Egypt. J. Aquat. Biol. & Fish., Vol. 16, No. 2: 133 143 (2012) ISSN 1110 -1131

Effect of organic and chemical fertilization on gravth performance,
phytoplankton biomass and fish production in carp plyculture system

Mohsen Saleh Hussein
Department of Animal Production (Fish Productidrggulty of Agriculture,
Al-Azhar University, Egypt.

ABSTRACT

This study reports on the effect of organic (sheeg cow manure), and
chemical fertilizers, on the phytoplankton, primgsyoductivity and aquaculture
production in the cultivation of carp in semi-insgre earthen ponds. The average
biomass final (kg) were 1687.4, 1948.8 and 237®6/ Ked. in T1, T2 and T3,
respectively. Treatment with chemical fertilizer@svfound to present the highest
yield with 11.57 + 0.67 kg/fed./day. It was follodvdy treatment with cow manure
(9.20 £ 1.24 kg/fed./day) and sheep manure (7.19% kg/fed./day). Concentrations
of phytoplankton were significantly (p<0.05) highier ponds fertilized with sheep
and cow manures (1,824,726 and 1,416,416 cellsispectively) than in ponds
fertilized with chemical fertilizer (1,084,630 c®hinl). All of water quality
parameters (P>0.05), were within the acceptablgerauring the present study.

In general, conditions were adequate to obtagh hyields without the
commercial feed, therefore organic fertilizers ailon can be recommended, due
to its availability and low costs.
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INTRODUCTION

Fish culture with manures as the main nutritionglit is a long-time practice in
China (Tang, 1970). Nevertheless the wide use okral fertilizers in industrialized
countries; is supply limited and even expensivenany low developed nations.

Presently fish culture mainly depends on the appbn of organic fertilizers
and to some extent on inorganic ones. Fertilizatemhances phytoplankton
productivity in rearing and stocking ponds (New dretloruk, 2003; Bhaktet al.,
2004, 2006). Phytoplankton and zooplankton are smirces of protein (40-60%) on
dry weight basis which is sufficient for fish grdwat low stocking densities (Silva
and Anderson, 1995; Tabinda and Ayub, 2009, 20w6;.6al., 2010).

Animal manures, which are generally plentiful waevide, constitute a low- to
intermediate-cost nutrient source. The study dflization in the carp polyculture has
focused to address issues about the effect of ca¢érand organic fertilization on
water quality and growth of carp (Vromagital., 2002; Dhawan, 2002).The water
quality and fish production in ponds with or with@rganic fertilization (Nikolovagt
al., 2008a and 2008b) and the effect of supplemdatding on water quality and
structure of phytoplankton in fertilized earthemgs cultivated with Tilapia and carp
(Abdel- Tawwaket al., 2007 ).

Among the new trends in fish culture, integrataahisetensive system seems to be
the most acceptable, due to the fact that varigusuttural wastes and low value feedstuff
can be utilized as a cost-effective source of fedd. Fertilizers increase the level of
primary productivity, dissolved oxygen, pH and kqihosphorus (Qiret al.,1995).They
increase fish production without risk of dietargedises and also play an important role in
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the formation of soil structure. The growth of fishstrongly correlated with increase of
phytoplankton and zooplankton productivity as alltesf fertilization. Under polyculture
system, the use of organic and inorganic fert8izaovides basic nutrients and elements
required for the production of phytoplankton andpankton which serve as a major
source of food for fish (Javetial., 1992).

The first link in food chains within land watersegphytoplankton and are an
indicator of production level. Within these envinoents,fish ponds with a high
abundance characterized as highly eutrophic systprimsary productivity, and
promote the growth of fish in a polyculture fiskarpcularly filter feeders. Infertilized
ponds,the increase of phytoplankton is due to itensity and type, as productivity
increases with careful management, with a contisuand controlled addition of
inorganic and / or organic fertilizers to producgodrophic organisms. (Hepher and
Pruginin, 1981; Hussein, 2009; Ponce Palafox, 2010)

Purpose of all these steps and precautionary mesagito enhance the present
level of fish production and provide desired qyaéind required quantity of protein
to the carcuss masses.

