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Abstract: The current study aims to compare the growth of young grass carp
Ctenopharyngodon idella fed on either artificial diet or alfalfa. The experiment was carried out
in the earthen ponds of the Aquaculture Unit in the Agricultural Researches and Experiments
Station (College of Agriculture, University of Basrah), which is located in the Al-Hartha district,
approximately 16 km north of Basra (30° 65' 64.6"N, 47° 74' 79.5"E). The experiment begun
from 26 July 2019 to 10 December 2019. Six ponds with an area of 600 square meters each were
used for treatments. Fish were distributed equally to the culture ponds (600 fish per pond) at
average individual weight of 6.3+0.28 g. Fish in artificial diet treatment were fed 5 % of the
body weight and in alfalfa treatment 50 % of the body weight. Samples of fish were weighed
every twenty days for the purpose of controlling growth parameters subsequently adjusting the
daily feed provided based on the new weight. The growth criteria (final weight, weight gain,
daily growth rate, specific growth rate, relative growth rate, feed conversion ratio and protein
efficiency ratio) were calculated. Results of the current study showed that the water temperature
is the most variable factor, for example, the highest temperature was 27.2°C in July, while the
lowest temperature was 18.7°C in December. Results of growth criteria of the current study
showed that grass carp in earthen ponds preferred alfalfa rather than the artificial diet, as the
final average weight were 97.35, 47.18 g, the weight gain rate were 91.73, 40.75 g fish, the
daily growth rate were 1.27, 0.42 g day, relative growth rate 1707.77, 629.99 %, specific
growth rate were 3.92, 2.04 % day™, feed conversion ratio were 11.75, 2.5land protein

efficiency ratio were 1.75, 0.45 for fish fed on alfalfa plant and the artificial diet respectively.
Key words: SGR, Feeds, Earthen ponds, Grass carp.

Introduction

Grass carp Ctenopharyngodon idella is a very ability to withstand extremist environmental
popular species in freshwater aquaculture (Xie conditions, as well as the ease of cultivation,
et al., 2018). Grass carp became the first fish availability of nutritional requirements and its
for aquaculture in the world, which has the acceptance by the consumer, this led to the
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success of its cultivation on a large scale, the
global production of grass carp reached 10500
tons in 2018 (FAO, 2020).

Based on molecular studies Tan &
Armbruster (2018) classified grass carp in the
family of Xenocyprididae instead of Cyprinidae
as it is now accepted (Froese & Pauly, 2021).
Grass carp in natural environment, feed almost
entirely on floating and/or submerged
macrophytes and detritus, but in aquaculture,
many aquatic, terrestrial plants and types of
processed feeds were used (Zhao et al., 2020).
The young grass carp feed on crustaceans and
small fish, but the adults can feed other sources
in case of scarcity in vegetation, such as small
fish, but in ponds, they prefer feed on plants,
however they did not show an increase in
weight when they were fed on diets of animal
sources (Van Zon et al., 1978; Chilton &
Muoneke, 1992). Shireman et al. (1978). When
different plants feeds compared with
manufactured food, it was found that the alfalfa
tend to increase the growth rates of grass carp
and had significant difference from other
treatments Nekoubin & Sudagar (2012).
Zolfinejad et al. (2017) recorded the higher
values of fish weight gain rate in treatments of
duckweed and alfalfa compared to other aquatic
and terrestrial plants. Feeding grass carp on
plants results in healthier fish, reduces
production cost, increases net profit, and is
more environment-friendly ecosystem (Toutou
et al, 2018). Salih et al. (2008) cultivated grass
carp in earthen ponds and used alfalfa in their
feeding. Mgbenka & Lovell (1986) fed grass
carp larvae on a diet containing alfalfa powder
at a rate of 19 %, they found that fish fed the
diet containing alfalfa had high weight gain and
lower feed conversion. Nekoubin & Sudagar
(2012) studied the effect of manufactured and
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plant diets on the growth performance and
survival rate of grass carp juveniles using
different types of feeds including alfalfa, their
results showed that the best performance
recorded in fish fed on artificial diets compared
to vegetable diets .

