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A study was conducted at Tamil Nadu Agricultural University, Coimbatore, with different farming system models
in a lowland ecosystem to find the most effective one. The goal was to see how combining various agricultural
activities and resources impacts rice-based farming. The integrated farming system (IFS) with cropping alone (FS4),
rice-based cropping system + desi poultry + fish + azolla + milch cow + goat + vermicompost + nutritional garden
+ fodder crop (FS1), rice-based cropping system + duck + fish + azolla + milch cow + goat + vermicompost +
nutritional garden + fodder crop (FS2), rice-based cropping system + turkey + fish + azolla + milch cow + goat +
vermicompost + nutritional garden + fodder crop (FS3) was carried out for 2 years during 2018-19 and 2019-2020
in non-replicated trial. Within the IFS, 0.90 hectares were dedicated to the following crop rotation: rice, followed
by blackgram, and then maize. The remaining 0.10 hectares were allocated to various other agricultural activities.
This 0.10 hectare was further divided as follows: fish pond unit 0.04 ha, dairy unit 0.012 ha, goat unit 0.008 ha,
azolla 0.004 ha, vermicompost unit 0.004 ha, nutritional garden 0.004 ha and fodder crops 0.028 ha. The study
evaluated the effectiveness of integrating various components into a rice-based cropping system. This integrated
system significantly increased overall productivity, as measured by the rice grain equivalent yield.

The IFS that combined cropping with ducks, fish, azolla, a milch cow, goat, vermicompost, a nutrition garden,
and fodder crops (FS2) achieved the higher rice grain equivalent yield of 40,332 kg/ha, which is more than double
the yield (18,569 kg/ha) achieved by the rice cropping system alone, highest net return reaching Rs. 434,554 per
hectare. Additionally, the integrated FS2 system generated the highest daily return, reaching Rs. 1,191, the highest
employment opportunity, offering 789 workdays per hectare per year and diverse elements led to the greatest overall
energy output, energy efficiency, and improved nutritional value of the produce compared to other farming systems.
For lowland farmers with 1 ha farms, research suggests that a combination of cropping systems and integrated
components can significantly augment and sustain yield, monetary profits, employment generation, and soil health.

1. INTRODUCTION

Research across India and beyond has shown that focusing on just
one crop for agricultural development doesn’t lead to lasting success
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or sustainability. Instead, an integrated farming system (IFS) tactic
offers a more consistent technique to achieve high productivity while
also being environmentally sound, ultimately leading to sustainable
agriculture [1]. India heavily relies on agriculture and related activities
for its economic well-being. Most Indian farmers own very small plots
of land (less than 1 hectare) or slightly larger holdings (1-2 hectares). A
growing population, urban sprawl, and industrial expansion are causing
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a decrease in the amount of crucial agricultural resources available
per person and leading to the division of farmlands into even smaller,
inefficient parcels. Notably, the core of India’s rural economy rests on
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the shoulders of small and marginal farmers, who make up 85% of the
farming population and control 44% of the total cultivated land [2]. Land
holdings are expected to further decrease due to demographic factors.
This will lead to a decline in arable land per person, from 0.34 ha in
1950-51 to 0.08 ha in 2025. The revenue generated from cropping only
is insufficient to support the average agrarian family. This downward
trend in land accessibility presents a significant confront to the long-
term viability and agricultural profitability [3]. Since, expanding
farmland horizontally is difficult, maximizing food production on
existing land becomes crucial. This can be accomplished by adopting
farming methods that entail less space and time, like stacked systems
or hydroponics. This approach, known as vertical expansion, can
ensure a reliable income for farmers at regular intervals [4]. In India,
the vast majority (80%) of operational farm holdings fall under the
categories of marginal, small, and semi-medium [2]. These categories
encompass holdings less than 4 hectares in size. Small and marginal
farmers face a range of essential needs beyond just employment. These
include securing sufficient food (like grains, pulses, oilseeds, milk,
fruits, and animal products) for their families, along with feed for
livestock, fodder for animals, and fiber for various uses. By recognizing
the interconnectedness of these elements and taking a comprehensive
approach to farm management, we can significantly improve food
production, generate employment opportunities, and ensure proper
nutrition for all. A multidisciplinary “whole farm” approach is especially
effective for addressing the challenges faced by small and marginal
farmers [5]. This method can be implemented as an IFS that combines
different agricultural activities such as tree components, horticultural
activities, livestock farming (cows, sheep, and goats), fishery, poultry
and pigeon rearing, mushroom cultivation, sericulture, and biogas
production to improve profitability. Components of IFSs in irrigated
India include agriculture, horticulture, forestry, livestock (dairy, fish,
and duck), mushroom cultivation, sericulture, Azolla farming, kitchen
gardening, fodder production, nursery, seed production, vermiculture,
pigeon rearing, apiary, goat rearing, poultry, sheep rearing, piggery,
rabbitry, and value-added activities [6]. An IFS approach is unique to
small-scale farms mainly based on resource availability and farm family
objectives, there is no perfect IFS model that suits all the regions due
to multiple factors. The present study includes a rice-based cropping
system + poultry (desi poultry, duck, and turkey) + fish + azolla + milch
cow + goat + vermicompost + nutritional garden + fodder crop due
to its suitability under lowland conditions. The study was conducted
between 2018-19 and 2019-20, and aimed to create the best IFS model
specifically suited for the lowland conditions of Tamil Nadu, India. This
model prioritizes efficient resource utilization by ensuring that products
or by-products from one component serve as inputs for another. This
creates a complementary and organically inter-connected system that
minimizes waste and environmental impact, while also promoting better
productivity, profitability, job creation, and energy management.

