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ABSTRACT

Integrated fish farming system with vegetables using poultry manure as a fertilizer can play an important role in
increasing food production, income generation, employment opportunities and waste removal. Thus, the main
objective of this study was to evaluate the productivity and profitability of fish-vegetable (beetroot and carrot)
integrated aquaculture system. The experiment was conducted from December 2020 to March 2021 in Hawassa
University, Ethiopia. For this experiment, one pond with a size of 10 m x 15 m x 1.7 m for fish stocking and 114
m? lands for vegetable growth was used. In this pond 200 fingerlings of Nile tilapia (O. niloticus) were stocked at
a stocking density of 1.3 fish/m? with average weight of 7.84 g. The pond was fertilized with 0.1 kg/m?/week of
poultry manure. In addition to this, the fish was given a supplementary feed. For vegetable growth 24 plots of 2
m x 2 m were prepared and two vegetables namely, beetroot (Beta vulgaris), and carrot (Daucus carota) were planted
in three replications of four treatments, i.e., plants treated only with pond water (T1), fertilizer (DAP and Urea)
and tap water (T2), manure and tap water (T3) and as a control tap water only (T4). The experimental design for
vegetable production was 2 x 4 factorial designs. The average final weight of the fish was 61.76 g and total production
of fish was 12,352 g. The results revealed that the edible parts of beetroot and carrot productions were 12.9, 14,
11.8 and 5 kg/plot and 3.8,6.2,3.5 and 2.6 kg/plot in T1, T2, T3 and T4, respectively. Results of the general linear
model revealed that beetroot productions of T1 were significantly different (p<<0.05) from T4 but not from (p>0.05)
T2 and T3 while, for carrot production T1 was different from (p<0.05) T2 and T4 but not from T3. Based on
the yield obtained beetroot production was more profitable than carrot production. Cost benefit analysis of the
system revealed that net returns of the integrated aquaculture system were higher than unitary farming practices.
Depending on the current study fish farmers could improve yields and net profits by using beetroot as vegetable

component in integrated fish farming system.
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INTRODUCTION

Global fish demand is constantly growing due to population growth,
increased urbanization and rising incomes. In this regard, fisheries
and aquaculture are vital sources for ensuring food security and
income, especially for small-scale farmers and fishing communities.
Capture fisheries production remained almost stable from the year
2000 to 2018 (from 95.6 to 96.4 million tons) while aquaculture
production rose from 35.5 million tons to 114.5 million tons.
However, in most parts of the world except Asian countries (such
as china and India) aquaculture production was minimal due to
outdated fish farming technology, shortage of good quality fish
seed and high cost of aquaculture operation [1]. The need for a
low-cost system of fish production to meet the food needs of rural
and urban poor and also minimize the utilization of resources

for greater output become pertinent. This can be done through
integrated aquaculture system.

Integrated fish farming system is defined as an aquaculture system
that is integrated with livestock and in which fresh animal waste is
used to feed fish [2]. The integration of agriculture and aquaculture
enables the generation of synergies between farm components.
Synergies happen as “waste product from one system in an
integrated fish farming system which may be a source of menace to
the environment becomes an input to another system leading in a
greater efficiency of end product of desired productions from the
water and/or land under the farmers control”(3].

Integrated fish farming system is a low cost, more production and
no waste disposal in which the waste products of one component are
used as an input to another component [4]. Integrated fish culture
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which has been practiced in Asia for several centuries, has been
considered an ideal method of land-use and the common farming
activity is cultivation of fish with rice and vegetables [5]. Integrated
fish farming aims at minimizing production costs and enhances
production by combining two or more normally separate farming
systems and it leads to productive use of agricultural byproducts
and increases the returns per unit of land area giving a farmer a
high disposable income. One of the main organic manure used
for pond fertilization is poultry manure because of its adequate
amount of major elements (N, P and K) and trace elements [6].
Poultry manure is preferred among all the commonly used manure
due to its solubility and high level of phosphorus content [7].

