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Title : Understanding the intention to use biosecurity management 

strategies on-farm: A study of Vietnamese farmers in Australia  

 

Abstract 

Plant biosecurity outbreaks are known to disrupt agricultural industries and cause substantial 

damage to farming businesses. Farmers have been hit particularly hard by such incursions due to 

loss of production, income, and the risks to their reputation of growing premium produce. To 

mitigate the negative impact of biosecurity incursions, farmer biosecurity risk management 

strategies are vital. However, the reasons of why or of which farmers may take actions against 

biosecurity incursions are not well-understood. In this study, we applied the Protection Motivation 

Theory to identify factors influencing farmer intention to undertake biosecurity management 

strategies. A survey was carried out between 2015 and 2016 across 101 Vietnamese farmers in 

three locations in Australia: the Northern Territory, South Australia, and Western Australia. 

Following data analysis using factor analysis and stepwise regressions, the results showed that 

farmer self-efficacy of on-farm risk management strategies, available incentives, and belief in 

biosecurity threats associated, positively, with the intention to adopt biosecurity risk management 

strategies, while expected response costs demotivated intention. Farmers with more farming 

experience were less likely to adopt biosecurity risk management strategies. To effectively 

facilitate farmer intention to adopt protective biosecurity coping measures, policies need to be 

targeted at the right farmers. Promotion of farmer uptake of biosecurity risk management 

strategies is needed to ensure well nurtured and sustainable plant industry in Australia.  
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1 Introduction 

1.1 Background 

Agriculture is a significant source of income and employment in Australia, contributing AUD ~54.3 

billion to the Australian economy in the 2017-2018 financial year (Department of Agriculture and 

Water Resources, 2018). Thriving production is protected by a comprehensive range of biosecurity 

continuum: pre-border, border, and post-border, with emphasis on early detection and rapid 
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response (Mankad, 2016). A concerted effort has continuously been made to detect and stop 

invasive species from attack and establishment in Australia (Cook, Liu, Murphy, & Lonsdale, 2010).  

However, Australia’s rigorous biosecurity system has been challenged by rapid urbanisation and 

population movement (Mankad, 2016). Invasive species cost Australian AUD ~9.8 billion in the 

2011-2012 financial year (Hoffmann & Broadhurst, 2016). Recent biosecurity outbreaks continued 

to cause considerable damages to vegetable farmers and the economy. Cucumber Green Mottle 

Mosaic Virus, for instance, threatened the cucurbit industry in the Northern Territory and spread 

to several other locations in Australia (Constable, Daly, Terras, Penrose, & Dall, 2018). Australia 

has also been battling the invasion of myrtle rust since 2010, which was generally considered 

impossible to eradicate (Tobias, Guest, Kulheim, Hsieh, & Park, 2016). Biosecurity incursions pose 

a substantial impact not only on the economy, environment, food security, and food safety, but 

also farmer livelihoods and the sustainability of the agricultural system (Pratt, Constantine, & 

Murphy, 2017). 

To reduce the impact of biosecurity incursions on farms, farmers have been implementing a range 

of on-farm biosecurity risk management strategies. These included weed management (Wilson, 

Tucker, Hooker, LeJeune, & Doohan, 2008), prevention of disease transmission between farms via 

indirect contacts (Brennan & Christley, 2012), and diversification of production (Harvey et al., 

2014). 

There is also a growing body of literature on how farmers cope with biosecurity incursions (Pratt 

et al., 2017; Simon-Grife et al., 2013) and the identified factors which play a role in the adoption of 

biosecurity management strategies. A study on farmers’ behaviour towards biosecurity incursions 

on swine farms in Spain, for example, suggested that farmers were inclined to implement the 

strategies which they considered familiar to them (Casal, De Manuel, Mateu, & Martin, 2007). 

Meanwhile, sheep and pig farmers in England tended to increase their uptake of risk management 

strategies if they had adequate information and timely risk communication (Garforth, Bailey, & 

Tranter, 2013). Literature has indicated that there were certain levels of awareness among 

farmers to biosecurity threats (Brennan & Christley, 2012), however, the general implementation 

of on-farm biosecurity was not well exercised (Sayers et al., 2013). Farm size was often positively 

associated with farmers’ level of biosecurity (Simon-Grife et al., 2013). 