2. MATERIALS AND METHODS

The investigation was conducted at a wetland farm of Tamil Nadu
Agricultural University, Coimbatore. The trial field is physically
situated in the North Western agro-climatic zone of Tamil Nadu at
11°N latitudes and 77°E longitudes with an altitude of 426.7 m above
mean sea level. The mean annual rainfall of Coimbatore is 657 mm
distributed over 47 rainy days. The experimental site experiences an
average maximum temperature of 31.5°C and an average minimum
temperature of 21.4°C annually. The soil is classified as clayey
loam with excellent drainage. Soil samples were gathered before the
experiment commenced and underwent analysis for various physical
and chemical properties. Prior to the experiment, the soil was deficient

in available nitrogen but had surplus amounts of available phosphorus
and potassium given in Table 1.

The selection of farming system components was guided by their
popularity and suitability for the lowland conditions in Tamil Nadu
(Table 2). Lowlands wherever possessing copious water supply at
least for 6—9 months have rice as the dominant crop. This could very
well provide an opportunity for the linkage of fishery. The elements
included in IFS experiments were cropping (maize-rice-blackgram),
fishery, diary, goat, poultry, turkey, duck, azolla, nutrional garden,
vermicompost, and fodder production. A farming system experiment
was conducted by constituting three IFS models to evaluate the
best IFS model under a lowland ecosystem in addition to cropping
alone. Four different farming system treatments viz., FS - Rice
based cropping system + desi poultry + fish + azolla + milch
cow + goat + vermicompost + nutritional garden + fodder crops,
FS, - Rice based cropping system + duck + fish + azolla + milch
cow + goat + vermicompost + nutritional garden + fodder crops,
FS, - Rice based cropping system + turkey + fish + azolla + milch
cow + goat + vermicompost + nutritional garden + fodder crops
and FS, - Cropping alone (rice-blackgram-—maize) were selected
to study the best combination of the IFS under lowland situation
without having the replication except cropping alone treatment for
the purpose of nutrient management. Crop activity in IFSs consists
of rice based sequential cropping system with three crops viz.,
rice, blackgram, and maize raised during rabi, summer, and kharif
seasons, respectively. The cropping experiment was laid out in a
split plot design with three repetitions with a plot size of 6 x 4 m.
Crops area was 90% of the total area. Three fish ponds each of 400
m? area with 1.7 m depth were used for the research without any
replication. Composite fingerlings species comprised of three native
Indian major carps (catla, rohu, and mrigal) and one introduced carp
(common carp) were stocked at a density of 20,000 fingerlings per
hectare to utilize the nutrients present throughout the water body.
It is customary that inland fishery resorted to supplemental feeding
with artificially prepared concentrate to achieve faster growth of fish
and obtain maximum fish meat production within a stipulated period.
The artificial fish feed concentrate consists of rice bran (40%), maize
flour (40%), and dried azolla (20%) were used. To enhance the
nutritional intake of fish fingerlings, a shed was constructed over
a fish pond. This shed housed 20 desi poultry, 15 turkeys, and 20
ducks. A wire mesh floor allowed poultry droppings to fall directly

Table 1. Physico-chemical properties of the experimental site.

