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Abstract

Climate change presents considerable challenges to dairy production, necessitating the adoption of cli-

mate-smart practices to improve the resilience, productivity and sustainability of dairy farming systems.

However, the adoption of such practices by women dairy farmers may be influenced by a range of eco-

nomic, technological, institutional, social and environmental constraints. The present study was under-

taken to identify and prioritise the major constraints perceived by women dairy farmers in the adoption

of climate-smart practices in Kerala. The study was conducted in Thiruvananthapuram and Wayanad

districts, which are prominent milk-producing districts of the state. The Delphi technique was employed

to identify and refine the relevant constraint statements, resulting in a final set of 15 common con-

straints for assessment. The perceived importance of each constraint was assessed using a three-point

scale and prioritised based on the total scores obtained. Data were collected from 174 women dairy

farmers, comprising 88 respondents from Thiruvananthapuram and 86 from Wayanad. In

Thiruvananthapuram, the high initial investment required for adopting climate-smart dairy technologies

was identified as the foremost constraint, followed by heat stress and high humidity affecting the pro-

ductivity of crossbred cows and the lack of assured markets and price incentives for products from cli-

mate-smart farms. In Wayanad, high initial investment was ranked as the most important constraint, fol-

lowed by the increasing occurrence of extreme events such as floods and landslides and the limited

availability of women-friendly extension services with respect to timing and location. The findings indi-

cate that financial, climatic, market, and extension-related constraints play an important role in limiting

the adoption of climate-smart dairy practices among women farmers. Improving access to affordable

technologies and financial assistance, strengthening climate-resilient farm infrastructure and providing

gender-responsive extension services could facilitate greater adoption of climate-smart practices. The

study further emphasises the importance of developing location-specific strategies to address the vary-

ing constraints associated with climate-smart dairy farming across different agro-ecological and farming

contexts in Kerala.

Keywords: Climate-smart dairy farming, Women dairy farmers, Adoption, Constraints, Delphi

technique

Introduction

Climate change and increasing climatic variability have emerged as major challenges to agricultural and

livestock production, particularly through fluctuations in temperature and rainfall, frequent extreme weather

events, changing water availability and other environmental stresses. Dairy production is highly vulnerable

to such climatic variations, as changes in climatic conditions can influence animal performance, feed and

fodder availability, water requirements, disease incidence and the adequacy of existing farm infrastructure.

In this context, the adoption of climate-smart practices has gained importance as a means of sustaining farm

productivity, enhancing the resilience of dairy production systems to climatic stresses and promoting envi-

ronmentally sustainable production (Arunya et al., 2025; Vishvanathan et al., 2025)
[1, 2]

.

Women play a significant role in dairy farming and contribute substantially to various farm operations such

as feeding, milking, cleaning, animal health management, fodder management and routine maintenance of

dairy units. Nevertheless, their involvement in dairy activities may not always be accompanied by equitable

access to the resources and services required for adopting improved practices. Constraints related to finan-

cial resources, suitable technologies, extension and advisory services, markets and land, along with limited

participation in farm-level decision-making, can affect both the adoption and sustained utilisation of climate-

smart practices. Similar technological, institutional, financial and resource-access barriers have been docu-

mented in studies concerning the adoption of agricultural technologies and sustainable management prac-

tices (Ammann et al., 2022; Aznar-Sánchez et al., 2020; Puppala et al., 2023)
[3, 4, 5]

.

Therefore, identification of the constraints associated with adoption is important for gaining a better under-

standing of the factors that hinder the effective implementation of climate-smart practices among dairy farm
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ers. Determining the relative importance of these constraints can pro-

vide valuable insights for extension personnel, development organisa-

tions and policymakers in formulating interventions that address

farmers’ specific requirements. Earlier studies have employed system-

atic approaches for identifying and prioritising barriers to distinguish

the relative significance of constraints affecting the adoption of agri-

cultural practices and technologies (Kumar et al., 2021; Parra et al.,

2022; Pittala et al., 2023)
[6, 7, 8]

 . Among such approaches, the Delphi

technique provides a systematic means of obtaining expert opinions

and establishing consensus regarding relevant issues or constraints,

and has been utilised in studies related to agricultural technologies,

sustainability and production systems (Ammann et al., 2022;

Flinzberger et al., 2020; Mahdavi et al., 2020; Ghag et al., 2025)
[3, 9,

10, 11]
 .

