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ABSTRACT

Two field experiments, each of 120-day, were cohtethdn twelve earthen
ponds, each with dimensions 50 x 20 x 1.0m (lemgthdth x depth) were located at
Serow Fish Farm, National Institute of Oceanogragnd Fisheries, Dakahlia
Governorate, Egypt, with a view to study the effecthutrient inputs (feed, manure
and their combination) on the common ca@ygrinus carpio) fry and fingerlings of
the fish. The treatments consisted of control (€), Dnly feed (F, T2), only manure
(M, T3) and manure plus feed (M+F (T4)). Poultrymage was applied in split doses
to ponds of manure treatments (M and M+F). Fry @kpent one) and fingerlings
(Experiment two) of average initial weight 0.67 gda3.2 g respectively, were
stocked seven days after the initial manure apgdicaat 5 individuals/m2. Fish in F
and M+F treatments were provided a fish meal basdieted diet once daily in the
morning at 5% of body weight. The most dominant gganof phytoplankton
encountered wereMicrocystis, Anabaena and Microspora, while among the
zooplankton,Keratella and Nauplii dominated. M+F treatment had the highes
plankton biomass (P<0.05). Significant (P<0.05)iateon in both phyto and
zooplankton dry weight was recorded with respedh®study period. Both feeding
and manuring, individually and in combination, sfgrantly improved (P<0.05) the
growth of the fish. The highest specific growthetatinal fish weight, and gross
production were recorded in M+F treatment in bdth ¢xperiments. The difference
in survival among the control and treatments wassignificant in experiment one
(P>0.05), whereas F and M+F treatments recorde@rlaurvival (P<0.05) in the
second experiment. Fish production was comparatderufeed (F) and manure (M)
treatments (P>0.05) in experiment one, but wasifsigntly (P<0.05) different in
experiment two. The increment in gross fish proauncbver the control was 103.22
and 119.99% in feed, 77.30 and 59.44% in manurel&@d34 and 175.08% in M+F
treatments of the two experiments respectivelyc&ss protein, fat and ash contents
were significantly (P<0.05) higher in the threeatreents as compared to the control.

Keywords: Common carp, Natural food, poultry manure, Supgetary feed; Fish production,
carcass composition.