S.No. Specifications Pool;;la(::)ta @
I Textural composition

1 Clay (%) 45.7

2 Silt (%) 15.4

3 Coarse sand (%) 19.9

4 Fine sand (%) 22.6

5 Textural class Clay loam
II Chemical constituent

1 Soil reaction (pH) 8.4

2 Electrical conductivity (dS m—1) 0.43

3 Organic Carbon (%) 0.64

4 Available N (kg/ha) 259.4

5 Available P (kg/ha) 22.3

6 Available K (kg/ha) 487.8
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Table 2. Land area allocation for different components of IFSs.

Rationalization of area for allied components

q . Desi bird/
Farming systems C:;;s::g it i
Turkey

FS1  Rice based cropping system 0.90 ha 22m?over  0.04 ha
+ desi poultry + fish + fish pond
azolla + milch cow + goat + (0.0012 ha)
vermicompost + nutritional
garden + fodder

FS2  Rice based cropping system 0.90 ha 12 m? 0.04 ha
+ duck + fish + azolla (0.0012 ha)
+ milch cow + goat +
vermicompost + nutritional
garden + fodder

FS3  Rice based cropping system 0.90 ha 2.2m2over 0.04 ha
+ turkey + fish + azolla fish pond
+ milch cow + goat + (0.001 2 ha)
vermicompost + nutritional
garden + fodder

FS4  Cropping alone ( rice- 1.00 ha - -

blackgram-maize)

Vermi

Azolla Milch Goat RS Nutritional Fodder Total
cow . garden crops (ha)
unit
0.004 0.012 ha 0.008 0.004 ha 0.004 ha 0.028 1.00 ha
ha ha
0.004 0.012 ha 0.008 0.004 ha 0.004 ha 0.028 1.00 ha
ha ha
0.004 0.012 ha 0.008 0.004 ha 0.004 ha 0.028 1.00 ha
ha ha

into the pond, providing a natural food source. The growth rate of
poultry was studied at monthly intervals and the mean weight of
droppings from each bird in a day was calculated. Three Jersey breed
milch cows at the rate of one per treatment were maintained for the
experiments FS, FS, and FS, Green and dry fodder demand/day/
animal were met out by fodder crops and crop residues obtained
from the cropping system. Quantified manure is stored as a heap
and a portion of it is transferred to a constructed cement tank for
vermicomposting, expressed as t/year. Six female tellicherry goats at
the rate of two goats per system were maintained in an elevated shed
constructed on the farm for the experiment. The feed requirement
of goats was met out by open grazing and supplemented with crop
residue. The growth rate in terms of weight gain at once in alternate
months was recorded and expressed as total weight/goat and goat
droppings per day/goat was recorded and expressed in g/goat. Azolla
pinnata was used for the study. It was cultured in 10% of the fish
pond area. The rate of growth and yield of azolla was recorded at 30
days after inoculation. Azolla has not been allowed to spread over
more than 10% of the pond area. Greens, vegetables, banana, and
gourds were raised in 120 m? of fish pond area. Vermicompost, made
from farm yard manure and crop residues, was applied to the crops to
meet their nutrient needs. The crops were irrigated with nutrient-rich
pond water. A 5-ton capacity tank near the field was used to produce
the vermicompost using African earthworms (Eudrillus euginiae).
Fodder crops were maintained to meet the green fodder requirement
of milch animals included in the farming systems. Cumbu napier
hybrid CO (CN) 4 was produced with an area of 0.028 ha.

The total quantity of produce obtained from each component is
converted as rice grain equivalent yield by working out the ratio
between the total economic outcome from each component and the
cost of rice/kg [7].

Productivity of Component (kg) x
Unit cost of component ()

Cost of rice (X/kg)

Rice grain equivalents (kg) =

System profitability was determined through economic parameters
like costs, total and net revenue, and daily profitability for each
aspect of crop production. Labor inputs for different activities
were measured in man-days per hectare per year. A man or woman
working 8 hours daily was defined as one man-day. The energy
value of numerous inputs was assessed [8], and the total energy of
all constituents was figured. The energy expenditure (megajoules)
for different inputs in crop production and associated activities was
calculated, and the energy efficiency (energy ratio) was calculated
using the given formula.

