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Abstract

Climate Smart Agriculture (CSA) is increasingly recognized as a vital approach for enhancing the sustainability, productivity and resilience of
farming systems under changing climatic conditions. CSA encompasses a wide range of climate-smart agricultural technologies such as use of
precise farming tools water-saving irrigation methods, cultivation of drought-tolerant crop varieties, integrated nutrient management,
conservation tillage, agroforestry practices and renewable energy-based farm operations. These technologies are specifically designed to
mitigate the adverse impacts of climate change while ensuring improved resource efficiency and long-term food security. This study
investigates the attitudes of farmers toward CSA technologies in Tamil Nadu, a region where agricultural livelihoods are highly vulnerable to
erratic rainfall patterns, prolonged droughts and rising temperatures. The research was carried out in five purposively selected districts
representing diverse agro-climatic zones and technology adoption environments. A structured attitude scale comprising 32 statements
related to the perceived benefits, applicability, risks and constraints of CSA technologies was developed and validated using Edward’s criteria.
The final scale was administered to a sample of 300 farmers using a five-point Likert format. The results revealed that 28 % of respondents
expressed a highly favourable attitude toward CSA Technologies, 57 % respondents showed a favourable attitude and 14 % showed an
unfavourable attitude. The favourable responses of the majority of farmers for CSA Technologies demonstrated its role in enhancing crop
productivity, improving soil health, increasing water-use efficiency, reducing input costs in the long term and minimizing vulnerability to
climate-induced risks. Conversely, unfavourable attitudes were largely influenced by challenges such as high initial investment requirements,
technical complexity, inadequate access to credit, limited availability of technologies and insufficient institutional support. These findings
underline the critical importance of strengthening awareness programs, providing need-based farmer training, developing cost-effective CSA
Technologies packages and improving extension services for effective dissemination of climate-resilient technologies. Understanding
farmer’s attitudes toward CSA technologies is essential for formulating targeted outreach strategies, policy interventions and capacity-
building initiatives aimed at scaling up the adoption of climate-smart agricultural technologies in Tamil Nadu.
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Introduction mitigate climate change by reducing or removing greenhouse gas
emissions (10-12). This type of agriculture is not a single set of
practices or technologies but represents a dynamic, context-
specific approach developed for local agro-ecological and socio-
economic conditions (13,14). It integrates diverse strategies such
as conservation agriculture, integrated pest and nutrient
management, agroforestry, crop diversification, stress-tolerant
seed varieties and water-saving technologies like drip and
sprinkler irrigation (15-22). Through technological and policy
frameworks for CSA are gaining momentum, the attitude of
farmers toward these practices remains a critical determinant of
their successful adoption and implementation.

Agriculture is increasingly vulnerable to the adverse impacts of
climate change including rising temperatures (1,2), erratic rainfall
patterns (3) and extreme weather events (4-6). According to the
Intergovernmental Panel on Climate Change, global temperatures
have already risen by approximately 1.1 °C since pre-industrial levels,
leading to climatic changes such as increased frequency of droughts,
floods and heatwaves (7). In India, agriculture employs nearly 46 %
of the workforce and contributes around 18 % to the national GDP,
making it highly sensitive to climatic shifts (8). Climate change is
projected to lower farm incomes in India by approximately 15-25 %.

Rain-fed areas are expected to be the most adversely affected (9).
CSA encourages institutional innovation through multi-

stakeholder platforms, climate information services, risk insurance
and inclusive policy frameworks that facilitate access to resources
and knowledge (23). One of the strengths of the CSA paradigm is its

CSAis a holistic approach that aims to sustainably enhance
agricultural productivity and incomes from farms, strengthen
resilience and adaptive capacity to climate-related risks and
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flexibility it promotes context-specific solutions rather than one-size-
fits-all interventions, allowing farmers to tailor practices to their
unique agro-ecological, economic and cultural contexts (24,25).
These technologies are also creating enabling environments that
build farmers' trust, confidence and capacity to transition towards
climate-resilient agriculture (26).

Despite its strong theoretical foundations and demonstrated
benefits, the widespread adoption of CSA remains limited, especially
among smallholder farmers in developing countries. This gap
between availability and adoption is often attributed to behavioural,
informational and perceptual barriers that influence farmers’
decision-making processes (27). Positive attitudes rooted in
perceived economic gain, risk reduction and compatibility with
existing practices tend to foster greater openness to innovation and
long-term behavioural change (28). Conversely, features such as
complex, costly or uncertain make farmers, farmers may resist their
uptake despite the potential benefits. These negative perceptions
are often reinforced by lack of technical support, poor access to
finance and weak extension systems (29). Adoption is further
constrained by specific limiting factors such as water scarcity, land
quality and temperature stress that shape farmers’ responses to
climate change (30).

The primary objective of this study is to measure and analyse
the attitudes of farmers toward CSA practices in Tamil Nadu by
employing a scientifically validated attitude scale. Based on this
objective, the research hypothesizes that farmers with favourable
attitudes toward CSA practices are more likely to adopt climate-
smart agricultural technologies compared to those with
unfavourable attitudes.

Materials and Methods
Study area

The present study was undertaken in the state of Tamil Nadu, India,
focusing on districts identified as highly vulnerable to climate
change impacts. Based on the classification provided by the
National Innovations on Climate Resilient Agriculture (NICRA), five

2

districts namely Perambalur, Ramanathapuram, Villupuram,
Coimbatore and Dharmapuri were purposively selected for the
investigation (Fig. 1). These districts represent diverse agro-climatic
zones and varying levels of exposure to climate-resilient farming
interventions, thus providing a broad spectrum for assessing
farmers' attitudes and impact toward adoption of climate-smart
agricultural technologies.

Research design

The study was based on an ex post facto research design, which is
suitable for investigating existing phenomena where variables are
fixed and cannot be manipulated by the researcher (31). This design
was considered to be appropriate as the primary objective was to
assess the attitude of farmers toward CSA technologies based on
their prior exposure, experience and adoption levels. No direct
control was evaluated.

Sampling method and procedure

A purposive-cum-random sampling technique was employed to
select the respondents. This hybrid approach was adopted to
ensure meaningful representation of both NICRA-intervened and
non-NICRA districts while also allowing for the inclusion of farmers
who have adopted CSA Technologies either through organized
intervention or independent initiative.