Taher (2017) conducted several laboratory
experiments on feeding of grass carp, he found
that the best growth of these fish is achieved
when they fed with manufactured diets
compared with aquatic plants alone or aquatic
plants and diets. Abdullah et al. (2020)
exhibited the preference of grass carp for three
types of aquatic plants, namely Azolla plant,
duckweed and Brahmi herb Bacopa monnieri at
different temperatures, concluding that there are
no significant differences in the preference of
Azolla and duckweed plants, while the fish did
not eat Brahmi plant. Al-Dubakel et al. (2020)
recorded the highest weight achieved in grass
carp when adding 5 % of Azolla plant powder,
while the lowest weight was gained when
adding 15 .%

Taher (2020a) found that the best growth rate
with lowest feed conversion ratio were
achieved when grass carp were farmed at a
density of 0.41 fish m-2, while the lowest
growth rate with the highest food conversion
ratio were at density 1.25 fish m-2, Al-Dubakel
et al. (2020) study the effect of partial
replacement of fish meal with Azolla meal in
grass carp feed. The current study aims to
compare the growth performance of young
grass carp fed with artificial diet or alfalfa in
earthen ponds.
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Materials & Methods
Study site

The experiment was conducted in the earthen
ponds belonging to Aquaculture Unit at
Agricultural Researches and Experiments
Station (College of Agriculture, University of
Basra), which located in the district of the Al-
Hartha, approximately 16 km north of Basra
(30° 65' 64.6"N, 47° 74' 79.5"E). This station
includes four large ponds (2500 m? and 14
small ponds (600 m?).

Environmental measurements

The temperature, pH, salinity and dissolved
oxygen were measured using a digital device of
the type Lovibond Senso Direct 150.

Experimental ponds

The water area of pond was 600 m? with depth
of 1.5 meters each. Before the experiment
started, all ponds were drained entirely for 10
days till complete dryness. Ponds were supplied
with fresh water from one of the tributaries of
the Shatt Al-Arab river. Water was supplied by
electric pumps without supplemental aeration.
Six ponds were used, the ponds were filled with
water and left for several days for the purpose
of developing the natural food. The water inlet
and outlet pipes are provided with sieves to
prevent the entering of wild fish or escaping of
the reared fish.

Experimental fish

Young grass carp, with average weight of
6.3+0.28 g were transferred from Thi-Qar
Governorate during 7 July 2019 to the Marine
Science Center ponds in Basrah, and after seven
days they were transferred to the Al-Hartha
culture ponds. Fish were distributed in the
ponds at a density of 1 fish m?2 Three
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replications for artificial diet and the alfalfa
plant were used. During 26 July 2019, a random
sample (about 100 fish) was taken from each
pond using a seine net and then fish were
transported outside the pond site and transferred
to a tank supplied with experimental water then
they were returned to the ponds after taking the
measurements of their weights.

Feeding management

The total weight of fish were measured in the
ponds to calculate the daily food quantity for
each pond, daily food quantity for ponds was
calculated, as the fish in ponds 1, 2, and 3 were
fed on artificial diet which manufactured by the
feed production plant in the Agricultural
Advisory Office of the College of Agriculture,
University of Basrah. Table (1) shows the
components, and the calculated chemical
composition (g. kg?) on the basis of the dry
weight of the diet used after adopting a feeding
rate of 5 % body weight?, while the fish in
ponds 4, 5 and 6 were fed with the alfalfa plant,
which was obtained from the local markets.
After adoption of a feeding rate at 50 which
was obtained from the local markets. After
adoption of a feeding rate at 50 %, due to high
moisture content of alfalfa (95.55+0.78) and
according to field observation, it was found that
this feeding rate may be quit sufficient for fish,
also because the small size of fish at the
beginning of the experiment, unable them to
consume all amount of alfalfa, the plants were
cut using an electric cutting machine designed
for this purpose until the fish were able to eat
all parts of the alfalfa.

The daily feed quantity for the ponds was
divided into three equal meals, the first feeding
was in the morning, the second was during the
midday and the third was at afternoon. The
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ration was distributed manually throughout the
experiment period. The fish measurement
process was repeated every 20 days, as the
daily feed quantity given to fish in all ponds
was adjusted on the basis of the new weight of
the fish.

Table (1): Ingredients and proximate
composition of the artificial diets.

Ingredients %

Fish meal 20
Wheat flour 35
Wheat bran 23
Soybean meal 20
Vit. & mineral premix 2

Proximate composition (% DM)
Moisture 9.67+0.58
Crud protein 27.12+0.82
Crud lipid 6.11+2.47
Ash 7.61+0.54
Carbohydrates 46.82+2.35
Gross energy (Kcal.kg?) | 4272.50+60.10

Growth performance

At the end of the experiment during 10
December 2019, growth parameters were taken
during the experimental period and the
following equations were used to describe the
growth performance of grass carp:

Weight gain:

WG = W2 (g.fish™') — W1 (g.fish™1)
Relative Growth Rate:

RGR = (Wz g fish™1-W; g .fish‘l)
w1

Specific Growth Rate:

x 100

_(nW, g fish™' —InW, g.fish™")
B tr—t
x 100

SGR
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Where InW is the natural logarithm of the
final weight at the time T2, InW1 is the natural
logarithm of the initial weight at the time T1and
To-T1 is the period between the two weights.

Feed Conversion Ratio:

FCR = 229
WG g

Where R: weight of dry feed intake.
WG: wet weight gain (live weight of
fish).

