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Abstract

The farming situation in Telangana, was specified as part of a long-term study that lasted
eleven years, from 2011-12 to 2021-22, with the objective of holistically increasing liveli-
hood, earnings, and employment creation through an IFS technique. Telangana located in
the southern part of India, has 88.3% small and marginal farmers whose income could be
increased through adoption of farming systems. System productivity, economics, energet-
ics, sustainability indices, greenhouse gas emissions, employment generation along with
food and nutritional security were evaluated to know the impact of integrated farming sys-
tem on small and marginal farmers over the years. One ha area with a holistic integration
of animals and crops and an average farmer’s net income of 352,000 produced a total pro-
ductivity of 31.4 t REY ha™! with a cost—benefit ratio of 1.58 and net profit of ¥183,123/-
with total operational expense of X313,179/-. A total of 66.47% of the net income comes
via crop-related profits, including those from feed, 5.09% from horticultural profits, and
24.23% out from livestock unit. Results indicates that IFS is a energy efficient model with
higher employment generation and saves 387,752 through recycling which is a huge relief
to the farmer. Net emissions of this system were of — 4243 kg CO, eq on average which
indicates the sustainability of the system. The paper claims that crop—horticulture—live-
stock IFS model can secure the long-term viability of agricultural systems and enhance
livelihoods of small and marginal farmer’s.

Keywords Integrated farming system - Productivity - Profitability - Employment
generation - Food and nutritional security

1 Introduction

Farmers have been primarily focusing on single-enterprise-based agricultural systems

since the Green Revolution, which has resulted in declining productivity, deteriorating soil
health, and an increasing chance of crop failure (Rahman & Sarkar, 2012). In developing
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nations like India, there is an increasing demand for animal-based foods in areas experienc-
ing significant population increase, urbanization, and income growth. This is worsening
the rivalry between cattle and crops (with more cropland being planted and fewer range-
lands being used for rangeland). The necessity for a comprehensive approach to meeting
the demands of an ever-growing population without upsetting the natural balance is urgent
(Kumar et al., 2018a, 2018b). In comparison, small and marginal farmers in India only
cultivate 44% of the nation’s total arable land, yet they produce 86% of the nation’s agri-
cultural output (GOI, 2014). The average operating land holding size in 2010-2011 was
1.16 ha, and farm size has decreased further as a result of fragmentation (Kumar et al.,
2018a, 2018b). The fragmentation of land resources poses a severe challenge to Indian
agriculture’s sustainability, food security, and financial viability (Siddeswaran et al., 2012).
The production of crops based on cereals is the primary emphasis of India’s small as well
as marginalized farmers, who face significant risks from climatic anomalies like droughts
and floods. Because of these anomalies, farmers cannot earn enough money to support
their families (Kumar et al., 2018a, 2018b).

In order to sustain favorable and stable production conditions, substantial rates of exter-
nal inputs are added to modern agricultural production systems., and they are logically
simplified as a result of specialization (Karthik et al., 2022). These methods can be effec-
tive and productive, but they frequently have negative effects on the environment, deplete
soil nutrients, alter soil biota, and increase production costs (Kashyap et al., 2022). Farm-
ing systems have found to be more productive a well as profitable compared to conven-
tional systems. Layek et al. (2023) reported that crops + horticulture + cattle + piggery has
recorded a system productivity of 21.92 tha™! mainly because of integration of cropping
systems and livestock whereas the traditional practice of maize-vegetables has recorded
8.59 t ha~! at Meghalaya in India. Shyam et al. (2023) at New Delhi, India reported that
integrated farming system has maximum gross as well as net returns were reported. of
18,268 and 9446 USD ha~! with sustainable livelihood index (SLI) of 70.2% While tra-
ditional techniques for rice and wheat and maize have shown gross returns and net returns
of 3159 & 1335 USD ha~! with SLI of — 15.6% and 2712 & 1038 USD ha~! with SLI of
— 18.85%, respectively.

In India, intensive agriculture systems are unable to guarantee steady employment,
income, and the availability of food, energy, and the environment. If a farmer solely
engages in one form of agricultural enterprise, such as a traditional monocropping sys-
tem, it might be challenging for them to make a living (Paramesh et al., 2021a, 2021b).
Kumar et al. (2022) at Bihar, India reported that integrated farming systems have generated
employment of 402 man-days year™! in 2 acres area whereas rice—wheat system has gen-
erated employment of 237 man-days year™'. Empirical pieces of evidence from different
parts of the globe suggest that an integrated system is the most efficient in terms of energy
efficiency (Alluvione et al., 2011) and it reduces the net GHG emissions thus making the
system climate smart (Sahoo et al., 2020). Proper resource budgeting in integrated farming
systems saves around 58% of the total cost of production through recycling and leads to
greater resource use efficiency (Singh et al., 2018).