Out of the 310 climate-vulnerable districts identified under
the NICRA initiative, five districts namely Coimbatore, Perambalur,
Dharmapuri, Ramanathapuram and Villupuram were purposively
selected for this study (32). With the five selected districts,
Perambalur, Ramanathapuram and Villupuram were identified as
NICRA districts, wherein NICRA projects have been implemented to
promote CSA. Within these districts, beneficiary farmers who had
been directly exposed to CSA interventions were purposively
selected. Coimbatore and Dharmapuri were categorized as non-
NICRA districts, chosen to represent farmers who adopted CSA
technologies independently or through other extension
mechanisms. In these districts, farmers were randomly selected
from villages sharing similar agro-ecological and socio-economic
characteristics with the NICRA-implemented areas.
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Fig. 1. Map depicting areas selected for the present study in the state of Tamil Nadu.
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In total, 300 farmers were selected for the study, comprising
60 farmers from each district. This ensured balanced representation
across both NICRA and non-NICRA regions, allowing for
comparative analysis of attitudes toward CSA Technologies.

Data collection

Data was collected from 300 farmers across five selected districts in
Tamil Nadu using a structured interview schedule. The schedule
was specifically developed to assess the attitude of farmers toward
CSA technologies. Responses were recorded on a five-point Likert
scale ranging from strongly disagree (1) to strongly agree (5). Prior to
the main survey, the instrument was pre-tested in a non-sample
areato ensure clarity, content validity and reliability.

Scale construction and statistical analysis
Collection of statements

A total of 72 attitude statements were initially developed to assess
farmers’ attitudes toward CSA interventions. These statements
were framed to reflect multiple dimensions, including economic
viability, environmental sustainability, social acceptance,
institutional support and technological applicability. The scale
comprised a balanced mix of positively and negatively worded
statements to avoid response bias and to capture a comprehensive
attitudinal profile.

The guidelines of Edward’s criteria for scale construction
were followed and each statement was critically examined for
clarity, relevance and uniqueness (33). Redundant, ambiguous and
overlapping items were eliminated or revised and a refined list of 55
well-structured statements were used in the main study. These 55
attitude statements were administered to a group of respondents
holding degrees from diverse academic backgrounds. Respondents
were asked to indicate their level of agreement on a five-point Likert
scale, ranging from strongly agree to strongly disagree.

Item analysis

The finalized attitude statements were administered to a group of
respondents holding academic degrees across various disciplines
to ensure a well-informed evaluation. Participants were asked to
indicate their level of agreement with each statement using a five-
point Likert scale, ranging from ‘strongly agree’ to ‘strongly
disagree’. For positively worded statements, scores of 5,4,3,2and 1
were assigned respectively, whereas the scoring was reversed for
negatively worded items to maintain consistency in the direction of
attitude measurement.

Each respondent’s cumulative score was derived by
summing the scores across all items. The scores ranged from a
minimum of 55 to a maximum of 275. Based on these total scores,
respondents were ranked in descending order to identify the most
and least favourable attitudes toward CSA Technologies. To assess
the discriminatory power of each statement, the t-value (critical
ratio) was calculated following the method proposed by Edwards
(33). Two criterion groups were formed: the top 25 % of
respondents with the highest total scores (high group) and the
bottom 25 % with the lowest scores (low group). The t-test was then
applied to determine the extent to which each statement effectively
differentiated between these two groups, thereby identifying the
most valid items for inclusion in the final attitude scale. The formula

fortvalue is given below o
Xu—X;
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}?H = represent the mean score for the high group on a specific
statement

7 = denotes the mean score for the low group on that same
L statement

=sum of the squared individual scores for the high group on
the given statement

X2

YRy signifies the total score of the given statement for high
" group

XX, =signifies the total score of the given statement for low group

IXq2

=sum of the squared individual scores for the low group

n=number of judges in both the high and low groups

t = the degree to which a specific statement differentiates between
high and low groups

Y =summation

The resulting “t” value served as an index of how well each
attitude statement discriminated between the high and low scoring
groups. A t-value of 1.96 or greater was considered statistically
significant at the 5 % level, indicating a meaningful difference in the
average response between the two groups. Statements meeting or
exceeding this threshold were deemed to have strong
discriminatory power and were therefore retained for the final
attitude scale.

Results and Discussion
Attitude scale construction

A total of 55 attitude statements related to CSA Technologies were
initially developed and subsequently subjected to item analysis
based on Edward’s method of scale construction with the primary
objective of evaluating their discriminatory power (33). This method
involved dividing the respondents into two extreme groups: the
upper 25 % (high scorers) and the lower 25 % (low scorers) based on
their total attitude scores. For each statement, the mean score
differences between these two groups were computed and t-tests
were conducted to determine whether the observed differences
were statistically significant.

According to Edward's criteria, a t-value greater than 1.96 is
considered statistically significant at the 5 % level of significance (p
<0.05), indicating that the item meaningfully distinguishes between
respondents with favourable and unfavourable attitudes towards
CSA Technologies. The results indicated that 32 out of the 55
statements met this criterion and were therefore considered
statistically valid and reliable indicators of attitude (Table 1). These
items demonstrated sufficient discriminatory capacity and were
consequently retained for inclusion in the final attitude scale.

The remaining 23 statements, which yielded t-values less
than 1.96, were found to be statistically non-significant. These items
lacked the ability to effectively differentiate between the high and
low attitude groups and, as such, were excluded from the final scale.
The exclusion of these items ensures that the finalized attitude scale
comprises only those statements that robustly capture the variance
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Table 1. Final attitude statements towards climate smart agricultural technologies
S. No. Statements N:tt:tr:n(:::}t\e ‘t’ value Significance

1 Climate-smart agriculture is essential for coping with climate change Positive 2.6207 Significant

2 Implementing CSA technologies improves agricultural productivity Positive 2.3778 Significant

3 CSA interventions help reduce greenhouse gas emissions from farming Positive 1.9708 Significant

4 CSA technologies are too complex for small-scale farmers to implement Negative 3.6042 Significant
5 Long-term farm sustainability is supported by CSA interventions Positive 2.6109 Significant

6 The benefits of CSA outweigh its implementation costs Positive 2.2552 Significant

7 CSA enhances food security in rural communities Positive 1.8765 Not significant
8 Diversification of farm enterprise ensures income security Positive 2.097 Significant

