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Abstract. The effectiveness of pond cultivation of juvenile common carp with an initial weight of 10 grams was studied in
the Central Fish Hatchery of Essaouira (Wasit province, Republic of Iraq). The research material is presented by juvenile
common carp with an initial weight of 10 grams (2 100 specimens), divided into 3 replicas of 700 specimens. The cultiva-
tion of juvenile carp was carried out for 90 days in three earthen ponds with an area of 0.2 hectares with direct running wa-
ter supply with fresh water from the Tigris River. The young carp were fed with granular compound feed containing 18 MJ
of exchangeable energy and 32% of crude protein. Control catches with the study of juveniles were carried out on the 21st,
42nd, 63rd and 90th days from the beginning of cultivation. Fish-breeding, biological, economic and statistical indicators of
cultivation were determined by generally accepted methods. The survival rate of juveniles during the first stage of cultiva-
tion (from the 1st to the 21st days) was the lowest — 88.67 + 0.55%, however, in the following stages it stabilized in the
range of 98.77-99.45%. The preservation rate of fish for 90 days of cultivation was 86.24 = 0.13%. Morphological parame-
ters of juvenile carp were characterized on the 90th day of cultivation by a body weight of 267.29 + 5.23 g, a total body
length 0f 24.83 £ 0.01 cm, a fatness coefficient of 1.75 + 0.03. Fish productivity of ponds for 90 days of juvenile cultivation
was 771.85 + 16.82 kg/ha. The efficiency of converting feed into an increase in fish biomass was maximum at the first
stage of cultivation, gradually decreasing at the next stages. The feed conversion coefficient for the entire growing period
was 1.95 £ 0.07. The cost of reared juveniles amounted to 25,953.03 Russian rubles or 426,148.75 Iraqi dinars per 1 hun-
dredweight. The costs of working capital and amortization of fixed assets turned out to be the largest in the cost structure —
55.75 and 20.21%, respectively. The results of the performed research can be used in the cultivation of fish-planting mate-
rial of common carp at fish-breeding enterprises in Iraq.
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Ha4YaJbHOIl Maccoii 10 r npu KOPMJIEHHH I'PAHYJIHPOBAHHBIM KOPMOM
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AHHOTAaIuA. DPPEKTUBHOCTS IPYAOBOTO BHIPAIMBAHKS MOJIOAN Kapia OOBIKHOBEHHOT'0 HaYIbHOH Maccoi 10 r uc-
crnenoBayy B LlenTpansHoMm peidoBogHoM nuromuuke Dc-Cyseiipe (mpoBunus Bacut, Pecy6imka Mpak). Marepu-
aJl MCCIIeI0OBaHuUS MIPECTaBIeH MOJIOABIO Kapa OObIKHOBEHHOr0 HayaiabHOW Maccoil 10 r (2 100 5k3.), pa3aeneHHOH
Ha 3 nosropHOocTH 110 700 5K3. BeIpamuBanue Mos1014 Kaplia BBIIOIHAIM B TedeHUue 90 nHEH B TpeX 3eMIIHBIX IIpY-
nax miomasio 0,2 Ta Ipu MpSMOTOYHOM BOJOCHAOKEHUH MpecHON BOAo# u3 p. Turp. Monoxas kapra KOpMIIIH rpa-
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Tosapuas akeakynemypa u UCKyCCMEEHHOe 80CHPOU3B00CMEO SUOPOOUOHMOE