Against this background, the present study was undertaken to identify

and prioritise the constraints perceived by women dairy farmers in the

adoption of climate-smart practices, with particular emphasis on eco-

nomic, technological, institutional, social and environmental factors

affecting their adoption in dairy-based farming systems.

Materials and methods

Study area

The study was carried out in Thiruvananthapuram and Wayanad dis-

tricts of Kerala, selected on the basis of their importance in milk pro-

duction within the state. The selected districts exhibit considerable

variation in their farming situations and agro-ecological conditions,

providing an appropriate setting for examining the constraints en-

countered by women dairy farmers in adopting climate-smart dairy

practices. The present study constituted part of a broader investigation

on climate-smart practices among women involved in dairy-based in-

tegrated farming systems.

Sampling procedure

A Multistage sampling procedure was adopted for selecting the re-

spondents. Thiruvananthapuram and Wayanad districts were purpo-

sively selected considering their prominence in milk production in

Kerala. From the selected districts, women dairy farmers engaged in

dairy-based farming systems were identified and included for assess-

ing the constraints associated with the adoption of climate-smart dairy

practices. The study comprised a total of 174 women dairy farmers,

from which 88 were selected from Thiruvananthapuram and 86 from

Wayanad.

Instrument and data collection

Primary data were gathered using a pre-tested interview schedule

specifically developed for the study. The constraints affecting the

adoption of climate-smart dairy practices were identified through ex-

pert consultation followed by the Delphi technique. The Delphi ap-

proach was used to systematically obtain expert opinions and assess

the relevance and importance of the potential constraints, thereby fa-

cilitating the refinement and finalisation of the constraint statements

for subsequent assessment among the respondents.

Initially, 20 potential constraint statements were identified through

consultation with experts, as presented in Table 1. The statements

covered multiple dimensions associated with the adoption of climate-

smart dairy practices, including economic, technological, institu-

tional, social and environmental dimensions. Based on the responses

obtained through the Delphi exercise, 15 common constraint state-

ments were finalised for assessment among women dairy farmers in

both Thiruvananthapuram and Wayanad districts. The finalised con-

straints covered aspects such as financial requirements for climate-

smart technologies, availability of climate-resilient fodder varieties,

maintenance of modern dairy equipment, knowledge of silage prepa-

ration, availability of electricity and water, awareness regarding cli-

mate-smart integrated practices, accessibility of women-friendly ex-

tension services, access to veterinary and agricultural extension per-

sonnel, livestock insurance, market incentives, credit facilities, land

ownership and tenure rights, and climatic and social constraints.

Table 1. Constraints identified

SI. No Constraints Identified

Technological and Economic constraints

1 High initial investment required for adopting climate-smart

dairy technologies

2 Limited access to quality climate-resilient fodder varieties

3 Complexity of maintaining automated/modern dairy

equipment

4 Limited knowledge of "Silage" making to combat summer

feed gaps.

5 Inadequate and irregular availability of electricity and water

for climate-smart dairy and IFS practices.

Knowledge and Institutional Constraints

6 Poor awareness of climate-smart "Integrated" practices.

7 Limited availability of women-friendly extension services

in terms of timing and location.

8 Infrequent access to veterinary and agricultural extension

personnel.

9 Inadequate insurance coverage against climate-related live-

stock loss

10 Lack of assured markets and price incentives for products

from climate-smart farms.

11 Local Grama Panchayat schemes are not well-aligned with

climate-resilient goals.

12 Low "Digital Literacy" for using weather-forecast-based

farm alerts.

Socio-economic and Gender-Specific Constraints

13 Triple burden of household work, caregiving and dairy

farming.