9 The cost of CSA adoption is unaffordable for many small farmers Negative -1.213 Not significant
10 High initial investment discourages CSA adoption Negative 1.9753 Significant
11 CSA helps lower input costs like fertilizers and pesticides Positive 1.4576 Not significant
12 Financial returns from CSA take too long to realize Negative 0.8853 Not significant
13 Risk of crop failure due to erratic weather is reduced through CSA Positive 3.5101 Significant
14 Effectiveness of CSA technologies is uncertain for my farm Negative 2.8642 Significant
15 CSA improves resilience to climate shocks such as droughts Positive 3.1151 Significant
16 Peer pressure negatively influences decisions about CSA adoption Negative 0.4832 Not significant
17 CSA aligns with traditional and local farming technologies Positive 4.2180 Significant
18 Lack of community support creates a barrier to CSA adoption Negative 2.0484 significant
19 Social acceptance encourages farmers to adopt CSA technologies Positive 0.2150 Not significant
20 CSA technologies improve environmental and social well-being in villages Positive 2.3218 Significant
21 Women'’s involvement in CSA decision-making strengthens adoption Positive 3.5673 Significant
22 Some CSA technologies conflict with community norms Negative 0.9871 Not significant
23 Knowledge of CSA benefits influences adoption behaviour Positive 2.7560 Significant
24 Farmer training increases understanding of CSA technologies Positive 1.5672 Not significant
25 Local extension agents play a key role in CSA awareness Positive 3.6541 Significant
26 Many farmers lack adequate understanding of CSA technologies Negative 1.9653 Significant
27 CSA enhances effective land usteegLannc?lglggi:Snd improves pest management Positive 21653 Significant
28 Weather knowledge helps farmers choose suitable crops Positive 3.1234 Significant
29 CSA helps reduce soil degradation and erosion Positive 2.6402 Significant
30 CSA contributes to on-farm biodiversity conservation Positive 1.1763 Not significant
31 CSA tools like drones and sensors are difficult to use regularly Negative 2.1275 Significant
32 Technology-based CSA solutions improve decision-making Positive 3.4218 Significant
33 Farming becomes more efficient with CSA adoption Positive 0.7658 Not significant
34 CSA adoption requires infrastructure that is not widely available Negative 1.3981 Not significant
35 Government policies are vital to scaling CSA technologies Positive 1.4063 Not significant
36 Poor policy support limits CSA adoption Negative -1.145 Not significant
37 Trust in institutions promoting CSA supports farmer confidence Positive 3.3432 Significant
38 CSA methods help ensure efficient and optimal irrigation levels Positive 2.5981 Significant
39 Key CSA technologies are deslgzeaeflctoong()jrig\ggs solutions tailored to specific Positive 4.8965 Significant
40 Extension services provide necessary support for CSA implementation Positive 0.7865 Not significant
41 CSA techniques lead to higher labour expenses Negative 1.9821 Significant
42 CSA improves yields even under adverse weather conditions Positive 2.4706 Significant
43 Profitability increases with consistent CSA adoption Positive 0.2441 Not significant
44 CSA recommendations often fail to reflect local needs Negative 1.2426 Not significant
45 Farmer organizations encourage wider CSA adoption Positive 0.6423 Not significant
46 Adoption of CSA forces drastic changes in farming routines Negative 1.2453 Not significant
47 CSA technologies reduce dependency on chemical inputs Positive 0.7321 Not significant
48 Crop and varietal diversif:fr?éié)rncsse;\;iscﬁzglr:)ggictive adaptation strategy Positive 3.6541 Significant
o Efectivecommunicatonand egon specic otersion secesfciistette  pogie 2087 Sigifcant
50 CSA promotes environmentally sustainable agricultural technologies Positive 1.2167 Not significant
51 Traditional farming knowledge is often ignored in CSA promotion Negative -0.567 Not significant
52 Labour and time demands of CSA discourage adoption Negative 0.5631 Not significant
53 Traditional crop varieties are low-cost and readily accessible Positive 2.7595 Significant
54 Adoption is hindered by fear of unpredictable outcomes Negative 1.4562 Not significant
55 CSA fosters long-term ecological and economic resilience Positive 4.3128 Significant
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in farmers’ perceptions and attitudes towards CSA technologies,
thereby enhancing the scale’s overall validity, reliability and
discriminatory strength.

Statement-wise distribution of farmer’s responses towards
attitude on CSA technologies

The statement-wise analysis of farmer’s attitude towards CSA
Technologies was carried out using a five-point continuum scale
comprising strongly agree, agree, undecided, disagree and strongly
disagree (Table 2). This section presents the frequency and
percentage distribution of responses for each of the 32 selected
statements. The data provide a detailed understanding of farmer’s
perceptions regarding the relevance, benefits, challenges and
applicability of CSA technologies. Such insights are crucial for
identifying the strengths and gaps in awareness and acceptance
which can guide the design of targeted extension and policy
interventions to promote CSA adoption more effectively.

The distribution of responses across the 32 attitude
statements indicates a positive disposition among farmers towards
CSA Technologies. A significant proportion of respondents either
strongly agreed or agreed with key statements affirming the
relevance, effectiveness and sustainability of CSA practices (Table 2).

The findings indicate that a significant majority of farmers
which account to nearly three-fifths (57.3 %) strongly agreeing and
about one-third (32.3 %) agree and considered CSA as essential for
coping with climate change. This reflects a broad awareness of the
potential of CSA to address climate-related risks. The results are
consistent with the findings of Campbell which emphasized CSAas a
critical strategy for achieving agricultural sustainability under climate
uncertainty (10,34). Over half (55.0 %) of the respondents strongly
believed that CSA improves agricultural productivity including more
than a quarter (26.3 %) who agreed. CSA interventions can enhance
yield stability and farm productivity through improved resource use
efficiency, climate-resilient practices and adaptive technologies
(35,36).