HYJIUPOBaHHBIM KOMOHKOpMOM, coaepxaruum 18 MJIx obmenHoit sepruu u 32 % ceiporo nporenHa. KoHTponbsHble
00JIOBBI C HCCIeIOBaHUEM MOJOAM mpoBoawiau Ha 21, 42, 63 u 90 meHb OT Hayana BeIpauMBaHus. PpIOOBOIHO-
Onosnornueckne, YKOHOMHIECKHE U CTATHCTUYECKHE MOKA3aTeN BHIPAIMBAHMS ONPEREISUIN OOMETIPUHATHIMA METO-
Jamu. BepkuBaeMocTh MOJIOM Ha epBOM 3Tare BelpamuBanus (¢ 1 mo 21 nguu) Obia HauMenben — 88,67 + 0,55 %,
OJHAKO Ha CIEIYIONINX 3Tanax cTabunusuponanack B quamnazone 98,77-99,45 %. CoxpanHocTs pbIObI 32 90 1HEll BbI-
pammBanus cocraBmwia 86,24 + 0,13 %. Mopdomorudeckue mokazaTenu MOJOAM Kaplia XapaKTepPU30BAINCH Ha
90 neHb BhIpaIMBaHus Maccol Tena 267,29 + 5,23 r, obmeit qmunoit tena 24,83 + 0,01 cm, ko3 dpunmreHTom ynutas-
Hoctu 1,75 + 0,03. PeiGonpoaykTuBHOCTS IpyAoB 3a 90 aHell BbIpanBanus Mojoau cocrasmia 771,85 + 16,82 kr/ra.
3¢ heKTUBHOCTh KOHBEPTAIUN KOPMa B IIPHPOCT OHOMACCHI PHIOBI ObllIa MAaKCHMaJIBHOW Ha IIEPBOM dTale BBIpAIH-
BaHHs, IOCTENICHHO CHUIKAsACh Ha CIIEAYIOIMX Tanax. KoahuiueHT KoHBepTaliu KopMa 3a Bce BpeMs BbIPAIMBAHUS
coctaBun 1,95 + 0,07. CebecTouMoCTh BBIpaIieHHOH Mojoau cocTtaBuia 25 953,03 py6., unu 426 148,75 upaxkckux
JuHapoB 3a 1 1. 3arpaTsl Ha 060pOTHBIE (YOHABI M AaMOPTH3AIMIO OCHOBHBIX (DOH/IOB OKA3AJINCh B CTPYKType cebecTo-
umocTtH Haubompmumu — 55,75 n 20,21 % cooTBeTcTBEHHO. Pe3ynbTaThl BBINOIHEHHOTO MCCIEAOBAHHUS MOTYT ObITh
UCIIOIb30BaHbI NIPY BBIPALIMBAHUU PHIOONIOCAI0YHOTO MaTepHala Kaprna 0OBIKHOBEHHOTO Ha PHIOOBOHBIX MPEANPHs-
Tusax Mpaka.

Knwuesble ciioBa: Kapn O6bIKHOBeHHbII71, MOJIOJb, BbIpalllMBAHUE, pLI60Hp0Z[yKTHBHOCTB, ce0eCTOMMOCTh

Jns nutupoBanus: Anv-Xunanu Xacan Anu Xycceiin, Jlozoeckuii A. P. D(hexTHBHOCTS PyJOBOTO BEIPAIIUBAHUS
MOJIOM KapIia HayajabHOH Maccoi 10 T mpu KOpMIIEHHH TpaHyIMPOBaHHEIM KopMoM B Pecrry6mmke Vpaxk // Bectank
AcCTpaxaHCKOT0 TOCYAapCTBEHHOTO TeXHHYecKoro yHuBepcurera. Cepus: PribHOe xo03siicTBO. 2025. Ne 2. C. 67-73.
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Introduction

Pond fish farming is a primary sector of aquacul-
ture established in Iraq, in conjunction with fish farm-
ing in floating cages and recirculating systems. Aqua-
culture development in Iraq commenced in 1956 with
the introduction of cultured species, including carp,
tilapia, and rainbow trout, at the Al-Zafarania fish
farm. Consequently, both public and private aquacul-
ture facilities appeared across several provinces of
Iraq, with the number of farms fluctuating between
1 600 and 2 700 at different intervals. The yearly out-
put quantities of pond fish in Iraq have consistently
risen: from 1980 to 2000, production remained below
2-4 thousand tons, however from 2005 to 2019, it es-
calated to 17-21 thousand tons. The aquaculture sys-
tem in earthen ponds use semi-intensive polyculture
technology. The predominant species farmed in pond
aquaculture are common carp (Cyprinus carpio), silver
carp (Hypophthalmichthys molitrix), and grass carp
(Ctenopharyngodon idella) [1].

Investigations into the aquaculture system in earth-
en ponds in Iraq concentrate on examining the present
condition and future potential of pond fish farming in
designated provinces [2], the efficacy of common carp
cultivation within and outside cages situated in earthen
ponds [3], the aquaculture practices and biological met-
rics of diverse carp groups [4], and the impact of vari-
ous feed types on the growth rate and survival of carp
larvae [5].