In addition, published literature explains the factors influencing farmers’ biosecurity management 

strategies. Inadequate communication among relevant stakeholders, including relationship 

between farmers and government, affected how farmers managed biosecurity threats (Gunn, 

Heffernan, Hall, McLeod, & Hovi, 2008; Sayers, Good, & Sayers, 2014). Several other factors such 
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as knowledge about biosecurity impacts and management options, experience and attitudes 

towards biosecurity also influenced farmer biosecurity behaviour (Toma, Stott, Heffernan, 

Ringrose, & Gunn, 2013). In Australia, the role of trust between the farmers and government was 

recognised as an important factor in disease reporting among sheep and cattle farmers (Palmer, 

Sully, & Fozdar, 2009). These studies investigated the factors relating to farmer adoption of risk 

management strategies in regards to livestock diseases in developed countries. However, little is 

known about the factors affecting smallholder horticultural farmer response intention of 

undertaking on-farm biosecurity risk management strategies in developed countries, such as 

Australia (Hernandez-Jover, Hayes, & Toribio, 2014; Schembri, Hernandez-Jover, Toribio, & 

Holyoake, 2015). 

1.2 Biosecurity threats: The case of the Vietnamese farming community in Australia 

Australia has been long known as the multicultural country, and its economy has been 

substantially driven by the force of migration (The Treasury, 2018). Agriculture is not an exception. 

In addition to local large-scale farmers, smallholders of Asian origin are increasingly contributing to 

Australian agriculture production (O’Brien, 2017). The majority of Vietnamese farming 

communities came to Australia after 1975 – the end of the Vietnam War. The Vietnamese farming 

population dispersed around Australia, gradually forming relatively close-knit communities in 

several regions including the Northern Territory (NT), South Australia (SA), and Western Australia 

(WA), which were the main locations of this study. In these three jurisdictions, farmers established 

their own industry associations (the Vietnamese Horticultural Association in the NT, the 

Vietnamese Farmers Association in SA, the Vietnamese farmer association in WA) to represent 

their communities with the view to sharing technical knowledge, offering support to others in time 

of need, and raising their voices with other stakeholders (industry, government, and local 

authorities). In addition to farmers who came to Australia in the 1980s and 1990s, there were 

farmers in the younger generation who demonstrated strong interests in farming and have been 

gradually handed the farming business by their parents. This new generation has applied state-of-

the-art techniques in farming practices such as hydroponics systems to boost productivity, control 

pests and diseases, and ultimately maintain the long term sustainability of their businesses.  

The production of Vietnamese farms has been challenged by biosecurity incursions. In 2014, the 

Northern Territory felt the impact of Cucumber Green Mottle Mosaic Virus and Banana Freckle 

(The Commonwealth Scientific and Industrial Research Organisation [CSIRO], 2014). Farmers in 

Western Australia had problems with controlling green snails in the strawberry sector, which led 

to considerable difficulty in market access and financial loss to farmers (Medlen, 2016).  
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There have been few studies on biosecurity and the general farmer perceptions of biosecurity, and 

fewer focused on the smallholder farmer perceptions of biosecurity in Australia (Hernandez-Jover 

et al., 2014). It has been acknowledged that there should be more emphasis on the factors 

influencing the drive behind the decision-making processes, rather than sole expert-led 

eradication programs (Mankad, 2016). We aim to investigate and discuss smallholder farmer 

response intention to employ risk management strategies against biosecurity threats and the 

factors influencing this. The findings of this study may offer insight for policymakers into 

smallholder farmers and their biosecurity management to protect farmer livelihoods and the 

sustainability of farming in regional Australia. 

2 Methodology 

2.1 Analytical framework: The Protection Motivation Theory  

Rogers (1975) first proposed the Protection Motivation Theory (PMT) to explore how people are 

motivated to take action to protect their health towards health and disease threats. The theory 

explains how an individual is motivated to undertake protective measures against perceived 

threats. It consists of two parts. Part one (threat appraisal) details how the individual perceives the 

severity of the threats (perceived severity) and the likelihood of the threats that may occur 

(perceived probability). The other part (coping appraisal) consists of response efficacy (an 

individual’s belief in measures to mitigate the threats) and self-efficacy (an individual’s belief in 

their ability to mitigate the threats). About one decade later, Maddux and Rogers (1983) 

integrated additional components, including “perceived response costs”, into the original version 

of the theory. 