14 Lack of credit facilities without collateral (Gold/Land).

15 Limited land ownership/tenure rights

16 Social norms restricting women's participation in off-site

training & community-based decision-making platforms or

cooperatives.

Environmental and Physical Constraints

17 Heat stress and high humidity significantly reduce milk

yield (drop in milk fat/SNF) of crossbred cows.

18 Declining land area for fodder due to urbanization in

Kerala.

19 Small and fragmented landholdings make waste treatment

plots difficult.

20 Increasing frequency of extreme events like floods or land-

slides disrupts the farm cycle.

Measurement and scoring of constraints

The perceived importance of the identified constraints was assessed

using a three-point rating scale, as presented in Table 2. The respon-

dents were asked to indicate the level of importance of each constraint

by assigning scores of 3 for Highly Important, 2 for Moderately

Important, and 1 for Less Important. A higher score represented a

greater perceived influence of the respective constraint on the adop-

tion of climate-smart dairy practices.

For each constraint, the scores assigned by all respondents were

summed to obtain the total score. The maximum attainable score for a

constraint was determined by multiplying the total number of respon-

dents by the maximum score assigned to an individual response.

Accordingly, the maximum attainable score was 264 for

Thiruvananthapuram (88 × 3) and 258 for Wayanad (86 × 3).
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Table 2. A three-point scale rating based on importance

Level of importance Score Meaning

Highly Important 3 The constraint has a strong influ-

ence on the adoption of climate-

smart dairy practices

Moderately

Important

2 The constraint has a moderate in-

fluence on the adoption of climate-

smart dairy practices

Less Important 1 The constraint has little or no influ-

ence on the adoption of climate-

smart dairy practices.

Statistical analysis

The data collected were analysed using total scores and corresponding

ranks to determine the relative importance of the constraints per-

ceived by women dairy farmers in the adoption of climate-smart dairy

practices. For each constraint, the total score was obtained by sum-

ming the scores assigned by all the respondents. Based on the total

scores, the constraints were arranged in descending order, with the

constraint receiving the highest score being assigned Rank I, followed

by the subsequent constraints in order of their scores.

Result and discussion

A district-wise comparison was carried out to assess the variations in

the relative importance of the identified constraints between

Thiruvananthapuram and Wayanad districts. The identified constraints

were also examined under five broad dimensions, namely economic,

technological, institutional, social and environmental factors, to pro-

vide a comprehensive understanding of the barriers influencing the

adoption of climate-smart dairy practices. The findings highlight the

multidimensional nature of constraints associated with the adoption of

sustainable and climate-smart agricultural technologies, which is in

accordance with the observations reported in earlier studies (Aznar-

Sánchez et al., 2020; Kumar et al., 2021; Vishvanathan et al., 2025)
[4,

6, 2]
.

Constraints perceived by women dairy farmers in

Thiruvananthapuram district

The district-wise ranking of constraints perceived by women dairy

farmers in Thiruvananthapuram is presented in Table 3.

In Thiruvananthapuram district, the high initial investment required

for the adoption of climate-smart dairy technologies emerged as the

most important constraint, securing Rank I with a total score of 238.

This finding indicates that the financial burden associated with adopt-

ing climate-smart technologies was perceived as the major barrier by

the respondents. The prominence of financial and economic con-

straints in the adoption of agricultural technologies has also been re-

ported in earlier studies (Ammann et al., 2022; Aznar-Sánchez et al.,

2020; Vishvanathan et al., 2025) 
[3, 4, 2]

.

Heat stress and high humidity affecting the productivity of crossbred

cows ranked II, with a total score of 230, underscoring the signifi-

cance of climatic stresses in influencing dairy production. Lack of as-

sured markets and adequate price incentives for products from cli-

mate-smart farms occupied Rank III (227), suggesting that inadequate

market support and economic returns may discourage farmers from

making investments in climate-smart practices.

The complexity involved in maintaining automated or modern dairy

equipment and the increasing occurrence of extreme climatic events

such as floods and landslides jointly secured Rank IV (210). This re-

flects the combined influence of technological and environmental

challenges on the adoption of climate-smart dairy practices. Similar

difficulties associated with the accessibility, operation and implemen-

tation of advanced agricultural technologies have been reported in

previous studies (Puppala et al., 2023; Ammann et al., 2022)
[5, 3]

.