PER

PER => -2
Pl g

Where WG: wet weight gain (live
weight of fish).

PI: weight of protein intake.

Survival rate:

No. of fish alive
Total No. of fish stocked

Survival rate = x 100

Chemical analysis

The artificial diets and alfalfa were analyzed
according to A.O.A.C. (2016). The moisture
content was estimated by drying the samples at
a temperature of 105 °C.

The proteins were estimated using the
Microkjeldahl device. And the percentage of
lipids was estimated using a Soxhlet apparatus
in the presence of hexane as an organic solvent.
The ash was estimated by burning the samples
in Muffle furnace at 550 °C for 4 hours. Total
carbohydrates were estimated according to the
equation mentioned by Wee & Shu (1989):

%COH = %DM — (% EE + %CP + %ASH)

Nitrogen free extract was calculated
according to New (1987) as follow:
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%NFE = %DM — (% EE + %CP + %ASH + %CF)
Where:

NFE = Nitrogen free extract

DM = Dry matter

EE = Ether extract or crude lipid

CP = Crude protein

CF = Crude fiber

COH = Total carbohydrate
Statistical analysis

All parameters were tested by using completely
randomized design (CRD) and one-way
analysis of variance (ANOVA). Significant
results (P<0.05) were tested using LSD to test
significant difference between means. The
statistical analysis was calculated by computer
software SPSS package Version 22.

Results

The values of environmental parameters during
the experimental period presented in table (2),
as the water temperature was the most variable
factor, the highest temperature was 27.2 °C
recorded during July and the lowest
temperature was 18.7 °C during December, pH
value was 7.5 in December and was 8.4 in
November, the water salinity ranged from 4.8
psu in September to 9.3 psu in July, and
dissolved oxygen was in highest concentration
(7.5 mg. LY in December, while the lowest
concentration was 6.4 mg. L™ in August.

The proximate composition analysis of the
artificial diet and alfalfa are shown in table (3),
there was a major difference between the two
feeds in moisture, dry matter and fiber content,
but protein content, lipid and ash were higher in
the artificial diet compared to alfalfa which
shows higher content of fiber, NFE and total
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energy content of both feeds were more or less
similar.

Table (2): The environmental parameters
during experimental period.

Temp. Salinity DO
Date o H .
cc) | Pl (psu) | (mg.L?Y)
27Jul. 27.2 8.1 9.3 6.7
15Aug. 25.9 7.9 6.3 6.4
3Sep. 261 | 81| 48 6.8
25Sep. 266 | 78| 51 6.7
170ct. 23.6 8.1 5.6 7.1
9Nov. 19.6 8.4 5.6 6.9
10Dec. 18.7 7.5 5.1 7.5
Table (3): Proximate composition of
artificial diet and alfalfa (Meanz SD).
Proximate Alfalfa | Artificial diet
composition (%)
. 95.55 9.30
Moisture +0.78 +0.42
4.45 90.70
Dry matter +0.78 +0.42
. 22.37 26.49
Crud protein +0.54 10,58
.. 2.10 6.29
Crud lipid +1.35 +2.84
5.16 7.55
Ash +0.93 +0.64
] 21.48 4.45
Crud fiber +11.62 +0.21
46.42 45.35
NFE +9.50 +0.92
Gross 3275.7 3837.05
energy(Kcal. kgl) | +288.15 +187.17

Final weight rates, weight gain rate, daily
growth rate, specific growth rate, relative
growth rate, feed conversion ratio and protein
efficiency ratio during the experiment period
presented in table (4). Results clearly exhibited
that grass carp fed on alfalfa had positive
effects on the growth parameters and showed
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significant difference (P<0.05) compared with
artificial diet. In both feeds, it was not observed
that the fish rejected to ingest the experimental
feeds.

Table (4): Growth performances and
nutrient utilization of grass carp fed on
artificial diet and Alfalfa (Meanz SD).

Parameters Artificial diet | Alfalfa
IW (g) 6.432 5.62°
+0.55 +0.85
FW (g) 47.182 97.35°
+9.27 +21.6
WG (g) 40,752 91.73°
+8.74 +22.42
1 0.42° 1.27°
DGR (g day) +0.09 +0.31
RGR (%) 629.99 2 1707.77°
+90.21 +629.93
SGR (% day-l) 204 a 392 b
+0.13 +0.56
ECR 2512 11.75°
+1.21 +4.43
PER 1,752 0.45°
+0.74 +0.16
Survival rate
(%) 1002 1002

Data in each row with different letters are significantly
different (P<0.05).