Energy output (MJ/ha)
Energy input (MJ/ha)

Energy use efficiency =

IFSs research utilizes non-replicated trial designs. IFS involves
intricate interactions between various components such as crops,
livestock, and recycling elements. Replicating entire systems can
be impractical and expensive due to: Land limitations and higher
initial cost of production. The primary goal is often to compare
the overall performance of different IFSs rather than statistically
proving small differences between specific treatments. However,
non-replication comes with limitations. Without replication, it’s
harder to determine if observed differences between systems are due
to the treatment effect or simply random variation. Results might not
be applicable to other contexts with different soil types, climates,
or management practices. However, mitigation strategies includes
conducting the same IFS design across various farms with different
environmental conditions to increase the generalizability of findings.
Multiple location trials and utilize larger plots to capture a wider
range of spatial variability within the field. Analyzing non-replicated
data, a two-part design allows researchers to isolate the impact of
specific components within an integrated system: compares the
overall productivity of different IFSs (FS , FS,, and FS,) against a
control (cropping alone - FS)). Assessing the impact of individual
components involves isolating the effect of specific components
within the system. By comparing systems with and without a
particular component, researchers can determine its contribution
to overall productivity. For instance, comparing FS (with desi
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poultry) to FS, (without poultry) can reveal the impact of poultry
on the system’s performance. This study utilizes the non-replicated
designs with a two-part statistical analysis, IFS research can
generate valuable insights while acknowledging the limitations. This
approach helps farmers make informed decisions about adopting
specific IFS practices.

3. RESULTS

A study was formulated to evaluate the best combination of
components among desi poultry, turkey, duck, fish, azolla, milch cow,

Table 3. Economic analysis (Rs.) of individual components in IFSs.

goat, vermicompost, nutrition garden, and fodder crops with cropping
as base activity in comparison with cropping alone under lowland
were carried out for 2 years.

3.1. Productivity

The output of each crop and related components within the integrated
systems was converted into an equivalent rice grain yield based on
their respective market values. The highest productivity of 40,332 kg
rice grain equivalent yield was obtained by the (FS,). The contribution
of cropping activity was 45.16%, duck (2.58%), fish (19.81%), milch
cow (13.23%), goat (6.51%), and vermicompost (10.36%). Among
all treatments, cropping alone had the lowest productivity, with a rice
grain equivalent yield of 18,569 kg (Fig. 3).

FS, produced 3.80% and 11.22% higher productivity than (FS)) and
(FS,), respectively.

3.2. Economics

The highest gross, net, per day return and benefit-cost ratio of Rs.
651,346, Rs. 434,554, Rs. 1,191, and 3.00, respectively, were obtained
by FS2 (Table 3). The lowest gross, net, and per day return and benefit-
cost ratio were obtained with cropping alone (FS,) (Fig. 1).

3.3. Employment Generation

While the cropping system alone offered 359 days of labor per
hectare per year, the FS, system provided the most employment
opportunities at 789 days per hectare per year, with the cropping
system contributing 40.93%, 16.98% from duck components,
3.04% from fish and 0.89% from azolla, 15.08% from milch cow,
11.90% from goat, 3.29% from vermicompost, 2.41% from nutrition
garden, 5.44% from fodder crops. The fish component generated an
employment opportunity of 24 man days/ha/year, whereas the duck
component generated an employment opportunity 134 man days/ha/
year and milch cow generated an employment opportunity for 119
man days/ha/year. Additional employment of 430 man days generated
from IFS accounting for 54.49% of total employment generation of
789 man days provided an opportunity for the employment of family
labor (Fig. 4).

Cost of Gross Net
Components production return return i:tico
(Rs.) (Rs.) (Rs.)

Cropping alone—1 ha 159,122 304,022 144,900 1.91
CS with desi poultry—0.9 ha 143,210 283,766 140,556  1.98
CS with duck—0.9 ha 127,082 291,836 164,754 230
CS with turkey—0.9 ha 143,210 257,968 114,758 1.80
Desi poultry—(20 nos.) 6,350 9,440 3,090 1.47
Duck—(20 nos.) 5,350 14,968 9,618 1.80
Turkey—(15 nos.) 4,887 5,928 1,041 1.21
Dairy—0.012 ha (1 nos.) 30,083 86,072 55,989 2.86
Goat—0.008 ha (2 nos.) 15,350 18,000 2,650 1.17
Azolla—0.004 ha 1,800 4,530 2,730 2.52
Vermicompost—~0.004 ha 9,000 42,180 33,180 4.67
Nutrition garden—0.004 ha 2,,093 5,084 2,991 2.43
Fodder crops—0.028 ha 13,200 19,600 6,400 1.48
Fish—0.04 ha pond (800 nos.)