Limited availability of women-friendly extension services with re-

spect to suitable timing and location occupied Rank VI, highlighting

the importance of providing extension support that is more accessible

and responsive to the specific needs and time constraints of women

farmers. The triple burden of household responsibilities, caregiving

and dairy farming was ranked seventh, indicating the challenges aris-

ing from the multiple roles performed by women and the competing

demands on their time and labour.

Among the constraints receiving comparatively lower rankings, inad-

equate insurance coverage against climate-related livestock losses

recorded the lowest total score of 119, indicating that it was perceived

as relatively less important than the other constraints. Infrequent ac-

cess to veterinary and agricultural extension personnel, along with in-

adequate and irregular availability of electricity and water, also occu-

pied comparatively lower positions in the overall ranking. These find-

ings suggest that, in Thiruvananthapuram, financial requirements, cli-

matic stresses, market-related limitations and technological chal-

lenges were perceived as more prominent barriers to the adoption of

climate-smart dairy practices than the relatively less frequently re-

ported service and infrastructure-related constraints.

Constraints perceived by women dairy farmers in Wayanad

district

The ranking of constraints perceived by women dairy farmers in

Wayanad district is presented in Table 4.

In Wayanad district, the high initial investment required for the adop-

tion of climate-smart dairy technologies emerged as the most impor-

tant constraint, securing Rank I with a total score of 229. This finding

indicates that the financial burden associated with adopting climate-

smart technologies was perceived as a major barrier to adoption

among women dairy farmers. The increasing frequency of extreme

climatic events, particularly floods and landslides, ranked second with

a total score of 225, highlighting the vulnerability of dairy farming to

climate-related disruptions in the district. The significance of extreme

rainfall and climate-induced vulnerability in agricultural production

systems has also been reported by Arunya and Krishnaveni (2025)
[1]

 .

Table 3. Constraints perceived by women dairy farmers in

Thiruvananthapuram district

Constraints Total Score Rank

High initial investment required for adopt-

ing climate-smart dairy technologies

238 I

Heat stress and high humidity significantly

affect the productivity of crossbred cows

230 II

Lack of assured markets and price incen-

tives for products from climate-smart farms

227 III

Complexity of maintaining

automated/modern dairy equipment

210 IV

Increasing frequency of extreme events

such as floods and landslides disrupts farm

activities

209 V

Limited availability of women-friendly ex-

tension services in terms of timing and

location

207 VI

Triple burden of household work, caregiv-

ing and dairy farming

192 VII

Limited land ownership/tenure rights 188 VIII

Lack of awareness about climate-smart in-

tegrated dairy practices

183 IX

Limited availability of credit without

collateral

177 X

Limited access to quality climate-resilient

fodder varieties

151 XI

(continued on next page)
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Constraints Total Score Rank

Small and fragmented landholdings make it

difficult to establish waste-treatment

facilities

139 XII

Infrequent access to veterinary and agricul-

tural extension personnel

127 XIII

Inadequate and irregular availability of

electricity and water for climate-smart

dairy and IFS practices

124 XIV

Inadequate insurance coverage against cli-

mate-related livestock loss

119 XV

Limited availability of women-friendly extension services with regard

to suitable timing and location occupied Rank III (221), emphasising

the need for extension mechanisms that are more accessible, conve-

nient and responsive to the requirements of women farmers. Lack of

assured markets and adequate price incentives and inadequate and ir-

regular availability of electricity and water secured the fourth and

fifth ranks, respectively. The relatively higher position of electricity

and water-related constraints in Wayanad compared with

Thiruvananthapuram suggests that basic infrastructural limitations

may have a greater bearing on the adoption of climate-smart dairy

practices in the district.

