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ABSTRACT

An Integrated Fish Farming model involving fishery, poultry and vegetable farming was developed and
evaluated for two consecutive years on participatory approach at farmer's field in Indian Central Himalaya. Fast
growing hybrid layer variety Kuroiler were housed beside fish pond (264 m2) at 3000 birds/ha. Fingerlings of
Chinese carps were stocked at a density of 30000/ha. Combination of silver carp 45%, grass carp 35% and
common carp 20% were stocked. The fish were not given any supplemental feed and the ponds were not fertilized
except for the split bird feed and chicken manure. On an average 98 gm dropping /bird/day was recycled into the
pond. Chick birds were fed with a feed formulated from locally available ingredients such as corn, ragi, soybean
etc. After one year fish were harvested. Composite carp culture yielded an average of 120 kg, which corresponded
to 4545 kg/ha/yr. Grass carp registered the best growth followed by silver carp.  Average egg production per
female bird was 143 eggs /bird/yr. Chick birds grown up to 2.5 kg within a year, an average of 118.5 kg chicken
(live weight) was obtained annually. Besides, 2115 kg vegetables were produced annually on the associated fields
(600 m2), generating handsome amount of Rs 20,958/-. Beside protein rich food for household consumption, an
average net gain of Rs 36,823 was obtained annually from IFF with investment of Rs 11,925 by the farmer.
Economic analysis of technology clearly showed advantage over conventional system of cropping under rain fed
conditions. A net profit of about 200% of the total cost indicates the economic viability of the technology. It has
considerable potential to provide food security, nutritional benefits, employment generation and providing additional
income to resource poor small farmers.
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Introduction

Life supporting activities are limited and agriculture remains the basic livelihood for majority of rural
population, who are living under poverty, food insecurity and malnutrition in mid hills of Uttarakhand. Fragmented
land holdings, declining soil fertility, absence of irrigation facilities and advance agricultural technologies are
important factors accounting for low agriculture production in the region. An overwhelming majority of its
population, mainly women (85%) are engaged in agricultural and allied activities on traditional basis, merely
because lack of alternative sources for employment and income generation. The traditional rice/millet-wheat
cropping system practiced in the region is not profitable. This is the main reason behind low level of education,
unemployment, malnutrition and associated health problems, particularly among rural women. Low education level,
weak economic status, non-competitive nature of female labour, lack of skills, entrepreneurship and credit facilities
have further hampered the advancement of hill women (Badola, 2003). Moreover, the population has increased
tremendously in recent years with corresponding increase in demand for food.  Under such circumstances, there
is a need for a suitable agricultural system to meet this increasing demand and to also optimize the utilization of
the available limited resources without much wastage. 
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Fish farming has great potential to meet upcoming food crises (Wurts, 2000; Lio, 2009). The application of
advance technologies for pond culture, livestock and poultry farming, vegetable production and good water and
soil conservation techniques can be helpful to solve some of these problems. Integrated fish farming has been an
excellent stimulus to promote rural economic development in less developed areas, especially where fish farming
is not popular. It could generate employment, increase farmers' income and help to alleviate malnutrition, a serious
problem in rural areas of the region (Dutta, 2003) by providing additional sources of animal protein and vegetables.

Integrated Fish Farming (IFF) is a sustainable-agriculture technology practiced widely in Asia and other regions
of the world. IFF is a system of producing fish in combination with other agricultural, livestock farming operations
centered on the fish pond. One of the appealing features of IFF is that it leads us to view farms in terms of
interdependent components (Dalsgaard, 1995). The farming subsystems, e.g., fish, crop and livestock are linked
to each other in such a way that the byproducts/wastes from one sub-system become valuable inputs to another
sub-system, thus ensure total utilization of land and water resources of the farm, resulting in maximum and
diversified farm output with minimum financial and labour cost. Although requiring low levels of inputs, it has
considerable potential to provide food security, nutritional benefits, employment generation and providing additional
income to resource poor small farmers (Jhingran, 1980; Sharma, 1988; Kent, 1997; Dube, 1999; Singh, 2006;
Gabriel, 2007). Various integrated fish farming models have been evolved according to the geography and climate,
local agricultural characteristics, socio-economic conditions and traditional practices. Simultaneous production of
fish in ponds and livestock and poultry production over or beside the ponds constitute a continuous organic
fertilization of the pond by the livestock. This practice increases the efficiency and rent ability of both livestock
farming and fish culture through the profitable utilization of animal and feed waste (Dube, 1999; Singh, 2006;
Gabriel, 2007; Vincke, 1988). Integration of fish farming with pig, ducks and chickens, a widespread technique
in Asia has been found most productive (Edwards, 1996). In some countries, fish farmers also integrate geese,
rabbits, goats, sheep, and cattle with fish culture on small scale. Considering the relevance of IFF in the livelihood
of rural population in the provision of food, employment opportunities and recycling of waste for maximum
utilization a module of the integration was created and evaluated.  