Maintaining food and nutritional security by integrating fisheries, cattle, along with
crops, while giving farmers consistent and periodic revenue is essential for overcoming
the limitations of specialised, input-driven agriculture (Gill et al., 2009; Kashyap et al.,
2022; Paramesh et al., 2021a, 2021b). Regular cash flow is needed since it is impossible
to support a farm family year-round on agricultural income; This is only achievable when
the crop is associated with a sensible assortment of enterprises that are viable in the local
context (Rana, 2015). Crop diversification is made possible through the Integrated Farming
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System (IFS). The IFS quickly raises the income of farm families and aids in achieving
agricultural sustainability. Incorporating more agricultural businesses will increase farm
productivity and provide benefits for social, economic, environmental, and nutritional secu-
rity (Mynavathi & Jayanthi, 2015). According to the Indian Council of Medical Research’s
(Reddy et al., 2020) recommendations, a family of five needs 110-125 kg of protein, 60 kg
of oil, and 550-575 kg of carbohydrates annually. These requirements can be met by adher-
ing to the IFS strategy.

Through initiatives including nutrient recycling, soil formation, improving soil fertility,
and environmental performance, the IFS approach aims to decrease anthropogenic inputs
while promoting ecological intensification and enhancing ecosystem functioning (Bell &
Moore, 2012; Salton et al., 2014). IFS that are effectively managed are anticipated to be
less risky as a result of business synergy, product diversity, and environmental reliability
(Behera & France, 2016). The elements and businesses within the IFS differ from area to
area based on agro-climatic factors, including water availability, land type, farmer socio-
economic position, and consumer demand (Paramesh et al., 2021a, 2021b). Components
need to be connected and work effectively together in order to create effective holistic
farming systems (Bell & Moore, 2012). The Indian government expressed an interest in
IFS’s mixed farming systems for the advancement of the farming community, and as a
result, several initiatives were developed to boost the output of cattle and agriculture while
providing small and marginal farmers with a reliable source of income (Paramesh et al.,
2021a, 2021b). The ideal IFS Model for Crops, Horticulture, and Livestock’s have crucial
components are depicted in Fig. 1.

India’s region-specific IFS model would be crucial in satisfying this demand despite
the complexity of the potential growth in food and nutritional consumption. Another dif-
ficulty is that the manufacturing strategy would have to be put into practice in the face of
uncertainties and climate change. Developing a region based IFS models would help the
farmers as well as country in this climate change era because it enhances the income,
employment opportunities by parallelly maintaining the sustainability. It reduces the
GHG emissions with effective resource recycling and tackles the malnutrition problem

Fig. 1 Basic components present in the Crop—Horticulture-Livestock IFS Model
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by providing food as well as nutritional security. The current long-term study was car-
ried out with the intention of creating a model for effective resource usage in scenar-
ios with limited irrigation to accomplish nutritional and food security, economics, cli-
mate—resilient, residue reuse, and employment creation for the farm family.

2 Materials and methods
2.1 Study area and description

Under the supervision of the ICAR-Indian Institute of Farming System Research
(ITFSR), Modipuram, Meerut, the research was conducted at the primary on-station
research centre at college farm, Professor Jayashankar Telangana State Agricultural
University (PJITSAU) in southern Telangana zone, India. The goal of the Integrated
Farming Systems research project, which ran from 2010 to 2011, was to create a model
for an irrigated dry environment. The conditions of this study area represent the major-
ity of Telangana farmers which is the reason for conducting experiment here. The prop-
erty was designated for the development of a one-hectare farming model with compo-
nents for horticulture, agriculture, and animal husbandry. The horticulture component
comprised guava as a fruit crop and tomato, green pepper, and carrot intercrops as veg-
etables throughout the rainy season and rabi season, respectively. The crop component,
which includes horticulture, fodder blocks, boundary plantation, and arable cropping
systems such as rice-maize, rice-sunflower, maize-castor, maize + pigeonpea-cowpea,
and pigeonpea+ greengram-groundnut, was established and started in 2010. A unit
of 20 backyard chicken birds (Vanaraja), 6 goats (Osmanabadi), and 2 dairy buffaloes
(Murrah Breed) were started as the livestock component during the 2011 kharif season,
and the full-fledged Integrated Farming Systems research has been going on ever since.
However during 2017-18 the following modifications were implemented. The differ-
ent components of proposed integrated farming system in On-Station IFS models from
(2011-12 to 2021-22) was depicted in Table 1 and the an overview map of the study
area and percent contribution of area under Crop—Horticulture-Livestock IFS Model
shown in Figs. 2 and 3.

2.2 Technological interventions

On the basis of a constraint analysis and the requirements demands of various categories
of farmers, innovative aim is to contribute on modules were developed and performed
out on the field from 2011-12 to 2021-22. The farming system strategy, which considers
household needs for food, fuel, and other necessities to ensure food and nutritional security
while also boosting farm profits, was utilised to develop farm homes holistically. On-farm
evaluation of an enhanced set of procedures together with the adoption of better varieties
and capacity building was done for the sustainable development of farm households. To
address the low yield brought on by an uneven fertiliser application and insufficient plant
protection measures, both nutrition and pest control was implemented. The technical inter-
vention utilised essential inputs like seeds, fertiliser, plant protection chemicals, etc. The
interventions are listed in Table 2 component-by-component.
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Integrated Farming System
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Fig.2 An overview map of the study area
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Fig. 3 Percent contribution of area under Crop—Horticulture-Livestock IFS Model

2.3 Energy input estimates (El)

With the use of Eq. (1), energy input was determined.