The PMT has been considered a robust theoretical framework to understand and predict an 

individual’s behaviour for more than forty years (Westcott, Ronan, Bambrick, & Taylor, 2017). 

Widely used beyond health behaviour, the PMT has been used in other disciplines including 

people’s adaptation to natural risks (Bubeck et al., 2018; Grothmann & Patt, 2005; Keshavarz & 

Karami, 2016). 

The PMT has had limited use so far to study farmers’ intention to adopt biosecurity management 

strategies e.g. in the poultry sector in China (Cui, Liao, Lam, Liu, & Fielding, 2017). As Schembri et 

al. (2015) has pointed out, there is a lack of studies exploring smallholder farmer intention to 

undertake adaptive measures against biosecurity threats in Australia. Thus, the use of PMT in this 

paper offered a new approach into understanding farmer response intention to protect plant 

health and influencing factors. The application of PMT was explained, followed by the 

methodology, results, discussion and concluding remarks.  
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2.2 Sample design 

The target population of the study was Vietnamese horticultural farmers in Australia and the data 

collection period ran from September 2015 to October 2016. Ethics application was granted by the 

Human Ethics Committee of Charles Darwin University in August 2015 (H15059). We initially 

aimed to apply random sampling techniques to select farmers for the study but we faced too 

many barriers such as remoteness of farmers’ location, unavailable database of farming properties 

and possible tension among farmers in the time of biosecurity incursions in the Northern Territory. 

It was difficult to obtain a complete list of farmers in the first place to randomly choose from. 

Moreover, it was challenging to break into farmer inner circle of trust to engage with the farmers 

in three locations since the farmers preferred to be introduced by their trusted or at least their 

known persons. Thus, we employed a non-random sampling technique, the snowball sampling. 

This technique involves a selection of suitable interviewees, with appropriate characteristics, 

which are within a social network of respondents (Thompson & Collins, 2002). Snowball sampling 

has been widely applied in understanding farmer perceptions and behaviours (Alviawati, Rijianta, 

& Giyarsih, 2016; Chowa, Garforth, & Cardey, 2013). In this study, following the active snowball 

subject recruitment process, the main researcher approached the farmers in the Northern 

Territory with the support of the Northern Territory Vietnamese Horticultural Association. Farmers 

in South Australia were introduced based on personal contacts and trust building with farmers 

over time. One organisation other than the Vietnamese Horticultural Association in Western 

Australia supported the researcher to reach the farmers.  

2.3 Data collection process 

This paper used data collected as part of a more extensive survey of farmer biosecurity risk 

perceptions and risk management strategies, under the framework of the Protection Motivation 

Theory.  

Initial in-depth interviews with farmers, agricultural officers, and scientists in the Northern 

Territory were held in September 2015, with the aim to understand the overall impact of 

biosecurity incursions and biosecurity management. The Northern Territory was selected for 

interviews to understand the current situation of Cucumber Green Mottle Mosaic Virus incursion. 

This incursion was believed to pose a considerable impact on Vietnamese farming communities 

socially, economically and psychologically. The interviews lasted for about one hour and its 

findings helped construct the picture of the biosecurity incursion from viewpoints of stakeholders 

(farmers, agricultural officers and scientists) which were assumed to have different views. The 
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insights gained from the in-depth interviews helped to design the subsequent farm-level survey 

and directed the study to focus on on-farm biosecurity.  

The final questionnaire consisted of 23 main sets of questions, categorised into the following three 

sections: (i) questions based on the Protection Motivation Theory assessing farmer perceptions of 

biosecurity threats, biosecurity risk management strategies and other farm management issues 

(incentives, disincentives, trust in public management, social interaction, and resource support); 

(ii) questions on farm characteristics and (iii) farmers’ household characteristics. Part (i) included 

five main questions asking about 12 biosecurity risk management strategies (see Appendix 1 for 

the questionnaire). The questionnaire was adapted from other studies on farmers’ perceptions of 

agricultural biosecurity and climate change (Cui et al., 2017; Dang, Li, Nuberg, & Bruwer, 2014).   