Table 2. Statement wise distribution of farmers on attitude towards climate smart agricultural technologies

S. No. Attitude statement SA A ub DA SDA
L Climate-smart agriculture iéheszgztial for coping with climate 172 (57.3) 97 (32.3) 21(7.0) 8(2.7) 2(0.7)
7. Implementing CSA te;?gglﬂgtgiiveii;mproves agricultural 165 (55.0) 79 (26.3) 43(14.3) 8(2.7) 5(1.7)
3. CSA interventions help redufgfrﬁirrelgnhouse gas emissions from 158 (52.7) 62(20.7) 38 (12.7) 23(7.7) 19(6.3)
4 CSA technologies are to%;opril%eexnior small-scale farmers to 20(6.7) 2(10.7) 48 (16.0) 96 (32.0) 104 (34.7)
5 Long-term farm sustainability is supported by CSA interventions 134 (44.7) 2 (24.0) 54 (18.0) 25(8.3) 15 (5.0)
6. The benefits of CSA outweigh its implementation costs 101 (33.7) 4 (31.3) 39 (13.0) 39 (13.0) 27 (9.0)
7 Diversification of farm enterprise ensures income security 115 (38.3) 8 (32.7) 26 (8.7) 38 (12.7) 23 (7.7)
8 High initial investment discourages CSA adoption 18 (6.0) 5(11.7) 1(17.0) 96 (32.0) 100 (33.3)
9 Risk of crop failure due to errg;iAc weather is reduced through 119 (39.7) 92 (30.7) 7(12.3) 32(10.7) 20 (6.7)
10. Effectiveness of CSA technologies is uncertain for my farm 24 (8.0) 7(12.3) 4(14.7) 98 (32.7) 97 (32.3)
11. CSA improves resilience to climate shocks such as droughts 102 (34.0) 7(32.3) 45(15.0) 38(12.7) 18 (6.0)

12.. CSA aligns with traditional and local farming technologies 186 (62.0) 7(12.3) 2(10.7) 28(9.3) 17 (5.7)
13. Lack of community support creates a barrier to CSA adoption 23 (7.7) 7(12.3) 5(18.3) 87 (29.0) 98 (32.7)
14. CSA technologies improve ienn\\lliilrlgggwsental and social well-being 103 (34.3) 6(28.7) 51 (17.0) 35 (11.7) 25 (8.3)
15. Women'’s involvement inaCdSc,)‘\p%%crision-making strengthens 113 (37.7) 85 (28.3) 43(14.3) 42 (14.0) 17(5.7)
16. Knowledge of CSA benefits influences adoption behaviour 115 (38.3) 76 (25.3) 43(14.3) 39(13.0) 27(9.0)
17.  Many farmers lack adequate understanding of CSA technologies 28 (9.3) 51(17.0) 59 (19.7) 89 (29.7) 73(24.3)
18. CSA enhances eﬁricatg\;egl:rrr:g#tsteepc)llqannonlionggi:snd improves pest 105 (35.0) 70 (23.3) 53 (17.7) 46 (15.3) 26 (8.7)
19. Weather knowledge helps farmers choose suitable crops 111 (37.0) 9 (33.0) 39 (13.0) 28 (9.3) 23 (7. )
20. CSA helps reduce soil degradation and erosion 127 (42.3) 93 (31.0) 43(14.3) 22 (7.3 15(5.0

21. CSA tools like drones and sensors are difficult to use regularly 34 (11.3) 8(12.7) 35(11.7) 91 (30. 3) 102 (34. )
22. Technology-based CSA solutions improve decision-making 117 (39.0) 9 (29.7) 43(14.3) 31(10.3) 20 (6.7)
23. CSA improves yields even under adverse weather conditions 94 (31.3) 102 (34.0) 50 (16.7) 35(11.7) 19 (6.3)
24, Crop and Variet?t?;ﬁ;ﬁfﬁji?rgjgir;/scisng?oegfifeesmve adaptation 121 (40.3) 67 (22.3) 54 (18.0) 43 (14.3) 15 (5.0)
25 Citate the wider adoption of smart pgrcultural tecnologes 107357 81270) 550183  24(80)  33(110)
26. Traditional crop varieties are low-cost and readily accessible 116 (38.7) 77 (25.7) 3(14.3) 32(10.7) 32(10.7)
27. CSA fosters long-term ecological and economic resilience 32(10.7) 41(13.7) 4 (18.0) 81(27.0) 92 (30.7)
28. Financial returns from CSA take too long to realize 108 (36.0) 90 (30.0) 6 (18.7) 25 (8.3) 21(7.0)
29. Local extension agents play a key role in CSA awareness 122 (40.7) 78 (26.0) 50 (16.7) 32(10.7) 18 (6.0)
30. CSA enhances food security in rural communities 110 (36.7) 85 (28.3) 6 (15.3) 38 (12.7) 21(7.0)
31. CSA helps lower input costs like fertilizers and pesticides 124 (41.3) 89 (29.7) 4 (11.3) 37(12.3) 16 (5.3)
32. Farmer training increases understanding of CSA technologies 158 (52.7) 67 (22.3) 2(10.7) 24 (8.0) 19 (6.3)
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Perceived complexity does not appear to be a major barrier
to the adoption of CSA technologies among the respondents (37). In
this study, perceived complexity refers to the extent to which farmers
view CSA technologies as difficult to understand, implement or
integrate into their existing farming systems. Only a small
proportion, 6.7 %, strongly agreed that CSA Technologies are too
complex for small-scale farmers. In contrast, approximately two-
thirds accounting for 66.7 % either disagreed or strongly disagreed
with this statement. This suggests that most farmers did not find CSA
practices difficult to understand or implement, indicating a positive
perception toward their usability and accessibility. These findings
challenge commonly held assumptions in earlier studies which
highlighted technological complexity as a deterrent to adoption in
resource-limited  settings (38,39). In terms of sustainability,
approximately three-fourths of farmers either strongly agreed
(44.7 %) or agreed (24.0 %) that CSA supports long-term farm
sustainability (40). Perceptions on economic feasibility varied.
Around one-third (33.7 %) strongly agreed and about 31.3 % agreed
that the benefits of CSA outweigh its costs while approximately one-
fifth showed disagreement.

The role of diversification in income security was positively
perceived by nearly two-thirds of respondents, with 38.3 % strongly
agreeing and 32.7 % agreeing (41). A significant proportion of
farmers (653 %) did not support the idea that high initial
investments encourage the adoption of CSA Technologies,
indicating persistent financial apprehensions (42). CSA's role in
mitigating weather-related crop failure was affirmed by 39.7 % of the
respondents who strongly agreed and 30.7 % who agreed, indicating
that a large majority recognized its risk-reducing potential. This
shows that farmers are aware of CSA’s capacity to buffer against
erratic climatic events and safeguard crop yields (43). On the other
hand, uncertainty about CSA effectiveness was rejected by a
majority (65.0 %) disagreed or strongly disagreed.

