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The experiment was conducted during the month of April to November in 2022 to study integrated farming systems (IFSs) 
in West Bengal. IFSs offered holistic solutions to food security, resource efficiency, and rural livelihoods, yet adoption 

remained limited in India due to socio-economic, ecological, and institutional barriers. A significant gap existed in empirical 
evidence regarding the relative importance of the enabling and constraining factors influencing the adoption and scalability of 
IFS in the Indian context. This study aimed to bridge that gap by identifying and ranking key factors influencing the adoption of 
IFSs in Eastern India.  A multi-stage sampling approach was used to select 60 farmers practicing IFS for data collection across 
six agro-climatic zones (ACZs) in West Bengal, India from April to November in 2022. This study identified and ranked key 
factors, based on relative closeness values (ranging from 0 to 1), influencing IFS adoption in West Bengal through a SWOC 
(Strengths, Weaknesses, Opportunities, and Challenges)– TOPSIS (Technique for Order of Preference by Similarity to Ideal 
Solution) analysis, a Multi-Criteria Decision-Making (MCDM) method grounded in machine learning principles. Zone-
specific insights revealed strengths and/ or opportunities like women’s participation, income enhancement, farm production 
improvement, sustainable livelihood security, and scope of organic farming, alongside major weaknesses and challenges like 
intensive water requirement, higher labour engagement, greater capital start-up cost, natural calamities, and market volatility. 
The integrated methodology presented a replicable model for contextual planning and informed decision-making in West 
Bengal and similar agro-climatic regions across India and beyond.  
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1.   INTRODUCTION

Whither Indian agriculture? At first glance, the very 
framing of this question may appear misplaced, 

especially considering India’s substantial strides in 
agricultural development. Through decades of intensive 
policy reforms, technological interventions, and targeted 
missions, such as the Green Revolution and subsequent 
initiatives like the National Food Security Mission, India 
has attained self-sufficiency in food grain production 
and even emerged as a leading global producer of several 
commodities (Anonymous, 2022). Policymakers frequently 
highlight these achievements, sometimes bordering on 
hyperbole. However, critics rightly raise a pressing concern: 
are these accomplishments sufficient to ensure long-term 
food security for India’s rapidly snowballing population? 
Addressing this question is imperative. With the looming 
challenges of climate volatility, shrinking natural resources, 
and water scarcity, sustainable agricultural development is 
not merely an option but a necessity to safeguard the nation’s 
future food needs (Anonymous, 2021; Anonymous, 2023). 
India must prioritize improving the total factor productivity 

(TFP), a measure of output per unit of total inputs, through 
the adoption of modern technology, precision agriculture, 
and resource-efficient practices. Enhancing input efficiency 
while minimizing waste will be crucial to achieving 
sustainable growth and ensuring long-term food security. 

India is richly endowed with natural resources essential 
for agriculture, including a diverse range of agro-climatic 
zones and some of the most fertile soils in the world, 
particularly in regions such as the Indo-Gangetic plains 
(Anonymous, 2015). With conscientious and sustainable 
management of these natural assets, especially soil, water, 
and biodiversity, India often boasts of being among the 
top producers of various food commodities, such as rice, 
wheat, milk, and pulses. Amid escalating global concerns 
related to food security, environmental degradation, and 
rural livelihoods, an integrated farming system (IFS) is one 
way of a solution as a central component of agricultural 
policy and practice to secure our future generations’ food 
security (Paroda, 2014). IFSs are increasingly recognized 
as a critical multifunctional option for smallholder farmers 
in India and other Asian countries (Lal, 2020; Paramesh 
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et al., 2021, 2022). IFSs, which blend crops, livestock, 
aquaculture, and other components, have been promoted 
as a multifunctional approach to enhance productivity, 
net farm income, reduce production risks, generate rural 
employment, ensure food security, promote efficient 
bio-resource recycling, improve soil health, conserve 
biodiversity, enhance ecosystem services, environmental 
stewardship, social equity and rural development (Chai 
et al., 2021;  Ngatindriatun and Adzim, 2022). In recent 
years, several context-specific IFS models tailored to 
the diverse agro-ecological zones of India have been 
developed and reported (Srivastava, 2018; Bhargavi and 
Behera, 2020; Kumar et al., 2022). Despite the growing 
recognition of the benefits of IFS, the adoption of IFS is 
uneven and often limited by contextual challenges ranging 
from biophysical constraints to socio-economic and 
institutional hurdles (Purnomo et al., 2021). While much 
has been discussed about the potential of IFS, empirical 
studies identifying and prioritizing the key factors 
driving or deterring adoption remain scarce (Haldar et 
al., 2024). Recognizing the limitations of descriptive 
diagnostics using the SWOC (Strengths, Weaknesses, 
Opportunities, and Challenges) framework, this study 
aims to integrate SWOC with TOPSIS (Technique 
for Order of Preference by Similarity to Ideal Solution) 
analysis (Roszkowska et al., 2021; Chung et al., 2023; 
Sathiyamurthi et al., 2024), a quantitative multi-criteria 
decision-making (MCDM) method grounded in machine 
learning principles, to prioritize region-specific strengths, 
weaknesses, opportunities, and challenges influencing IFS 
performance across six ACZs of West Bengal.

