18          63.43          75.53 
Total gross fish production/ha/y (kg)      25.14        156.67      186.55 
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The total fish production of all five fishes, Labeo rohita, Cirrhinus mrigala, Hypophthalmichthys 
molitrix, Pangasius pangasius and Ctenopharyngodon idella as well as overall fish production are 
presented in Table 4. The gross fish production of all five fishes per pond per year in the control, T1 and 
T2 were recorded as 4.89 kg, 6.78 kg and 8.13 kg, respectively. The gross fish production of all five fishes 
per acre per year in control, treatment T1 and treatment T2 was recorded as 4.89 kg, 6.78 kg and 8.13 kg, 
respectively (Table 6).  

The net fish production of all five fishes per pond per year in control, T1 and T2, were calculated as 
3.37 kg, 5.41 kg and 6.66 kg, respectively. The net fish productions of all five fishes per acre per year in 
control, treatment T1 and treatment T2 were calculated as 8.32 kg, 13.36 kg and 16.44 kg, respectively.  

Discussion 

Growth, survival, reproduction and other biological activities of fish are influenced by water 
temperature (Hussain et al., 2021). During the whole experimental period, water temperature varied 
form 10.42 oC -37.67 oC in control, 10.51 oC -37.59 oC in treatment T1, and 10.56 oC -37.45 oC in treatment 
T2. Phytoplankton are considered as the most important source of dissolved oxygen in any fishpond. 
During the whole experimental period dissolved oxygen (DO) varied from 5.5 mg/L-8.4 mg/L in control, 
5.3 mg/L-8.3 mg/L in treatment T1, and 5.2 mg/L-8.1 mg/L in treatment T2. Amon et al. (2014) also 
reported similar findings of water quality parameters. Buentello et al. (2000) reported that DO plays a 
critical role as a limiting factor for fish growth. Iwama et al. (2000) observed that water quality 
parameters fluctuate daily. Similarly, Keppeler et al. (2012) also concluded that chemical and biological 
factors influence water quality parameters of a fishpond. 

pH of pond water is also considered the most important limiting factor for fish growth (Uzoka et al., 
2012). pH indicates the acidity and alkalinity conditions of a fish pond. It is also called the productivity 
index of a fishpond (Carlos et al., 2011). Neutral or slightly alkaline pH is the most suitable for fish culture 
(Ivoke et al., 2007). An acidic pH of water reduces the growth rate, metabolic and other physiological 
activities of fishes (Uzoka et al., 2015). During the whole experimental period, pH varied from 7.8-8.3 in 
control, 7.8-8.3 in treatment T1 and 7.8-8.3 in treatment T2. Total dissolved solids (TDS) also play an 
important role in fish production. All natural waters of the planet Earth contain different amounts of 
dissolved solids. Total dissolved solids (TDS) are an important and useful limnological parameter to 
estimate chemical nature, quality, and solubility of water (Greenberg et al., 1992). During the whole 
experimental period, total dissolved solids (TDS) varied from 1317 mg/L-1453 mg/L in control, 1334 
mg/L-1450 mg/L in treatment T1, and 1335 mg/L-1443 mg/L in treatment T2.  

The present findings regarding the physicochemical parameters measured in this study such as 
temperature, dissolved oxygen (DO), pH and total dissolved solids (TDS) agree with the findings of 
Okomoda et al. (2016), Dixit et al. (2015) and Rehman et al. (2006) who also recorded all these 
physicochemical attributes of pond water containing different types of fish species. However, dissimilar 
findings have been reported by Nakkina et al. (2016) and Hura et al. (2018), which could have been due 
to selection of different water quality and limnological parameters.  

Average weight gain of all cultured five fish species was recorded highest in treatment T2 followed 
by that in treatment T1 and control. The maximum weight gain in T2 could be easily related to high 
amount of crude protein (25%) present in the diet of this treatment. The present findings strongly relate 
to those of Tibihika et al. (2020), Hura et al. (2018), Iram et al. (2013) and Solomon et al. (2007) who 
reported that increase in dietary protein level in fish diet is favorable for proper fish growth. However, 
contrasting findings have been reported by Aslam et al. (2017), Mansour et al. (2021) and Islam et al. 
(2017) who reported that lipid and other ingredients included in diets may greatly affect the fish growth. 
Overall production of ponds of treatment T2 was more than that of the T1 and control ponds. This clearly 
shows that high amount of crude protein in the fish diet played a significant role in enhancing fish growth 
and weight gain in this treatment. 

Conclusion  

In conclusion, 25% crude protein proved to be more efficient in increasing growth performance of 
different fish species cultured under similar environmental conditions. Therefore, it is recommended that 
high protein feed in floating or extruded form is much better than the conventional mixture of 
ingredients. 
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