Materials and methods

Integrated fish farming was introduced into the region with creation of a demonstration model at Manan (1100
m), a small village in Takula block of district Almora.
 An earthen fish pond (264 m2), and a low cost of poultry house with locally available resources at the dyke
of the pond were constructed. Fingerlings of exotic carp species (5.5-10.0 cm) viz., silver carp (Hypophthalmichthys
molitrix) (45%), grass carp (Ctenopharyngodon idella) (35%) and common carp (Cyprinus carpio) (20%) were
stocked into the pond at a density of 3 fingerlings/m2 during March, due to their known compatibility with each
other, faster growth, hardiness and resistance to common diseases and parasites. Sixty chickens of Kuroiler, a
coloured hybrid layer species of chick bird, weighing approximately 150 gm were stocked. The protein rich chicken
dropping was made available to the fish either directly or indirectly via the primary producers in the pond.
Stocking ratio of poultry (3000/ha) and also fish species (30,000 fingerlings/ha) have been based on some empirical
experiences from overseas or adopted from research done in the country. At initial stages of stocking,
supplementary feed was given to the fingerlings. 

Polished rice bran and mustard oil cake mixed in a ratio of 2:1 is used. Subsequently, after two months of
stocking no artificial feeds was given except manure, i.e., cow dung at 10 ton/ha/season and droppings of poultry,
grass and vegetable waste in several applications to obtain high fish production. Growth and health of fish and
chick birds were monitored regularly. Fish were harvested and marketed between November and January. Weight
of 10 randomly selected fish of each species was also recorded individually at each harvest. Number of eggs laid
and weight of chicken sold were recorded. 

The agro climatic conditions of the region are congenial for the cultivation of off-season vegetables. Year
round vegetable cultivation on the fields (600 m2) adjacent to the pond was practiced, exploiting pond water for
irrigation. Composted household waste (vermicompost) and farmyard manure (FYM) was applied to maintain high
soil fertility. Vegetable crops were raised, harvested and sold throughout the year. The typical vegetables of the
region, such as Summer Squash (Var. Australian Green), French beans (Var. VL bauni bean 1 and Cantender),
hybrid tomato (Var. Manisha), bell pepper (Var. California Wonder) were grown during summer-rainy season,
while, pea (Var. Arkel, VL Ageti Matar 7), cauliflower (Var. Snow ball), cabbage (Var. Golden Aker), radish (Var.
Japanise white) and Lahi, spinach (local cultivar) were grown during winter, following standard package of
practices. Yield and income from vegetable(s) were precisely recorded. 
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Results and discussion

Performance of Chinese Carp in Integrated Farming System:

Stocking advanced stages fish fingerlings reduced mortality and losses to predators. Fairly good survival rates
(68.1-81.7%) were recorded for different species. The average monthly growth rate observed for grass carp,
common carp and silver carp were 31 gm, 29 gm and 28 gm, respectively. The average fish biomass calculated
for silver carp, grass carp and common carp were 25.1 kg, 72.8 kg and 22.1 kg, respectively (Table 1).

From the pond area of 264 m2 under polyculture system the total fish production calculated were 127.4 kg
and 112.7 kg, respectively during 2006 and 2007, corresponding to 4826 kg and 4269 kg of fish/ha/yr (Table 1).
These fish yields are comparable to the fish yields (4323 kg/ha/year) reported under fish-duck integration in India6
and in Hong Kong (2750-5640 kg/ha/year) (Delmendo, 1980). Still higher yields could be achieved through
intensive supplementary feeding at initial stages of growth and recycling of manure obtained from integration of
poultry and cow thereafter. Fish yield as high as 7300 kg/ha has been reported under fish-poultry integration (Little,
1987).

Table 1: Stocking and harvesting of fish.
Species Stocking Harvesting of fish

-------------------------------------------------------------------- -------------------------------------------------------------------------
Size (cm) Number Survival (%) Size (kg) Number Weight (kg)

2006
Silver carp 5.5-7.8 210 72.8 0.15-0.40 143 26.9
Grass carp 6.7-8.3 315 79.7 0.25-0.6 241 77.3
Common carp 7.0-8.0 175 81.7 0.20-0.35 140 23.2

2007
Silver carp 5.2-7.0 210 68.1 0.16-0.31 130 23.3
Grass carp 6.9-8.5 315 74.8 0.30-0.51 213 68.4
Common carp 7.0-8.0 175 79.4 0.17-0.30 135 21.0

Performance of Integrated Chick Birds:

Fish cum chicken is the most common type of integration being practiced in rural areas by resource poor
farmers. It is widely practiced because of its profitability. It reduces the cost of inputs, such as fertilizers and feed,
so as to maximize profit (Ansa, 2002; Fashakin, 2002). The excreta from the birds serve as manure, which fertilize
the pond and increase productivity of phyto- and zooplanktons or the fish can feed on the excreta directly. On an
average 98 gm dropping per bird per day was recycled into the pond. Due to the short digestive tract of poultry,
80% of chicken manure represents undigested feed stuffs with as high as 20-30% being total protein (Chen, 1989).
Chick birds (Kurioler) performed well under hill conditions. Besides faster growth rates as compared to local birds,
Kurioler exhibited fairly high degree of resistance/tolerance to various diseases. Chick birds started egg lying after
18 to 20 week. Beside household use, on an average 119 kg of chicken (live weight) and 3469 eggs were obtained
annually from integrated system. 