Results showed that the highest final weight
rate was recorded in alfalfa treatment
(97.35£21.6 g), while the lowest final weight
average was in artificial diet (47.18+9.27 g) and
the weight gain was the highest (91.73 £22.42
g) in alfalfa feed, while the lowest weight gain
was recorded in artificial diet (40.75+8.74 g).
The daily growth rate was 0.42 +0.09 and 1.27
+0.31 g.day? in the artificial diet and alfalfa
feed, respectively, and the relative growth rate
was 629.99+90.21 % in the artificial diet and
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1707.77£629.93 % in alfalfa. The results of the
current study also showed that the highest
specific growth rate was in alfalfa 3.92+0.56 %
day™ while the lowest specific growth rate was
in the artificial diet (2.04+0.13% day™). Feed
conversion ratio of the grass carp fed on the
artificial diet was 2.51+1.21 which was superior
than alfalfa, the former recorded a feed
conversion ratio of 11.75+4.43 at the level of
food basis, protein efficiency ratio was
1.75£0.74 and 0.45+0.16 in the artificial diet
and alfalfa respectively.

The results of the current study showed that
there was fluctuations in water temperature and
salinity, which greatly have effects on the
growth at a constant culture density, and this is
consistent to what was found by Saleh et al.
(2008) who showed the growth fluctuations
according to the change in temperature, as they
recorded a turbulence in the growth of grass
carp was observed from mid-June (7.6+0.312 g
day?') and started to decrease in January
1.5+0.221 g day?' at temperature range 17-
27°C. Some researchers confirmed that the
optimum temperature for the highest level of
feeding in grass carp was 21-26 °C (Colle et al.,
1978; Shireman & Mciena, 1981), these results
matched our findings in current study. The
highest growth rate of grass carp was at
temperature range (24-29°C), while the growth
rate decreased at lower temperatures, this
results correspond to study of Hemlata et al.
(2016) who recorded a temperature rate of
24.4°C, also with study of Taher (2020b), who
found that the best rate of feed intake for grass
carp was at a temperature of 25°C, the range of
temperature in the present study, except the last
two months were within the suitable range for
grass carp growth. With respect of salinity, the
current study was dissimilar from Hossain et al.



Muhammed et al., / Basrah J. Agric. Sci., 35(1): 50-60, 2022

(2020) who cited that the salinity of the pond
water (1 psu) that was much lower than what
was recorded in the current study, and the pH
value was lower compared to the current study
(7-7.1). The dissolved oxygen concentration in
the current study was higher in comparison
with previous studies, this may due to the water
temperature that was lower. It is known that the
lower the water temperature, the higher its
ability to keep oxygen molecules. The highest
concentration of salinity in the current study
was recorded during July which reached 9.3 psu
and the lowest concentration (4.8 psu) was at
the beginning of September. Kilambi & Zdinak
(1980) found that grass carp fed well and active
at the at the acclimation salinities between 3 to
9 psu, also Al-Seyab (1996) showed that grass
carp has the ability to withstand changes in
salinity up to 12 psu without show signs of
stress, while Taher (2020a) recorded rates of
salinity concentration lower than what was
recorded in the current study.

Results of the current study showed that
alfalfa was superior than artificial diet in
respect to grass carp growth parameters, this
could be related to the small size of fish. Under
suitable conditions, grass carp will eat more
than its individual weight of plant material on a
daily basis and the daily ration (total mass feed
consumed per day/fish mass) may reach 49.9%
(Toutou et al., 2018; Nekoubin & Sudgar,
2012), this finding is consistent with the 50%
feeding rate used in the present study. Zhao et
al. (2020) stated that chopped leaves and stems
of several plants proved to be potential food for
this species, this finding differed from the study
of Nekoubin & Sudgar (2012) in data of the
final weight rate, weight gain, daily growth rate
and specific growth rate, as the researchers
indicated that the artificial diet was the best in
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all these criteria, as well as with other studies
such as Van Zon et al. (1978), Chilton &
Muoneke (1992) and Taher (2017), who
indicated that grass carp prefer artificial diet
rather than plant feeds. Results of the current
study differed from study of Sutton (1981) in
daily growth rate that reached 0.58 g/day in
grass carp fed on alfalfa in the closed system, in
the current study qualitative growth rate was
closer to what was recorded in the study of
Devaraj et al. (1986) when grass carp was fed
on alfalfa, while it was superior in qualitative
growth rate when grass carp was fed on
Moringa oleifera L. in same study. The current
study recorded a lower daily growth rate than
what was recorded in the study of Majhi et al.
(2006) when grass carp was fed on Azolla
plant, which reached to 1.65 g/ day. This is due
to the high protein content of Azolla plant and
its softness. The current study is consistent to
the study of Filizadeh et al. (2004) stated that
grass carp prefer feeding on plants, as small
fish select softer plant tissue while bigger fish
eat a wide variety of tough and fibrous plants,
the current study confirmed what it was found
by Nekoubin & Sudgar (2013), who cited the
superiority of grass carp fish fed on the alfalfa
in all growth parameters on those fed on
artificial diets. In addition, experiments in
current study performed better daily growth rate
in grass carp fed on alfalfa, it reached 0.33 g.
1

day.