There have been several works research regardenglétielopment of phyto-
plankton, was described some effects of differgpes of fertilizers in ponds, its
composition, growth, relationships between the gsoand their dynamics in dailyand
monthly fluctuations, indicating that they depend warious factors, including
predation, the incidence light and nutrient typeilkif's and Piedrahita, 1988;
Moustaka and Nikolaidis, 1992; Vadas, 1992; Huss2099; Ponce Palafox, 2010).
It is important to understand diversity wealth, estlcharacteristics of phytoplankton
and the function performed by the channels trogiotyculture systems. In the
present study, the effect of organic and chemieatilizers on phytoplankton
biomass and fish production was evaluated in pstatsked with carp polyculture.

The production of fish ponds depends mainly onvéigeetation, which is dependent
on the nutrients in ponds. It is not possible twaase the production of cultivated fish by
giving them the greater quantities of natural foedctly. Organic manures and chemical
fertilizers can be used to increase the planktbimmass, on which fish mainly feeds. It
stimulates the growth of natural food by provideggential elements, which are utilized by
the phyto-and zooplanktons. The fertilization shfifarming is to improve water quality
and to increase the variety and quantity of phgidgbn and zooplankton, which
eventually leads to high fish yield and economiiarres. The ultimate goal of fertilization is
to achieve suitable environmental conditions ferghoduction of natural food for fish, but
in comparison with organic manure, fertilizers @ase the level of primary productivity,
algae abundance, dissolved oxygen, pH and totaipplates (Afzakt al., 2007; Hussein
(2009); Janat al., 2001; Ponce Palafox, 2010).

The objective of the present experiment was touat@lthe effects of fertilizer types
on growth performance in terms of average bodyhtegpecific growth rate and total fish
production of common carp, grass carp, bighead eaq silver carp, water quality
parameters and economic returns under polycutiuseri-intensive fish culture system at
Serow Fish Farm, under different treatments.

MATERIALS AND METHODS

This work was carried out in nine earthen pondsh(ed 4200 r surface area)
located at Serow Fish Farm, National Institute cE&ography and Fisheries, Dakahlia
Governorate, Egypt. These ponds were firstly ddaiaed cleaned, then supplied with
drainage freshwater from EI-Serow drainage canalataepth of 1.2-1.5 m. The
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experimental period lasted for 6 months (180 deysated on first of May till first of
November).

Pond preparation: Before stocking, all the ponds were sun driediftaein days. Essential
precautionary measures were taken to screen tlee miats to avoid the entry of intruders
or exit of the fish from ponds. After one weekakihg these steps, each pond was watered
up to 1.5 m and this water level was maintaineoltifinout the experimental period. All the
ponds were fertilized with organic manure (cow mepas a start dose to stimulate the
productivity of the ponds.

Stocking of fish species in experimental pondSiwo weeks after manuring and ponds
had been filled with water, each pond (with an afeane feddan), under fish polyculture
system, was stocked randomly with four species ralsg carp,Ctenopharyngodon
idella (20%), silver carp,Hypophthalmichthys molitrix (15%), bighead carpAristi-
chthys nobilis (15%),and common caryprinus carpio (50%), at one stocking rate
(10,000 fishes/feddan).

The average initial body weight was recorded. Thee no significant differences
among treatments in the size of fish at stockimggdflingscommon of carp used for the
present study were collected locally from the Sefesih Farm. Grass carp, Silver carp and
bighead carp fingerlings were obtained from Abbdssh Hatchery belonging to the
General Authority for Fish Resources DevelopmerARRD), Ministry of Agriculture,
Egypt.

Fertilization: The present fish ponds received sheep manure [2o&@s), cow manure
(1,3,8 ponds) and mineral fertilizer (urea andl¢ripuperphosphate) (4,5,7 ponds) at
twice daily intervals at 09.00 h and 14.00h,frontufay to Thursday for a period of six
months.