Fish cum Vegetable Production:

Vegetable cultivation is widely practiced among the farmers in the hills, at subsistence level. Traditionally,
local cultivars of few vegetables are grown in kitchen garden without assured irrigation. As a result, the yields are
generally very low, which hardly fulfill the household requirements. Improved varieties of vegetables were grown
in the IFF system; the crops derive water and nutrient from the fish pond, while the crop serves as food, especially
for grass carps. In the integrated system, vegetables were harvested throughout the year, even in dry season as
water from pond is used to irrigate the farm adequately. Integration of livestock-fish-vegetable cultivation as
described here has provided substantial yield of different vegetables with improved varieties and application of
organic manure in adequate quantity. Altogether, 21.1 t/ha/yr vegetables were produced (Table 2). Yield levels of
French beans (8.3-10.5 t/ha), tomato (9.5-21.1 t/ha), bell pepper (8.8-12.5 t/ha) and pea (9.5-10.4 t/ha) as green
vegetable were obtained at different periods of the years, assuring better returns from the land. Vegetables were
also harvested for household use, and not taken into account. Off-season cultivation of these vegetables utilizing
pond water for irrigation made the integrated fish farming more profitable. 
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Annual Income Generated Through Integrated Farming System:

Integrated fish farming provides the farmer with a steady source of income all year round. Apart from
diversified produces for household use, gross income of Rs 48,748 was generated from different components of
integrated livestock-fish-crop farming. Fish contributed Rs 12,000, while poultry unit contributed Rs 15,785 towards
the gross income. Besides, additional income of Rs 20,958 was generated through vegetable cultivation in the
integrated system (Table 2). The economics of the system indicated a good profit. A net annual return of Rs 36,823
was achieved by initial investment of Rs 11,925 (Table 4).

Integrated Fish Farming at Manan village.

Table 2: Production and income generation through vegetable cultivation.
Vegetables 2006 2007

--------------------------------------------------------------- ---------------------------------------------------------------------------
-

Area (m2) Production (kg) Return (Rs) Area (m2) Production (kg) Return (Rs)
Beans 400 298 3576 300* 265 3180
Okra -
Tomato 200 425 4250 200 280 2800
Capsicum 200 180 2160 200 200 2400
Pea 400 415 4980 400 375 5625
Radish 300 310 1550 200* 215 1290
Cauliflower 200 100 1000 200 120 1440
Cabbage 300 188 1504 200 210 1680
Summer squash - - - 200 650 4480
* Two crops of beans and radish were taken annually
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Table 3: Production from integrated farming system.
Produce 2006 2007 Average
Fish (kg) 127.4 112.7 120.5
Eggs 3410 3528 3469
Chicken 112.1 125.0 118.5
Vegetables (kg) 1916.0 2315.0 2115.5

Table 4: Economics of Integrated Fish-Poultry-Vegetable Farming.
Expenditure (Rs)

A.  Non Recurring Expenditure
1. Pond and poultry house construction 10,500
2. (i) Depreciation @ 10% 1050
(ii) Interest @ 8% on capital investment 840
Total (Rs) 1,890

B Recurring Expenditure
a.Fish Culture
Pond preparation 665
Fingerlings @750/1000  750
Miscellaneous expenditures 250
b. Poultry
Chick birds 1200
Feed 6000
c. Vegetable cultivation
Seed cost 1170

C Total investment 11,925
D Income (Rs)

Fish 12005
Eggs 8673
Chicken 7112
Vegetable 20,958
Total income 48,748
Net gain (Rs) (D-C) 36,823

Conclusion:

Although, IFF is a new concept for rural areas of Uttarakhand, on socio-economic consideration it is
appropriate for the resource poor hill farmers, where diversification becomes necessary for food production per unit
area and time. This can increase efficiency of resource utilization, reduces investment risk through diversified farm
output with minimum financial and labour cost. It has great potential to generate year round employment
opportunities to resource poor small farmers, increase family income and help to alleviate malnutrition by providing
additional source of animal protein and fresh vegetables. It is more profitable than unitary system of farming as
it offer increased efficiency of resource utilization, reduces risk by diversifying crops and livestock10, 11. The
small scale integration is not only economical but provides recycling of waste, total utilization of farm products,
energy saving and helps in maintaining ecological balance. Even resource poor farmers with high working capacity
can create a small scale IFF model with locally available materials. However, the type and level of integration
depends on the prevalent environmental conditions, social norms cultural values and religious factors. The
semi-intensive earthen pond fish culture is the most suitable integrated aquaculture system because of the natural
ecosystem that can conveniently accommodate both vegetable and livestock production. Market and demand for
farm products should be put into consideration before establishing any integrated farming enterprise in any area.
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