Fish + Desi poultry 29,745 100,650 70,905 3.38

Fish + Duck 30,375 104,535 74,160 3.44

Fish + Turkey 29,000 95,565 66,565 3.29
CS: Rice — Blackgram — maize.
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Figure 1. Economic analysis of IFSs.
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Table 4. Total input and output energy (MJ) of individual components in IFSs.

Components

Cropping alone—1 ha

CS with desi poultry—0.9 ha
CS with duck—0.9 ha

CS with turkey—0.9 ha

Desi poultry—(20 nos.)
Duck—(20 nos.)
Turkey—(15 nos.)
Dairy—0.012 ha (1 nos.)
Goat—0.008 ha (2 nos.)
Azolla—0.004 ha
Vermicompost—~0.004 ha
Nutrition garden—0.004 ha
Fodder crops—0.028 ha
Fish—0.04 ha pond (800 nos.)
Fish + Desi poultry

Fish + Duck

Fish + Turkey

189

3.4 .Energy Budgeting

The energy of each input and produces was computed by using a

Total
ei::al energy efEflLe‘:ﬁz specific energy coefficient derived by the energy mass equation and
. gy output reency expressed in terms of MJ (Table 4).
input (MJ) (MJ) (%)
80,438 459,873 37 3.4.1. Total input energy
72,394 441,419 6.1 In general, the cropping system used more energy than other
72,394 465,721 6.4 components included in farming systems. Likewise, in all IFS models,
72,394 439,327 6.1 among the enterprises included, the energy required to produce dairy
2783 341 o1 was higher 134,006 MJ. Similarly nutritional gardens produced
’ ' lower energy of 165 MJ. Among the various farming systems, FS
2,748 o81 0.4 was exploited higher energy (275,877 MJ) with a contribution of
2,155 342 0.2 crop (72,394 MJ), desi poultry (2,783 MJ), fish (18,101 MJ), milch
146,356 10,041 0.1 cow (146,356 MJ), goat (1,018 MJ), vermicompost (2,744 MJ) and
1018 296 03 fodder crops (12,141 MJ) than other farming systems adopted (Fig.
’ ' 2). Whereas, FS, required lower energy (228,658 MJ). Lesser energy
2842 4,351 153.1 (80,438 MJ) was used in FS,
2,744 1,265 0.5
312 1,318 4.2 3.4.2. Total output energy
12,141 176,400 14.5 Among the different components included in farming systems, higher
output energy is obtained from crops followed by fodder crops and
18,101 3314 02 dairy. The dairy component contributed a major share among all the
20917 340 02 components in the farming system Higher output energy (663,815 MJ)
’ ’ ’ was obtained in FS, compared to other IFS models. Comparatively,
18,714 3,147 0.2

a lower output energy of 459,873 MJ was accounted for in FS,. In

CS: Rice — Blackgram — maize.

energy efficiency, FS, recorded a higher efficiency 5.72%. It was
followed by FS, system with an energy efficiency of 2.57%.

Total output energy (MJ)

Total input energy (MJ)

FS1 CS + Desi poultry ®FS1 CS + Desi poultry

FS2 CS + Duck mFS2 CS + Duck

mFS3 CS + Turkey mFS3 CS + Turkey

FS4 Cropping alone (rice-

m FS4 Cropping alone (rice- .
blackgram-maize)

blackgram-maize)

Energy efficiency (%)

mFS1 CS + Desi poultry
mFS2 CS + Duck
FS3 CS + Turkey

FS4 Cropping alone (rice-
blackgram-maize)

Figure 2. Energy budgeting of IFSs.
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Total System Productivity (kg/ha)
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Figure 4. Employment generation of IFSs.

4. DISCUSSIONS

4.1. Productivity of Components in the IFS

An IFS model involving different enterprises was envisaged to
evaluate the best model for an area of 1 ha to recommend for the
farmers of lowland ecosystems. Among the different components,
cropping systems were the base activity in an IFS. The FS, contributed
217.20% higher productivity than the cropping system. This was due
to the additional economic produce obtained from duck + fish + azolla
+ milch cow + goat + vermicompost + nutrition garden + fodder
crops. The application of recycled poultry dropping as pond silt and
organic fertilizers from the affiliated enterprises may have positively
influenced crop yields in the IFS, leading to increased net income,
benefit-cost ratio, and daily returns. These findings align with the
results of [9] and [10], which previously reported higher productivity
and economic benefits in irrigated upland IFSs of Tamil Nadu.