Approximate chemical composition of organic (cownma& and sheep manure)
and inorganic (Urea and TSP) fertilizers concernst and nutrient applications rates
as kg/pond during the experimental period(% drytendtasis, Mean + SE) used are
given in Table (1), and was estimated accordiQAC (1994)

Table 1: Approximate chemical composition of orgaftiow manure and sheep manure) and inorganic
(Urea and TSP) fertilizers concentrations (% dryterebasis, Mean + SE)

Treatments

Organic fertilizer

Sheep manure

Cow manure

(1.6%N+0.75% P)

(1.7%N+0.45% P)

Inangafertilizer
(Urea+TSP)
(46% N+46%R0s)

Dry matter
Nitrogen (%)
Phosphorus (%)
N:P ratio

Kg/ fed/180 days

90.21+0.10
1.6+0.11
0.75+0.02
2.13+0.21
2520+0.22

89.11+0.14
1.7+0.04
0.45+0.01
3.78+0.23
5040+0.22

46.0
46.0

1
146+27

The amount of organic and inorganic fertilizers walsulated on N-P equivalence of
0.2 g N and 0.01 P/100 g wet body weight of {iskam, 2002; Hussein 1995). Inorganic
fertilizers (Urea with 46.5% N and TSP 46% P) wesed at a rate of 0.345 kg P/feddan
(0.75 kg TSP/fed.) and 2.5kg N/feddan(5.3kg urddjeevery two weeks, after stocking
in water in plastic barrels and broadcasting thisture over the pond water surface
(Hussein,1995).Cow and sheep manures were broam@sthe ponds surface; volumes

of manure used were 0.7 to 1.43/i<ﬂd./day (14.0 to 28.0 kg dry matter/fed./day)
(Hussein, 2009). Three treatments were randomljiedppith three replicates each as
follows:

T: (1,2,3 ponds) = organic fertilizers (sheep manufg)4,5,6 ponds) = organic
fertilizers (cow manure) ands;{7,8,9 ponds) = inorganic fertilizers (Ch.), utéé %N)
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and triple superphosphate (46 %F). In the present study, all the experimental ponds
received the same quantity of N and P with theedifit sources.
Fish growth parameters After every one month, fish sample for each we{ghonthly)
were 400 fish / treatment weight collectively, ordd fish species were captured randomly
by using drag net from each experimental treatraedtreleased back into their respective
ponds after recording the data for wet body wef@fiBW). After one month interval, on
the basis of WBW, amount of organic and inorgaeitlizers added in fish ponds were
determined for each treatment.
Wet body weight gain (WWG) (g)= mean final fish wwt.(g) - mean initial fish w\(¢).
AGR (g/ day) = Final fish wt. (g) - Initial fish wt. (g)/ timed@ys).
Total fish production under different treatments: At the end of the experiment, total
harvested fish of experimental fish species wer@ghee to calculate the total fish
production.
Water and fish samples The ponds were assigned to each treatment indonaized
design with three replicates per treatment. At dodet of each pond variables of
water quality and productivity were determined. 8¥aamples were collected every 15
days from each pond from the middle of water columgna closed sample bottle and
opened in the desired depth. This procedure was idoiive different spots in each pond,
the samples were mixed in a plastic bucket angrldample was taken as a representative
water sample of each pond. These samples werelakegrk after fertilizer application. At
the time of sampling, water temperature, dissolweghen were measured in addition to
their measurements two times weekly. Water temyeraand dissolved oxygen were
measured at 900 h, using dissolved oxygen meteeln@ribn 835 A, pH was measured
by Acumen 25 meter, total alkalinity, orthophosph@®q) nitrate (N@), total ammonia
nitrogen (TAN; NH,,) were determined accordingBoyd (1990) and APHA (1985).
Primary productivity, primary gross, respirationdaphytoplankton biomass
were measured every 15 days, using the procedugggested by Boyd (1990) and
Arredondo-Figueroa and Ponce-Palafox (1998).
Satigtical analyss. Values for fish yield and plankton biomass weréedained for
each pond, according BIFAC (1980)guidelines. Analysis of variance was used to
detect significant differences in biological factdretween treatments (Duncan, 1955).
Treatments were compared using the Tukey's tes.aflalyses were done using SAS
(2005), (ver.9.1, SAS institute incorporation, CalyC27513USA for Windows
package).