2.   MATERIALS AND METHODS 

2.1.  Study area 

The study was conducted in the state of West Bengal, 
India, and encompassed six major agro-climatic zones 
(ACZs), Hill, Terai, Old Alluvial, New Alluvial, Coastal 
Saline, and Red Laterite. These zones are delineated based 
on the classification provided by the National Agricultural 
Research Project (NARP) under the Indian Council of 
Agricultural Research (ICAR) (Raman and Balaguru, 
1988). These zones vary in topography, rainfall, soil type, 
cropping pattern, and socio-economic conditions.

2.2.  Sampling scheme

A multi-stage sampling procedure was followed to select 
respondents for the study. In the first stage, the ACZs of 
West Bengal were selected purposively. In the second stage, 
one district within each selected ACZ was chosen based on 
the presence and availability of IFSs, as identified through 
consultations with officials from the District Agriculture 
Department, Krishi Vigyan Kendra (KVK), and local 
non-governmental organizations (NGOs). In the third 

stage, a block within each selected district was purposively 
chosen based on the concentration of IFS practitioners. In 
the fourth stage, a gram panchayat within each selected 
block was identified, guided by KVK experts, based on the 
accessibility and prevalence of IFS practices. Finally, a two-
stage stratified random sampling method was applied: a 
village was randomly selected within each gram panchayat, 
followed by a random selection of IFS-adopting farmers 
from each selected village. Using this approach, 10 active 
IFS practitioners were selected as respondents from each of 
the six ACZs, totalling 60 IFS respondents for the study. 

An individual farm household operating on an IFS was 
considered a primary sampling unit, as shown in Figure 1. 

Figure 1: A representative farm layout of integrated farming 
with different components
2.3. Data collection

A total of 32 SWOC factors (8 per category) were identified 
and finalized based on literature review, expert consultation, 
focus group discussions (FGDs), and farmer validation. 
The farmer’s perceptions on 32 SWOC factors were 
captured through face-to-face interviews, using a closed-
ended questionnaire, which consisted of a 9-point pairwise 
comparison scale (Saaty, 2008). 

2.4.  An integrated SWOC-TOPSIS analysis

The SWOC framework serves as a foundational tool in 
strategic planning of a system, enabling planners to focus on 
key issues critical to system performance and development 
(Babaesmailli et al., 2012). Given that a purely qualitative 
SWOC analysis might be inadequate for developing 
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actionable strategies, TOPSIS, a robust multi-criteria 
decision-making (MCDM) method grounded in machine 
learning principles, was applied to determine the final 
weights of the identified SWOC factors for ranking these 
factors in six ACZs of West Bengal. The TOPSIS method, 
originally proposed by Hwang and Yoon (1981), is based on 
the principle that the optimal alternative should have the 
shortest distance from the positive ideal solution and the 
farthest distance from the negative ideal solution. 

The advantages and applications of the TOPSIS method 
have been discussed elsewhere (Shih et al., 2007; Yue, 
2012). Since TOPSIS analysis is used for decision-making 
in different fields, such as social science (Roszkowska et 
al., 2021), medicine (Masmali et al., 2024), engineering 
(Haddad et al., 2021), environmental fields (Chung et al., 
2023), and agriculture (Sathiyamurthi et al., 2024), the 
TOPSIS tool is applied in IFS fuzzy database to prioritize 
the identified SWOC factors for strategic planning and 
adopting IFSs across six ACZs of West Bengal.

TOPSIS compares a set of alternatives based on a pre-
specified criterion. The logic behind the TOPSIS is that 
the chosen alternative should have the shortest geometric 
distance from the best solution and the longest geometric 
distance from the worst solution. The whole TOPSIS 
process can be delineated in 7 steps: 

2.5. Creation of a matrix consisting of  M  alternatives 
and N criteria 

This matrix is usually called an “evaluation matrix”.