As for the value of the feed conversion ratio,
the current study has similar result to the study
of Nekoubin & Sudgar (2013), they showed an
increase in the value of the feed conversion
ratio of alfalfa compared to the manufactured
diet. Taher (2017) noted that feeding the young
grass carp on the plant only gave a negative
daily growth rate of -0.22 g.day?, while the
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current study recorded a highly daily growth
rate when fed on alfalfa that is higher than that
fed on a manufactured diet. Saleh et al. (2008)
recorded higher relative growth rate of 7591.6
%.day? in grass carp fed on alfalfa in earthen
ponds compared to recent study. The current
study showed that the percentage of protein
efficiency of the artificial diet is higher than
that of the alfalfa, tending to a decrease in
weight gain with an increase in the amount of
protein provided to fish, as the amount of total
protein provided to fish in the alfalfa was much
greater than the total protein provided in the
artificial diet. The present values of the protein
efficiency ratio for the artificial diet are closer
to what was reported in the study of Yang et al.
(2013) who recorded 1.65-2.07 for diets with
different percentages of phosphorus in feeding
grass carp, as well as Javed &Watanabe (2000)
who recorded a protein efficiency ratio of 1.41-
2.08 using diets with different protein content
(23.16-33.15 %) in grass carp.

The results of the current study differed from
the study Du et al. (2006), who tested the effect
of different feeding ratios on growth, nutrition
efficiency and body composition using a diet
with a protein content of 35.8 %, as the feeding
percentage 2.5 % recorded protein efficiency
ratio of 0.48 and this difference is due to a
difference in the percentage of protein. The
protein used in Du et al. (2006) experiment was
combined with the percentage of protein used
in the current study. The current study of grass
carp fed on an artificial diet at a feeding ratio of
5 % recorded the efficiency of a protein, same
result was recorded by Halbus (2018). The
current study recorded a lower protein
efficiency ratio for the alfalfa in comparison of
Kopricl & Sertel (2012), whom they used
different plants with a protein content of 40 %,
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and protein efficiency ratios were 1.32-2.08.
Al-Shkakrchy & Ahemed (2013) recorded a
protein efficiency ratio (0.77) higher than what
was recorded in the current study, in their
experiment, they used duckweed in feeding of
grass carp in laboratory, and it perhaps due to
the high protein content (29.69%) in the
duckweed when compared with the alfalfa and
its tenderness, which enables young grass carp
to eat all parts of the plant, furthermore it
contains essential amino acids, which are
similar to the amino acids in chicken eggs.

Conclusion

Grass carp fed alfalfa feeds showed the best
growth performance and nutrient utilization
(expect FCR because of its high moisture
content) and could be advised to use it as
commercial feeds in earthen ponds for young
size grass carp, while the artificial diets could
be more useful for the large size of grass carp.

Acknowledgments

The authors appreciate the efforts of the
Aqguaculture Unit staff, College of Agriculture
for all supports and assistance to complete this
research work, to Dr Hussein A. Saud,
Department of Fisheries and Marine Resources,
College of Agriculture, University of Basrah
for language proofreading.

Orcid

S. J. Muhammed: https://orcid.org/0000-0003-2117-
5718

A. Y. Al-Dubakel:
5505

https://orcid.org/0000-0001-9410-

Conflict of interest

The authors declared that they have no conflict
of interest.


https://orcid.org/0000-0003-2117
https://orcid.org/0000-0001-9410

Muhammed et al., / Basrah J. Agric. Sci., 35(1): 50-60, 2022

Ethical approval

All applicable national and international
guidelines for the care and use of animals were
followed.

References

Abdullah, J. N., Taher, M. M., & Al-Dubakel, A. Y.
(2020). Feeding preferences of grass carp
(Ctenopharyngodon idella) for three aquatic plants.
Journal of Kerbala for Agricultural Sciences, 7(3),
23-34.
https://journals.uokerbala.edu.ig/index.php/Agricultu
re/article/download/800/405

Al-Dubakel, A. Y., Taher, M. M., & Abdullah, J. N.
(2020). Partial replacement of fish meal with Azolla
filiculoides ~ meal in the grass carp
Ctenopharyngodon idella feed. Biological and
Applied Environmental Research, 4(2), 167-176.

Al-Seyab, A. A. (1996). Ewvaluation of grass carp
Ctenopharyngodon idella Val. 1844 efficiency for
aquatic plants weeds control in drainage systems.
Ph. D. Thesis, College of Agriculture, University of
Basrah, 89pp. (In Arabic).