RESULTS AND DISCUSSION

As shown in Table (2) all of water quality paramstdiffer among treatments
(P>0.05). All ponds were within the acceptable mm§ water quality parameters
during the study.

As shown in Table (2), average water temperaturgingl the experiment
ranged from 27.2+0.12 to 28.4 +0.11 °C. No sigatfiicdifferences (®0.05) were
observed in water temperature among treatments. Higkest value of water
temperature in T1 (28.4%+0.11) received sheep marmay be attributed to the
increase in organic matter contents of this poadl ity lead to temperature increase.

This range was beneficial to fish culture and thase in agreement with
results of Hussein and Abdel-Hakim(2003); Husse2000) and Ponce Palafox
(2010).Results revealed that carp need at leastCl8ninimum temperature for
growth (Arredondo-Figueroa and Juarez, 1986), soetlivas no negative effect on
the growth of polyculture.After temperature, dissol oxygen concentrations of
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water is the most important variable in the ponliuca system (Arredondo-Figueroa
and Ponce-Palafox, 1998).

Table 2: Monthly average of water quality paran®tend productivity data in carp polyculture in
earthen ponds (in 180 days, mean + SE).

Parameter T1 T2 T3

Sheep manure| Cow manure | Inorganic fertilizer
Water temperature’Q) 28.4 +0.11 27.9+0.14 27.2+0.12
Dissolved Oxygen (mg/L) 5.1 +0.26 5.8+0.35 6.4+0.27
pH 8.5+0.61 8.9+0.72 8.2+ 0.49
PO, (mg/L) 0.09+0.28 0.04+0.56 0.15+0.17
Ammonium (mg/L) 0.04+0.07c 0.05£0.14b 0.09+0.11a
Primary Productivity (g C/m3/h) 1.13+0.55a 1.1944n 1.05+0.70a
Gross productivity ( g C/m3/h) 1.25+2.57a | 1.31+2.17a 1.28+2.11a
Respiration (mg C/L/three hours) 0.53+0.22a 0.5878. 0.62+0.45a

Means in the same row with different superscripgssagnificantly different at p<
0.05

The concentration of these variables wererangedvdsst 5.1 +0.26 -
6.4+0.21mg/ L throughout the culture (Table 2hd avere within the optimum range
and higher than 5 mg/ L which reported by Boyd @)98s the minimum desirable
DO level in fish ponds. These are in agreement wébults obtained byHussein
(2009) and Ponce Palafox (2010 ). Concentratiodssolved oxygen in water was
found above the minimum reported for these spe@etb mg/L) in the region by
Gonzalezt al. (2002), without affecting the growth of carp.

pH values ranged between 8.2+ 0.49 (T3) and 8.9+Q’B2) and were
insignificantly (FX0.05) influenced by the experimental treatments #ms is in
agreement with Boyd (1998) and Hussein (2009). B@y@B0) reported that the
application of ammonium and urea-based fertiliza&as cause acidification of pond
water because of nitrification, which produces tlgdrogen ions from each
ammonium ion. The orthophosphours ¢(R@g P/l) concentrations were fluctuated
between 0.04+0.56 and 0.15+£0.17 mg/l and were faignily (P<0.05) influenced by
the experimental treatments. Ammonia concentratioffH,-mgN/l) were
insignificantly (<0.05) influenced by the experimental treatments @iey ranged
between 0.04+0.07 and 0.09+0.14 mg/l. These reslltsv a slight increase in
ammonia concentration with the increase of pH, Wwhieere in agreement with
Hussein (2009). He reported ammonia concentraiwdr{8.22-0.30 mg/ L) in ponds
fertilized with cow manure and inorganic fertiliset.ow concentrations of ammonia
may be attributed to ammonia utilization by physston (Boyd, 1998) or oxidation
of ammonia nitrite especially in high dissolved geg level conditions (Boyd, 2000).
Total ammonia nitrogen fluctuated throughout thpeziment but remained below 1
mg/ L at the pH levels observed. Unionized amma@mabably did not adversely
affect fish performance. Major water quality paréene measured during the present
study remained in the favorable range for fishureltBoyd (1990) suggested that fish
growth performance was not limited by any of wajeality parameters. Comparable
results were obtained by Hussein (2009). Even thahg values of physico-chemical
characteristics of water ponds during the experialeperiod were within the
acceptable limits for carps as indicated by Miraflte et al., (1996).