EI = [{Z(Es £ 9) +{Y Mm = m)}| /A

ey

Es represents the total energy input as well as output components utilized in agricul-

tural production of a particular crop,

“ 2

energy input forms, and Mm is the energy equivalent in MJ h™!

@ Springer
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Table2 Modules wise technological interventions

IFS modules ~ Technological interevntions

Crops and Increased crop diversity and intensification
cropping Improved production technique includes things like HY'V, intercropping, INM, IPM, and
techniques WM
The empbhasis is on oil seeds and pulses

Livestock Dairy cows lack nourishment and fertility
Livestock vaccinations, deworming treatments, and calcium supplements
The introduction of enhanced pig, goat, and poultry breeds
Variety of agricultural practises for managing feed and fodder

Horticulture Demonstration of the increased crop production bundle for vegetables
Cultivating unusual crops to increase profits
Cropping multiple tiers of vegetables and promoting a wholesome kitchen garden
Low-cost polyhouse/nursery for growing vegetables off-season

Building Using both compost and vermicompostModernized small farm machinery to lessen the
secondary drudgery of farm women
agriculture’s Development of skills in nursery growing, on-farm processing, pruning, and appropriate
capacity agricultural methods (composting/vermicomposting)

Visits to agricultural shows, KisanMelas, educational events, and exposure visits to IFS
Distribution of literature in regional languages and provision of agro-risk advising services

denotes the machinery’s or equipment’s real operating time (h), and A denotes the entire
cultivated area respectively.

2.4 Energy output estimates (EO)

With the use of Eq. (2), energy input was determined.
EO = [{Z(Pmc « om)) + (Y (Pbe ob)}] /A @)

where EO stands for The output product’s net energy content (MJ ha™!), Pmc stands
for total quantity produced by the principal crop (kg), Pbc stands for overall production
amount of by-products (kg), “om” stands for net calorie content (NCV) of main crop as
well as the by-products (MJ kg™!), respectively, and A stands for the total area cultivated
underneath a particular farming systems (ha).

2.5 Energy indicators

Using input energy in the form of human and animal energy usage of farm machinery and
other equipment, fuel and gasoline consumption, production of fertilisers plus other agro-
chemicals, utilization of organic manure and seed inputs, are the major energy indicators
for the two cropping systems that are analyzed. The energy content (NCV) of the useful
biomass (grains, straw, and tubers) plus the total volume of biomass created were utilized
to calculate the output energy. The energy indicators are calculated using formulas that
other researchers have used to carry out their own study. (Mittal & Dhawan, 1985; Muller
& Sturm, 2001; Nassiri & Singh, 2009).
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2.5.1 Energy use efficiency (EUE)

EUE calculates a crop production system’s energy input and output efficiency, with the
production of the primary crop and its byproducts serving as the output measure. One
energy index that gauges how efficiently energy is used in agriculture is called EUE, and
this ratio has been used to show how inefficient an agricultural production system is.
The efficient use of energy for agriculture is shown by any rise in EUE, and vice versa.

. Total Output Energy (MJ ha™")
" Total Input Energy (MJ ha_l)

3

2.5.2 Specific energy (SE)

In a cropping system, the energy required for generating a unit quantity of a crop is
estimated by SE. A cropping system that is less efficient is represented by a higher SE
value. The many strategies used to lower the SE all raise EUE, and vice versa. SE has
been used extensively to compare various farm types.

Total Input Energy (MJ ha_l)

SE (MIkg™') = )

Total main product yield (kg ha_l)

2.6 Netreturn (NR)

The overall financial benefit to a farmer from a specific agricultural pattern is known
as net return. One of the most significant measures of the farmer’s economic outlook
and agricultural profitability is this. It is estimated as the remaining income after all the
production costs have been covered. There is an indication of the return on agricultural
labor, management, and equity. It also accounts for any extra resources used in agricul-
ture production that are not paid for in another way.

GrossIncome(Rshayr™")
NetReturn(Rshayr‘l) = ®)
Total Annual Input Cost(Rshayr—1 )

where the entire crop produced times its unit price equals the gross revenue, and total
yearly input cost is the total of all fixed and variable expenses spent throughout the cultiva-
tion of crops across the two cropping systems.

2.7 Sustainability indices

Sustainability indices show how successful an agricultural system is. Adopting a variety
of farming techniques might give farm households a sustainable source of income. The
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sustainability of the businesses is guaranteed by the higher sustainability index ratings.
Two indices were computed in this investigation.

The following formula, which was recommended by Singh et al. (1990), was used to
generate the Sustainable Yield Index (SYT).