Fish components fetched higher productivity followed by milch cow,
goat, desi poultry, duck, turkey, and vermicompost components during
both years of experimentation and also produced higher income,
employment generation, and residue addition with the least production
cost. The rice bran, maize flour, azolla, fodder, rice straw, and
blackgram haulm were utilized by livestock and poultry components.
Recycling these products might have reduced the production cost of
milk and poultry components. The advantage of effective recycling
of vermicompost as a source of nutrients for crops and bird dropping

as fish feed paved a wider scope for the inclusion of bird and dairy as
a component in wetland farming systems. The economic advantages
of dairy components in irrigated areas [11] are concomitant to the
present finding. Furthermore, bird components viz., desi poultry,
duck, and turkey provided a greater share of productivity, income,
employment generation, residue addition, and energy budgeting under
lowland IFSs. The major inputs viz., rice bran, maize grain, azolla, and
poultry dropping were obtained from crop components and poultry
enterprise, respectively. Crop waste and poultry droppings were used
as feed resources for animal, poultry, and fish units in the farming
system resulting in minimizing the production cost and increasing
the returns [12]. India is considered as land of ducks, especially
Indian runner ducks are cheaper to maintain with an egg production
capacity of 220 eggs/year/bird and play a vital role in balancing diet.
Due to this synergism duck + fish apportioned 22.86% to the total
system productivity in which crop, goat, and dairy also integrated.
Crop activity shared 46.12% of total productivity due to better crop
management practices [13].

Likewise in crop + fish + duck system, crop + fish + turkey and crop +
fish + poultry integrated system, utilized poultry and turkey droppings
of fully built-up poultry litter were recycled into fish pond with the fish
contribution of 19.25%, 20.23%, and 20.17% to total productivity of
desi poultry, duck and turkey. Sheltering of flock above the pond aided
to fall droppings in pond directly and is deferred on the days when
algal bloom appears in the pond. A simple modification of the pond
system and use of locally available inputs could be used to improve
both vegetable production and the income of farm households. The
higher system productivity in rice + fish + duck culture under lowland
ecosystem. A goat unit comprising of six Tellicherry goats was
maintained for integration in the farming systems. The contribution
of the goat unit to the farming system in terms of productivity and
profitability was found to increase over the years [14,15]. Higher net
return was produced during the second year owing to a greater rate of
multiplication and meat production. From the results obtained in the
study, it could be stated that goatary is a highly suitable component to
small farmers as the initial investment is less [16].

The addition of manures to crops recorded higher productivity and
profitability by supplying essential plant nutrients for crop growth.
Augmentation of soil productiveness through the integration of
livestock and poultry components for nutrient recycling and enrichment
of soil [17]. The aggregate amount of organic matter collected from
livestock components (milch animal and goat) of the IFS was 24,506
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kg which were used as raw materials for vermicomposting. About
18,803 kg of vermicompost were produced annually in the system
and were used as inputs for crop components at the rate of 5 t/ha to
improve crop productivity [18].

The pond’s embankment was effectively used to cultivate vegetables
year-round, providing a valuable supplement for resource-limited
small farmers. This innovative approach not only ensured a steady
supply of vegetables for family consumption but also generated
additional income through sales. The positive impact on both nutrition
and income was particularly significant for farmers with limited
resources [19].

4.2. System Profitability in IFS

Profitability is mainly determined by the cost of produce obtained
from various components of IFS. Efficiency of component integration
was identified based on revenue generation over the years and through
efficient resource recycling and management. Cost of input for each
component is reduced by scientific and integration of enterprises
through understanding the bio physical phenomenon in between crop
and allied components. The higher cost of production of Rs. 232,230
was recorded under FS, . Higher gross and net return of Rs. 651,346
and Rs. 434,554 per hectare was recorded under FS, (Fig. 1). Higher
productivity from cropping systems, higher fish and goat meat, milk
yield from dairy unit, more number of eggs from duck component and
fruits and vegetables from nutrition garden sold in the market might
have increased the gross and net return under FS,. This system was
found to be the best income-generating farming system among the
different farming systems evaluated. An IFS model consisting of field
crops, horticultural crops, vermicompost, and poultry components
enhanced the productivity, net monetary returns, and benefit-cost ratio
as compared to the conventional farming system is in support of the
present finding [20]. Crop cum dairy farming systems were superior in
generating higher net returns [ 11]. Higher income in dairy and poultry-
based farming systems than cropping alone [21].