INTRODUCTION

Presently fish culture mainly depends on the appba of organic fertilizers
and to some extent on inorganic fertilizers. Hedtion enhances phytoplankton
productivity in rearing and stocking ponds (New dretloruk, 2003; Bhaktet al.,
2004, 2006). Phytoplankton and zooplankton repteseh source of protein (40-
60%) on dry weight basis which is sufficient fasHigrowth at low stocking densities
(Silva and Anderson, 1995; Tabinda and Ayub, 200@10; Sunet al., 2010).
Artificial feed is seldom applied, due to the casid herbivore nature of common
carp Cyprinus carpio). With the increase in fish demand trend has dpes to
culture fish more intensively to enhance the prekmel of fish production. Common
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carp has remained neglected in different cultueetpres, due to its in pond breeding
habit and burrowing nature of feeding (Milsteinal., 2002). Recently some farmers
are trying to introduce this fish to repla€errihinus mirgala (a bottom feeder) in
combination with indigenous major carps in semeinsive culture system. The
adoption of this fish in polyculture seems morenmpiing because it leads to higher
fish production, due to its fast growth and hardyune. Moreover it keeps nutrients
in suspension, due its burrowing nature (Saikia Bag, 2008). Farmers can get
double benefit in introducing the common carp i fhond as it increases the
availability of nutrients for phytoplankton whicln iturn enhances fish production.
According to Jain (2002). carpio has the ability to survive under various climatic
conditions and is found to be most suitable for yniggh farming systems. He is also
of the opinion thaC. carpio has the potential to improve conditions in poncdiat
soil, as a result soil perturbation increases thygen transfer to the soil, decreases
the concentration of toxic compounds and enable refficient food web recycling
and nutrient release (Ritva al., 2004; Da Silveet al., 2006; Rahmaset al., 2008;
Muhammadet al., 2011). Thus through polyculture, farmers carlizati all the
different zones in pond water due to different fegdhabits of fish and their
occupation of different niches and polyculture w@prinus carpio. In this way
farmers can also significantly cut down the ovepmiduction cost maintaining the
desired water quality (Wahadt al., 2002; Milsteinet al., 2002, Alim et al., 2005;
Woynarovichet al., 2011). According to Milsteist al. (2003), the common carp as a
bottom feeder fish produces a fertilizing effeatotigh a food web that benefits the
filter feeding fishes and reduces the applicatibnrganic and inorganic fertilizers in
aquaculture practices. It grows rapidly with higiotpin diet and minimum feed
coefficient and is considered as a target cultdigd and plays a key role in pond
management. It stimulates efficiency of liming andrient availability in the bottom
of ponds, so the inclusion of common carp in pdilyece is economical to farmers as
it lowers the input and management costs and b &ksnefits the pond water
ecosystem (Wahadi al., 2002; Alimet al., 2005, Abbagt al., 2010).The production
of fish pond depends on the vegetation, which geddent on the nutrients in the
ponds. It is not possible to increase the prodaatibcultivated fish by giving them
the greater quantities of natural food directly.g@vic manures and chemical
fertilizers can be used to increase the planktbi@mass, on which fish mainly feeds.
It stimulates the growth of natural food by prowigliessential deficient elements,
which are utilized by the phyto-and zooplanktonsttikzation in fish farming is to
improve water quality and to increase the varietg guantity of phytoplankton and
zooplankton, which eventually leads to high fisblgiand economic returns. Hence,
the ultimate goal of fertilization is to achieveitable environmental conditions for
the production of natural food for fish, but in goamison with organic manure,
fertilizers increase the level of primary produitiy abundance of algae, dissolved
oxygen, pH and total phosphate (Afztlal., 2007; Janat al., 2001 Abbast al.,
2010). Sustainable and successful freshwater fisliure on scientific basis
principally depends upon the use of adequate, ecmadly viable and environment
friendly artificial feeds. Since the feed costsywaetween 40 to 60% of the total
managerial expenditure in fresh water fish culsystem, provision of artificial feed
increases the fish growth and production in théliised ponds and results in higher
growth rates and yields than fertilization aloneafiaet al., 1994). With a view of
reducing feed input cost in aquacultural practicess necessary to develop better
feeding strategies by incorporating plant based f¢h animal protein based diets in
feeding practices. Common carp fed with fish meme bran, mustard oil cake
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showed 1.5 and 2.1 times higher fish yield than the treatments without
supplementary feed (Rahmanal., 2006). According to Azinet al. (2002) growth,
specific growth rate of major carps were highefeirtilized ponds with the provision
of supplemental feed than in control (fertilizatiaione). Nandeesheh al. (2001) also
noted that the specific growth rates, protein efficy ratio as well as growth rate
were more pronounced in animal and plant basedadietompared to animal based
diet. Fertilization and supplemental feeding are tiwo important management
measures adopted in the semi-intensive systemrpfared Tilapia culture in Egypt.
Several studies focus on the role of fertilizeréish production (Garg and Bhatnagar,
2000; Dhawan and Kaur, 2002; Detsal., 2005; Sayeedt al., 2007; Bwala and
Omoregie, 2009; Hussein, 2009; Ponce Palafox, 2f0yadarshinilet al., 2011)
and of supplemental feed in systems receivinglitegts (Azizet al., 2002; Virk and
Saxena, 2003; Ahmedal., 2005; Waidbacheet al., 2006; Elnadyet al., 2010).
While supplemental feeding affects fish growth dikg fertilization contributes to
growth via the planktonic natural food. In additibm acting as a food for fish,
plankton perform other important functions in poaglaculture: a net producer of
dissolved oxygen, which is indispensable for fisbwgh (Teichert-Coddington and
Green, 1993) and the most important sink of ammaitragen, which is excreted by
the fish (Hargreaves, 1998; Jiménez-Montealegrel 20rhe FAO/AADCP Regional
Expert Consultation has emphasized the need foeatay understanding of the role
of natural food organisms in semi-intensive farmibaged on systems that optimize
pond fertilization,in order to bring down the castfish production (NACA/FAO,
2000). The best way to reduce the cost of fish pecodn is to minimize the use of
supplemental food that can be best achieved byoix the synergetic interaction
between natural food and supplemental feed. Acogrdo Moav et al. (1977),
judicious organic manuring of fish ponds can eliaéenthe need for supplementary
feeding. Increase in production by a given regimesupplementary feeding is of
great economic importance, but is difficult to potdvhether it is related to the
amount of natural food available, the density ajcking or the range of other
management variables. In the present work, an eawpat has been conducted to
evaluate the effect of supplementary feeding, naraind their combination in the
monoculture of the common car@yprinus carpio) fry and fingerlings carried out
separately, to get an insight into their contribatito fish growth and production
under different treatments.

MATERIALS AND METHODS

Description of the study area:The two parallel experiments were conducted in
twelve nursing earthen ponds, each with dimensh@ns 20 x 1.0m (length x width x
depth) located at Serow Fish Farm, National Initof Oceanography And
Fisheries, Dakahlia Governorate, Egypt. These pomdse firstly drained and
cleaned, then supplied with drainage freshwatanfil-Serow drainage canal to a
depth of 0.7 m. The experimental period lasteddfanonths (120 days, initiated on
first May till first September). Ponds were sun anddried for three weeks .Inlets of
ponds were properly screened with gauze of finehntesavoid the entry of intruder
into or exit of fish from the ponds. Tube well wased as source of water. All ponds
where watered up to a level of 0.7 m and this wistegl was maintained throughout
the experimental period. They were fertilized witlganic manure to stimulate the
productivity of the ponds. After two weeks of feration, ponds were stocked with
5000 Cyprinus carpiofry. At the time of stocking fish were weighed amgasured.
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Fertilization of all these ponds was done dailyhwatganic manure (poultry manure)
0.10g N /100g fish body weight except control.