Al-Shkakrchy, S. S., & Ahemed (sic), H. A. (2013). Test
duckweed. Lemna spp. as a potential food for grass
carp Ctenopharhyngodon idella and common carp
Cyprinus carpio L. Al-Anbar Journal of \eterinary
Sciences, 6(1), 44-55,
https://www.iasj.net/iasj/article/77025

A.O0.A.C. (2016). Official Methods of Analysis of AOAC
International. George W., & Latimer, Jr. (Eds.), 20th
edition. Rockville, Maryland 20850-3250, 3172pp.

Chilton, E. W., & Muoneke, M. I. (1992). Biology and
management of grass carp (Ctenopharyngodon
idella, Cyprinidae) for vegetation control: A North
American perspective. Reviews in Fish Biology and
Fisheries, 2(4), 283-320.
https://doi.org/10.1007/BF00043520

Colle, D. E., Shireman, J. V., Gasaway, R. D., Stetler, R.
L., & Haller, W. T. (1978). Utilization of selective
removal of grass carp (Ctenopharyngodon idella)
from an 80-hectare Florida lake to obtain a
population estimate. Transactions of the American
Fisheries Society, 107(5), 724-729.
https://doi.org/10.1577/1548-
8659(1978)107<724:U0OSR0OG>2.0.CO;2

Devaraj, K. V., Keshavappa, G. Y., & Manissery, J. K.
(1986). Growth of grass carp, Ctenopharyngodon
idella Val., fed on two terrestrial fodder plants.
Aquaculture Research, 17(2), 123-128.
https://doi.org/10.1111/j.1365-2109.1986.th00093.x

Du, Z. Y., Liu, Y. J, Tian, L. X., He, J. G., Cao, J. M., &
Liang, G. Y. (2006). The influence of feeding rate on
growth, feed efficiency and body composition of

juvenile grass carp (Ctenopharyngodon idella).
Aquaculture  International,  14(3), 247-257.
https://doi.org/10.1007/s10499-005-9029-7

FAO. (2020). The State of World Fisheries and
Aquaculture. Food and Agriculture Organization of
the United Nation. Rome, 206pp.
https://doi.org/10.4060/ca9229en

Filizadeh, Y., Ahmadi, H., & Zolfinejad K. (2004). The
feeding preferences of grass carp
(Ctenopharyngodon idella Val.) for ten aquatic
plants. Proceedings of the Fourth International Iran
and Russia Conference, ShahreKord, Iran, 8-10
September, 1447-1451.

Froese, R., & D. Pauly. Eds. (2021). FishBase. World
Wide Web electronic publication.
www.fishbase.org, version 06/2021.

Hemlata, S., Singh, K. R., & Devi, W. S. (2016). Studies
on the growth of grass carp, Ctenopharyngodon
idella (Cuvier and Val.) fed on amphibious plant
Zizania latifolia under intensive fish culture.
International Journal of Research and Scientific
Innovation, 3(11), 28-31.

Hossain, M. M., Ali, M. L., Khan, S., Haque, M. M., &
Shahjahan, M. (2020). Use of Asian watergrass as
feed of grass carp. Aquaculture Reports, 18, 100434.
https://doi.org/10.1016/j.aqrep.2020.100434

Javed, M., & Watanabe, T. (2000). Effect of Feed with
Varying Protein: Energy ratios on the growth
performance of grass carp Ctenopharyngodon idella.
Pakistan Journal Biological Sciences, 3(12), 2199-
2202. http://doi.org/10.3923/pjbs.2000.2199.2202

Kilambi, R. V., & Zdinak, A. (1980). The effects of
acclimation on the salinity tolerance of grass carp,
Ctenopharyngodon idella (Cuv. and Val.). Journal
of Fish Biology, 16(2), 171-175.
https://doi.org/10.1111/j.1095-8649.1980.th03696.x

Koprici, K., & Sertel, E. (2012). The effects of less-
expensive plant protein sources replaced with
soybean meal in the juvenile diet of grass carp
(Ctenopharyngodon idella),  growth, nutrient

58


https://journals.uokerbala.edu.iq/index.php/Agricultu
https://www.iasj.net/iasj/article/77025
https://doi.org/10.1007/BF00043520
https://doi.org/10.1577/1548
https://doi.org/10.1111/j.1365-2109.1986.tb00093.x
https://doi.org/10.1007/s10499-005-9029-7
https://doi.org/10.4060/ca9229en
http://www.fishbase.org
https://doi.org/10.1016/j.aqrep.2020.100434
http://doi.org/10.3923/pjbs.2000.2199.2202
https://doi.org/10.1111/j.1095-8649.1980.tb03696.x

Muhammed et al., / Basrah J. Agric. Sci., 35(1): 50-60, 2022

utilization and body composition.
International, 20(3),
https://doi.org/10.1007/s10499-011-9471-7