Integrated fish farming is still at rudimentary stage in Africa and
only few successful impacts are documented in certain African
countries [8]. Potential benefits of integrated Agro-aquaculture are
not only a more even distribution of opportunities to generate cash,
but also a more efficient and ecologically sustainable use of scarce
resources [9]. Integrated fish farming system enhances ecological
sustainability since waste materials are recycled, thus reducing
their potential for environmental pollution [10]. Recycling of
waste products from one product to another not only decreases
the production cost but also increases the total production. The
production of fish, poultry and vegetable could lead to wealth
creation in production unit instead of single product. Elimination
of the cost of the water for vegetable irrigation is another economic
benefit of integrated agro-aquaculture system.

The common agricultural activity of integrated aquaculture
production systems are fish, livestock and crops. They use small
area of land and they are suitable and compatible to the agroforestry
system of the Ethiopia. In this country, availability of favorable
agro-ecology, abundant seasonal rainfall and several small water
bodies create conducive environment for integrated aquaculture
system. Vegetable productions such as beetroot, lettuce, spinach
and carrot are common in Ethiopia but they are not produced
though integrated aquaculture system. They are cultivated by
using fertilizers and the cost of spinach, lettuce and carrot is high
as compared to other vegetables. In addition to that, they are
nutritious food items (in health aspect) and they are cultivated in
every parts of the country. The abundance of small water body
can be used to integrate aquaculture and these vegetables and
thereby to reduce poverty in rural areas of Ethiopia particularly in
southern region where the population density is high [11]. Despite
the availability of huge water resources, healthy climatic conditions,
topography and varied soil conditions conducive to start integrated
fish farming with other agricultural activities in Ethiopia, it is still
very limited [12].

Ethiopia has great potential for integrated aquaculture development
and the initiation of this system seems to be one of the means of
providing animal protein. The current increasing market demand
for fish protein in Ethiopia can be met through diversified
aquaculture especially integrated aquaculture. Some studies have
been carried out by different authors [13-17]. However, integrated
aquaculture production system is not well evaluated by researchers
and not manipulated by farmers in such a way that increases yield
from small area of land by minimizing the overall input costs
and maximizing the net profit. Therefore, the present research
was undertaken to evaluate the productivity and profitability of
integrated aquaculture production system of fish with chicken
manure and vegetable farming in Hawassa University of Southern
Ethiopia. The general objective of this study was to evaluate the

J Aquac Res Dev, Vol. 13 Iss. 2 No: 1000669

OPEN aACCESS Freely available online

productivity and profitability of integrated aquaculture production
system with fertilizer (DAP and Urea), compost and tap water for
improved farming practices.

MATERIALS AND METHODS
Description of the study area

The experiment was conducted at the experimental site of Centre
for Aquaculture Research and Education (CARE) Hawassa
University and which is found in the southern part of Ethiopia
at 275 km South of Addis Ababa, the capital city of Ethiopia. It is
located at 7°3’7” N latitude and 38°3’17” E longitude and situated
at 1714 meter above sea level. The experiment was conducted from

December 2020 to March 2021.
Experimental design

The experimental design was 2 x 4 factorial designs with 3
replications (Table 1).

Table 1: Treatment design for vegetable production.

Code Treatments
T1 Vegetable production with pond water only (300 L/plot/
week)
v Vegetable production with tap water+Fertilizer (300 L/plot/
week and 100 kg/ha, DAP and urea) [15]
T3 Vegetable production with tap water+compost (300 L/plot/

week and 5 kg/plot)
T4 Vegetable production with tap water only (300 L/plot/week)

Land and pond preparation

For fish stocking, 15 m x 10 m x 1.70 m size of pond was prepared
and filled with water at 1.30 m depth. For vegetable production, a
total of 24 vegetable plots with 2 m x 2 m size on 114 m? of land
were prepared and used for planting of two types of vegetables,
namely: Beet root (Beta vulgaris) and carrot (Daucus carota).