Feeds and feeding:Common carp fry (mean wt. 0.67 g) in experiment ane
fingerlings (mean wt. 3.2 g) in experiment two wstecked in the ponds 7 days after
manuring, at 5 individuals/m2. Fish in F and M+&atments were provided with fish
meal-based pelleted feed (Table 1) twice daily %t & body weight. There were
three experimental treatments and a control (TO)th& treatments including control
had three replicates. The control did not receing external input neither poultry
manure nor supplementary feed while treatment 1(€&¢ived regular applications
of organic manure (M), treatment 2(T2) was offesegpplementary feed only (F)
containing 30% protein (Islam, 2002), prepared IfRa2002) from different
ingredients (Table 1) and T3 received both orgamémure and supplementary feed
(M+F) as mentioned in T2 above in triplicate .S@ppéntary feed was fed to fish
daily 5% of their wet fish body weight. The amowohtfeed was increased fortnightly
in proportionate to the weight increments. The feed prepared using finelyground
ingredients as per composition shown in Table 1.

They were mixed thoroughly with water to make aiglo The dough was
then transferred to an aluminum container and ste@wked in a pressure cooker at
15 psi for 15 minutes. Vitamins and minerals migtuwvas mixed after cooling the
dough. Pellets (2 mm diameter size) were prepayed bhand pelletizer and were
dried in an oven at 40°C.

Table 1: Composition of formulated feed

Ingredient (%)
Fish meal 30
Sunflower meal 30
Rice bran 10
Yellow corn 28
Vitamint-mineraf Mixture* 2

1- each one kg of vitamin mixture contains: vitamAii72000 IU; E 60 mg; B1 6 mg; B3 12000 IU; B6
9mg; B12 0.06mg; C 12mg; Pantothenic acid 60 mgobiiic acid 120mg; Folic acid 6mg;
Biotin 0.3 mg; choline chloride 3mg.

2- each one kg of mineral mixture contains: zintfasel heptahydrate 3.0g; cuprous chloride 0.10g;
calcium phosphate monobasic 135.8 g; calcium lacg®7.0g; ferric citrate 29.7g; potassium
phosphate dibasic anhydrous 239.8 g; sodium phtsphanobasic 87.2; sodium chroride 43.6 g;
magnesium sulfate 12.75g; aluminum chloride anhysli@.15 g; potassium iodide 0.15 g; cobalt
chloride 1.0g; sodium selenite 11mg and L-cellulb32.25g.

After every thirty days, the stocked fish weretoagpd randomly with nylon

net and wet body weight and total length was meaksand recorded and the feed
guantity was readjusted based on the weight redomte each sampling. Trial
continued for four months. At the termination operiment all the fish from different
treatments (with all the three replicates) werevésted , weighed individually and
yield calculated and measured to assess the penfmerof various inputs on specific
growth rate (SGR) and net fish yield.
Proximate composition of feed ingredientsThe highest values of protein, fat and
ash were recorded in fish meal and the lowest gahfigorotein and fat in sunflower
meal were recorded and determined . Rice bran tadhighest fiber content, while
Yellow corn had the highest level of NFE. The feettained 28.87% protein, 5.1%
fatand 30.54% NFE (Table 2).
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Table 2: Proximate compositions (%) of ingredieantd feed

Parameter Fish meal sunflower meal Rice bran oVetlorn Feed
Moisture 6.91+0.17 | 6.58+0.18 8.40+0.07 | 9.99+0.42 8.61+0.42
Crude protein 51.83+0.55 | 37.49+0.05 4.92+0.55 | 2.46+0.10 28.87+0.10
Fat 10.92+0.06 | 6.79+0.10 1.63+0.06 | 0.53+0.10 5.10+0.10
Ash 25.79+0.03 | 6.50+0.39 17.69+0.03 | 14.68+0.03 | 14.68+0.03
Crude fibre 1.90+£0.15 | 10.80+0.21 31.80+0.15 | 3.60+0.01 12.2040.01
Nitrogen-free extratt | 2.65 31.84 35.56 81.68 30.54
Gross energy (kJ/d) | 16.41 16.59 7.86 14.81 13.76

1- Calculated by differences.
2- Estimated according to Jobiling (1983).

Water quality analysis: Water quality parameters were measured weekly doapr
to Boyd (1990 and 2000) and APHA (2000YVater quality samples were collected
weekly from each pond manually from the middle dadtev column by putting a
closed sample bottle and opened in the desiredhd&pis procedure was done in five
different spots in each pond then samples were dnitxea plastic bucket and 1 liter
sample was taken as a representative water sarheéel pond. These samples were
taken one week after fertilizer application. Anady®f water quality including
temperature, pH, dissolved oxygen (DO), free carthoxide CQ), total alkalinity,
phosphate, ammonia, nitrate and nitrite were dérevery week, collecting samples
was done from the experimental ponds between 0%00 10.00hr. Water
temperature, dissolved oxygen and pH were measatefl.00h using a digital
thermometer, and dissolved oxygen meter model OB88B6 A, while pH was
measured with a digital pH meter model Acumen 2feme

Qualitative and quantitative analysis of plankton: Phytoplankton and zooplankton
samples were collected and measured fortnightly domlitative analysis by
towingl5mm and 60 mm nets respectively. After atifey, zooplankton samples
were preserved in LUGOL and phytoplankton in 4% falin solution .Dry weight of
plankton was also determined every fortnight btefihg 100 liters of water from
each pond through a plankton net of 15 mm sizedayithg the filtrate in a hot-air
oven at 80°C, till a constant weight was obtaingte.quantitative estimation of total
plankton was done by the “Direct census methodh@ranet al., 1969).