Majhi, S. K., Das, A., & Mandal, B. K. (2006). Growth
performance and production of organically cultured
grass carp Ctenopharyngodon idella (Val.) under
mid-hill conditions of Meghalaya; North Eastern
India. Turkish Journal of Fisheries and Aquatic
Sciences, 6(2), 108-105.
https://dergipark.org.tr/tr/download/article-
file/141946

Mgbenka, B.O., & Lovell, R. T. (1986). Intensive
feeding of grass carp in ponds. The Progressive Fish
Culturist, 48(4), 238-241.
https://doi.org/10.1577/1548-
8640(1986)48%3C238:IFOGCI%3E2.0.CO;2

Nekoubin, H., & Sudagar, M. (2012). Effect of formulate
and plant diets on growth performance and survival
rate of juvenile grass carp (Ctenopharyngodon
idella). World Journal of Fish and Marine Sciences,
4(4), 386-389.

Nekoubin, H., & Sudagar, M. (2013). Effect of different
types of plants (Lemna sp., Azolla filiculoides and
Alfalfa) and artificial diet (with two protein levels)
on growth performance, survival rate, biochemical
parameters and body composition of grass carp
(Ctenopharyngodon idella). Journal of Aquaculture
& Research Development, 4(2), 1-6.
https://doi.org/10.4172/2155-9546.1000167

Saleh, J. H., Al-Mukhtar, M. A., Hsooni, K. H., & Yasin,
A. T. (2008). Culture of grass carp
Ctenopharyngodon idella Val. in Fadak farm-
Basrah/ Iraq. Iraqi Journal of Aquaculture, 5(1), 13-
20.  https://doi.org/10.21276/ijaq.2008.5.1.2  (In
Arabic).

Shireman, J. V., & Maceina, M. J. (1981). The utilization
of grass carp, Ctenopharyngodon idella Val., for
hydrilla control in Lake Baldwin, Florida. Journal of
Fish Biology, 19(6), 629-636.
https://doi.org/10.1111/j.1095-8649.1981.th03829.x

Shireman, J. V., Colle, D. E., & Rottmann, R. W. (1978).
Growth of grass carp fed natural and prepared diets
under intensive culture. Journal of Fish Biology,
12(5), 457-463. https://doi.org/10.1111/j.1095-
8649.1978.th04189.x

Taher, M. M. (2017). Laboratory experiments on
cultivation of grass carp Ctenopharyngodon idella
(Valenciennes, 1844).  Basrah  Journal of

Aquaculture
399-412.

59

Agricultural Sciences, 30(2), 91-98.
https://doi.org/10.37077/25200860.2017.57

Taher, M. M. (2020a). Effects of fish density on growth
and condition factor of grass  carp,
Ctenopharyngodon idella cultivated in earthen
ponds. Marsh Bulletin, 15(2), 62-72.

Taher, M. M. (2020b). Effects of fish weight and water
temperature on feed intake of grass carp,
Ctenopharyngodon idella (Cuvier and Valenciennes,
1884). Journal of Basrah Researches (Sciences),
46(2), 103-114 76-87.

Tan, M., & Armbruster, J. W. (2018). Phylogenetic
classification of extant genera of fishes of the order
Cypriniformes (Teleostei: Ostariophysi). Zootaxa,
4476(1), 6-39.
https://doi.org/10.11646/zootaxa.4476.1.4

Toutou, M. M., Soliman, A. A., Elokaby, M. A., &
Abdel-Rahim, M. M. (2018). Impacts of using fresh
aquatic plants as a total substitute for formulated
feed on performance, health and economic efficiency

of grass carp, Ctenopharyngodon idella
(Valenciennes, 1844) fingerlings. AACL Bioflux, 11
(6), 1892-1907.

http://www.bioflux.com.ro/docs/2018.1

Van Zon, J. C. J., Van der Zweerde, W., & Hoogers, B. J.
(1978). The grass carp, effects and side-effects. In:
Proceedings of the 4th International Symposium on
Biological Control of Weeds; Gainesville, Florida,
1976, 251-260.

Wee, K. L., & Shu, S. W., (1989). The nutritive value of
boiled full-fat soybean in pelleted feed for Nile
tilapia. Aquaculture, 81, 303-314.
https://doi.org/10.1016/0044-8486(89)90155-5

Xie, C., Li, J., Li, D, Shen, Y., Gao, Y., & Zhang, Z.
(2018). Chapter 2. Grass carp: the fish that feeds
half of China. 93-115. In Gui, J.-F., Tang, Q., Li, Z.,
Liu, J., & De Silva, S. (Eds.). Aquaculture in China:
Success Stories and Modern Trends. Hoboken, N. J.,
Wiley Blackwell, 730pp.
http://doi.org/10.1002/9781119120759.ch2_1