(aij)M×N

2.6.  Normalization of evaluation matrix

Each metric j for each solution i is normalized to be between 
0 and 1. The higher its value, the better the metric.

2.7. Calculation of the weighted normalized decision matrix 

It is important to note that each criterion should have its own 
weight so that all of them will sum up to 1. The weights can 
be derived randomly or based on expert knowledge.

Xij=αij×ωj

ωj= N
j=1∑ ωj

ωj

N

j=1
∑ωj=1

After we assign a weight to each metric, we need to normalize 
those so that they sum up to 1. Then we need to multiply 
each normalized metric from step 2 by the corresponding 
normalized weight.

2.8. Determination of the best and the worst alternative for 
each criterion
X Xij=maxb

j
M

i=1

X Xij=minω
j

M

i=1
We want to find the maximum and minimum values of each 
metric among all solutions.

2.9.  Calculation of the Euclidean distance between the target 
alternative and the best/worst alternative

d  =√∑(Xij-Xj)
2b

j
b

N

j=1

d  =√∑(Xij-Xj)
2ω

i
ω

N

j=1

This is a calculation of the geometric distance between the 
value of each metric for a given solution i and the best/ worst 
value of such a metric among all solutions.

2.10. Calculation of the similarity for each alternative to the 
worst alternative 

We compute a score for each solution that is based on the 
distances obtained in a step before. The relative closeness 
(Si) value is the TOPSIS score.

Si= d  ωi
d  bid  +ω

i

2.11.  Ranking of the alternatives according to the TOPSIS score 
in descending order

It ranks alternatives based on their distance from an ideal best 
and ideal worst solution. Relative closeness (Si) values range 
from 0 to 1. A higher value indicates that the alternative is 
closer to the ideal solution and thus more desirable. The 
solution with metrics closest to the best will obtain the 
highest score and therefore will be at the top of our ranking. 

3.   RESULTS AND DISCUSSION  

3.1.  Key strength factors for practicing IFS in different agro-
climatic zones

Table 1 presents the ranking of strength factors across six 
ACZs in West Bengal based on relative closeness values 
derived from TOPSIS. Top-ranked strength factors vary 
across zones. The factor ‘ensure women’s participation and 
additional employment opportunities’ ranks highest in the 
hill, terai, and old alluvial zones, as it is closest to the ideal 
strength profile. ‘Enhancement in income’ emerges as 
the strongest factor in the coastal saline zone, the second 
strongest in the hill, new alluvial, and red laterite zones, 
and the third strongest in the old alluvial zone. ‘Increased 
farm production and productivity’ consistently ranks as a 
top-tier strength across multiple zones, being the most 
significant in the red laterite zone, second in the old alluvial 
zone, and third in both the terai and new alluvial zones. 
‘Effective utilization of farm by-products’ is identified as a 
key strength in the new alluvial zone, and ranks third in both 
the hill and red laterite zones. The factor ‘year-round food 
availability’ ranks second in the terai zone, while ‘multiple 

Haldar et al., 2026
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Table 1: Ranking of strength factors for developing IFS in different agro-climatic zones based on relative closeness

Strength factors Hill zone Terai zone Old alluvial 
zone

New alluvial 
zone

Red laterite 
zone

Coastal zone

RC R RC R RC R RC R RC R RC R

Ensure women's participation 
and additional employment 
opportunities

0.74998 1 0.56084 1 0.59550 1 0.45042 6 0.34508 8 0.58958 4

Enhancement in income 0.71549 2 0.43282 5 0.58326 3 0.71997 2 0.65349 2 0.63061 1

Increased farm production and 
productivity

0.66448 4 0.50907 3 0.58964 2 0.68234 3 0.79710 1 0.55935 6

Effective utilization of farm by-
products 

0.70989 3 0.48440 4 0.27770 8 0.82263 1 0.54071 3 0.54160 7

Year-round food availability 0.62800 5 0.53231 2 0.31566 7 0.33981 8 0.37294 7 0.31678 8

Multiple species biodiversity 0.45773 6 0.37943 8 0.51159 5 0.59280 5 0.43529 5 0.61482 2

Lower dependency on external 
input

0.18897 7 0.41952 7 0.51042 6 0.66640 4 0.49222 4 0.60063 3

Dietary diversity 0.70989 3 0.42693 6 0.53019 4 0.42089 7 0.37519 6 0.56617 5

RC: Relative Closeness; R: Rank

species biodiversity’ holds the same position in the coastal 
saline zone. ‘Lower dependency on external input’ and 
‘dietary diversity’ are ranked as the third most important 
strengths in the coastal saline and hill zones, respectively.