Yy—o

Sustainable Yield Index (SYI) = (6)
y max

where, y=average yield of a treatment over the years, 6 =standard deviation (SD) and y
max = observed maximum yield of a plot over the years.

Sustainable value index (SVI) was calculated by using following formula as suggested
by Bohra and Kumar (2015)

y—o¢
vV max

Sustainable Value Index (SVI) =

)

where, y =average net profit over the years, 6 =standard deviation (SD) and vmax =maxi-
mum net profit obtain in any of the year.

2.8 Greenhouse gas emissions

The IFS-GHG Estimation Tool, created by the ICAR-Indian Institute of agricultural Sys-
tems Research, was used to calculate the greenhouse gas emissions from various agricul-
tural system components (Subash et al., 2018). This program makes it possible to estimate
greenhouse gas emissions from various components at the farm scale, from harvest to pro-
duction. Considering the 100-year global warming potentials employed in national GHG
accounting, the GHG emissions are presented in this tool as CO, equivalent per unit of
crops and per head of animals (IPCC, 2006). Through seven input sections—each on a dis-
tinct Excel worksheet—related to crop, soil, inputs, fuel & energy consumption, irrigation,
carbon, and transport—it simply gathers data on on-farm activities as determined while
in the field. An estimate of the total greenhouse gas emissions in terms of carbon dioxide
equivalents was obtained by appropriately feeding each section with inputs in accordance
with certain plot circumstances.

2.9 Statistical analysis
Data on the production of different enterprises over a period of years was displayed year-
by-year and on average within the appropriate parameters for two models (crop + horticul-

ture + livestock). Both a descriptive and a qualitative analysis of the data were done. MS
Excel was used to perform the descriptive average data analysis.

3 Results and discussion
3.1 Productivity and profitability
Pooled data of 2010-11 to 201617 indicated that the IFS model I was found to be sustain-

able with increased mean productivity of 31.40 t RGEY ha~! whereas Cost of production is
319,713 and gross & net returns were 3442,365 and 122,653 year‘l, respectively. Pooled
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data of 2017-18 to 2021-22 indicated that IFS model II has obtained a productivity of
31.45 t RGEY ha™! with cost of production of Rs. 305,339 whereas gross & net returns
were 561,027 and 255,688 year™!, respectively (Table 3).Overall mean of 11 years data
indicated that IFS system has obtained a productivity of 31.42 t RGEY ha~! with cost of
production of X313,179 whereas gross & net returns were 496,302 and 183,123 year‘l,
respectively. Livestock (59.07) and cropping unit (33.06) have played major role in obtain-
ing higher productivity over the years. Multiple crops and livestock components helps to
mainatain the sustainability of the farm holdings. Swarnam et al. (2024) reported that live-
stock provides greater stability as it was less affected by climatic factors such as floods
and water scarcity. IFS model I has obtained sustainable yield index and value index of
0.60 and 0.35, respectively whereas IFS model II has obtained sustainable yield and value
index of 0.76 and 0.67, respectively (Table 3). 11 years data indicates that sustainable
yield index and value index obtained were 0.68 and 0.51, respectively. Kumar et al. (2022)
reported that average sustainability index of crops + fishery +dairy + goatery model and
crops + fishery + goatery model were 0.77 and 0.65, respectively which is higher compared
to conventional cropping system of rice—wheat and rice-maize which obtained 0.07 and
0.15, respectively in six years study which indicates component integration are sustainable
in longer term in terms of productivity as well as profitability. Shyam et al. (2023) and
Kumari et al. (2022) reported that judicious integration and synergism among enterprises
and efficient by-product utilization making the enterprises self-sustainable by generating
wealth from waste which makes the system self sustainable. He added that higher produc-
tivity and income leads to higher sustainability indices.

The higher profitability of IFS is mainly attributed to recycling of by-products which
decreases the cost of production. Product diversification always benefits the farmers
because one component covers the loss caused by another component. In our system,
although dairy has incurred losses, net income is higher because of high productivity of
cropping unit, goatery and poultry. According to Paramesh et al. (2022), IFS can increase
farm profitability by 265% over the single enterprise by boosting net revenue. IFS could
therefore be pushed as a means of support for Telangana’s marginal and small-scale farm-
ers. Suitable and viable IFS model for a region could be identified based on sustainability
index which indicates economic viability as well as environmental friendliness. Integration
of multiple components which are productive and profitable in nature would enhance the
sustainability of a model.

3.2 Component wise contribution of different components

Component wise mean productivity of different units in IFS studied during 2011-12 to
2016-17 indicated that out of the IFS production costs on average (X319,713) over years,
44.5% worth of inputs were obtained from the market, while 24.07 percent of those inputs
were produced and recycled on the farm, further 31.42% of annual expenditure on labour
engaged was met through family labour (Table 4). Pooled data of IFS model II indicated
that out of the IFS production costs on average (3305,346) over years, 46.53% worth of
inputs were purchased from market and 34.47% of inputs were generated and recycled
within farm, further 18.99% of annual expenditure on labour engaged was met through
family labour during 2017-18 to 2021-22. Overall 11 years data indicated that out of the
average cost of production of IFS (X313,182) over years, Inputs total X142,200 (about
45.4%) were bought in the market, while 389,824 (approximately 28.7%) were produced

@ Springer



M.V.Ramana et al.