The progress of technology for cultivating common
carp fingerlings is crucial for the future expansion of
pond aquaculture in Iraq; nevertheless, the efficacy of
rearing carp juveniles of different sizes has not been
extensively investigated.

This study aims to evaluate the efficacy of raising
common carp juveniles from an initial weight of
10 grams to the fingerling stage in earthen ponds, uti-
lizing pellet feed, in central Iraq.
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Materials and methods of research

The research was carried out in the Central Fish
Hatchery in Al-Suwayrah, Wasit Province, Republic of
Iraq, from July to October 2023. The hatchery, con-
structed by a Hungarian firm in the 1980s, has fish
breeding ponds, a production laboratory, and adminis-
trative facilities.

The research focused on one-month-old common
carp (Cyprinus carpio) fingerlings, averaging 10 g in
body weight. A total of 2 100 fingerlings were allocated
across three ponds, with 700 individuals in each pond.

The fingerlings were cultivated in earthen ponds cov-
ering an area of 2 000 m2. To improve the natural food
substrate, organic fertilizers (cattle dung at 400 kg/ha)
were utilized before to the commencement of raising. The
ponds were initially filled with freshwater from the Tigris
River to a level of 0.2 m, which was subsequently elevat-
ed to 1 m after a duration of 10 days. The physicochemi-
cal properties of the water were assessed everyday.

The health of the fish was monitored via visual
evaluation of their look and activity. All operations were
conducted in compliance with international regulations
for the management of experimental animals, ensuring
the reduction of stress and suffering in the fish [6].

Temperature, dissolved oxygen, transparency, pH,
electrical conductivity, total alkalinity, and total hardness
of pond water determined daily were measured daily in
the field using the Multiparameter Water Quality Meter
(Pro Plus, YSI Inc., USA), equipped with high-precision
sensors for rapid and accurate readings. Water samples
for laboratory analysis were collected in acid-washed
polyethylene bottles, filtered through glass fiber filters
(0.45 microns) and stored at a temperature of <10 °C
before shipment. Concentration of ions (phosphates,
nitrates, nitrites, ammonium) were analyzed using stand-
ard spectrophotometric methods according to APHA
(American Public Health Association) guidelines. The
average monthly values of physicochemical indicators
corresponded to the regulatory requirements for carp
(Table 1).
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Table 1
Physico-chemical indicators of pond water quality

Indicator July August September October
Temperature, °C 31.2+1.13 309+1.43 294 +1.32 283+1.5
Dissolved oxygen, mg/l 6.5+0.26 6.7+0,3 6.3+043 6.1+041
Water transparency, cm 13.4+1.12 11.0+1.42 13.0+1.20 11.5+1.35
pH 7.37+0.49 7.24+0.42 7.8+0.41 7.53 £0.89
Electric conductivity, mS/cm 0.952+0.20 1.203 £0.21 1.543 £ 0.38 1.754 £ 0.38
Total alkalinity, mg/l 190.0 +61.0 267.0 +64.0 260.0 +70.0 376.0 +=77.0
Total hardness, mg/1 188.0 £ 92.20 230.0 + 85.59 384.0 £ 80.12 409.0 £ 94.3
Phosphate concentration, mg/1 0.09 +£0.04 0.07 £0.06 0.08 +0.03 0.19 +£0.08
Nitrate concentration, mg/1 0.73 £0.49 1.04 £0.32 1.16 £0.02 1.46 £ 0.06
Nitrite concentration, mg/1 0.27 £0.10 0.31+0.11 0.3+0.16 0.09 £0.12
Ammonium concentration, mg/1 0.04+0.01 0.06 +£0.01 0.02 +0.05 0.03 +£0.03

Phytoplankton abundance was determined in water
samples with a volume of 1 liter, which were treated
with a 1% Lugol solution and examined under a micro-
scope to identify and count species. The monthly aver-

age values of phytoplankton abundance in July and Oc-
tober were small, but increased in August and especially
in September, with the pronounced dominance of Chlo-
rophyta and Cyanobacteria groups (Table 2).