Supplementary feed preparation and pond fertilization

Supplementary fish feed was prepared from feed ingredients
such as meat bone meal (20.8%), soya bean cake (33.4%), maize
flour (18.3%), wheat flour (25%) and soya bean oil (2.5%) which
is processed by mixing the ingredients and preparing in pellet
form. Daily feed requirement of the fish was calculated based on
2% body weight of fish [18]. Daily feed requirement was adjusted
based on average weight calculated from the two weeks of weight
measurements. Chicken manure was applied weekly at 10:00 am by
spreading all over the pond at a rate of 0.1 kg/m? poultry manure
[19]. In addition to poultry manure, the fish fingetlings were given
a supplementary feed two times a day (from 9:00 A.-M to 10:00
AM and from 16:00 PM to 17:00 P.M) by broadcasting over the
pond [18].

Experimental fish and vegetable seeds collection

O. niloticus fingerlings were obtained from experimental site of
CARE Hawassa University, Sidama Region, Ethiopia. The average
weight of the fingerlings was 7.84 g. The vegetable seeds were
purchased from vegetable seed market in Hawassa town.

Fish stocking and preparation of vegetable seed lings

200 fingerlings of O. niloticus were stocked in to 15 m x 10 m x
1.70 m size pond at a stocking density of 1.3 fish/m?. After proper
preparation of the plots, carrot seeds were mixed with sand at 3:1
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and sowed directly to plots as carrots are not transplanted plants.
The other vegetable (beetroot) were sowed near the pond and
transplanted to the plots after five weeks. Each of the 24 plots was
planted with the two different types of vegetables in triplicates. The
space between plots was 20 cm and between each seedling was 10
cm. Watering was conducted with the respective water types three
times a week. The inorganic fertilizers DAP and urea 100 kg/
hectare was applied at sowing and after 40 days of vegetable sowing
[15], respectively. Similarly, compost was added at sowing and after
40 days of vegetable transplanting at a ratio of 5 kg/plot.

Data collection

Estimation of growth parameters of O. niloticus: The main body
measurement parameters of fish such as body weight and length
were recorded twice a month. Fish weight was recorded to the
nearest 0.1 g with a weighing balance (SF 400A, Electronic Compact
Scale) and total length (TL) was determined using a graduated
ruler to the nearest 0.1 cm. The main growth parameters such as
average final weight gain, average final length gain, dailsy weight
gain, specific growth rate, Fulton’s condition factor and survival
rate were calculated as used by [20].

Average initial weight (g)=(sum of individual weight at the begning)/
(total number of individuals)

Average final weight (g)=(sum of the individual weight at the end )/
(total number of individuals)

Weight gain (g)=Final weight (¢)-Initial weight (g)

Daily weight gain (g/fish/day)=((average final weight-average inital
weight) )/(culturing period(days))

Specific growth rate (% per day)=((In final weight-In initial weight))/
((cultuting period(days))*100)

Fulton condition factor=weight/(length3*100)

Survival rate (%)=(final number of fish)/(initial number of

fish*100)

Estimation of total production of vegetables: At the end of the
experimental period roots of beetroot and carrot were harvested
once in four months of the experimental period. Their yield was
weighed using a weighing balance (SF 400 A, electronic compact
scale) and the yield of each plot from every treatment was recorded.

Finally, the yields of both Rooty vegetables in four treatments were
reported as kg/plot and kg/hectare.

Cost benefit analysis of the system: The cost benefit analysis of
fish and vegetable production was determined by calculating the
difference of total cost and total revenue generated from the system.
Total revenue was calculated from a total income of vegetable yield
and fish yield values and total cost included pond maintenance,
fertilizer, supplementary feed, pesticide, vegetable seeds purchase,
labor cost and land preparation. Net profit was calculated by
subtracting total cost from total revenue. Costs and revenue analysis
were made using the estimated cost-revenue of the local area at the
first week of April 2021. Total return or profit of the system was
calculated by summation of profit from the two subsystems. The
economic variables determined included net return or profit of the
integrated aquaculture system. Cost benefit analysis was calculated
based on the following formulas cited in [19].