Higher benefit cost ratio of 3.00 was recorded under FS,. It might be
due to the low amount of total cost involved in duck + fish + azolla +
milch cow + goat + vermicompost + nutrition garden + fodder crops
than the other treatment. The per day return recorded was higher
Rs.1,191 under FS, compared to another farming system. This was
due to higher income obtained from crops, duck, fish, dairy, goat,
vermicompost, and nutrition garden components. Integration of the
cropping system with dairy and allied enterprises increased the per day
return compared to cropping alone [22].

4.3. Employment Generation in IFS

In spite of employment generation in agriculture sector grows
significantly at a slower rate, potentially not being fully exploited.
Engagement of laborers in crop activities meant for occasions
while allied enterprises in the farming system create opportunity
for year round employment. The purpose of increasing employment
opportunities is not only meant for increasing man days per year but
also to have a uniform spread round the year to make use of family
labors of small and marginal category farmers effectively. The
cropping system with the integration of livestock, poultry, and fish
components provided higher employment opportunities for family
labor. FS, farming system provided higher employment opportunities
of 789 man days/ha/year with a contribution of 323 man days from the
cropping system, 134 man days from duck component, 24 man days
from fish component, 7 man days from azolla component, 119 man
days from milch cow component, 94 man days from goat component,

26 man days from vermicompost component, 19 man days from
nutrition garden, and 43 man days from fodder crop component (Fig.
4). Livestock and bird components created employment throughout
the years, which can be effectively met with the available family labor.
Such higher employment generation in lowland IFSs [23]. Generation
of employment further makes the dairy component a positive linkage
in the IFS. Dairy and poultry rearing recorded assured, constant
income on day one itself and provided nutritional security to the
family members.

4.4. Energy in IFSs

IFS presents a promising pathway to sustainable agriculture by
promoting resource efficiency and reducing reliance on external
inputs. Energy sustainability is a crucial aspect of IFS, as it involves
minimizing energy consumption while maximizing energy production.
Crop residue and livestock manure can be used to generate bioenergy
through processes of composting. The FS, farming system has resulted
in the highest energy output of 658,036 MJ/ha with an energy efficiency
of 2.83%. The energy value of milk, desi poultry, duck, turkey, and
goat meat was 4.90, 8.11, 7.56, 9.66, and 4.94 MJ as against 14.7 for
rice/blackgram/ maize grains. The energy in cropping systems with
fish, poultry, dairy, goat, and vermicompost component systems was
effectively utilized as compared to another system. The potential of
animal-crop integration to enhance energy yield and improve energy
utilization efficiency [24,25].

4.5. Practical Challenges for Adoption of IFSs

IFSs propose a favorable practice for sustainable agriculture, but their
adoption faces several practical challenges. The following are some of
the key obstacles.

1. Lack of technical knowledge and expertise, IFS often involves
complex interactions between different components (e.g., crops,
livestock, and aquaculture) requiring specialized knowledge and
skills. Many farmers may lack the necessary expertise to manage these
systems effectively. The limited availability of training programs and
extension services can hinder knowledge transfer [25].

2. High initial investment, setting up IFS often requires significant
investments in infrastructure, such as livestock sheds, poultry sheds,
fish ponds, fencing, processing units, and specialized equipment for
various components of the system can be expensive. The cost of feed,
fertilizers, and other inputs can be substantial, especially in the early
stages. Managing an IFS can be labor-intensive, especially during peak
seasons. Many farmers may lack access to credit or other financial
resources to cover these costs [26].

3. Market risks and price fluctuations, prices for agricultural
commodities can be highly volatile, affecting the profitability of
IFS. While IFS can help diversify income sources, they may still
be vulnerable to market fluctuations. Finding suitable markets for
diversified products can be difficult, especially in rural areas [27].

4. Environmental and ecological constraints, IFS may require more
land than conventional farming practices, which can be a limitation
in areas with limited land resources. Poor soil quality can limit crop
productivity and livestock health. Balancing the needs of different
components within an IFS can be challenging, especially in terms of
water, nutrients, and pest control. Climate change poses additional
risks to IFS, such as extreme weather events and changes in crop
patterns [28].
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5. Social and cultural barriers, many farmers may be reluctant
to adopt IFS due to cultural or social norms. Changes in farming
practices can sometimes face resistance from local communities.
Building trust and facilitating knowledge sharing within communities
can be essential for successful IFS adoption [29].