Strengths are internal factors key to developing and 
operating IFS. ‘Ensuring women participation and 
employment opportunity’ ranks highest in the hill, terai, and 
old alluvial zones of West Bengal. This finding underscores 
the critical role of women’s involvement and employment 
generation in driving rural development and agricultural 
sustainability in these specific ACZs. Agriculture in the 
hill zone is predominantly characterized by greater female 
participation compared to male involvement, thereby 
ensuring more stable employment for women in agricultural 
activities (Bhati and Singh, 1987). In terai and old alluvial 
zones, women’s involvement in agro-enterprises boosts 
socio-economic resilience. Despite overall low female 
participation in India due to poor conditions and wages 
(Mahata et al., 2017; Kumar and Arya, 2019), inclusive 
efforts foster sustainable, stable agriculture. IFS can escalate 
employment by 143% over a single enterprise (Paramesh et 
al., 2022). Integration of dairy and goatery further enhances 
productivity, profit, and job creation (Elamathi et al., 2021).

‘Enhancement in income’ is the top strength in the coastal 
saline zone, second in the hill, new alluvial, and red laterite 
zones, and third in the old alluvial. Coastal areas face poor 
agricultural conditions due to high tides, salinity, water 
scarcity, and floods (Misra et al., 2017). Land shaping 
and IFS adoption, combining rice, fish, vegetables, and 
salt-tolerant crops, have improved income in this zone 

(Bandyopadhyay et al., 2009; Mandal et al., 2019). Despite 
varied rankings, income enhancement is vital for rural 
sustainability. IFS offers higher returns than traditional 
rice–wheat farming up to USD 5,050 vs. USD 1,258 
(Bhargavi and Behera, 2020). 

‘Increased farm production and productivity’ consistently 
ranks high across four major ACZs of West Bengal, 
highlighting its key role in regional agricultural growth. 
Despite agro-ecological differences, boosting yields remains 
a common strength. In the red lateritic zone marked by poor 
soils and low water retention, increased farm production 
and productivity have emerged as the most significant 
strengths, likely due to the adoption of IFS by utilizing the 
available resources, besides the adoption of soil conservation 
practices, watershed management, micro-irrigation, and 
crop diversification with the use of drought-resistant 
varieties (Behera and Mahapatra, 1999). In the fertile old 
alluvial zone, high-yielding varieties, irrigation, and crop 
diversity support sustained output. Terai and new alluvial 
zones also show strong productivity due to good soils, 
rainfall, irrigation, and input use. IFS enhances yields, 
returns, resource use, food security, ecosystem services, 
and employment (Dadabhau and Kisan, 2013; Garrett et 
al., 2017).

‘Effective utilization of farm by-products’ reflects increasing 
focus on resource efficiency and sustainability in West 
Bengal’s varied agro-climatic zones. Using crop residues, 
animal waste, green biomass, compost, vermicompost, and 
mulch reduces waste, boosts soil fertility, supports circular 
bioeconomy and integrated farming principles (Ghosh et 

International Journal of Bio-resource and Stress Management 2026, 17(2): 01-13
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al., 2019). Recycling crop residues into livestock feed and 
livestock manure into crop fields enhances nutrient cycling 
and productivity (Panwar et al., 2021). Integrating maize 
provides food and fodder, while livestock manure sustains 
crop growth (Setimala et al., 2017). Crop-livestock-fish 
integration improves nutrient use efficiency, nutrient 
cycling, and soil microbial activity for sustainable farming 
(Nayak et al., 2018; Ramana et al., 2025). 

‘Year-round food availability’ is particularly important 
for small and marginal farmers in the terai zone, many of 
whom rely on subsistence-oriented systems.  IFSs ensure 
a steady supply of diverse foods, such as cereals, legumes, 
pulses, oilseeds, vegetables, fruits, milk, meat, fish, and 
eggs, thereby meeting year-round food and nutrition needs 
(Kumar et al., 2022). ‘Multiple species biodiversity’ reflects 
ecological resilience in diversified IFS of the coastal saline 
zone. The Sundarbans, a UNESCO Biosphere Reserve, 
supports rich biodiversity, which can be preserved through 
diverse cropping and indigenous livestock integration 
(Shyam et al., 2023). 

‘Lower dependency on external input’ underscores the value 
of self-reliant farming in IFS. IFS reduces market input 
needs by generating resources like fodder, compost, and 
biofertilizers within the system, lowering costs and risks 
(Paramesh et al., 2019). ‘Dietary diversity’ is vital for food 
and nutrition security. IFS ensures a steady supply of food 
like vegetables, milk, and eggs (Panwar et al., 2021).