Total Variable cost (TVC) given by Price of unit Input (Px) x
Quantity Input (Qx)
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Total cost=T VC+fixed cost
Total Revenue (TR) given by Price per unit (P) x Quantity in Kg (Q)
Profit=Total revenue-Total Cost

Physicochemical parameters: The main water quality parameters
such as water temperature, dissolved oxygen (DO), pH and secchi
depth visibility were measured once in a week. Samples for
temperature and dissolved oxygen (DO) measurements were taken
by using (HI 9145, DISSOLVED OXYGEN METER) while, pH
was measured using (ECO-CHECK). Secchi depth visibility of the
pond was measured by secchi-disc once in a week and ammonia
concentration was measured in the laboratory by Palin test method
once in a month.

Data analysis: Data analysis was done with the use of Microsoft
excel 2010 and SPSS Statistical package and the differences at
P<0.05 was considered significant [21]. Length weight relationship
and growth performance of fish were analyzed by Microsoft excel
2010. Vegetable yield data was analyzed using two-way ANOVA in
SPSS. Vegetable yields using different treatments were subjected to
ANOVA using General Linear Model (GLM) procedure of SPSS
Version 25 (SPSS 2017). Means was compared using Duncan’s
Multiple range test at P<0.05. The model used for analysis of the
two vegetable yields in four treatments was

Yi=p+ait+Pitei

Where: Yi=Vegetable yield in kg (i=beetroot and carrot); p=over
all mean; ai=effect of four treatments; Pi=effect of vegetables and
ei=random error.

RESULTS
Physicochemical parameters

Data on the physicochemical parameters measured during the
study period such as temperature, pH, DO, NH3, and secchi
depth visibility are presented in Table 2. There was an increasing
trend in water temperature from December up to March.
Dissolved oxygen content showed an inverse relation with water
temperature in which minimum (3.9 mg/1) value was recorded in
March and maximum (4.3 mg/1) in December. The minimum and
maximum pH recorded during the experimental period was 8.0
and 8.6, respectively. The ammonia concentration showed slight
increase from December up to February. Similarly, chlorophyll a
concentration showed steady increase from December to March.
The growth performance of O. niloticus in this study was not
significantly affected by physicochemical parameters thus, the
condition was normal for fish growth (Table 2).

Table 2: Physicochemical values of the integrated aquaculture system
(Mean # Standard error).

Parameters Average value
Temperature (°C) 25.9
PH 8.3
dissolved oxygen (mg/1) 4.1
NH3 (mg/1) 0.065
Secchi depth visibility (cm) 34
Chlorophyll a (ug/1) 60.7

Growth performance of O. niloticus

The data on the growth parameters of fish such as final weight gain,
Fulton’s condition factor, specific growth rate and survival rate are
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summarized in Table 3. The average initial length of fishes stocked
was 8.28 cm and the average initial weight was 7.84 g. After four
months of rearing, the fish attained 61.76 g average final weight
and 14.8 cm average final length with 53.92 g body weight gain,
0.45 daily growth rates, 1.72% SGR and 1.92 condition factors.
About 8% of the fish attained weight greater than 100 g and 28%
of fishes were more than 80 g (Table 3).

Growth performance of O. niloticus

The data on the growth parameters of fish such as final weight gain,
Fulton’s condition factor, specific growth rate and survival rate are
summarized in Table 3. The average initial length of fishes stocked
was 8.28 cm and the average initial weight was 7.84 g. After four
months of rearing, the fish attained 61.76 g average final weight
and 14.8 cm average final length with 53.92 g body weight gain,
0.45 daily growth rates, 1.72% SGR and 1.92 condition factors.
About 8% of the fish attained weight greater than 100 g and 28%
of fishes were more than 80 g (Figure 1).