A notable three-fifths (62.0 %) of the farmers strongly agreed
that CSA aligns with traditional and local farming practices,
suggesting a strong cultural compatibility. This alignment is crucial,
as farmers are more likely to adopt innovations that resonate with
their indigenous knowledge and established practices (44). The
perception that CSA does not conflict with, but rather complements,
traditional methods may reduce resistance to change and foster
smoother integration of new technologies. Its role in improving
environmental and social well-being was also positively viewed, with
34.3 % strongly agreeing and 28.7 % agreeing to highlight a growing
awareness among farmers about the broader community-level
benefits of CSA. This reflects the perception that CSA practices not
only support individual farm outcomes but also contribute to
sustainable rural development and ecological balance (45).
Additionally, women’s involvement in CSA decision-making was
acknowledged as beneficial by two-thirds of respondents showing a
positive response with 37.7 % strongly agreeing and 28.3 % agreeing.
This underscores the importance of inclusive decision-making
processes and suggests that empowering women in agricultural
innovations can enhance the effectiveness and reach of CSA
interventions at the household and community levels (46). Similarly,
38.3 % strongly agreed and 25.3 % agreed that awareness of CSA
benefits directly influences adoption behaviour.

Arelatively small segment of the respondents (9.3 % strongly
agreed and 17.0 % agreed) believed that there is a widespread lack
of understanding about CSA among farmers. In contrast, over half
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(54.0 %) disagreed or strongly disagreed with this perception,
indicating that the majority felt reasonably informed about CSA
Technologies. Over two-thirds (70.0 %) of the respondents
acknowledged that weather-related knowledge plays a critical role
in guiding appropriate crop selection decisions. Similarly, the
potential of CSA to mitigate soil degradation and erosion was
strongly endorsed by the farming community, with nearly three-
fourths expressing agreement with 42.3 % strongly agreeing and
31.0 % agreeing. These findings highlight the perceived ecological
advantages of CSA in enhancing climate resilience and sustainable
land use practices among rural farmers.

Regarding technology adoption, more than three-fifths (64.3
%) of respondents disagreed or strongly disagreed that CSA tools like
drones and sensors are difficult to use regularly (47). In contrast,
decision-making benefits from technology-based CSA solutions
were acknowledged by over two-thirds (68.7 %). Furthermore, two-
thirds of the farmers agreed that CSA ensures better yields even
during adverse weather conditions. CSA’s emphasis on crop and
varietal diversification as a key adaptation strategy was positively
received by more than three-fifths (62.6 %) of the farmers, with 40.3
% strongly agreeing and 22.3 % agreeing with the statement (48).
This indicates a growing awareness among farmers about the
benefits of diversification in enhancing resilience against climate-
induced risks, such as droughts, pests and erratic rainfall. Traditional
crop varieties were considered affordable and accessible by another
two-thirds of farmers. However, long-term resilience under CSA was
less favourably viewed, with a combined 57.7 % of farmers
expressing disagreement.

Perceptions about delayed returns from CSA were also
evident, as more than two-thirds (66.0 %) agreed or strongly agreed
that financial gains are not immediate. The importance of local
extension agents in promoting CSA was recognized by over two-
thirds (66.7 %) of the respondents, indicating their significant
influence in awareness creation and technology dissemination (49).
Similarly, 65.0 % of farmers acknowledged CSA’s role in enhancing
food security, underscoring its contribution to stable and sustainable
food systems in rural communities. Furthermore, about three-
fourths (75.0 %) of the respondents agreed that farmer training plays
a crucial role in improving understanding of CSA Technologies,
thereby facilitating their effective adoption and implementation at
the grassroots level.

Overall distribution of farmers based on their attitude
toward CSA technologies

To gain a broader understanding of farmer’s attitude levels,
respondents were categorized into three groups as highly
favourable, favourable and unfavourable based on their total
attitude scores. The values were expressed as mean + standard
deviation.

Anotable number about 28.0 % of farmers exhibited a highly
favourable attitude toward CSA technologies (Fig. 2, Table 3). About
one-fourth of the sample demonstrated strong agreement with the
benefits, adaptability and long-term value of CSA interventions.
Their positive perceptions were especially reflected in statements
such as “CSA fosters long-term ecological and economic resilience”
and “CSA improves yields even under adverse weather conditions,”
which aligns with findings of Adimassu and Noriega who emphasize
the adaptive potential and sustainability of CSA practices in the face
of climate change (38,48).
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Fig. 2. Overall attitude of farmers on climate smart agricultural technologies.

Table 3. Overall attitude of farmers towards climate smart agricultural technologies

S.No Attitude category No. of farmers Percentage (%)
1. Highly favourable attitude 84 28.00
2. Favourable attitude 173 57.70
3. Unfavourable attitude 43 14.30
Total 300 100.00

A majority of farmers (57.7 %) which constitutes
approximately two-fifths of the respondents were categorized as
showing favourable attitude. Their responses indicated appreciation
for the role of CSA in improving farm productivity, reducing climate-
related risks and aligning with traditional practices. Statements such
as “CSA helps reduce soil degradation and erosion” and
“Technology-based CSA solutions improve decision-making”
received broad support from farmers. This supports earlier studies
which highlighted that farmers are more likely to adopt CSA when
the technologies are perceived as practical, locally adaptable and
beneficial in both economic and environmental terms (24,50). In
contrast, 14.3 % of respondents showed an unfavourable attitude
toward CSA, expressing concerns over statements like “CSA is too
complex for small-scale farmers” and “High initial investment
discourages adoption.” These views likely reflect worries about cost,
complexity and inadequate support. Similar barriers were reported
in earlier studies that highlighted risk perceptions and institutional
shortcomings as key constraints to CSA adoption (29,42). Studies
from other regions also reflect similar patterns in farmer’s responses
to CSA technologies. The research in Northern Nigeria revealed that
farmers recognized the benefits of CSA for improving yields and
combating climate-related challenges yet concerns about cost and
institutional support limited adoption. In Kenya, smallholder farmers
expressed favourable attitudes toward CSA practices such as
agroforestry and water conservation, particularly when they were
promoted through participatory extension and community-based
initiatives. Within India, studies in Madhya Pradesh and Maharashtra
reported that while farmers acknowledged CSA’s role in improving
soil fertility and reducing climate risk, adoption was constrained by
limited awareness, inadequate credit facilities and lack of technical
support. Similarly, research in Andhra Pradesh indicated that peer
learning and institutional support strongly influenced positive
attitudes toward CSA practices such as system of rice intensification
and crop diversification.