The questions were kept succinct by using simple words to minimise confusion and maximise the 

accuracy and consistency of the data. The majority of questions were close-ended, using a five-

point Likert scale. The last question, regarding farmers’ recommendations and opinion about 

biosecurity management, was open-ended. 

The questionnaire was provided in both English and Vietnamese allowing farmers to choose the 

language in which they preferred to answer. The interviewer, and lead author, who is fluent in 

both languages, translated the questionnaire and conducted all interviews with farmers to ensure 

the validity and reliability of the questionnaire and consistency of the collected data. The 

questionnaire was piloted with six farmers in the Northern Territory and there were some minor 

changes accordingly, but only in terms of their clarity and wording. Eleven farmers answered in 

English and 90 farmers responded in Vietnamese.  

A total of 101 farmers in three regions (40 farmers in the Northern Territory, 30 farmers in South 

Australia and 31 farmers in Western Australia) were interviewed. The interviewed farmers 

accounted for approximately 33.3%, 10% and 14% of Vietnamese farmers in the Northern 

Territory, South Australia and Western Australia respectively. The samples were assumed to be 

representative of the population of Vietnamese farmers in Australia. There were 11 farmers who 

refused to take part in the study (three in the Northern Territory, five in South Australia, and three 

in Western Australia). Missing data were identified and followed up with the interviewees so 

complete answers were obtained. The data were then exported to Microsoft Excel and SPSS for 

further analysis.  

2.4 Statistical analysis and variables 

Computations were processed using SPSS statistical software package, version 25.  
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Firstly, farmer profiles and the relevant factors of Protection Motivation Theory were investigated 

using descriptive statistics (excluding the last question, which required free text answers). To 

assess the reliability and validity of the questions in PMT, the Cronbach’s Alpha Coefficient was 

calculated for each component (Table 1). The reliability scale of the independent variables ranged 

from 0.63 to 0.88 indicating high internal reliability of the variables.  

Table 1. Descriptive statistics of variables (N=101); N: Component Number; Q: Number of questions; CAC: Cronbach’s 

alpha coefficient. 

N Variables  Description Q CAC 

1 Perceived 

probability 

How likely are biosecurity incursions are to affect aspects of farmers’ 

lives? 

5 0.72 

Likert scale range:  1: Highly unlikely – 5: Extremely likely  

2 Perceived severity To what severity to biosecurity incursions affect aspects of farmers’ 

lives? 

5 0.80 

Likert scale range:  1: Not affected – 5: Heavily affected 

3 Perceived response 

efficacy  

Do farmers think risk management strategies are likely to be 

effective?  

12 0.88 

Likert scale range:  1: Not effective – 5: Extremely effective 

4 Perceived  

self- efficacy 

Are farmers effectively equipped to use a strategy?  12 0.85 

Likert scale range:  1: Not effective – 5: Extremely effective 

5 Response costs How do farmers rate the financial, time, and emotional costs incurred 

when one farmer decides to employ a specific strategy? 

12 0.82 

Likert scale range:  1: Not costly – 5: Extremely costly 

6 Belief Do farmers believe in biosecurity threats?  5 0.63 

Likert scale range:  1: Strongly agree – 5: Strongly disagree 

7 Incentives Are farmers affected by the available incentives at their locality?  5 0.76 

Likert scale range:  1: No affect at all – 5: Heavy affect 

8 Disincentive Are farmers affected by any disincentives in their locality? 4 0.76 

Likert scale range:  1: No affect at all – 5: Heavy affect 

9 Habit Do farmers maintain farming habits? 4 0.64 

Likert scale range:  1: Strongly agree – 5: Strongly disagree 

10 Subjective norms Do farmers perceive social pressure to perform biosecurity risk 

management strategies to protect their farm?  

4 0.69 

Likert scale range:  1: Strongly agree – 5: Strongly disagree 

11 Intention Do farmers intend to employ biosecurity risk management strategies 

to protect their farm in the next 2 years?  