For beetroot the highest yield (14 kg/plot) was obtained from
treatment (T2) followed by T1 (12.9 kg/plot) and T3 (11.8 kg/
plot) while, the least was obtained from T4 (5 kg/plot). Beetroot
productions of T1 were significantly higher than (p<0.05) T4 but

Table 3: Growth parameters of O. niloticus (Mean + SE).

OPEN aACCESS Freely available online

not from T2 and T3. For carrot the highest yield (6.2 kg/plot) was
obtained from treatment (T2) followed by T1 (3.8 kg/plot) and
T3 (3.5 kg/plot) while, the least was obtained from T4 (2.6 kg/
plot). Moreover, carrot productions of T1 were significantly lowers
than (p<0.05) T2 and were significantly higher than (p<0.05) T4
but not from T3. The overall vegetable yield in each plot of land is
presented in Table 4. The current study revealed that the average
vegetable production using pond water (213.5 g) was significantly
lower than (p<0.05) average vegetable production using fertilizer
(268 @) but, significantly higher than (p<0.05) tap water (91.5 g)
and it was not significantly different (p>0.05) from vegetable
production using compost (199 g) (Table 4).

Cost benefit analysis

In the present study of integrated fish farming system, the total
estimated cost of production in the T1, T2, T3 and T4 was
792.5ETB, 852.5ETB, 792.5ETB and 792.5ETB respectively with a
total estimated production cost of 5480 ETB. The revenue obtained
from T1, T2, T3 and T4 was estimated to 1036.5 ETB, 1374ETB,
953.4ETB and 537ETB, respectively. A total of 9900.9ETB was
generated as revenue. The total cost for vegetables and fish was
5480 ETB. The estimated profit obtained from the four treatments
and fish sell was 4420.9 ETB (Tables 5 and 6).

Growth parameters

Growth performance

Mean
Average initial length (cm) 8.28+14
Average final length (cm) 14.8+2.3
Average initial weight (g) 7.84 + 1.6
Average final weight (g) 61.76
Weight gain (g) 53.92
Daily weight gain (g) 0.45
Specific growth rate (%) 1.72
Fulton’s condition factor 1.92
Survival rate (%) 100
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Figure 1: Graphs showing average vegetable production in each treatment.
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Table 4: Estimated vegetable production kg/plot (kg/4 m?) and kg/hectare (kg/10,000 m2).

Treatment
T1 T2 T3 T4
Veg. type Estimated production Estimated production Estimated production Estimated production
kg/plot kg/hec. kg/plot kg/hec kg/plot kg/hec kg/plot kg/hec.
Beetroot 12.9ab 32,250 14.0a 35,000 11.8b 29,500 5.0c 12,500
Carrot 3.8a 9,500 6.2b 15,500 3.5a 8,800 2.6¢ 6,500

J Aquac Res Dev, Vol. 13 Iss. 2 No: 1000669
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Table 5: Partial budget analysis of vegetable production.
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Treatments
Costs of vegetable
production in 228 m? T1 T2 3 T4
Vegetable seed purchase 55 55 55 55
Vegetable land preparation 200 200 200 200
Fertilizer - 60 - -
Insecticide 37.5 37.5 37.5 37.5
Monthly workers 500 500 500 500
Vegetable sell 1036.5 1374 953.4 537
Total input cost 792.5 852.5 792.5 792.5
Total income 1036.5 1374 953.4 537
Net profit from each 244 5215 160.9 2555
treatment
Total profit of the whole 670.9

system

Table 6: Partial budget analysis of fish and vegetable production.