3.2. Key weakness factors for practicing IFS in different agro-
climatic zones

Table 2 presents the ranking of weakness factors across 
six ACZs of West Bengal, based on TOPSIS relative 
closeness analysis. The factor ‘intensive water requirement’ 

is identified as the biggest weakness in the hill zone and red 
laterite zone, and the second biggest weakness in the old 
alluvial zone of West Bengal. In contrast, it is identified as 
the least significant weakness in the terai zone. ‘Preference 
towards specialized farming’ ranks as the biggest constraint 
in adopting IFS in both the terai and coastal saline zones. 
‘Complexity in farm management’ emerges as the most 
critical weakness in the old alluvial zone. ‘Higher labour 
engagement’ emerges as a prime weakness in the new alluvial 
zone and the second biggest weakness in the hill, terai, red 
laterite zones. ‘Limited knowledge and skill of the farmers’ 
is the second biggest weakness in the coastal saline zone 
and the third biggest weakness in both the terai and red 
laterite zones. ‘Resistance in adoption’ of IFS is identified 
as the third biggest weakness in both the new alluvial and 
coastal saline zones. Although ‘small and fragmented land 
holdings’ is the third biggest weakness in the old alluvial 
zone, it is also considered a notable challenge in other zones. 
In general, ‘over/extra burden on women's family members’ 
is recognized as an important and recurring weakness in the 
practice of IFS across all zones. 

Weaknesses are the internal factors that can hinder the 
IFS’s performance or success. ‘Intensive water requirement’ 
is the biggest weakness in the hill zone due to runoff and 
poor water storage despite high rainfall. The red lateritic 
zone faces comparable constraints due to its coarse-textured 
soils, low rainfall, poor water-holding capacity and limited 
irrigation infrastructure. The old alluvial zone also faces 
water stress from irrigation-heavy crops like Boro rice 
(Pandey et al., 2019). In contrast, the terai zone, with ample 
rainfall and rivers, is least affected. 

‘Preference towards specialized farming’ is the biggest 

Table 2: Ranking of weakness factors for developing IFS in different agro-climatic zones based on relative closeness

Weakness factors Hill zone Terai zone Old alluvial 
zone

New alluvial 
zone

Red laterite 
zone

Coastal zone

RC R RC R RC R RC R RC R RC R

Intensive water requirement 0.78818 1 0.28465 8 0.55649 2 0.48592 5 0.62771 1 0.49116 4

Preference towards specialized 
farming

0.72443 3 0.55715 1 0.36775 7 0.47676 6 0.42106 4 0.68544 1

Higher labour engagement 0.78162 2 0.50124 2 0.49072 4 0.60454 1 0.54043 2 0.28794 7

Complexity in farm management 0.56931 5 0.43596 5 0.55757 1 0.57603 2 0.40745 6 0.27048 8

Limited knowledge and skill of 
the farmers

0.33002 7 0.50124 3 0.42473 5 0.37858 7 0.51614 3 0.55247 2

Resistance to adoption 0.18902 8 0.37229 6 0.31618 8 0.56227 3 0.26632 8 0.54011 3

Small and fragmented land 0.49061 6 0.33018 7 0.50107 3 0.55802 4 0.31489 7 0.42154 6

Over/extra burden on women's 
family members

0.62707 4 0.46894 4 0.38897 6 0.31675 8 0.42292 5 0.46785 5

RC: Relative Closeness; R: Rank

Haldar et al., 2026
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obstacle in practicing IFS in the terai and coastal saline zones 
of West Bengal reflects both socio-economic and structural 
barriers rooted in market orientation, institutional support 
patterns, and farmer's perception. This challenge has been 
recognized in the Terai zone, where monoculture-based 
intensification, like high-value crops, such as tea, pineapple, 
etc. (Basu Majumder et al., 2012), and aquaculture in the 
coastal saline zone (Mandal et al., 2022) dominate due to 
well-established procurement channels, price premiums, 
and high-income expectations, making farmers reliant on 
IFS practices. 

‘Higher labour engagement’ is a major constraint across 
ACZs in West Bengal, especially a prime weakness in the 
new alluvial zone and the second biggest weakness in the 
hill, terai, and red laterite zones. IFS is labour-intensive due 
to diverse activities and limited mechanization (Behera and 
Mahapatra, 1999). Labour shortages arise from migration 
to urban areas like Kolkata, the state capital (new alluvial), 
tea estates (terai), and mines (red laterite), driven by better 
wages. Farmers struggle to maintain IFS without sufficient 
family labour or affordable hired labour.