The phytoplankton, productivity and respiration geaepresentative for the
open waters of the whole ponds. Chlorophytes whee dominant phytoplankton
group in the culture ponds throughout the experim&hey were followed by the
Bacillariophytes and Cianophytes (Table 3). Paditiaand Prasad (2009); Hussein
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(2009) and Ponce Palafox (2010) in carp ponds foilmad the major groups of
phytoplankton present were also those reportedhia study. There was high
concentration ofCianophytes, Chlorophytes, Euglenophytes and Bacilariophytes in
cow manure, an€hlorophytes in sheep manure and mineral fertilizer. Phytoplankt
was represented by 40 genera, 16 of which weredfooore frequently in the system.
Debeljak and Adamek (1994) and Ponce Palafox (2€di)d that the structure of
phytoplankton in fish ponds with the poultry fagdr made up 131 species, and in
the fish ponds treated with the mineral fertiliA€5 species. Relative abundance of
plankton was changed with tim€hlorophytes being the most dominant species in
the cold season anBacil ariophytes and Cianophytes in the warm season. The
dominant species wa&zhlorophytes with significant difference (p< 0.05).

The Use of inorganic and organic fertilizers imprdwvater quality through
stimulation of natural food, mainly phytoplanktondazooplankton, suitable for the
filter feeding carp species. Organic fertilizers as an energy source for bacterial
growth, but the aerobic decomposition of organidtendy bacteria was an important
drain of oxygen supplies in ponds (Boyd, 1982).rBaitytoplankton and zooplankton
biomass were significantly higher in ponds with mowed fertilization compared to
ponds with poor nutrition. Total ammonia nitrogearied throughout experiment but
remained below 1 mg/ L at the pH levels observedjoMwater quality parameters
measured during the study remained in the favoredolige for fish culture (Boyd,
1990), suggesting that cultured fish growth perfamge was not limited by any of the
water quality parameters. Comparable results wdaairmed by Lawson (1995);
Hussein (2009) and Ponce Palafox (2010).

Table 3: Phytoplankton groups (cells/mL) on carpgs

Group T1 T2 T3
Sheep manure Cow manure Mineral fertilizer

Cianophytes 288,730 395,590 252,470

Chlorophytes 987,578 445,986 394,236

Euglenophytes 89,110 175,056 154,650

Bacilariophytes 459,316 399,790 283,280

Total 1,824,728 1,416,418 1,084,630

Means in the same row with different superscripéssignificantly different at p< 0.05

These conditions seem to be good for the growtlisbfspecies, especially for
the filter-feeding ones. It was found that in porfddilized with sheep and cow
manures higher concentrations of phytoplankton wsh®wn (1,824,726 and
1,416,416 cells/ml, respectively) that are sigaifitty (p <0.05) higher than in ponds
where chemical fertilizer was applied (1,084,630sfml). These concentrations of
phytoplankton are higher than those reported byiMdeAstudillo et al. (2003) and
Ponce Palafox (2010) in carp ponds fertilized vattw manure (17,008 to 630,731
cellssrml and 1,157,706, 945,940 and 744,560 cdls/Moriege-Curtis (1979)
reported that fish production in intensively mamup®nds was not exclusively due to
primary production, but also to heterotrophic prctehn.Net primary productivity in
organic fertilized ponds in Hondoras was signifibargreater than in inorganic
fertilized ponds (Greedt al.,1989a & b and 1990a and Ponce Palafox, 2010 ).