Similarly, small and fragmented landholdings occupied Rank VII in

Wayanad, compared with Rank XII in Thiruvananthapuram. This

comparatively higher ranking indicates that limited and fragmented

land resources may pose greater challenges for establishing waste-

management facilities and other climate-smart infrastructure in

Wayanad. The role of land availability, access and structural limita-

tions as barriers to agricultural development and technology adoption

has also been highlighted in previous studies (Aznar-Sánchez et al.,

2020; Reghunath et al., 2023)
[4, 12]

 .

The triple burden of household responsibilities, caregiving and dairy

farming ranked eighth, followed by limited land ownership or tenure

rights at ninth and lack of access to credit without collateral at tenth.

At the lower end of the ranking, inadequate insurance coverage

against climate-related livestock losses occupied Rank XV, indicating

that it was perceived as comparatively less important than the other

constraints assessed by the respondents in Wayanad.

Overall, the findings indicate that financial investment, climate-re-

lated risks, extension accessibility, market support and basic infra-

structure constituted the more prominent constraints perceived by

women dairy farmers in Wayanad, whereas insurance-related limita-

tions were considered relatively less important.

Table 4. Constraints perceived by women dairy farmers in Wayanad

Constraints Total Score Rank

High initial investment required

for adopting climate-smart dairy

technologies

229 I

Increasing frequency of extreme

events such as floods and land-

slides disrupts farm activities

225 II

Limited availability of women-

friendly extension services in

terms of timing and location

221 III

Lack of assured markets and price

incentives for products from cli-

mate-smart farms

214 IV

Inadequate and irregular availabil-

ity of electricity and water for cli-

mate-smart dairy and IFS practices

212 V

Complexity of maintaining

automated/modern dairy

equipment

210 VI

Constraints Total Score Rank

Small and fragmented landhold-

ings make it difficult to establish

waste-treatment facilities

198 VII

Triple burden of household work,

caregiving and dairy farming

189 VIII

Limited land ownership/tenure

rights

186 IX

Limited availability of credit with-

out collateral

181 X

Limited access to quality climate-

resilient fodder varieties

178 XI

Lack of awareness about climate-

smart integrated dairy practices

158 XII

Heat stress and high humidity sig-

nificantly affect the productivity of

crossbred cows

141 XIII

Infrequent access to veterinary and

agricultural extension personnel

128 XIV

Inadequate insurance coverage

against climate-related livestock

loss

126 XV

Comparative analysis of constraints between the two districts

A comparison of the constraint rankings presented in Table 5 revealed

both commonalities and district-specific differences between

Thiruvananthapuram and Wayanad.

The district-wise comparison indicated that high initial investment re-

quired for adopting climate-smart dairy technologies was the only

constraint that occupied Rank I in both districts, demonstrating that fi-

nancial limitations constituted a common barrier to the adoption of

climate-smart technologies among women dairy farmers. The impor-

tance of financial and institutional constraints in agricultural technol-

ogy adoption has also been documented in previous studies (Kumar et

al., 2021; Vishvanathan et al., 2025)
[6, 2]

.

However, considerable differences were observed in the perceived

importance of climate-related constraints across the two districts.

Heat stress and high humidity affecting the productivity of crossbred

cows occupied Rank II in Thiruvananthapuram, but were ranked thir-

teenth in Wayanad. In contrast, increasing frequency of extreme

events such as floods and landslides was ranked second in Wayanad

and fourth in Thiruvananthapuram. This variation may be attributed to

differences in the local climatic and geographical characteristics of

the two districts, resulting in differential exposure to specific climate-

related risks.

Women-friendly extension services, availability of electricity and wa-

ter, and small and fragmented landholdings emerged as relatively

more important constraints in Wayanad. These findings point towards

the greater relevance of accessibility and infrastructural limitations in

influencing the adoption of climate-smart dairy practices in the dis-

trict. On the other hand, lack of awareness occupied Rank IX in

Thiruvananthapuram and Rank XII in Wayanad, suggesting that

awareness itself was not perceived as a major impediment to adoption

in either district.