12 0.82 

Likert scale range:  1: Not at all – 5: Definitely 
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N Variables  Description Q CAC 

12 Farming experience Number of years farmers practise farming  1  

13 Educational level Number of years of formal education that farmers receive 1 

 

Secondly, a factor analysis was conducted to explore the components of the PMT in predicting 

farmer response intention, using Varimax rotation (Flaten, Koesling, Valle, & Ebbesvik, 2005). This 

method was applied to compress a large number of variables into smaller groups of factors 

(Simon-Grife et al., 2013).  

Thirdly, the conceptual model was tested using stepwise multiple regressions with farmer 

demographic variables and components of the Protection Motivation Theory (Figure 1). The 

independent variables comprised of the PMT components and farmers’ demographic features. 

Threat appraisal and coping appraisal were confirmed as important in farmers’ intention to adopt 

biosecurity strategies (Cui et al., 2017). Other components of the PMT (belief, farmers’ habit, 

subjective norm, incentives, disincentives) were considerable in explaining farmers’ intention 

(Dang et al., 2014). Farmers’ demographic features such as farming experience and education also 

were found to have impact on farmers’ ways to adopt risk management strategies against 

agricultural risks (Cooper & Wheeler, 2016; Saqib, Ahmad, Panezai, & Ali, 2016).  

In this study, the independent variables included: threat appraisal (perceived probability, 

perceived severity), coping appraisal (self-efficacy, response efficacy, response costs), belief in 

biosecurity, farmers’ habit, subjective norm, incentives, disincentives, and farmers’ characteristics 

(education levels, farming experience). Specifically, the independent variables (self efficacy, 

response efficacy and response costs) of twelve management strategies for each participant were 

calculated as the average of their twelve biosecurity management strategies for self efficacy, 

response efficacy and response costs for the same person respectively. The dependent variable 

was the farmer response intention to adopt twelve biosecurity risk management strategies with 

the five point Likert scale ranging from 1 (Not at all) to 5 (definitely). The dependent variable was 

calculated as the average of intention of adopting twelve biosecurity management strategies for 

each participant. Following the stepwise multiple regression model, independent variables were 

put in the models and based on the highest R-square value, best fitted model was selected.  
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Figure 1: Components of the Protection Motivation Theory used in the study (adapted from Le Dang et al., 

2014) 
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3 Results 

3.1 Snapshots of studied areas and participants 

This study focused on the three specified jurisdictions of Australia. The Northern Territory was 

considered an emerging hub of Vietnamese farmers, who migrated from Vietnam, as well as other 

countries (New Zealand, the United States) and Australian states. The weather has two distinctive 

seasons, the Wet and the Dry. Farmers were most active in the Dry season, growing and exporting 

their produce to the southeast region of Australia. The average production area of interviewed 

farmers was ~117 acres.  

The second location was South Australia, where Vietnamese farmers have resided and worked for 

more than thirty years. Their farms were located in the Northern Adelaide Plain, which was about 

30 km north of Adelaide. The majority of Vietnamese farmers grew vegetables under-cover in 

glasshouses and greenhouses. The average production area was ~9.2 acres.  

Western Australia was the third location, with Vietnamese farmers living in three sub-regions: 

metropolitan Perth, Geraldton, and Carnarvon. Plants were grown either under-cover 

(strawberries) or in the open field (Asian vegetables, herbs, chilli, Brussels sprouts, capsicums, 

tomatoes). Most of the vegetables were consumed in Western Australia, except for strawberries. 

The average production area was ~31.2 acres.  

Vietnamese farming communities have emerged as one of the key producers of several produce in 

Australia, such as mangoes, strawberries, Asian leafy vegetables and exotic tropical fruits. The 

Vietnamese farmers in the Northern Territory, South Australia and Western Australia have 

increasingly contributed to national agricultural production volume. The average age of farmers in 

the Northern Territory was 49.7 years, followed by farmers in Western Australia (48 years) and 

farmers in South Australia (44.8 years). The average number of years of formal education of 

farmers in SA was 11.3 years, while farmers in the NT received 10.8 years and farmers in WA had 9 

years. One hundred per cent of farmers in the NT exported their produce interstate, while 94% 

farmers in WA sold their produce intrastate (Table 2).  

Table 2. A snapshot of farmers and studied areas (N=101). 