Proximate composition: Proximate composition of feed ingredients, feed &skl
carcass from experiment one was estimated. Fisfagamwas obtained upon harvest
by collecting five fish, each from the triplicatenms and dried at 80°C to a constant
weight. The dried carcass of each groupwas poalgdtiher and ground. Moisture
and ash contents were estimated accordiaaC (1995) methods. Crude protein,
fat and fibre contents were analyzed using Kjelfecator, 1002 distilling unit),
Soxtec (Tecator, 1043 extraction unit) and Fibref€ecator 1017 hot extractor)
systems. Carbohydrate content was calculated esgeit free extract (NFE) by the
difference method of Hastings (1976). The enerdyeraf each ingredient as well as
feed was obtained by multiplying protein, lipid acarbohydrate contents by factors
22.6, 38.9 and 17.2 respectively (Mayes, )99t expressed in kJ/g.

Fish growth parameters, survival and production catulation: After every one
month, cultured fish species were captured randdmglyising drag net from each
experimental treatment and released back into tieepective ponds after recording
the data for wet body weight (WBW) and specific wtio rate (SGR). After one
month interval, on the basis of WBW, amount of oigdertilizer and supplementary
feed added in fish ponds were determined for essditrhent. Specific growth rate
(SGR) was estimated by thefollowing formula givgnDhawan and Kaur (2002).
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SGR=In (Final wet body weight)-In (Initial wet bodyeight) x 100/Time duration
(days)

Survival rate and total fish production under different treatments: At the end of
the experiment, total harvested

SR (%) = % of live fish number at harvest.

Production (g) = Mean body weight (g) x Total numbgviable fish at harvest.
Statistical analysis: Mean values of fish growth parameters at harvest, Garcass
proximate composition were compared by one-way AMOXII plankton and water
guality parameters were subjected to two-way ANOWVI#h treatment and sampling
date as factors. When a main effect was significaatir-wise comparison of
treatment means was done by Duncan’s multiple raege (P = 0.05) (Duncan,
1955). All analyses were done using the ANOVA pthwe of SAS program ver. 9.1
(SAS, 2005)

RESULTS AND DISCUSSION

Water quality analysis During the Experimental period:

Results presented in Table 3 revealed that avedodgerater quality data
variation for different water quality parametersdifferent treatments over the study
period. Water quality parameters were within acalelet ranges for fish culture.
There were no significant differences in water guaparameters between the
different treatment ponds.

The values of water quality parameters monitoreéklyeranged as follows.
Water temperature: 27.96 to 28T6 pH: 8.43 to 8.58, dissolved oxygen: 6.77 to
8.85 mg/L, free carbon dioxide: 2.62 to 3.73 mdfatal alkalinity (CaC@): 139.20
to 151.29 mg/L, phosphate: 0.86 to 1id@L, ammonia: 0.19 to 0.93g/L, nitrate:
0.080 to 108ug/L, nitrite: 0.008 to 0.047g/L (Table 3). Alkalinity and phosphate
contents were significantly (P<0.05) higher in MFtreatment. pH, free carbon
dioxide, ammonia, nitrate and nitrite values did wdfer (P>0.05) between the
treatments and the control (Table 3). All the watgrality parameters showed
difference significant (P<0.05) variation. The natetion effect of treatment and day
was significant only for C®(P=0.04). DO, pH, alkalinity, nitrite and ammomare
the lowest on the first day of sampling.

Table 3: Water quality parameters (mean + S.E.pi@bdata of the two experiments)
Treatment Water | pH Dissolved Free CO2 | Alkalinity Phosphate Ammonia Nitrate Nitrite
Temp. Oxygen (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
o) (mg/L)
Control 28.14 8.46 8.09 3.73 139.20 0.86 0.37 0.078 0.039
(T1) +0.39a | +£0.10a | +0.34ab +0.49a +2.17c +0.08b +0.51a +0.21a | +£0.70a
Feed 28.16 8.49 6.77 3.02 141.67 0.96 0.93 0.108 0.047
(T2) +0.38a | +£0.09a | +0.46¢ +0.47a +2.53b +0.08ab +0.42a +0.21a | +0.088a
Manure 28.16 8.58 7.18 2.62 141.46 1.03 0.19 0.080 0.008
(T3) +0.46a | +0.07a | +0.48bc +0.51a +2.00b +0.08ab +0.44a +0.18a | +0.63a
Manure+ 27.96 8.43 8.85 2.73 151.29 1.10 0.34 0.084 0.024
Feed (T4) +0.38a | +0.08a | #0.17a +0.53a +2.06a +0.09a +0.41a +0.17a | +0.60a