Yang, H., Tian, L., Huang, J., Liang, G., & Liu, Y.
(2013). Dietary taurine can improve the hypoxia-
tolerance but not the growth performance in juvenile
grass carp Ctenopharyngodon idella.  Fish
Physiology and Biochemistry, 39(5), 1071-1078.
https://doi.org/10.1007/s10695-012-9763-5

Zhao, Y., Zhang, L., Wang, C., & Xie, C. (2020).
Biology and ecology of grass carp in china: a review



https://doi.org/10.1007/s10499-011-9471-7
https://dergipark.org.tr/tr/download/article
https://doi.org/10.1577/1548
https://doi.org/10.4172/2155-9546.1000167
https://doi.org/10.21276/ijaq.2008.5.1.2
https://doi.org/10.1111/j.1095-8649.1981.tb03829.x
https://doi.org/10.1111/j.1095
https://doi.org/10.37077/25200860.2017.57
https://doi.org/10.11646/zootaxa.4476.1.4
http://www.bioflux.com.ro/docs/2018.1
https://doi.org/10.1016/0044-8486(89)90155-5
http://doi.org/10.1002/9781119120759.ch2_1
https://doi.org/10.1007/s10695-012-9763-5

Muhammed et al., / Basrah J. Agric. Sci., 35(1): 50-60, 2022

and Synthesis. North American Journal of Fisheries Ctenopharyngodon idella (Cuvier and Valenciennes,

Management, 40. 1844) fed some aquatic and terrestrial plants. Iranian

https://doi.org/10.1002/nafm.10512 Journal of Fisheries Sciences, 16(4), 1278-1286.
Zolfinejad, K., Khara, H., & Filizadeh, Y. (2017). Food http://hdl.handle.net/1834/12273

preference  and growth of grass carp,

Ctenopharyngodon idella g+éall s clasa) gai o cal) iy (sl o)) i
4 3N G2l sa) B (Val. 1844)
Z8aga Jslani) (Ao g 1Sl gl Jale g Laasa 3l g (Gika
B all ¢ 3 panll daals del 3l A4S “_,,_‘Ld\ &b).m\}\ 33;_51
é\)}d\ c'é‘).;a.'ﬂ\ daala ‘Z.cb)'l\ < ‘:\71);4]‘ '5_5‘)::\]\_5 Slaw! (u.uﬁz

e sl Ctenopharyngodon idella i) )S) e s &5)lke ) Zdlall Zuhall Ciags T Qaliiual)
Gigadl) dlane 3 Sl gl sangl Aaill daca ) Galsal¥) b dail) ol el @il e lihal) Il
65) Headl Jled oS 16 Jsn 2n Ao Dlgl) dahaia b daBlgl) (Bpaill dnals —del )l &) dael) 3N ylailly
L aladiad 23,2019 V) 0 10 ) 2019 eai 26 (e s5all ()i 470 74 '79.5' Yl 30° ' 64.6'
(Uass IS 4San 600) ghysal) paloal o gslealls el auisi o5 . sl IS0 aupe s 600 dabiaes ialsal
Oo /5 B33 Jaa elihal el e 3 52 51 (alal) & @l L35 25 .08 0.28 £ 6.3 O)s hawsia
0o /50 N e 80030 Lasts 6 55 54 (alsa) lland £330 Adadll Boadl (e caal) il alafi) L acall O
el Caled) (ga el I3 Jaats gail) CDlalaa &le sl lagy Gpde S lanl] e die Oy o . lan] O3
Jare ¢ ooill saill Jana ¢ oasdll saill Jame cdaiisll sl ¢ Slgdll Gigll) satll ules Glaa &3 L 2iaal) O35l e
Jalad) o elall B Ay of Adlal) Al w3 el L (OBio ) 8eUS Lpusiy SR Jisatll Jane ¢ el salll
Coelal L Js¥) GgilS 8 o 7 18.7 ulS Bl dayy Sials e B 27,2 Bl ey el ey ¢ wls Y
Al o call by clad Bra V1 Gala) G dell O dlad G BN Auball sl ules &
O 7 i a2 91.73 ¢40.75 sl 5als) Jase ¢ a297.35 ¢47.18 Jleill Uisll Jamssie oIS s cdaclilaal)
2.04 esdl sall Jaes % 629.99 ¢ 1707.80 owsl) sall Jaes 7 asy ol 0.42 ¢ 1.27 asd) sall Jans
dind) Alay) o UV 1.75 5 0.45 ool 5elS duais 11.75 5 2.51 A3 Jigatl) Lo M a0 % 3.92

sl e el olaally call cily e
cgiall (IS A ) (alal) (12l (SGR Agaliball cilalg)

60


https://doi.org/10.1002/nafm.10512
http://hdl.handle.net/1834/12273