Table 2
The average monthly abundance of phytoplankton of various groups in ponds, x10* individuals/l

Phytoplankton groups July August September October
Cyanobacterium 349+43 207.7+2.5 900.0 = 10.0 27.6+£0.2
Chlorophyta 18.8+0.5 320.7+9.0 1 630.0 +30.0 12.5+12.5
Bacillariophyta 103+1.1 25.5+0.3 314.7+42 153+0.1
Euglenophyta 12.0 £ 0.6 141.3+1.5 1473+ 1.6 15.5+15.5
Pyrrhophyta 10.0£0.2 123.7+3.5 353.3+15.3 64+64
Chrysophyta 12.5+0.6 272+1.1 3344+ 14.5 12.1£12.1
Pennales 10.5+0.6 19.2+0.4 283.0+4.4 11.5+11.5

Zooplankton abundance was determined by filter-
ing 30 liters of water through a plankton network with
a mesh size of 50 microns, fixing the sample in a 4%
formalin solution and examining it under a micro-

scope. The average monthly zooplankton abundance
was minimal in July and maximal in August, with the
Rotifers group dominating (Table 3).

Table 3
The average monthly abundance of zooplankton of various groups in ponds, x10* individuals/l

Zooplankton groups July August September October
Rotifers 58.7+8.1 206.7 +£10.7 115.0£5.0 113.3+15.3
Copepoda 8.6+1.2 37.0+£2.0 542+£2.7 54.1+£29
Cladocera 10.8 +£3.3 31.7+4.7 22.0+4.6 12.7+3.5
Daphniidae 123+5.9 15.0+3.6 11.5+3.9 16.0 +3.6
Others 25.0+2.0 110.0 +10.0 31.7+£5.0 19.0+9.5

Feeding was performed twice a day using granular
feed. The daily feeding ration was 5% of the fish bio-
mass. The food contained fishmeal, soy meal, corn

flour, rice bran, vegetable oil “Vizavit” and mineral and
vitamin premix. The feed contained 32% crude protein
and 18 megajoules of metabolic energy (Table 4).

Table 4
The content of nutrients and energy in the feed
Indicator Parameter
Dry matter, % 90.4
Crude protein, % 32.0
Crude fat, % 4.5
Crude fiber, % 6.5
Ash, % 10.6
Exchangeable energy, MJ/kg feed 18.0
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Morphological studies of juvenile common carp
were carried out in accordance with the methodological
recommendations developed by I. F. Pravdin [7]. Fish
for measurements were caught after a partial decrease in
the water level in the pond in the early morning to re-
duce its stress. The caught fish were placed in plastic
containers with water from the same pond. After taking
measurements, the fish were carefully returned to the
pond. The mass and total body length of the juveniles
were recorded at the beginning of the experiment, then
every 21 days and at the end of the growing period.
Measurements were carried out on a sample of at least
100 fish. Body weight was measured with an accuracy
of 0.01 g using electronic scales, and body length with
a caliper with an accuracy of 0.1 cm. Body weight gain
and feed conversion rate (FCR) were determined by
a generally accepted method. The costs associated with

the cultivation of juvenile carp were estimated in ac-
cordance with the following articles:

— costs of fixed assets (depreciation and mainte-
nance of ponds, equipment and transport);

— costs of working capital (fish planting material
for stocking, feed, water resources, electricity, fuel,
fertilizers);

— the cost of the wage fund (remuneration of per-
sonnel engaged in the cultivation, feeding and mainte-
nance of ponds.; deductions for social needs);

— overhead costs (administrative, utility).

Research results

The number of juvenile carp decreased significant-
ly during the first three weeks of cultivation: from 700
at the beginning to 615-628 specimens per pond at the
end of the stage (Table 5).

Table 5

Dynamics of the number of juvenile carp in ponds, specimens

. . Duration of cultivation, days
Replicate When stocking 21 4 63 )
Pond R1 628 616 606 605
Pond R2 700 615 614 610 602
Pond R3 619 609 605 604

The number of juveniles at the next stages of culti-
vation changed little, amounting to 602-605 specimens
per pond by the 90th day of cultivation. As a result, the
safety of juveniles during the first stage of cultivation
turned out to be the lowest — 88.67 + 0.55%. The
preservation rate at the next stages of juvenile cultiva-
tion was stable in the range from 98.77 to 99.45%. The
safety of fish for the entire time of cultivation was

86.24 + 0.13%. The obtained parameters are consistent
with the data of earlier studies, which confirm the high
survival rate of carp with proper management of the
reservoir [8, 9].