Overall, the comparative findings indicate that the constraints experi-

enced by women dairy farmers were multidimensional, encompassing

financial, climatic, infrastructural, technological and institutional as-

pects. The results further suggest that adequate awareness of climate-

smart practices alone may not necessarily translate into their adop-

tion, as financial limitations, infrastructural inadequacies, technologi-

cal difficulties and institutional barriers may continue to restrict im-

plementation. This interpretation is in agreement with earlier studies

which have demonstrated that barriers to the adoption of sustainable

and climate-smart agricultural technologies are complex and multidi-

mensional, persisting even when farmers recognise the potential bene
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fits of such practices (Aznar-Sánchez et al., 2020; Parra et al., 2022;

Puppala et al., 2023)
[4, 7, 5]

.

Table 5. Comparative analysis of constraints between the two districts

Constraints Thiruvananthapuram Rank Wayanad Rank

High initial investment required for adopting cli-

mate-smart dairy technologies

I I

Limited access to quality climate-resilient fodder

varieties

XI XI

Complexity of maintaining automated/modern

dairy equipment

IV VI

Inadequate and irregular availability of electricity

and water for climate-smart dairy and IFS

practices

XIV V

Lack of awareness about climate-smart integrated

dairy practices

IX XII

Limited availability of women-friendly extension

services in terms of timing and location

VI III

Infrequent access to veterinary and agricultural

extension personnel

XIII XIV

Inadequate insurance coverage against climate-re-

lated livestock loss

XV XV

Lack of assured markets and price incentives for

products from climate-smart farms

III IV

Triple burden of household work, caregiving and

dairy farming

VII VIII

Limited availability of credit without collateral X X

Limited land ownership/tenure rights VIII IX

Heat stress and high humidity significantly affect

the productivity of crossbred cows

II XIII

Increasing frequency of extreme events such as

floods and landslides disrupts farm activities

V II

Small and fragmented landholdings make it diffi-

cult to establish waste-treatment facilities

XII VII

Conclusion

The study identified a range of economic, technological, institutional,

social and environmental constraints influencing the adoption of cli-

mate-smart dairy practices among women dairy farmers in Kerala.

High initial investment required for adopting climate-smart dairy

technologies emerged as the most important constraint in both

Thiruvananthapuram and Wayanad, emphasising the financial burden

associated with the adoption of such technologies. The significance of

financial, institutional and technological barriers is in line with find-

ings reported in earlier studies on agricultural innovation and climate-

smart technology adoption (Ammann et al., 2022; Kumar et al., 2021;

Vishvanathan et al., 2025)
[3, 6, 2]

.

The district-wise analysis, however, revealed considerable variation

in the nature and relative importance of the constraints. Heat stress

and high humidity were more prominent concerns in

Thiruvananthapuram, whereas floods and landslides assumed greater

importance in Wayanad. In addition, women-friendly extension ser-

vices, availability of electricity and water, and fragmented landhold-

ings were comparatively more important constraints in Wayanad,

highlighting the influence of local infrastructural and contextual con-

ditions on adoption.

The findings emphasise the need for a district-specific and context-re-

sponsive strategy to promote climate-smart dairy farming in Kerala.

Priority interventions should focus on reducing the financial burden

of adoption through subsidies, affordable credit and appropriate finan-

cial support, while strengthening climate-resilient infrastructure, mar-

ket incentives and accessible, gender-responsive extension services.

Flexible extension delivery mechanisms that consider the time and

mobility constraints of women farmers could further facilitate tech-

nology uptake. Climate-specific interventions should focus on heat-

stress management in vulnerable areas and disaster preparedness and

resilient infrastructure in flood- and landslide-prone regions.

Addressing these interconnected constraints through locally appropri-

ate interventions can facilitate the wider adoption and sustained use of

climate-smart dairy practices, thereby strengthening the resilience,

sustainability and productivity of dairy-based farming systems in

Kerala. The importance of context-specific strategies in overcoming

barriers to the adoption of sustainable and climate-smart agricultural

practices has also been emphasised by previous studies (Arunya et al.,

2025; Aznar-Sánchez et al., 2020; Vishvanathan et al., 2025)
[1, 4, 2]

.
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