Different superscripts for values in the same caolundicate significant (£0.05)

Table (3) shows that the average values of watapéeature and pH in the
different treatments were similar during the exmpemtal period and varied within a
narrow range. pH was in the alkaline range througtibe experimental duration,
indicating favorable conditions for biological predion. This range was beneficial to
fish culture in agreement with results of Hussed®0Q) and Muhammasét al.,
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(2011). Jhingran (1995) who observed that carpseiwell in the temperature range
of 18.3°C to 37.8°C. According to Farmanfarmain addore (1979), aquatic
organisms can tolerate a wider range of tempemgtynm®vided that fluctuations are
not severe, sudden and of long duration. DO wak thgoughout the experimental
duration and fluctuated between 6.77 (F) and 8.&BLn{M+F treatment). This
reflects higher photosynthetic activity in manurkispfeed treatment. Dissolved
oxygen levels improved due to photosynthesis, waitenonia levels were reduced
through assimilation by phytoplankton (Boyd, 1990).

Generally, cyprinids are capable of tolerating lowygen levels of 3 mg/L
(Huet, 1972). The highest value of total alkalinitgs recorded in the (T4) treatment
(151.29 mg/L) and the lowest occured in control(T29.20 mg/L). Total alkalinity
was significantly greater where organic fertilizexdd feeds were applied to ponds
(Kumar et al., 2005). Alkalinity increases with organic fer#tion because
bacterially generated GOfrom manure decomposition dissolves calcium and
magnesium carbonate in pond water into calciummagnesium bicarbonate (Boyd,
1990). Dianaet al., (1994) reported that fertilization alone led to lakkalinity.
Phosphorus was significantly higher (P<0.05) in M#datment in comparison with
the control (Table 3). The higher phosphorus commagon may be associated with
the increase in phosphorus produced during thendeasition of organic fertilizer
and also from the feed through fish excrete. Batlutde organic phosphorus and
orthophosphate are released during the processgahic fertilizer decomposition
under aerobic conditions (Wudtisn and Boyd, 20053sd$¢in, 2009). Higher
concentrations of ammonia nitrogen are often ndtioefish culture ponds (Edwards,
2008). However, the values of ammonia recordeche fgresent experiments were
low (Table 3). Sugiyama and Kawai (1978) reporteat the higher concentrations of
dissolved oxygen decreases ammonia level througidatien. These low
concentrations of ammonia may be attributed to amanoutilization by
phytoplankton (Boyd, 1998) or oxidation of ammomidrite especially in high
dissolved oxygen level conditions (Boyd, 2000).al@&mmonia nitrogen fluctuated
throughout experiment but remained below 1 mg/ d ahthe pH levels observed,;
unionized ammonia probably did not adversely affestt performance. Major water
quality parameters measured during the study resdamthe favorable range for fish
culture (Boyd, 1990). Comparable results were olethiby Lawson (1995). All ponds
were within acceptable range of water quality patams during the study. The Use
of organic fertilizers and supplementary feed inweb water quality through
stimulation of natural food, mainly phytoplanktondazooplankton, suitable for the
filter feeding carp species .Organic fertilizerdsaas an energy source for bacterial
growth, but the aerobic decomposition of organidtemaby bacteria is an important
drain of oxygen supplies in ponds (Boyd,1982).

Values of water temperature, pH and DO in therdilsamples showed no
effect of treatments. The increase in the valuethede parameters with the progress
of day and decrease with the progress of nighthmmelated to the presence and
absence of light which affects temperature and dlssolution of oxygen in pond
water. Further photosynthesis during day time ispoasible for the higher DO
values, whereas consumption of DO by plankton redudght time DO. Similarly,
pH variations can also be correlated with photdsgtit activity.

Plankton biomass

Table 4 quantifies the planktonic species encoedtén the tank water on the
sampling days. Among phytoplankton, Chlorophyceaeprised 15 genera, the
major ones beingMicrospora, Volvox and Scenedesmus. Cyanophyceae was
represented by 3 geneldjcrocystis and Anabaena being dominant. Chrysophyceae,
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Bacillariophyceae and Dinophyceae were represdmeihe genus eacBiaptomus,
Cyclops, Moina andKeratella were the zooplankton species encountered. In addliti
nauplii and insect eggs were also found in goodbars

Table 4: Abundance of phytoplankton species in peater (cells /L + S.E.) during the experimental
period.* (Pooled data of the two experiments)