1500 Jndur [e)0) Ut areys Juddrad are sisaypuared ur som3Ly

(6°S7) 8ST°18 (L'80) ¥8°68 (#°S¥) 00T THT T81°€IE UBIU [[BIAQ

(66'81) 886°LS (L¥'¥€) 19T°501 (€5°9%) L60THT 9¥€S0€ a3erony

(LT9T) €0L'8Y (90°L£) 906°0T1 (99'9%) T99°6€1 0LT'66T 771202

(LS'LD) ¥L¥'0S (S1°2€) 89€°C6 (8T°09) ¥L¥ 71 SIE'L8T 12-020C

(9T°0D) 109°6T (88°¢€) TH9°9TI (98°S¥) 6£€°CET 785°88¢ 02-6102

(ST°61) T6L99 (209¢) 979°ST1 (€8'1%) 8LEOST 96L'8%¢ 61-810C
(LT'TE) 69€+6 (LE'ET) S9LOL (St'St) TEY'LET 99L°20¢ 81-L10T 11 [IPPOIN

(T¥'1€) L9001 (LO¥T) 6569L (0S'¥¥) L8TTHT €IL6IE a3erony

(16'2¢) ¥06°8C1 (1€°60) 1#1°66 (8L'T¥) L89*E9T TELT6E L1-910C

(S6'62) 00S°601 (€L°LD) LOV'TOT (TETY) 9TLYST £€9°69¢ 91-610¢

(26'2€) 00S°601 (LE9D) YOL'LS (IL°0%) €0v'SeT L09°TEE SI—+102

(S+°87) 0S€°S01 (IL°ST) 961°S6 (P8°S¥) LIL691 €9C°0LE Y1-€10C

(69'7€) SLO'E6 (16°S1) 6L9°CH (ot'6) €16°CET L9T'89¢ €1-C10¢
(9L'60) SL¥'9S (L81) §T9°s¢ Y19 ¥L9°L6 YLL'681 TI-1102 119POIN

1 uo
armipuadxa [enuue ‘page3uo WLIBJ UIY)IM PI[OADAX (') 1o3IeW (O1L)

InoqQe ] WIeJ Jo IoquInnN pue pajerouad (‘sy) sinduf jo anjep  woiy paseyoind syndur jJo anfep  (*sy) 350D nduj [BIO0], SIBQX S[fopowr SAT

wA)SAS A UM pI[oAdal pue pajerouad/paseyaind syndur oy Jo areys juddrad pue 31s0d synduj [e10], ¥ djqeL

pringer

Qs



Crop + horticulture + livestock IFS model for ensuring food and...

and recycled on the farm, further X 81,158 (25.9%) of annual expenditure on labour
engaged was met through family labour.

In IFS model I, X142,287 worth inputs were purchased from market on average whereas
76,959 worth inputs were recycled within the farm which saves around 24% cost of pro-
duction. Labour cost accounts for the 31% of cost of production. In IFS model II, 142,097
worth inputs were purchased from market on average whereas X105,261 worth inputs were
recycled within the farm which saves around 35% cost of production. Labour cost accounts
for the 19% of cost of production (Table 4). Over all 11 years data indicates that 89,824
worth inputs were recycled within the farm which saves around 28% cost of production
and labour cost accounts for 26% cost of production. Cost of production can be reduced
through recycling of inputs in integrated farming system which will be a boon to a farmer.

3.3 Farm household nutrition and food security

Producing grains, pulses, oilseeds, fruits, vegetables, milk, meat, and fodder for cattle
allows a farm family to have year-round nutritional, food, and fodder security on a single
hectare of crop +livestock (dairy, goat, and poultry) + horticulture agricultural systems. A
total productivity average of 31.40 t RGEY ha~! was achieved across the years under study,
which covered the years 2011-12 to 2016-17 (Table 5). The system generated 2595 kg
of cereals on average, 166 kg of pulses, 388 kg of oil seeds, 2301 L of milk, 95 kg of
fruits, and 1157 kg of vegetables. The feed and fodder needs of a livestock unit with two
cows or three buffaloes and three calves could also be satisfied by producing an average of
23,394 kg of green fodder and 4282 kg of dry fodder (Table 5). An average total productiv-
ity of 32.35 t RGEY ha™' was attained over the years under research, which included the
years 2017-18 to 2020-21. On average, the system generated 2393 kg of cereals, 179 kg of
pulses, 724 kg of oil seeds, 1055 L of milk, 265 kg of fruits, and 520 kg of vegetables. The
needs of a livestock unit with two cows or three buffaloes and three calves might similarly
be satisfied by producing an average of 42,823 kg of green fodder and 3034 kg of dry fod-
der (Table 5).