‘Complexity in farm management’ is the greatest difficulty 
for operating IFS in West Bengal’s old alluvial zone. 
Farmers, accustomed to traditional rice–wheat–jute systems, 
face psychological and cultural barriers to adopting IFSs. 
IFSs are knowledge-intensive, requiring multi-dimensional 
skills in managing multiple enterprises (Behera and France, 
2014). Farmers tend to resist change unless the alternative 
is demonstrably profitable and less risky. 

‘Limited farmer knowledge and skill’ is the second biggest 
weakness in coastal saline and the third biggest weakness in 
both the terai and red laterite zones. In ecologically fragile, 

resource-poor areas, the lack of adequate knowledge, skill, 
and training hinders integration and management of IFS 
(Panwar et al., 2021). Building farmer capacity is crucial for 
successful and sustainable IFS.    

‘Resistance in adoption’ of IFS, driven by risk aversion, 
traditional practices, limited awareness, and economic 
uncertainty, hinders its spread across ACZs, including those 
in West Bengal (Nababan and Regina, 2021). ‘Small and 
fragmented land holdings’ hinder IFS scaling in densely 
populated West Bengal, where the average landholding 
size is less than 0.8 ha. This fragmentation probably 
disrupts enterprise integration and resource recycling 
essential to IFS. Involvement of family labour may create 
‘over/ extra burden towards women family members’ in 
practicing IFS. Without supportive labour-saving tools, IFS 
operation increases female drudgery (Ghosh and Ghosh, 
2014).  When family labour cannot be fully available, it 
can accelerate the hiring of labour (Purnomo et al., 2021). 

3.3. Key opportunity factors for practicing IFS in different 
agro-climatic zones

Across West Bengal’s ACZs, several key opportunities have 
been identified to enhance the adoption and success of IFS 
as depicted in Table 3. Opportunity factors are prioritized 
differently across zones. From TOPSIS relative closeness, it 
reveals that ‘sustainable livelihood security’ scores the highest 
relative closeness in both the new alluvial and red laterite 
zones. ‘Promotion of organic farming’ emerges as the top-
ranked opportunity in the terai and coastal saline zones and 
the second most significant opportunity in the new alluvial 
zone. In the hill zone, ‘incorporation of high-value crops’ 
is identified as the most significant opportunity. In the old 
alluvial zone, ‘uses of high-end technology’ such as IoT, IT, 

Table 3: Ranking of opportunity factors for developing IFS in different agro-climatic zones based on relative closeness 

Opportunity factors Hill zone Terai zone Old alluvial 
zone

New alluvial 
zone

Red laterite 
zone

Coastal zone

RC R RC R RC R RC R RC R RC R

Sustainable livelihood security 0.67168 5 0.54916 2 0.47169 5 0.85757 1 0.77427 1 0.60042 2

Promotion of organic farming 0.83471 3 0.67598 1 0.53592 3 0.59201 2 0.57830 6 0.66879 1

Incorporation of high-value crops 1 1 0.39665 8 0.46587 7 0.45587 6 0.59758 5 0.56529 5

Uses of high-end technology 
(IoT, IT, Remote sensing)

0.14954 8 0.40459 7 0.62150 1 0.31186 7 0.28964 8 0.30833 8

Exploration of innovation 
potential

0.54864 6 0.47960 6 0.53641 2 0.49434 4 0.63691 3 0.46628 7

Agri-tourism 0.83471 2 0.49762 5 0.43882 6 0.18012 8 0.51365 7 0.59322 3

Better risk management 0.77331 4 0.50570 4 0.30641 8 0.54813 3 0.69643 2 0.58630 4

Climate-resilient farming 
practices

0.44571 7 0.54238 3 0.53102 4 0.45719 5 0.63497 4 0.49297 6

RC: Relative Closeness; R: Rank
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and remote sensing, is ranked as the foremost opportunity, 
followed by ‘exploration of innovation potential’. The latter 
also ranks as the third most important opportunity in the 
red laterite zone. ‘Agri-tourism’ is recognized as the second 
most significant opportunity in the hill zone and the third in 
the coastal saline zone. ‘Better risk management’ is viewed 
as the second most important opportunity in the red laterite 
zone and the third in the new alluvial zone. Lastly, ‘climate-
resilient farming practices’ is identified as the third most 
significant opportunity in the terai zone, though it holds 
potential importance across other zones as well. 

Opportunities are external factors that can provide the 
IFS with the potential to grow, develop, or enhance its 
effectiveness. ‘Sustainable livelihood security’ is the top 
opportunity for IFS in new alluvial and red laterite zones, 
and second in terai and coastal zones. There is clear evidence 
that integrated crop–animal systems support sustainable 
agriculture and better livelihoods (Herridge et al., 2019).