Group/Genus Control Feed Manure ManuretFeed

T1 T2 T3 T4
PHYTOPLANKTON
Chlorophyceae:
Gleocapsa 0.04+0.04 1.12+0.46 0.4080. 00
Golenkinia 3.35+0.98 7.14+2.12 11.52%16 3.08+0.93
Hydrodiction 00 0.36+0.16 A% 0.10 0.27+0.10
Menoidium 00 00 0.40+ 0.21 0.54+ 0.33
Ankistrodesmus 15.09 £3.10 11.79+2.77 16.7434.0 16.65+ 5.98
Chlorococcum 10.13+ 2.07 17.5445.92 12.90+2.52  31.16+15.55
Closterium 3.39+0.53 2.32+0.61 2.72+ 0.53 0.45+0.18
Staurastrum 22.95+ 26.07 32.37£4.53 28.44+ 410 60.00+ 26.70
Microspora 148.68+203.28 330.67+95.78 226.88+57.55 484.64+ 109.31
Pediastrum 7.01+1.01 24.2045.82 3.17+£0.61 10.31+3.13
Phytoconis 21.12 £+5.34 21.12+4.97 9.38+ 2.56 22.99+ 3.40
Scenedesmus 59.20+ 24.73 37.81+9.83 75.85+ 20.18 71.92+ 24.60
Selenastrum 67.41+£18.72 25.94+ 4.61 78.08+28.80  44.82+10.42
Tetraedron 35.22+10.47 18.84+ 7.37 7.05+2.34 9.4611.44
Volvox 89.87+23.83 14.64+ 2.46 25.54+7.11 49.20+£15.95
Chrysophyceae:
Chrysophyxis 3.66 +1.16 2.01+0.43 1.47+0.3 1.38+ 0.35
Bacillariophyceae :
Anomoeoneis 5.71+ 1.58 10.18+ 3.26 3.13+ 0.62 3.17+ 0.68
Dinophyceae :
Monomastix 1.29+0.38 0.45+ 0.18 2.28+10.6 1.21+ 0.31
Cyanophyceae :
Anabaena 541.614+205.71 1654.73+366.36 1550.27+325.36 2213.26+314.90
Merismopedia 92.14+87.44  1.43+0.33 5.40411.3 3.30+0.85
Microcystis 1099.33+256.83 2117.72+317.21 2155.40+ 360.9839.46+340.12

Total Phytoplankton

ZOOPLANKTON:
Diaptomus
Cyclops

Moina

Keratella

Insect eggs
Nauplius
Total Zooplankton

2227.21+513.44 4332.37+472.86 4217.14+628.85167.28+530.43

40.18+ 6.26 52.99+12.06 77.23+15.56 153.70+ 87.27
23.44+3.98 19.24+2.45 44.46419.8  23.30+3.62
13.66+ 2.98 7.54£1.27 17.37+£8.53  12.86+ 2.16

95.49+48.01 287.54%£159.98 39.06% 12.98 456.25+ 220.85
34.37+£ 4.40 48.70+ 8.61 74.06+ 16.02 55.80+12.32
106.70+73.96  28.17+ 8.57 386.61+ 2@8.6 123.79+ 83.01
313.84+£90.71 444.20+165.22  638.79+257.6825.71+ 258.11

*Numbers are means of 14 samplings. Numbers iicétalre standard errors.

The overall phytoplankton population was the high@sder M+F treatment
(5167.28 cells /L) and the lowest in control (2247cells /L). The number of green
algae was lower as compared to blue-green algak tihe ponds (Table 4). The ratio
between cyanophyceae and chlorophyceae was thestlamveontrol and highest in
manure+feed (M+F) ponds. Density of phytoplanktowd @ooplankton (no/L) was
also significantly lowest in controlponds (Table $he density of both phyto and
zooEIankton was the lowest (P<0.05) on the first dlasampling and highest on the

120

day. The interaction effect of treatment and dag wignificant foiStaurastrum

(P=0.0197) and nauplii (P=0.007).
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Dry weight of phytoplankton was highest under f@pdtreatment and lowest in
control. The values in manure (M) and M + F treaiteevere almost similar (Table
5), whereas the highest dry weight of zooplankt@s wbserved under M + F (2.15
mg/L) treatment, followed by manure (1.69 mg/L)ede(1.65 mg/L) and control
(0.77 mg/L). Significant (P<0.05) variation in bgithyto and zooplankton dry weight
was recorded over the experimental period, bothdbéhie lowest on zero day and
highest on 120 day.

Significant (P<0.05) variation in both phytoplankt@nd zooplankton dry
weight was recorded with respect to study peridee hteraction effect of treatment
and day was also significant for both phytoplankama zooplankton. The number of
green algae was lower as compared to blue-greae aigall the experimental ponds.
In fish ponds, blue green algae constitute thetgrgaart of phytoplankton; higher
alkalinity, nitrate, ammoniaand phosphate favoer hultiplication of cyanophyceae
(Padmavathi and Veeraiah, 2009). Kulkarni (1992howstudied the effect of
distillery waste on plankton and fish productioeparted a significant (P<0.05)
correlation between phosphorus level and blue gatgae production.