Respiration was evaluated by means of light ané dattles, with an average
value from 0.53 to 0.62 mg C/L/three hours (25%sgrphotosynthesis). Respiration
had a similar trend in animal manure treatmentes&photosynthesis maintained an
increasing tendency of 0.95 to 1.0 mgC/L /threerfi@nd primary productivity with
values fluectuated between 1.05 and 1.19 mgCAétiours. Primary productivity
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revealed a differential pattern between organicuresand mineral fertilizers. These
are in agreement with results of Ponce Palafox@201

In the present study, the final average biomasg (kgld of carp was
significantly (p <0.05) more in mineral fertilizeonds (2370.6 kg/fed.) than in cow
(1948.8 kg/fed.) and sheep (1687.4 kg/fed.) maparels (Table 4).

Table 4: Production, yield and survival data inpcpolyculture.

Parameter T1 T2 T3
Sheep manure Cow manure Mineral fertilizer

Surface area (h 4200+170a 4200+210a 4200 £180a

Number of fish / pond 10,000 10,000 10,000

Av. Biomass initial (kg): 285.3+1.82a 292.6+1.44a 287.2+1.3a

Grass carp (20%) 34.2x2000=68.4 | 33.6x2000=67.2 | 34.4x2000=68.8

Silver carp (15%)
Bighead carp (15%)

28.1x1500=42.15
24.5x1500=36.75
27.6 x5000 =138

27.9x1500=41.85
26.7x1500=40.05
28.7x5000=143.5

28.7x1500=43.05
27.2x1500=40.8
26.9x5000=134.5

Common carp (50%)
Av. Biomass final (kg) 1687.4+133.3c 1948.8+193.4b 2370.6%85.7a
Av. Fish yield (kg/fed./day) | 7.79 £ 1.95a 9.20 +1.24b 11.57 + 0.67a
Means in the same row with different superscripéssignificantly different at p< 0.05

Data showed that the different fish species cultume polyculture system
performed better in treatment 3 (inorganic ferétian) followed by treatment 2 (cow
manure), while lowest growth was observed in trestinl (sheep manure). Similar
observations were detected by Ponce Palafox (20)d fertilization plays an
important role in meeting nutrient deficiency asllwas stimulating plankton
production and functioning through autotrophic drederotrophic pathways (Bhakta
et al., 2004; Sahuat al., 2007; Hussein, 2009 and Ponce Palafox, 2010).

Results revealed that the total average fish Yieddfed./day) gains of carps in
three treatments were 7.79, 9.20 and 11.57 kg/ &&=y, respectively. This revealed
that the total weight gain of carp was greater $hahd T2 followed by T1. Lower
value was found in T1, which was different from theee treatments.

In general, the final biomass obtained from 1686.£2370.6 kg / fed. was
within that reported by Gonzalez al. (2002) Hussein (2009) and Ponce Palafox
(2010 ) for carp polyculture without supplementsd

Added manure or fertilizer had a positive effectqviantet al., 2002) on the
dissolved oxygen, phytoplankton and primary prowitgt All the treatments did not
degrade the physico-chemical properties of waten¢B-Palafoxet al., 1994). The
sheep and cow manures cause wide fluctuationsiwé#ter quality, mainly dissolved
oxygen concentration which is shown in the largéshdard deviations of 5.8 and 6.4
(mg/L) for sheep and cow fertilizers, respectivelgd lower in the mineral fertilizer
(5.1 mg/L). The ammonium was significantly higharthe mineral fertilizer (0.09
mg/L). Information about the potential producticevel of a fertilized fishpond is
indispensable for its rational management. Fromdéga collected by Barbet al.
(1999) statistical treatment evidenced relationshgtween phytoplankton types,
chlorophyll a densities and fish production lev€lembining both five typical groups
of phytoplankton and five different concentratiasfschlorophyll a arranged into a
grid, it was possible to determine the potentiah fproduction of the ponds (up to
over 2000 kg/fed.).

In general, an inverse relationship was found betw¢he abundance of
phytoplankton and fish yield and a direct relatlipsappeared between yield and
concentrations of dissolved oxygen in pond watée §eneral conditions were ade-
quate to obtain high yields without commercial ®€2.0 ton/fed.), higher than those
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found in temperate regions (0.72 ton/Ha) of Eur@giolova et al., 2008a&b) and
the application of organic manures can be recomettibeécause of their availability
and low cost.
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