Fish production cost and net profit in Ethiopian birr (ETB)

Pond maintenance 1200
Supplementary feed preparation 1050
Total cost in fish component 2250
Revenue generated from fish sell 6000
Total profit (revenue-cost) 3750

Vegetable production cost and net profit in Ethiopian birr (ETB)

Estimated cost for land preparation, weeding 800
Purchase of vegetable seed 220
Purchase of pesticide and fertilizer 210
Estimated labour workers 2000
Total cost 3230
Revenue generated 3900.9
Profit from vegetable 670.9
Net profit of the whole system in Ethiopian birr (ETB)
Total cost for fish and vegetables 5480
Total revenue generated from fish and vegetable sells 9900.9
Total profit (total revenue-total cost) 4420.9

DISCUSSION
Physicochemical parameters

Water temperature of the current study ranged from 24.6 + 0.4°C
to 27.3 £ 0.4°C with an average temperature of 25.9°C, where the
minimum being in December and the maximum in March. Water
quality parameters measured during the experimental period was
remained within the acceptable range required for normal growth
of O. niloticus. The metabolic activity and physiological functions of
aquatic animals (e.g., feed utilization, feed conversion, and growth
rates) can be affected by the water temperature [22-24]. This was
evident from the result wherein fish growth rate increased when
water temperature increased.

Temperature results of the current study was within the
recommended values for better growth rate of O. niloticus ranging
from 24°C to 30°C and 24.2°C-27.7°C [25,26). The mean pH value
of this experiment was found within the recommended range of 6.7-
8.6 and 6.5-9.0 [27-29]. Ideally, an aquaculture pond should have

a pH range between 6.5 and 9 which is optimum and conducive
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to fish life [30,31]. The mean value of DO of this experiment was
4.1 mg/l, this value is more than the required amount for tilapia
because it can survive below 2.3 mg/l as long as the temperature
and the pH value remained constant [28]. DO greeter than 5 mg/I
support good fish production. The result of the present study is
inconsistent with results recommended by [24,31]. The reason for
the lower DO value in this study may be due to decomposition
of chicken manure used and feed remains, consequently resulting
into depletion of dissolved oxygen within the fish pond.

Ammonia is a toxic material that is found in organic materials and
many fertilizers. It is released in pond water during metabolism as
an end product of digestion of the fish feed as a main nitrogenous
waste excreted by most fish and freshwater invertebrates through the
gills and faeces and decomposition of organic matter by bacteria.
The amount of NH? excreted by the fish is dependent on the
amount of protein present in the feed, the quantity of feed added
in to the aquaculture ponds and the rate of feeding. The amount
of toxic ammonia increases about 10 times for every pH increase

of one unit [32]. The optimal range of NH?3 is 0.02-0.05 mg/] in
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fish ponds [29]. The desirable range of ammonia for fish farming is
<0.1 mg/1[33]. The higher water temperature and pH, the greater
the concentration of the toxic ammonia (NH3) formed. Increasing
pond aeration, regular water change, addition of quicklime’s are
some of the ways that farmers can use for managing ammonia
concentration within their fish ponds [34]. Transparency is the
ability of light to penetrate and support photosynthesis and is the
resultant effect of several factors [19]. A secchi depth visibility of 15
to 80 cm is good for fish health in aquaculture while a secchi depth
visibility below 12 cm may cause stress to fish. The average secchi
depth value 34 cm recorded from the present study was within the
recommended range of the above authors [25,31].

Growth performance of O. niloticus

In the current experiment there was high daily growth rate,
Fulton’s condition factor, specific growth rate and survival rate of
fish. This may be due to the good water quality management and
the availability of natural food in the culture pond grown as a result
of the application of organic manure and the remains of artificial
fish feeds. Supplementary feeding is recommended in small scale
and/or commercial fish culture because natural fish food organism
(plankton) may not be enough to meet protein requirement of
fish [35]. It has been suggested that higher gross fish production
is probably supported by the role of both organic manure and
supplementary feed [36].