Ecological richness in the terai and coastal zones favours 
‘promotion of organic farming’. In the new alluvial zone, 
it stands out as a high-potential opportunity to restore 
soil health and capture emerging organic markets. Morris 
and Winter (1999) conceptualize IFS as a middle ground 
between organic and conventional farming. The promotion 
of organic farming represents the greatest opportunity 
within the IFS framework (Pramanik et al., 2008).

The hill zone of West Bengal, rich in biodiversity and 
organic matter-rich soil, is ideal for ‘incorporation of high-
value crops’ to fetch a premium price. Renowned produce 
like Darjeeling tea (GI-tagged), Mandarin orange, and large 
cardamom offers strong market value (Gurung et al., 2023; 
Vineeta et al., 2023). This opportunity boosts income and 
sustainability for local farmers.

‘Uses of high-end technology’ and ‘exploration of innovation 
potential’ are key opportunities in old alluvial and red 
laterite zones. Tools like information and communication 
technologies (ICTs), internet of things (IoT), wireless 
sensor networks (WSN), global positioning system (GPS), 
artificial intelligence (AI), and drone technology enable 
precision farming and make farming more resilient, efficient, 
and sustainable (Haldar et al., 2022b). 

‘Agri-tourism’ offers high income and employment 
opportunities in West Bengal’s hill and coastal zones (Doley, 
2022). It boosts local livelihoods and rural welfare, as seen 
in Uttarakhand through IFS-based tourism (Bhatt and 
Kameshwari, 2022). Countries like Indonesia and China 
promote agri-tourism for rural growth through supportive 
policies (Budiasa and Ambarawati, 2014; Jiang, 2022). To 
fully realize the potential of agri-tourism, Government 
support in infrastructure development, training, and 
incentives to farmers is key (Lal et al., 2023). 

‘Better risk management’ is a key IFS opportunity, especially 
in the red laterite zone with its poor soil, dry spells, and 
climate risks. IFS reduces dependency on a single source 
of income, improves resilience against climate shocks, and 
stabilizes earnings through diversified farming (Faria Corrêa 
et al., 2019). 

‘climate-resilient farming practices’ is a critical opportunity 
factor in operating IFS. In the face of increasing climate 
variability, such as erratic rainfall, rising temperatures, 
droughts, and floods, climate-resilient practices within 
IFS reduce the impact of climatic shocks on overall farm 
output and protect livelihoods (Haldar et al., 2022a, 2022c; 
Paramesh et al., 2022).  

3.4.  Key challenge factors for practicing IFS in different agro-
climatic zones

Table 4 reveals key challenge factors with their rankings in 
adopting IFS across ACZs in West Bengal. An analysis of 
the challenge factors based on TOPSIS relative closeness 
reveals that ‘natural calamity’ is perceived as the greatest 
challenge in three zones, namely, coastal saline, terai, and 
new alluvial zones. ‘Greater capital start-up cost’ has been 
identified as the principal challenge to the adoption of 
IFS in both the hill and old alluvial zones and the third 
highest challenge in the terai and red laterite zones. ‘Market 
challenge-volatile price’ is advocated as the chief challenge 
in the red laterite zone and a major hindrance in the terai, 
old alluvial, coastal saline and new alluvial zones. ‘Biotic 
stress’ is the second and third highest challenge in the new 
alluvial zone and coastal saline zone, respectively. ‘Lack of 
technical support’ is seen as a key challenge to IFS, ranking 
second in the hill zone and third in the old alluvial zone. 
‘Limited access to credit’ is recognized as the second biggest 
challenge in the red laterite zone. ‘Migration of family 
labour’ from villages to cities in search of jobs is ranked as 
the third most significant challenge in the hill zone. Lastly, 
‘agro-ecological zone-specific limitations’ are reported as a 
persistent challenge to the adoption of IFS across all zones. 

Challenges are the external factors that can negatively 
impact the IFS’s performance or success.  ‘Natural calamity’ 
is the top challenge to IFS in coastal saline, terai, and new 
alluvial zones due to zone-specific vulnerabilities. Coastal 
areas face floods and cyclones; the terai sees frequent 
flood damage; and the new alluvial zone, with intensive 
farming, suffers pest outbreaks. These challenges are not 
just environmental events, but socio-economic disruptors 
in vulnerable agro-ecosystems.