Addressing these challenges will require a multifaceted approach,
including: Technical assistance by providing training and extension
services to farmers, financial support by offering subsidies, loans,
and credit facilities, market development by promoting market
access for IFS products, policy reforms by creating favorable policies
and regulations for IFS adoption and community engagement by
fostering collaboration and knowledge sharing among farmers. By
overcoming these challenges, IFS can play a vital role in promoting
sustainable agriculture and improving the livelihoods of farmers.

The true impact of IFS often requires long-term studies due to factors
like soil fertility changes and variations in weather patterns. To
overcome this, it requires long-term studies which can be expensive
and require sustained commitment. Capturing the full economic
picture of an IFS can be complex. Factors like labor requirements,
market fluctuations for diverse products, and potential cost savings
from resource recycling need to be considered. Encouraging farmers
to adopt unfamiliar IFS practices requires addressing concerns
about initial investment costs, required skill sets, and potential risks
associated with changing established methods.

4.6. Future Research Directions

1. Modeling and simulation: Develop dynamic models that capture
the complex interactions between various components of IFS,
including crops, livestock, and the environment. Conduct scenario
analysis to evaluate the potential impacts of different climate
change scenarios, policy changes, and market fluctuations on IFS
performance. Utilize spatial modeling techniques to identify suitable
locations for IFS implementation based on factors like soil quality,
water availability, and market access. Develop economic models
to assess the profitability and economic sustainability of IFS under
different conditions.

2. Socio-economic studies: Explore farmers’ perceptions of IFS,
including their attitudes, beliefs, and motivations for adoption. Analyze
the role of social networks and community dynamics in influencing
IFS adoption and sustainability. Conduct economic feasibility studies
to identify the factors that influence the profitability of IFS for farmers.
Evaluate the impact of government policies and regulations on IFS
adoption and implementation.

3. On-farm participatory research: Work closely with farmers to
develop IFS practices that are tailored to their specific needs and local
conditions. Foster knowledge co-production between researchers
and farmers to generate practical and relevant insights. Promote
community-based research to empower farmers and enhance their
participation in decision-making. Implement adaptive management
strategies to allow farmers to adjust their IFS practices in response to
changing conditions.

4. Long-term monitoring: Assess the impact of IFS on ecosystem
services, such as carbon sequestration, biodiversity conservation, and
nutrient cycling. Monitor changes in soil health indicators, including
organic matter content, microbial activity, and nutrient availability.
Track the long-term economic performance of IFS, including
profitability, income diversification, and risk management. Evaluate
the resilience of IFS to climate change, market fluctuations, and other
external shocks.

5. Farmer training programs: Develop comprehensive training
programs that cover the technical, economic, and social aspects of
IFS. Provide hands-on training in practical skills, such as livestock
management, crop production, and resource conservation. Equip
farmers with problem-solving skills to address challenges that may
arise during IFS implementation. Promote continuous learning
through workshops, field visits, and online resources.

6. Interdisciplinary collaboration: Encourage interdisciplinary
collaboration among researchers from various fields, including
agronomy, ecology, economics, sociology, and engineering.

7. Global knowledge exchange: Facilitate the exchange of knowledge
and experiences related to [FS between different countries and regions.

8. Policy analysis: Conduct research on the role of policy frameworks
in promoting or hindering IFS adoption and development.

By pursuing these research directions, we can advance our
understanding of IFS and develop effective strategies for promoting
their adoption and sustainability.

5. CONCLUSION

This study highlights the significant benefits of adopting a rice—
blackgram-maize cropping system integrated with various
livestock and resource recycling activities in one ha under lowland
conditions of Tamil Nadu. It significantly improves productivity,
economic gains, job creation, energy efficiency, and environmental
sustainability by incorporating a rice-blackgram-maize cropping
system on 0.9 hectares along with additional integrated activities with
an area of 0.1 ha. These activities include: Raising 20 ducks over a fish
pond stocked with 800 fingerlings for polyculture in a 0.04-hectare
pond, Cultivating 0.004 hectares of azolla, Keeping 1 dairy cow and
2 adult goats, Producing 5.0 tonnes of vermicompost annually using
residue from the other components, Maintaining a small, nutrient-
rich garden on the fish pond embankment (0.004 hectares) and
growing 0.028 hectares of fodder crop to feed the goats and cattle.
This combined approach promotes a more efficient and sustainable
farm ecosystem. By following these recommendations, farmers can
transform their land into a more productive, economically viable, and
environmentally friendly agricultural system.
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