Daily growth rate of O. niloticus in the present study was 0.45 gram/
day/fish. The daily growth rate of the current study was higher
compared with 0.3 gram/day/fish [37]. The difference in daily
growth rate may be due to the difference in application of poultry
manure. The daily growth rate of O. niloticus of the current study
was very similar with (0.46 gram/day/fish) reported by [13,38].
Daily growth rate in this study were lower than those reported for O.
niloticus (0.75 gram/day/fish) by [16]. The reason for higher weight
gain may be due to higher initial body weight at stocking (32.0 +
7.51) or it may be due to higher amount of poultry manure applied
to the pond 10 kg fresh poultry manure per week. Another reason
for higher daily growth rate may be due to they used a fresh chicken
manure which is of higher quality than older manure collected
from poultry farm or dairy farm [39]. Furthermore, in integrated
fish-poultry farming the pond is continually fed in gradual amounts
with dropping from chicken, whereas poultry manure application
is time bound.

The specific growth rate of the current study was 1.72. Specific
growth rate reported in this study was lower compared to 2.79 in an
integration of chicken manure with supplementary feed which [19].
The reason for the lower specific growth rate of the current study
may be due to the application of lower amount of poultry manure.
The specific growth rate of the current study is in agreement with
the specific growth rate ranging from 1.8 to 2.2 reported by [37].
However, the specific growth rate of the current study is higher

than 1.45 reported by [38].

Condition factor is affected by several environmental factors such as
seasonal variation, types of feed and age of the fish [40]. There may
be differences in the condition factor due to sex and environmental
conditions such as pollution [41]. Since Fulton’s condition factor,
K is a measurement involving the length and weight for a particular
fish; therefore it could be influenced by the same factors as length
weight relationship. If the K value is 1.00, the condition of the
fish is poor, long and thin, besides, a 1.20 K value indicates that
the fish is of moderate condition and acceptable to many anglers,
a good and well-proportioned fish would have a K value that is

J Aquac Res Dev, Vol. 13 Iss. 2 No: 1000669
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approximately 1.40 [42]. Based on this criterion, the sampled
fishes in the present study were in a good condition (K=1.92). The
survival rate of O. niloticus in the present study was 100%. The
reason for higher survival rate obtained in the present study could
be due to the favorable environmental conditions for survival of O.
niloticus throughout the experimental period.

Vegetable production of the system

It has been reported that poultry manure is the most efficient way
of adding nitrogen and other essential nutrients in fish ponds [43].
Integrated agro-aquaculture farming is ecologically sound because
water from fish ponds improves soil fertility by increasing the
availability of nitrogen and phosphorus [44].

Beetroot production results of the present study (12.9 kg/plot)
confirmed the previous works of better yield of beetroot in an
integrated poultry-fish vegetable and recorded a yield of 12.8 kg/
plot [45]. Similarly, the current findings of Beetroot production
recorded in this study are also in agreement with the productivity
yield of 11.2-16.17 kg/plot [39]. In addition, Beetroot production
recorded in this study is also in agreement with yield of 12 kg/plot
[46]. Carrots produced in this study (3.8 kg/plot) did not agree
with the yield of 20.6-32.2 kg/plot in an integrated aquaculture
system [39]. Higher yield of carrot ranging from 12-16 kg/plot was
also reported elsewhere [46]. This may be due to the difference in
germination of the seed and also the suitability of the soil.

The advantage of having horticulture component in the integration
can be seen as alternative way of vegetable production for home
consumption and also as a source of income, minimizing input
cost and environmental pollution [14]. The system also minimized
environmental pollution caused by waste from poultry farm and
fish pond, rather recycled the waste to produce food. The study
revealed that vegetable plots that received water from the pond
water attained high yields and income next to fertilizer.

Depending on the current study integrated aquaculture production
system to food production could be used in combating the wide
spread problem of malnutrition which prevails in most rural areas
of Ethiopia. The production of animal protein from fish and
poultry and other integrated animals could contribute significantly
to wealth creation in our country. Integrated farming systems also
serve as a possible approach towards the conservation, reuse and
efficient management of the scarce water resources [39].