‘Greater capital start-up cost’ is a major challenge to 
establishing IFS in most of the zones of West Bengal. Initial 
investments for livestock, irrigation, and infrastructure are 
high to develop IFS (Patra and Samal, 2018). In the hill 
zone, rugged terrain raises costs further due to land shaping 
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Table 4: Ranking of challenge factors for developing IFS in different agro-climatic zones based on relative closeness 

Challenge factors Hill zone Terai zone Old alluvial 
zone

New alluvial 
zone

Red laterite 
zone

Coastal zone

RC R RC R RC R RC R RC R RC R

Natural calamity 0.23391 8 0.66220 1 0.39113 7 0.71651 1 0.54770 4 0.89757 1

Greater capital start-up cost 0.82133 1 0.57627 3 0.66628 1 0.48471 4 0.59588 3 0.24789 8

Market challenge-volatile price 0.39308 7 0.57880 2 0.60519 2 0.52375 3 0.77956 1 0.52618 2

Biotic stress (like disease pest 
parasite pathogen infestation)

0.45699 6 0.42984 5 0.50008 4 0.61577 2 0.48793 5 0.50235 3

Lack of technical support (like 
custom hiring centres, suitable 
farm inputs)

0.71551 2 0.49776 4 0.54048 3 0.41745 6 0.45516 6 0.47347 4

Limited access to credit 0.56947 4 0.41110 6 0.46114 5 0.19285 8 0.66208 2 0.39659 6

Migration of family labour 0.68197 3 0.36325 7 0.34999 8 0.42181 5 0.39820 7 0.38483 7

Agro-ecological zone- specific 
limitation

0.54417 5 0.17864 8 0.41397 6 0.27358 7 0.36399 8 0.40019 5

RC: Relative Closeness; R: Rank

and limited access to markets and services. 

‘Market challenge–volatile price’ arises from frequent price 
fluctuations in IFS components like horticulture, livestock, 
poultry, and fishery. This creates income instability for small 
and marginal farmers, hindering IFS adoption. 

‘Biotic stress’ is a dangerous threat to IFS in new alluvial as 
well as coastal saline zones. involving pests, diseases, and 
pathogens affecting both crops and livestock. Biotic stress is 
a recurring issue in IFS due to the close integration of plant, 
animal, and microbial components (Singh and Burark, 
2016). Cross-contamination from organic inputs like 
poultry manure can spread harmful microbes such as fecal 
coliforms, Escherichia coli, and fecal streptococci (Atidégla 
et al., 2016), and Salmonella (Singh et al., 2007; Siddiqui 
et al., 2008), posing public health risks. 

‘Lack of technical support’ has been flagged as another major 
challenge to IFS in hill and old alluvial zones. IFS needs 
expert guidance on enterprise integration, waste recycling, 
and resource optimization, but inadequate extension services 
for technical know-how hinder effective adoption of IFS. 
Similar issues are reported in northern India (Tiwari et al., 
2021). 

‘Limited access to credit’ is the second biggest challenge to 
IFS, especially in the resource-poor red laterite zone. This is 
also reported by IFS farmers elsewhere (Tiwari et al., 2021). 
This challenge restricts farmers’ investment in enterprises 
and inputs. Smallholders often depend on costly informal 
loans, limiting IFS adoption. ‘Migration of family labour’ 
challenges IFS adoption as small and marginal farmers move 

to urban areas for alternative jobs due to high production 
costs, crop risks, and low market prices.

‘Agro-ecological zone-specific limitations’ are natural 
challenges to IFS success, such as acidic soils in hills, 
saline/waterlogged soils in coasts, and infertile red soils 
in laterite zones. These reduce productivity, soil health, 
and integration viability, making IFS adoption more 
challenging. Behera and France (2016) emphasize the 
need for agro-ecologically tailored IFS models due to soil, 
climate, and topographical constraints.

3.5.  Policy recommendations

The SWOC-TOPSIS analysis suggests prioritization of the 
factors for planning in holistic and inclusive manners for the 
practice and adoption of IFS. The findings of this research 
may contribute to the development of evidence-based policy 
interventions for promoting IFS as a sustainable agricultural 
development strategy.

4.   CONCLUSION  

The SWOC–TOPSIS framework prioritized key 
drivers and barriers influencing IFS adoption across 

diverse agro-climatic zones of West Bengal. The zone-
specific insights highlighted the heterogeneity in strengths, 
weaknesses, opportunities and challenges, underscoring 
the need for tailored policy responses. The SWOC-
TOPSIS analysis would help decision-makers to realize the 
complexity of the real world where the farmers and farm 
families operationalized IFS. This study not only illustrated 
the practical benefits of machine learning in IFS, but also 
offered evidence-based policy recommendations 
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