The findings show that farmers in Tamil Nadu generally hold
positive attitudes toward CSA technologies, with nearly 86 % of

respondents expressing favourable or highly favourable views. This
reflects strong recognition of CSA’s role in coping with climate risks,
improving productivity and ensuring sustainability. Similar results
were reported by earlier studies (10,34-36), which emphasized the
contribution of CSA to vyield stability, soil health and resource
efficiency.

Despite these positive perceptions, a minority (14.3 %)
expressed unfavorable attitudes, mainly due to concerns over high
investment costs, delayed returns and perceived risks. Such
challenges are consistent with earlier reports (29,42) highlighting
financial and institutional barriers as significant constraints to CSA
adoption.

The low proportion of farmers perceiving CSA as complex
suggests that usability is less of a barrier than previously assumed,
contrasting with studies that emphasized technological complexity
(38,39). Instead, cost-related concerns and delayed economic
returns appear to be stronger deterrents. This underlines the
importance of providing financial support mechanisms, affordable
technology packages and timely institutional support to encourage
adoption.

Positive responses toward the cultural compatibility of CSA
and women’s involvement highlight social strengths for scaling up
adoption. Farmers are more inclined to adopt practices that align
with traditional systems and empower household decision-making
as also supported by prior research (44,46). Similarly, the strong
recognition of CSA’s role in soil conservation, risk mitigation and
food security (40,43,49) points to its potential as both an ecological
and economic adaptation strategy.

Overall, the results underscore the need for targeted
extension efforts, participatory training programs and awareness
campaigns to address cost-related apprehensions and strengthen
institutional support. By leveraging farmer’s generally favourable
orientation while addressing barriers for the minority with
unfavorable views CSA adoption in Tamil Nadu can be effectively
accelerated.
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Conclusion

The study assessed farmer’s attitudes toward CSA technologies in
five districts of Tamil Nadu using a statistically validated scale.
Findings revealed that majority of farmers held favourable to highly
favourable attitudes, recognizing CSA’s role in enhancing
productivity, sustainability and resilience to climate change. A
smaller group expressed reservations, mainly due to cost and
institutional barriers. The results highlight that positive farmer
perceptions are pivotal for CSA diffusion and strengthening
attitudinal support through awareness, training and enabling
policies will be essential for wider adoption.

Acknowledgements

The authors would like to express their deepest gratitude to the
Department of Agricultural Extension and Rural Sociology for their
invaluable guidance and support throughout this study. Special
thanks are extended to the Chairman and advisory members for
their valuable feedback and constructive suggestions on the
manuscript. The authors also extend their sincere thanks to the
Directorate of Extension Education for the institutional support that
significantly contributed to the successful completion of this
research.

Authors' contributions

DC conceptualized the study, analyzed the data and prepared the
original manuscript. MPP provided overall research supervision,
contributed to the formulation of the research concept and
approved the final version of the manuscript. SM supported the
development of ideas and reviewed the manuscript. AM and DG
contributed to summarizing the content and revising the
manuscript. GSR provided support with statistical analysis and
helped in summarizing key findings. All authors read and approved
the final manuscript.

Compliance with ethical standards

Conflict of interest: Authors do not have any conflict of interests
to declare.

Ethicalissues: None

References

1. Hibler M, Klepper G, Peterson S. Costs of climate change: the effects of
rising temperatures on health and productivity in Germany. Ecol Econ.
2008;68(1-2):381-93. https://doi.org/10.1016/j.ecolecon.2008.04.010

2. Arnell NW, Lowe JA, Challinor AJ, Osborn TJ. Global and regional
impacts of climate change at different levels of global temperature
increase. Clim Change. 2019;155(3):377-91. https://doi.org/10.1007/
$10584-019-02464-z

3. Habib-ur-Rahman M, Ahmad A, Raza A, Hasnain MU, Alharby HF,
Alzahrani YM, et al. Impact of climate change on agricultural
production; Issues, challenges and opportunities in Asia. Front Plant
Sci. 2022;13:925548. https://doi.org/10.3389/fpls.2022.925548

4. Kumar P, Tokas J, Kumar N, Lal M, Singal HR. Climate change
consequences and its impact on agriculture and food security. Int J
Chem Stud. 2018;6(6):124-33.

5. Durodola OS. The impact of climate change induced extreme

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

events on agriculture and food security: a review on Nigeria. Agric
Sci. 2019;10(4):487-98. https://doi.org/10.4236/as.2019.104038

Valavanidis A. Extreme weather events exacerbated by the global
impact of climate change. 2022;3:1-40.

Intergovernmental Panel on Climate Change (IPCC). Special report
on global warming of 1.5 °C. Geneva; 2022.

India. Ministry of Labour and Employment. Annual report 2021-22.
New Delhi: Directorate General of Employment; 2022.

India. Department of Science and Technology, Ministry of Science &
Technology. Climate change and agriculture: report. New Delhi:
Government of India; 2016.

Food and Agriculture Organization of the United Nations. Climate-
smart agriculture sourcebook. Rome; 2013.