The average production over the course of 11 years was 2503 kg of cereals, 171 kg of
pulses, 542 kg of oil seeds, 1639 L of milk, 162 kg of fruits, and 864 kg of vegetables,
compared to the five-person farm family’s annual demand of 730 kg of cereals, 125 kg
of pulses, 120 kg of oil seeds, 400 L of milk, 120 kg of fruits, and 300 kg of vegetables
(per Indian Council of Medical Research standards). The feed and fodder needs of a live-
stock unit with two cows/buffaloes and three calves might also be satisfied by producing
an average of 31,214 kg of green fodder and 4138 kg of dry fodder annually as opposed
to the demand of 17,500 kg of green fodder and 3000 kg of dry fodder. The annual protein
(110-125 kg) plus carbohydrate (550-575) needs of a five-person family might be easily
satisfied by an IFS system, according to Kashyap et al. (2022). According to Ray et al.
(2020), the IFS model (crops + horticulture + fishery + piggery + poultry) produces enough
meat (983%), eggs (27%), fruits (83%), vegetables (70%), and oilseeds (424%) for a fam-
ily of five adults and two children. It also produces enough fruits and vegetables (83%),
vegetables (70%), and oilseeds (424%). IFS effectively utilises time, location, and a variety
of products to guarantee our nation’s food security as well as dietary stability from a small
piece of land. It satisfies the needs of a family of five members as well as livestock and the
surplus produce is sold in the market for income generation and used for purchasing the
deficit items. Meena et al. (2022) and Panwar et al. (2018) reported that having livestock
components i.e., dairy, sheep, fishery or poultry in addition to cropping systems provides
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household nutritional security and also enhances the availability of these products in the
market.

3.4 Employment generation in IFS

The system also offered the chance to engage farm family labour, which resulted in an aver-
age employment generation of 809 man days from 2011-12 to 2016-17. The livestock unit
generated the most employment on average, 513 man days (63.35%) in the dairy industry,
followed by 125 man days (15.45%) in the goatery and poultry sectors. On average, a crop-
ping unit provided 117 man days of employment (Table 6). Also because livestock unit
requires ongoing care throughout the year, employment was available even during the lean
season. From 2017-18 to 2021-22, 538 man days of employment were generated on aver-
age, and using farm families as labour allowed for annual labour wage savings of about
358,628. In the livestock unit, 190 man days (36.32%) were generated by the dairy sector,
176 man days (33.65%) by the sheep and poultry sectors, and 190 man days (36.32%) by
the dairy sector. An average agricultural unit employed 121 man days per year (Table 6).

The method also gave the chance to engage farm families in labour, which allowed for
an annual labour wage savings of about X81,158 and an average employment generation
of 679 man days between 2011-12 and 2021-22. The livestock unit generated the most
employment on average, with 366 man days (53.9%) going to the dairy industry, followed
by 148 man days (21.79%) to the goatery and poultry industries. On average, 119 (17.5%)
man days were employed by cropping units. Since the livestock unit requires ongoing care
throughout the year, employment was available even during the lean season. IFS generate
more jobs as compared to conventional cropping system which is mainly because of more
number of enterprises and their maintenance. By using family labour, which is valued
highly in IFS, the cost of cultivation can be decreased. Both Kumar et al., (2018a, 2018b)
and Goverdhan et al. (2020) reported results that were comparable. Similar findings were
made by Purnomo et al. (2021), who indicated that including one or more crop varieties or
adding animals, fish, or birds to crops increased the required man-days by 43% to 55%. The
problem of labour migration from rural area to urban areas can be solved through practic-
ing IFS as creates employment throughout the year and rural youth might take up the IFS
as an entrepreneurship venture.

3.5 Energy budgeting

The farming system is a method for managing resources to get the most out of a certain
system. Energy usage in integrated farms is significantly lower than in conventional farms
since they are generally less automated and promote the employing of internal inputs
(instead of utilizing external farm inputs like fertilizers) (Dasgupta et al., 2015). Average
energy input of the IFS model I is 328,586 MJ with which it has produced 387,580 MJ. The
average energy use efficiency of the IFS system is 1.21, with net energy gain of 58,994 MJ,
energy profitability of 0.21 and required 5.91 MJ to produce a kg of produce. Average
energy input of the IFS model II is 376,090 MJ with which it has produced 499,264 MJ
(Table 7). The average energy use efficiency of the IFS system is 1.37, with net energy gain
of 123,174 MJ, energy profitability of 0.35 and required 11.06 MJ to produce a kg of pro-
duce. 11 years data indicated that average energy input of the systems is 350,179 MJ with
which it has produced 438,345 MJ. The average energy use efficiency of the IFS system is
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1.29, with net energy gain of 88,167 MJ, energy profitability of 0.28 and required 8.25 MJ
to produce a kg of produce which indicates integrated farming systems as energy efficient.
These findings concur with those of Pasha et al. (2020) and Kumar et al. (2019).