Table 5: Plankton biomass and density (+ S.E.)>peémental ponds (Pooled data of the two

experiments)

Treatment Dry weight (mg/L) Density (no/L)

Phytoplankton Zooplankton | Phytoplankton Zooplankton
Control 0.77+0.14b 0.77+0.24c 2227.21+348. 313.84490.71a
Feed 1.98+0.27a 1.65+0.15b 4332.37+472.86444.20+£165.22a
Manure 1.7340.24a 1.69+0.17b 4217.1448P8. 638.79+257.664
ManuretFeed 1.70+0.25a 2.15+0.244 7R 30.43a 825.71+258.11a

Different superscripts for values in the same caolundicate significant (P<0.05) difference.

Rahmanet al. (2008)reported that the common carp increased bio-auaild and P
in the water column and plankton where availabwitgs positively correlated with
bio-available N and P. The relationship betweenvigion of manure/feed and
plankton biomass observed in the present studyearlated to the nutrient input. In
addition, fish excretion would have contributedhe level of N and P in pond water,
particularly towards the later part of the expermme
Fish growth, survival and production

The final weight and length of fish in experimelwise and two are given in
Tables (6 and 7). The highest final weight was plegkin T4 treatment in both the
experiments. Growth was similar in F and M treatteein experiment one, but
significantly (P<0.05) different in experiment two.

Table 6: Growth parameters (average
(Experiment one)

+ S.E.) of commarp fry under different treatments

Parameter Control Feed Manure Manure+Feed
T1 T2 T3 T4

Final weight (g)/fish 18.16+1.15b 35.86+0.22a 36.84+4.50a 43.43+2.02a

Increment in growth over

control (%) - 97.46 102.86 139.15

Final length (cm) 11.4140.7b 14.05+0.20a 12.78+0.50ab 13.1740.10a

SGR (%) 2.75+0.09b 3.32+0.02a 3.32+0.18a 3.47+0.07a

Survival (%) 57.58+7.57a 61.20+14.2a 52.12+12.76a 63.03+2.09a

Production

(kg/pond/ 4 months) 1725.39 £105.72c 3506.40+91.85b 3059.04+38.95b 4524.63+173.35a

Increment in  production

overcontrol (%) - 103.22 77.30 162.24

Different superscripts for values in the same caolundicate significant (P<0.05) difference.
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Fish growth was significantly (P<0.05) poor in tlentrol in both the
experiments. SGR values followed the trend of ¢ishwth at harvest.

The overall survival varied from 52.12% in T3 tmeant to 63.03% in T4
treatment in experiment one, while it was in thegeof 61.67% (T4) to 82.78% (T3)
in experiment two. However, difference in survivanong the control and the
treatments was not significant (P>0.05) in expeninene. Net production in this
experiment varied from 1725.39 (control) to 4524.§%ond /120 days (T4
treatment).

In T2 and T3 treatments production was nearly eqgbelng significantly
(P<0.05) higher in the control and lower in T4 tre@nt (Table 6). In experiment
two, the net production was higher compared to exp@Eat one (2518.20 to 6927.03
g/pond/120 days) and varied significantly betweba tontrol and all treatments
(Table 7), while manuring, individually and in coméation, improved the growth of
fish significantly (P<0.05) in both the experimefiiables 6 and 7). The highest final
weight was recorded in M+F (T4) treatment. Specdiowth rate followed the
growth trend in both the experiments, while theeswo difference in growth of fish
between feed (F T2) and (M T3) treatments in expent one, as it differed
significantly (P<0.05) in experiment two. Growthdaen F, M and M + F treatment in
experiment one works out to 97.46%, 102.86%, an®. 1636 higher respectively
over the control. The corresponding values in @rpamt two are 152%, 36.20% and
184.78%. It is clear that feed treatments (F and=Mhad greater impact on the
growth of fingerlings as compared to fry; fingegsmare better equipped in terms of
mouth size and digestive enzymes to accept andeupklleted diet (Woynaroviclet
al. 2011). Further, a comparison of the final weigfteish from experiment one with
that of experiment two, points out to the differenn growth rate due to life stage.
The increase in weight of control fish is only 1g2vhereas under manure

Table 7: Growth parameters (average + S.E.) of comoarp fingerlings under different treatments

(Experiment two)

Parameter Control Feed Manure Manure+Feed
T1 T2 T3 T4

Initial weight(g)/fish 3.21+0.41a 3.19+ 0.41a 3.22+0.41a 3.18+0.41a
Final weight (g)/fish 19.78+ 0.82d 49.87+ 1.62b 26.94+1.48c 56.33+2.75a
Increment in growth over control (%
Initial length (cm) - 152.12 36.20 184.78
Final length (cm) 5.20+0.21a 5.23+0.21a 5.23+0.21a 5.22+0.21a
SGR (%) 9.50+1.14c 13.70+1.01a 12.25+0.50b 14.07+0.81a
Survival (%) 1.52+0.03b 2.2940.03a 1.77+0.04b 2.62+0.27a
Production (kg/pond/4 months) 70.55+2.94ab | 68.89+6.83b 82.78+0.55a 61.67+2.55b
Increment in production 2518.20+63.85d| 5540.01+107.22b| 4015.11+70.33c| 6927.03+141.09a
over control (%) - 119.99 59.44 175.08