Taylor M. Climate-smart agriculture: what is it good for? J Peasant Stud.
2018;45(1):89-107. https://doi.org/10.1080/03066150.2017.1312355

Matteoli F, Schnetzer J, Jacobs H. Climate-smart agriculture (CSA): an
integrated approach for climate change management in the agriculture
sector. In: Handbook of climate change management: research,
leadership, transformation. Cham: Springer International Publishing;
2020. p. 1-29 https://doi.org/10.1007/978-3-030-22759-3_148-1

Wakweya RB. Challenges and prospects of adopting climate-smart
agricultural practices and technologies: implications for food
security. J Agric Food Res. 2023;14:100698. https://doi.org/10.1016/
j.jafr.2023.100698

Totin E, Segnon AC, Schut M, Affognon H, Zougmoré R, Klerkx L. Institutional
perspectives of climate-smart agriculture: a systematic literature review.
Sustainability. 2018;10(6):1990. https://doi.org/10.3390/su10061990

Sanderson MA, Archer D, Hendrickson J, Kronberg S, Liebig M,
Nichols K, et al. Diversification and ecosystem services for
conservation agriculture: outcomes from pastures and integrated
crop-livestock systems. Renew Agric Food Syst. 2013;28(2):129-44.
https://doi.org/10.1017/S1742170512000312

Selim MM. Introduction to the integrated nutrient management
strategies and their contribution to yield and soil properties. Int J
Agron. 2020;2020:2821678. https://doi.org/10.1155/2020/2821678

Plieninger T, Mufioz-Rojas J, Buck LE, Scherr SJ. Agroforestry for
sustainable landscape management. Sustain Sci. 2020;15(5):1255-
66. https://doi.org/10.1007/s11625-020-00836-4

Hedayetullah M, Mondal S, Roy S, Giri U, Saha A, Patra S, et al. Crop
diversification for nutrient, water and stress management in Indian
agriculture. J Adv Biol Biotechnol. 2025;28(6):355-65. https://
doi.org/10.9734/jabb/2025/v28i62400

Mihrete TB, Mihretu FB. Crop diversification for ensuring sustainable
agriculture, risk management and food security. Glob Chall. 2025;9
(2):2400267. https://doi.org/10.1002/gch2.202400267

Rivero RM, Mittler R, Blumwald E, Zandalinas SI. Developing climate
-resilient crops: improving plant tolerance to stress combination.
Plant J. 2022;109(2):373-89. https://doi.org/10.1111/tpj.15483

LakhiarIA, Yan H, Zhang C, Wang G, He B, Hao B, et al. A review of precision
irrigation water-saving technology under changing climate for enhancing
water use efficiency, crop yield and environmental footprints. Agriculture.
2024;14(7):1141. https://doi.org/10.3390/agriculture14071141

Kumar MD, Turral H, Sharma BR, Amarasinghe UA, Singh OP. Water
saving and yield enhancing micro-irrigation technologies in India:
when and where can they become best bet technologies. In: Kumar
MD, editor. Managing water in the face of growing scarcity, inequity
and declining returns: exploring fresh approaches; 2008 Apr 2-4;
Patancheru, Hyderabad, India. Hyderabad: International Water
Management Institute; 2008. p. 1-36.

Osumba JJ, Recha JW. Scaling climate-smart agriculture through
multi-stakeholder platform engagement. AICCRA workshop report,
Kenya. Nairobi: Accelerating Impacts of CGIAR Climate Research for
Africa (AICCRA); 2022.

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.1016/j.ecolecon.2008.04.010
https://doi.org/10.1007/s10584-019-02464-z
https://doi.org/10.1007/s10584-019-02464-z
https://doi.org/10.3389/fpls.2022.925548
https://doi.org/10.4236/as.2019.104038
https://doi.org/10.1080/03066150.2017.1312355
https://doi.org/10.1007/978-3-030-22759-3_148-1
https://doi.org/10.1016/j.jafr.2023.100698
https://doi.org/10.1016/j.jafr.2023.100698
https://doi.org/10.3390/su10061990
https://doi.org/10.1017/S1742170512000312
https://doi.org/10.1155/2020/2821678
https://doi.org/10.1007/s11625-020-00836-4
https://doi.org/10.9734/jabb/2025/v28i62400
https://doi.org/10.9734/jabb/2025/v28i62400
https://doi.org/10.1002/gch2.202400267
https://doi.org/10.1111/tpj.15483
https://doi.org/10.3390/agriculture14071141

24.

25.

26.

27.

28.

29.

30.

31

32

33.

34.

35.

36.

37.

38.

39.

Thomton PK, Whitbread A, Baedeker T, Caims J, Claessens L, Baethgen W, et
al. Aframework for priority-setting in climate smart agriculture research. Agric
Syst. 2018;167:161-75. https://doi.org/10.1016/j.agsy.2018.09.009

Viswanathan PK, Kavya K, Bahinipati CS. Global patterns of climate-
resilient agriculture: A review of studies and imperatives for
empirical research in India. Rev Dev Change. 2020;25(2):169-92.
https://doi.org/10.1177/0972266120966211

Hussain S, Amin A, Mubeen M, Khaliq T, Shahid M, Hammad HM, et al.
Climate smart agriculture (CSA) technologies. In: Building climate
resilience in agriculture: Theory, practice and future perspective. Cham:
Springer Int Publ; 2021. p. 319-38. https://doi.org/10.1007/978-3-030-
79408-8_20

Meijer SS, Catacutan D, Ajayi OC, Sileshi GW, Nieuwenhuis M. The
role of knowledge, attitudes and perceptions in the uptake of
agricultural and agroforestry innovations among smallholder
farmers in sub-Saharan Africa. Int J Agric Sustain. 2015;13(1):40-54.
https://doi.org/10.1080/14735903.2014.912493

Ajzen |. The theory of planned behavior. Organ Behav Hum Decis
Process. 1991;50(2):179-211. https://doi.org/10.1016/0749-5978(91)
90020-T

Mubaya CP, Mafongoya P. The role of institutions in managing local
level climate change adaptation in semi-arid Zimbabwe. Clim Risk
Manag. 2017;16:93-105. https://doi.org/10.1016/j.crm.2017.03.003

Niles MT, Lubell M, Brown M. How limiting factors drive agricultural
adaptation to climate change. Agric Ecosyst Environ. 2015;200:178-
85. https://doi.org/10.1016/j.agee.2014.11.010

Rohwer D. Designing ex post facto and experimental studies. In:
Inquiry in Music Education. Routledge; 2022. p. 230-52 https://
doi.org/10.4324/9781003057703-15

India. Ministry of Agriculture and Farmers Welfare. Annual report
2023. New Delhi: Government of India; 2023.