It is suggested to use precision agriculture, improved irrigation technology, and addi-
tional organic fertilizers to raise the energy consumption efficiency of the IFS model (Jack-
son et al., 2010; Mohammadi et al., 2014). Agriculture has become energy intensive these
days because of soaring demand for food, feed and fuel. But it is not sustainable as climate
crisis is knocking our door which implies the need of energy efficient farming. Our system
is energy efficient which could be well recommended to the farmers.

3.6 Livelihood analysis

Meeting the needs of farm family is the essential criteria for selecting components for
integrated farming system. Sujatha and Bhat (2015) emphasized the need to meet dietary
requirements i.e., cereals, pulses, eggs, milk, meat and fish in an integrated farming system
of small and marginal farmers. Adoption of integrated farming system provides the liveli-
hood security and results in higher family savings after fulfilling the needs of a family and
livestock. The Crop + Livestock + Hortipastoral integrated farming system produces a total
family saving of X139,273 (Average of 7 years), which has included family labour wages
worth X80,411. This is according to a livelihood study of the system. In order to satisfy
the needs of the family, this produced marketable surplus of X371,982, or 392,813 with
an expected family size of 243 (Table 8). The IFS model generated a notably increased
marketable excess of specific food commodities, resulting in favorable returns and cash
reserves. These findings concur with Fatima et al. (2021) who revealed that IFS model
(1 ha) of crop +dairy + fishery + poultry 4+ duckery has obtained family savings of X214,000
which is very high as compared to family savings of 33,000 obtained in conventional
rice—wheat cropping system.

3.7 Resource recycling in IFS

By effectively recycling crop and animal waste that has been generated within the inte-
grated system, integrated farming systems help to reduce the use of inorganic chemicals
and agrochemicals that are purchased from outside sources. This lowers the cost of exter-
nal inputs and reduces the toxicity risks to soil, air, and water. 11.83 tonnes of FYM, 0.18
tonnes of Vermicompost, 4.10 tonnes of goat manure, 0.13 tonnes of poultry manure were
recycled annually from 2011-12 to 2016-17 which saves around Rs. 73,262 and reduces
the dependence on off farm inputs. Data from 2017-18 to 2021-22 indicates that 10.42
tonnes of FYM, 0.50 tonnes of Vermicompost, 3.57 tonnes of goat manure, 0.24 tonnes of
poultry manure were recycled annually which saves around Rs.105193 (Table 9). Over the
11 years data indicates that that 11.19 tonnes of FYM, 1.00 tonnes of Vermicompost, 3.86
tonnes of goat manure, 0.18 tonnes of poultry manure were recycled annually which saves
around 87,752 which is a huge relief to the farmer. Cost of production could be reduced
through recycling of residues in integrated farming system. It provides good opportunity
for recycling crop wastes and byproducts to livestock, and livestock waste can be employed
as beneficial manure in agricultural endeavours. When waste from one component is recy-
cled and used as input by another, the IFS can reduce production costs. It can also reduce
the number of external inputs required. Proper resource budgeting in integrated farming
approach reduces the total cost of production through recycling and also leads to higher
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Table 9 Residue recycling of IFS model

IFS models Years FYM (t) VC(t) Goat/sheep Poultry  Value of pur- Value of recy-
manure (t) manure  chased inputs cled inputs
® (Rs) (Rs)

Model I 2011-12 4.39 0.18 048 0.30 97,674 35,625
2012-13 11.36 - 1.83 0.23 132,513 42,679
2013-14 9.56 2.60 431 0.11 169,717 95,196
2014-15 12.51 1.57  4.65 - 135,403 87,704
2015-16 16.67 2.00  6.65 - 154,726 101,407
2016-17 16.50 224 671 0.14 163,687 76,959
Average 11.83 143 4.10 0.13 142,287 73,262

Model I 2017-18 12.80 2.17 2.33 0.25 137,632 70,765
2018-19 11.50 - 2.64 0.23 156,378 125,626
2019-20 6.92 - 4.13 0.27 132,339 126,642
2020-21 10.21 - 443 0.21 144,474 92,638
2021-22 10.67 0.31 4.32 0.25 139,662 110,296
Average 10.42 050  3.57 0.24 142,097 105,193
Overall mean 11.19 1.00  3.86 0.18 142,200 87,752

resource use efficiency. When cattle, fisheries, etc. were integrated with crops, Sujatha and
Bhat (2015) showed improved nutrient usage efficiency, recycling of nutrients, with greater
soil microbial activity.