Economic benefits of the system

In the present study the highest net profit was generated from
treatment one (T1) this was because of higher yields of fish and
vegetable compared to vegetable productions only. In the present
study fish and vegetable production using pond water 7036.5 ETB
was 5.1 times more profitable than vegetable production using
fertilizer 1374 ETB. Fish and vegetable production using pond
water was 7.4 times more profitable than vegetable production using
compost 953.4 ETB. Fish and vegetable production using pond
water was 13.1 times more profitable than vegetable production
using tap water 537 ETB. The profitability of the current study
in 24 m? vegetable plots and 150 m? ponds is 7036.5 ETB (293.2
ETB/m?) was higher than the profitability of 12,030 ETB in 260
m? land usage and 150 m? (29 ETB/m?) of pond [14]. Moreover,
the profitability of the current study was also higher than the net
profit of 9,336.13 ETB in 0.25 hectare of land usage and 150 m?
(3.5 ETB/m?) of pond [15]. The reason for the higher profitability
of the current production system may be due to lower labor cost
and there was no poultry production cost.



Gebru T

In the current study significantly higher net income from tilapia
cultured in fertilized pond with supplementary feeding was
recorded. About 60 to 70% of fish farm operation cost is fish feeds
and fish feed prices have increased significantly which reduced the
profit margin of fish farming. Thus, the use of manure to fertilized
ponds may lead into reduction of supplementary feed and increase
yield and income.

Chicken manure has been used extensively in small scale fish
farming for increasing availability of natural food in pond hence
reducing requirements of artificial feeds consequently leading
to reduction on production costs and therefore improving farm
income [47]. However, for better fish growth performance and
yield additional feed to optimize production of fish as well as
vegetables is emphasized. Supplementary feed is required to
increase fish yield in fertilized ponds. The present study confirms
that integrated aquaculture using manure and supplementary feed
improve income. This proves that integrated fish-poultry-vegetable
farming is not only technically feasible but also economically
viable. Integrated production approach with poultry, fish and
vegetables lead to improving diversification of food production
and income generation of the resource poor farm households [48].
Furthermore, economic analysis from the present study suggests
that using water from fish ponds increase vegetable productivity
hence increase economic returns.

Generally small scale farmers can have an access to sufficient
vegetables round the year for their nutrition by applying integrated
agro aquaculture system. In this case, vegetable production in
integrated aquaculture system can be maximized the year round
availability of vegetables for family consumption of the farmers.
Moreover, cash from selling of additional vegetables can contribute
to increased total income of the households. Nevertheless, this
system for vegetable production can demonstrate a remarkable
impact on the resource utilization for small-scale farmers having
similar ponds for family nutrition and income generation.

CONCLUSION AND RECOMMENDATIONS

The use of poultry was manure as a pond fertilizer was found to
be effective for integrated fish farming. In the current study there
was high daily growth rate, specific growth rate, condition factor
and survival rate of the fish. Moreover, in the current study high
amount of chlorophyll a was recorded which indicates that there
was plenty of phytoplankton biomass needed for pond productivity
and for fish feed, these phytoplankton was grown as a result of
poultry manure application. According to the current finding the
highest production was obtained from beetroot while, the least was
obtained from carrot. In the present study the highest total revenue
and net profit was obtained from the integrated aquaculture system
than the unitary farming system.

Generally, sustainable integrated farming system leads to overall
farm productivity and better economic return of rural pond-based
farming community. Therefore, pond based integrated farming
practice may be one of the significant, efficient and viable option
to achieve optimum production with cost effective low investment,
recycling of wastes and residues from one farming system to other
farming system.

* Further research is needed to enhance carrot production in an
integrated aquaculture system.

* Further research is needed on fish growth performance with one
vegetable type.
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¢ Beetroot production using integrated fish production system is
recommended for integrated fish farmers.
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