Edwards AL. Techniques of attitude scale construction. New York:
Appleton Century Crafts; 1957. p. 149-57 https://doi.org/10.1037/14423-
006

Campbell BM, Thornton P, Zougmoré R, Van Asten P, Lipper L.
Sustainable intensification: what is its role in climate smart
agriculture? Curr Opin Environ Sustain. 2014;8:39-43. https://
doi.org/10.1016/j.cosust.2014.07.002

Aggarwal PK, Jarvis A, Campbell BM, Zougmoré RB, Khatri-Chhetri
A, Vermeulen SJ, et al. The climate-smart village approach. Ecol
Soc. 2018;23(1). https://doi.org/10.5751/ES-09844-230114

Onoja AO, Abraha AZ, Girma A, Achike Al. Climate-smart agricultural
practices (CSA) adoption by crop farmers in semi-arid regions of
West and East Africa: evidence from Nigeria and Ethiopia. In:
Climate change-resilient agriculture and agroforestry: ecosystem
services and sustainability. Cham: Springer Int Publ; 2019. p. 89-113
https://doi.org/10.1007/978-3-319-75004-0_6

Terdoo F, Adekola O. Assessing the role of climate-smart agriculture
in combating climate change, desertification and improving rural
livelihood in Northern Nigeria. Afr J Agric Res. 2014;9(15):1180-91.
https://doi.org/10.5897/AJAR2013.7665

Adimassu Z, Tibebe D, Tamene L, Abera W. Evaluating the effects of
climate smart agricultural (CSA) practices on productivity, adaptation
and mitigation indicators in Ethiopia: a meta-analysis approach. Heliyon.
2025;11(4):e42796. https://doi.org/10.1016/j.heliyon.2025.e42796

Kassie M, Teklewold H, Jaleta M, Marenya P, Erenstein O. Understanding the
adoption of a portfolio of sustainable intensification practices in eastern and
southem Africa. Land Use Policy. 2015;42:400-11. https://doi.org/10.1016/
jlandusepol.2014.08.016

40. Galt RE, Van Soelen Kim J, Munden-Dixon K, Christensen LO, Bradley K.
Retaining members of community supported agriculture (CSA) in
California for economic sustainability: what characteristics affect
retention rates? Sustainability. 2019;11(9):2489. https://doi.org/10.3390/
Su11092489

41. Waha K, Van Wijk MT, Fritz S, See L, Thornton PK, Wichern J, et al.
Agricultural diversification as an important strategy for achieving
food security in Africa. Glob Change Biol. 2018;24(8):3390-400.
https://doi.org/10.1111/gcb.14158

42.  Mumo EM. Risk attitudes and adoption of climate smart agricultural
technologies among smallholder farmers in the Nyando Basin in
South-western Kenya. Master of Science [thesis]. Nairobi: University
of Nairobi; 2021

43. Teklu A, Simane B, Bezabih M. Effect of climate smart agriculture
innovations on climate resilience among smallholder farmers:
empirical evidence from the Choke Mountain Watershed of the Blue
Nile Highlands of Ethiopia. Sustainability. 2023;15(5):4331. https://
doi.org/10.3390/su15054331

44, Quarshie P. Smallholder farmers' climate adaptation practices and
the digitalization of climate-smart agriculture in Ghana, Sub-Saharan
Africa. PhD [dissertation]. Guelph: University of Guelph; 2023.

45, Birtalan IL, Bartha A, Neulinger A, Bérdos G, Oldh A, Ricz J, et al.
Community supported agriculture as a driver of food-related well-being.
Sustainability. 2020;12(11):4516. https://doi.org/10.3390/su12114516

46. Shahbaz P, Ul Haqg S, Abbas A, Batool Z, Alotaibi BA, Nayak RK.
Adoption of climate smart agricultural practices through women
involvement in decision making process: exploring the role of
empowerment and innovativeness. Agriculture. 2022;12(8):1161.
https://doi.org/10.3390/agriculture12081161

47.  Mohd Noor N, Abdullah A, Hashim M. Remote sensing UAV/drones and
its applications for urban areas: a review. IOP Conf Ser Earth Environ Sci.
2018;169:012003. https://doi.org/10.1088/1755-1315/169/1/012003

48. Noriega IL, Dawson IK, Vernooy R, Kéhler-Rollefson I, Halewood M.
Agricultural diversification as an adaptation strategy. Agric for Dev.
2017;30:25-8.

49. Raj S, Garlapati S. Extension and advisory services for climate-smart
agriculture. In: Global climate change: resilient and smart agriculture.
Singapore: Springer; 2020. p. 273-99 https://doi.org/10.1007/978-981-32
-9856-9_13

50. Lipper L, Thornton P, Campbell BM, Baedeker T, Braimoh A, Bwalya
M, et al. Climate-smart agriculture for food security. Nat Clim Chang.
2014;4(12):1068-72. https://doi.org/10.1038/nclimate2437

Additional information

Peer review: Publisher thanks Sectional Editor and the other anonymous
reviewers for their contribution to the peer review of this work.

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics,
NAAS, UGC Care, etc

See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting

Copyright: © The Author(s). This is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/)

Publisher information: Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited,

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1016/j.agsy.2018.09.009
https://doi.org/10.1177/0972266120966211
https://doi.org/10.1007/978-3-030-79408-8_20
https://doi.org/10.1007/978-3-030-79408-8_20
https://doi.org/10.1080/14735903.2014.912493
https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.1016/j.crm.2017.03.003
https://doi.org/10.1016/j.agee.2014.11.010
https://doi.org/10.4324/9781003057703-15
https://doi.org/10.4324/9781003057703-15
https://doi.org/10.1037/14423-006
https://doi.org/10.1037/14423-006
https://doi.org/10.1016/j.cosust.2014.07.002
https://doi.org/10.1016/j.cosust.2014.07.002
https://doi.org/10.5751/ES-09844-230114
https://doi.org/10.1007/978-3-319-75004-0_6
https://doi.org/10.5897/AJAR2013.7665
https://doi.org/10.1016/j.heliyon.2025.e42796
https://doi.org/10.1016/j.landusepol.2014.08.016
https://doi.org/10.1016/j.landusepol.2014.08.016
https://doi.org/10.3390/su11092489
https://doi.org/10.3390/su11092489
https://doi.org/10.1111/gcb.14158
https://doi.org/10.3390/su15054331
https://doi.org/10.3390/su15054331
https://doi.org/10.3390/su12114516
https://doi.org/10.3390/agriculture12081161
https://doi.org/10.1088/1755-1315/169/1/012003
https://doi.org/10.1007/978-981-32-9856-9_13
https://doi.org/10.1007/978-981-32-9856-9_13
https://doi.org/10.1038/nclimate2437
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