The body weight of the cultured carp juveniles ex-
hibited a consistent growth during all cultivation peri-
ods (Table 6).

Table 6
Dynamics of body weight of juvenile carp, grams
. . Duration of cultivation, days
Replicate When stocking 21 12 63 2
Pond R1 9.96 + 0.89 46.25 +4.00 90.12 + 6.36 184.75 £9.40 27045+ 11.3
Pond R2 10.01 £0.49 50.27 +3.84 89.37+17.30 173.04 £9.38 257.07£11.8
Pond R3 10.00 +0.70 50.25+5.32 94.44 £ 7.83 187.61 £9.89 27436 £ 124

On the 90th day of cultivation, the average body
weight of juveniles in ponds ranged from 257.07 to
274.36 grams, showing no significant differences be-
tween replicas. The individual body weight gain of
juveniles over the entire growing period was in the
range from 247.06 to 264.36 grams. The average body
weight of the grown juveniles on the 90th day of culti-
vation was 267.29 + 5.23 grams. Thus, the value of

this indicator increased by 26.76 times during cultiva-
tion. There is no doubt that the intensive growth of
juveniles in ponds largely depends on additional feed-
ing, as indicated by other authors [10].

The total body length of juveniles gradually in-
creased during the growing period from 7.03-7.14 cm
initially to 24.82-24.85 cm (Table 7).

Table 7
Dynamics of total body length of juvenile carp, cm
. . Duration of cultivation, days
Replicate When stocking 21 42 63 M)
Pond R1 7.13 £0.89 14.04 = 1.00 1589 +1.45 21.08 +1.67 24.85+1.89
Pond R2 7.14+£0.49 14.03 +£1.24 15.84 £ 1.46 21.09 +1.68 24.82 +1.90
Pond R3 7.14+£0.70 13.97+1.25 15.82 +1.47 21.06 +1.69 2483+ 191
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The absolute increase in total body length over 90
days was 17.68-17.72 cm. The average value of the
total body length of juvenile carp at the end of cultiva-
tion was 24.83 £0.01 cm.

The fatness coefficient of juveniles at the stages of
cultivation fluctuated in waves, which can be ex-
plained by the uneven linear growth of fish in different
directions (Table 8).

Table 8
Dynamics of the fatness coefficient of juvenile carp, units
. . Duration of cultivation, days
Replicate When stocking 21 ) 63 20
Pond R1 1.67 £0.08 2.25+0.12 1.97+0.10 1.76 £ 0.09
Pond R2 2.75+0.10 1.82 £0.09 2.25+0.13 1.85+0.09 1.68 +0.08
Pond R3 1.84 £ 0.09 2.39+0.13 2.01 £0.10 1.79 £ 0.09

The value of the fatness coefficient at the end of
cultivation turned out to be in the range from 1.68 to
1.79, which indicates a good fatness of the fish plant-
ing material. The average value of the fatness coeffi-
cient of carp juveniles by the 90th day of cultivation
turned out to be 1.75 + 0.03.

The total biomass of juvenile carp steadily in-
creased from the initial 6.97-7.01 kg per pond to
154.76-165.71 kg per pond at the end. The total in-
crease in biomass over 90 days ranged from 147.75 to
158.71 kg per pond (Table 9).

Table 9
Dynamics of the biomass of juvenile carp, kg per pond
. . Duration of cultivation, days
Replicate When stocking 21 42 63 20
Pond R1 6.97 29.05 55.51 111.96 163.63
Pond R2 7.01 3091 54.87 105.55 154.76
Pond R3 7.00 31.11 57.51 113.51 165.71

The average biomass value of the grown juveniles
on the 90th day of cultivation was 161.36 + 3.36 kg
per pond. As a result, the value of the analyzed indica-
tor increased by 23.08 times during cultivation.

The fish productivity of ponds gradually increased
during the growing of juvenile carp, reaching the level
of 738.75-793.57 kg/ha after 90 days (Table 10).

Table 10
Dynamics of fish productivity of ponds during the cultivation of juvenile carp, kg/ha
. Duration of cultivation, days
Replicate 21 63 %
Pond R1 110.37 242.71 524.93 783.25
Pond R2 119.55 239.33 492.74 738.75
Pond R3 120.52 252.57 532.52 793.57

The average value of fish productivity of ponds for 90
days of growing juvenile carp was 771.85 + 16.82 kg/ha.
The results of the study indicate a steady increase in
fish productivity of ponds during the cultivation of
juvenile carp.