In IFS model I, 11.83t of FYM and 1.43t of vermicompost were recycled annually from
crop residues and 4.1 t of goat manure, 138 kg of poultry droppings were recycled annually
as manures and applied in the field which saves fertilizer cost. Main problem in livestock
rising is fodder availability and price which can be encountered by cultivation of fodder
crops in the field which is possible in integrated farming system. 23.39 t of green fod-
der and 4.28 t of dry fodder were produced annually which is sufficient for the dairy and
goatery unit (Fig. 4a). In IFS model II, 10.42 t of FYM and 500 KG of vermicompost
were recycled annually from crop residues and 3.57 t of sheep manure, 240 kg of poultry
droppings were recycled annually as manures and applied in the field which saves ferti-
lizer cost.According to Kumar et al. (2022), using organic manure—such as vermicom-
post, FYM, and the manures of sheep and poultry—received through resource recycling
improved crop output and decreased cultivation costs by preserving a sizable amount of
fertilizer. Main problem in livestock rising is fodder availability and price which can be
encountered by cultivation of fodder crops in the field which is possible in integrated farm-
ing system. 40.59 t of green fodder and 3.03 t of dry fodder were produced annually which
is sufficient for the dairy and sheep unit (Fig. 4b). According to Paramesh et al., (2021a,
2021b), the melding of crops and animals can improve the cycling of residues and nutrients
and the sustainable use of existing resources.

3.8 Greenhouse gas emissions:

The critical need is to find sustainable farming methods to combat climate change. One of
the finest methods for reducing greenhouse gas emissions in a sustainable way is integrated
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Table 10 GHG emissions of integrated farming system over the eleven years (2011-12 to 2021-22)

IFS models Year Source (kg CO, o) Sink (kg CO, ) Net emis-
sions (kg
CO, o)
Model T 2011-12 4724 5535 — 811
2012-13 6154 6988 — 834
2013-14 7044 9480 — 2436
2014-15 7048 9040 - 1992
2015-16 7503 13,571 — 6068
2016-17 7388 12,031 — 4643
Average 6644 9441 - 2797
Model 1T 2017-18 5305 12,737 — 7432
2018-19 5284 8133 — 2849
2019-20 4863 8591 — 3728
2020-21 8185 16,002 — 7816
2021-22 10,884 18,947 -8063
Average 6904 12,882 — 5978
Overall mean 6762 11,005 — 4243
Standard deviation 1804.29 4062.04 2737.88

farming systems. IFS has a great deal of potential for storing carbon in the ecosystem
because (a) trees are regarded as essential elements, (b) Raising animals and using organic
manures often improve soil carbon storage; (c) minimizing external inputs such as fertiliz-
ers helps to indirectly save fossil fuel; and (d) using minimal fossil fuel in farming. Total
GHG emissions of each component in terms of equivalents of carbon dioxide emissions
were calculated to obtain the net emissons. Overall negative net greenhouse gas emissions
were recorded because of trees, organic manures and reduction in the usage of fossil fuels.
Crops with higher biomass production offset the GHG emissions by livestock components
which results in negative net GHG emissions of IFS and these diverse components act as
insurance against climate change.. According to Meena et al. (2022), increasing agricul-
tural and livestock intensification boosts the carbon sink, making the IFS model less harm-
ful to the environment. IFS model I had net emissions of — 811 kg CO, eq, which showed
the system’s sustainability. On average, the model released 6644 kg CO, eq and absorbed
9441 kg CO, eq. The average CO, equivalent (kg) released and absorbed by the IFS model
IT was 6904 kg and 12,882 kg, respectively, for a net CO, equivalent (kg) of -5978 kg
(Table 10).

The IFS system has released an average of 6762 kg of carbon dioxide over the course
of the past 11 years, while also absorbing 11,005 kg of carbon dioxide. This results in net
emissions of -4243 kg of carbon dioxide, which shows the system’s sustainability. Legumi-
nous crops were added to the system, and this led to fewer emissions than those from millet
or other cereals. Rice enhances the methane emissions which could be balanced by adding
livestock and fodder components. Twine (2021) and Pasha et al. (2020) reported that the
best option for reducing GHG emissions that contributes to environmental sustainability is
to integrate livestock with crop production because the energy input required it took a lot
of cattle to generate a given amount of livestock goods, and it was predicted that the live-
stock would contribute more greenhouse gas emissions than the crops.
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4 Conclusion

Majority of Indian farmers are small and marginal who have low access to advanced tech-
nologies and machinery and less investment capacity and they practice single enterprise
farming which fails to provide sufficient income. The paper concludes that for small and
marginal farmers, the path to long-term stable income, employment, means of subsist-
ence, and nutritional security lies in the integrated agricultural system, which is an effi-
cient instrument. The IFS model for crops, horticulture, and livestock had the best over-
all resource integration and would increase a farmer’s revenue by two times while also
maintaining productivity. A sustainable integrated farming system offers the highest return,
and reduce GHG emissions that contributes to environmental sustainability. It enhances
working opportunities by creating employment throughout the year and enhances energy
use efficiency by using minimal inputs which creates more energy. By-products and waste
from one system component were used as inputs for another, reducing the need for off-
farm inputs and enhancing sustainability. It is clear that by successfully recycling wastes
and maintaining food, fodder, economic, and eventually social security, small and marginal
farmers gain from implementing the unified agricultural system idea.

4.1 Future line of work

Future studies shall be focused on the complete stall feeding of animals with various feed
rations, usage of artificial intelligence for assessment of livestock health and machinery for
livestock milking and cutting.
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