Different superscripts for values in the same caolundicate significant (P<0.05) difference.

treatment (M), there is a reduction of 9.9 g. Asagfathis, in fed treatments there is
an increase of 14.01g (F) and 12.9 g (M+F) (TaBlesd 7). This result showed that
the nutrient requirement of fingerlings is not ad by natural food alone, contrary
to that in the case of fry. Boyd (199@ported a strong positive correlation between
fish growth and primary productivity in fertilizegonds without supplementary
feeding. Natural food is nutritive and contains184. protein, 27.3% carbohydrate
and 7.7% fat, while the calorific value ranges fréni to 23.8 kJ/g (De Silva and
Anderson, 1995). It is possible that as the fisbwgr bigger, it prefers artificial diet
when available. Rahmaet al. (2008) observed that common carp growth, in
polyculture with rohulabeo rohita, was higher in the presence ofartificial feed and
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negatively correlated with natural food availakilitThey also recorded higher
ingestion of benthic macroinvertebrates, copepaodbsratifers, and a lower ingestion
of phytoplankton by common carp.

In the ponds receiving no supplementary feed, tiogvilp obtained is entirely
attributable to the natural food. This applies lte tontrol as well as manure (M)
treatment. In experiment one, growth of fish in Matment was double that of
control, reflecting the ability of common carp ty extensively feed on the available
natural food and convert it into flesh. Though tomtrol ponds did not receive any
nutrient input during the experiment. The soil bottof all ponds used in the present
study contained some nutrients accumulated frorteedrials; the effect of these
could be considered as equal under all treatm@uaisimon carp as a bottom feeding
fish enhances the availability of nutrients to pipyankton through stirring of the
mud bottom (Milsteinet al., 2002). Ritvoet al. (2004)demonstrated that common
carp by perturbations results in appreciable mixaigthe sediment; this mixing
would bring out nutrients into circulation, facdting natural food production.

The difference in survival of fish in the contraicatreatment ponds was not
significant (P>0.05) in the first experiment, whesefeed treatments (F and M+F)
recorded lower survival (P<0.05) in the second drpent. This could be due to
some natural mortality of fish in ponds of the tts@atments, since water quality was
similar in all treatments, but for higher alkaliniand phosphate levels in M+F
treatment. Gross fish production was influencechldwmy fish weight and survival.
Production was the highest in M+F treatment in db#hexperiments. In experiment
one, production was comparable (P>0.05) in F anttedtments. The increment in
gross fish production over the control was 103.28%, 77.30% in M and 162.34%
in M+F treatments (Table 6). In experiment two, duction was significantly
(P<0.05) higher in the feed treatment (F) compdoedhe manure (M) treatment,
again indicating the significance of feeding in tloase of fingerlings. The
corresponding figures of increment for experimemb tare 119.99%, 59.44% and
175.08% (Table 7). Abbaat al. (2010) and Priyadarshiniét al. (2011) reported
highest gross productionof carps in the treatmetit the combination of organic and
inorganic fertilizers and supplementary feedingnpared to combinations of any
two of these.

Proximate composition

The proximate composition of fish carcass from expent one is shown in
Table (8). Crude protein, fat and ash contents waeificantly (P<0.05) higher in
the 3 treatments compared to the control. No difiee was found between the crude
protein content of F and M treatments and fat acadreé F, M and M+F treatments.

Table 8: Proximate composition of fish (% wet we)gh

Parameter Control Feed Manure Manure+Feed
T1 T2 T3 T4

Moisture 73.50+2.60a 70.19+2.03a 68.90+2.99a | 70.72+1.71a

Crude protein 17.21+0.08c 19.20+0.05b 19.27+0.06b | 21.60+0.07a

Fat 1.08+0.06b 1.35+0.02a 1.31+0.11a | 1.36+0.04a

Ash 5.78+0.02c 6.16+0.01b 6.54+0.01b 6.13+0.03a

Different superscripts for values in the same caolundicate significant (P<0.05) difference.
Initial weight and length of fry were 0.67+0.06 igda2.32+0.11 cm respectively.

Proximate analysis of fish carcass revealed thatttbatments affected crude
protein and fat, both being lowest in control anghkst in M + F(T4) treatment.
However, there was no difference in moisture l@mbng the treatments and control
(Table 8).This is indicative of protein accretiamarue growth involving an increase
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in the structural tissue such as muscle and vaoogans (Fafioyet al., 2005). The
type of feed ingested and their nutritional qualgyknown to be one of the main
factors affecting fish carcass composition (Reiaitzl Hitzel, 1980; Priyadarshinet
al. 2011).

The results obtained in this study clearly point wuthe importance of natural
food in fish culture. Growth of fish in experimeoie indicates similar potential of
poultry manure and the feed provided in inducingwgh of common carp fry. In
contrast, fish growth in experiment two was sigmfitly better under fed treatments
(F and M+F). This shows that nutritional requiremehcommon carp fingerlings is
not fully met by natural food alone, contrary tatlof fry. The findings can be used
in developing feedingstrategy for fish at differéife stages during culture.
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