Feed consumption at the first stage of cultivation
turned out to be in the range of 25.24-27.65 kg per pond,
but later it increased significantly. Feed consumption for
90 days of cultivation was 300.09 + 3.56 kg per pond
with fluctuations from 295.81 to 307.16 (Table 11).

Table 11
Dynamics of feed consumption during rearing of carp juveniles in ponds, kg per pond
Growing stage, days
Replicate | first (from the 1** | second (from the third (from the fourth (from the for(?:(lnt::il?eme
st nd nd rd rd th th

to the 21 22" to the 42"%) 43" to the 63™) 64™ to the 90™) 1" to the 90th)
Pond R1 27.65 46.31 92.05 131.29 297.30
Pond R2 25.29 47.77 96.54 137.56 307.16
Pond R3 25.24 44.55 92.67 133.35 295.81
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The maximum conversion of feed into biomass
growth of juvenile carp was observed at the first stage of

cultivation, when the average FCR value was 1.12 = 0.07
with variability ranging from 1.05 to 1.25 (Table 12).

Table 12
Dynamics of the feed conversion ratio during the cultivation of juvenile carp, units
Growing stage, days
Replicate first (from the secodnd (from t{lle thigd (from thde foul;lth (from t£1e for(#(l):::i;leme
st st n n r I tl t!
1% to the 21 22" to the 42"%) 43" to the 63™) 64" to the 90™) 1* to the 90™)
Pond R1 1.25 1.75 1.63 2.54 1.90
Pond R2 1.06 1.99 1.90 2.80 2.08
Pond R3 1.05 1.69 1.66 2.55 1.86

At the next stages of cultivation, an increase in this
indicator was noted to 1.81 £ 0.09 (second), 1.73 + 0.09
(third) and 2.63 + 0.08 (fourth). The feed conversion
rate for 90 days of growing juvenile carp was
1.95 £ 0.07 with fluctuations in the range from 1.86 to
2.08. The value of the feed conversion rate is an im-
portant parameter in the cultivation of juvenile carp,
having a strong impact on its cost.

The total biomass of juvenile carp after 90 days of

cultivation was 484.1 kg. Total costs of fish farming
was 125,638.61 Russian rubles (RUB) or 2,062,985.98
Iraqi dinars (IQD). Costs of growing 1 hundredweight
of juvenile carp was 25,953.03 RUB or 426,148.75
IQD. The share of expenses on working capital and
depreciation of fixed assets turned out to be the most
significant in the structure of production costs: 55.75
and 20.21%, respectively (Table 13).

Table 13

Cost structure of growing young carp

. Costs for 1 hundredweight Share of costs in the cost price
Cost item Total costs, RUB of grown juveniles, RUgB of reared calves, % P
Fixed assets 25,403.03 5,247.48 20.22
Working assets 70,053.76 14,470.93 55.76
Wages fund 15,719.70 3,247.20 12.51
Overhead costs 14,462.12 2,987.42 11.51
Total 125,638.61 25,953.03 100.00

Conclusion

An assessment of the effectiveness of growing juve-
nile common carp with an initial weight of 10 grams in
the environmental conditions of groundwater ponds in the
Central part of Iraq showed a high level of preservation
for 90 days — 86.24 + 0.13%. At the end of adulthood,
juveniles reach a body weight of 257.07-274.36 grams
and a total length of 24.8-24.9 cm. Intensive growth of
juveniles makes it possible to obtain a high level of fish
productivity in ponds in 90 days — 771.85 + 16.82 kg/ha.
Most of costs of growing juvenile carp in ground ponds

are accounted for by the use of working capital (55.75%)
and depreciation of fixed assets (20.21%).

The cost of the grown carp planting material is
25,953.03 Russian rubles or 426,148.75 Iraqi dinars per
one hundredweight of products, which indicates its
competitiveness.

The results of the study of fish farming, biological
and economic indicators of the cultivation of juvenile
carp with an initial weight of 10 grams in ground ponds
are of great importance for the production of carp plant-
ing material in Iraq.
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