Study 

regions 

Farmers in 

the study  

Average 

age 

(years) 

Male/Female Estimated 

farmer 

population* 

Produce Targeted markets 

Northern 

Territory 

40 49.7 26/14 120 Mangoes, melons, leafy vegetables, 

tropical fruits (jackfruits, dragon 

Interstate 

(Melbourne, 

Sydney), 
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Note*: This estimation is based on the answers of the farmers and relevant officers in three jurisdictions.  

 

Farmers were asked if they had protocols in place for their farm, including biosecurity measures. 

Seventy-four per cent of farms in Western Australia did not have on-farm biosecurity protocols, 

followed by farms in the NT (68%) and SA (60%). Farmers were not sure if their workers were 

aware of how to deal with biosecurity threats (37%) and 31% did not know if their workers were 

equipped with such knowledge.   

3.2 Farmer response intention to adopt biosecurity measures and the influencing factors 

Farmers were asked whether they intended to use one or more of twelve risk management 

strategies to deal with biosecurity threats (Table 3). Twelve management strategies were adapted 

from Farm Biosecurity Manual which was recommended by Plant Health Australia for on-farm 

biosecurity (Farm Biosecurity, 2010). The mean responses ranged from 1 (not at all) to 5 

(definitely) when farmers were asked if they intended to adopt biosecurity risk management 

strategies in the next two years. The risk management strategies that farmers intended to adopt 

were divided into three ranges: High (means from 4 to 5), Medium (means within 3 and 4), and 

Low (means below 3). The first group (“chemical spray”, “build farm fence”, and “use trusted seed 

sources”) had a high mean (above 4.0) and there was increased likelihood that these strategies 

would be adopted in the near future. The second group (“divide farm into separate growing 

zones”, “destroy or burn off all weeds and old plants”, “diversify plant varieties”, “use separate 

vehicles on- and off–farm”, and “adjust the planting schedule”) were in the medium range. The 

third group of risk management strategies (“use suitable clothing on farm”, “offer footbaths and 

tool cleaning”, “install biosecurity signs”, and “discourage workers to work on other farms”) had a 

mean of less than 3.0, and thus were least likely to be adopted.  

Table 3. Descriptive statistics of risk management strategies. 

Range Biosecurity behaviours  Min Max Mean Std. Dev 

High Chemical spray 1.00 5.00 4.72 0.89 

fruits) international 

(mangoes) 

South 

Australia 

30 44.8 24/6 250-300 Tomatoes, cucumber, capsicum, 

eggplants, vegetables, herbs 

Intrastate and 

interstate 

Western 

Australia 

31 48 24/7 225 Strawberries, banana, melons, leafy 

vegetables, herbs, cucumber, 

tomatoes 

Intrastate, interstate 

and international 

(strawberries) 
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Build farm fence 1.00 5.00 4.38 1.18 

Use trusted seed sources 1.00 5.00 4.32 1.28 

Medium 

Divide farm into separate growing zones 1.00 5.00 3.72 1.64 

Destroy or burn off all weeds and old plants 1.00 5.00 3.55 1.83 

Diversify plant varieties  1.00 5.00 3.54 1.55 

Use separate vehicles on- and off-farm 1.00 5.00 3.33 1.69 

Adjust the planting schedule 1.00 5.00 3.34 1.63 

Low 

Use suitable clothing on farm 1.00 5.00 2.91 1.65 

Offer foot baths and tool cleaning 1.00 5.00 2.78 1.66 

Install biosecurity signs 1.00 5.00 2.67 1.64 

Discourage workers to work on other farms 1.00 5.00 2.66 1.59 

 

 

Twelves independent variables were processed in the factor analysis. The factor analysis of 

management strategies resulted in five components, explaining 69% of the total variance (Table 

4). The factor model had a Kaiser Mayer Olkin measure of 0.629, indicating that the data were 

suitable for factor analysis. The Bartlett’s Test of Sphericity was significant (p < 0.001). In this 

model, factor loadings greater than 0.5 were considered significant. Twelve explanatory variables 

were reduced to five groups. The first component, Coping appraisal, included “response efficacy”, 

“self–efficacy” and “response costs”. The second component, internal-external motivation 

comprised “belief in biosecurity”, “perceived severity”, “incentives”, and “disincentives”. The third 

component, personal attributes, consisted of “farming experience”, “farming habit”, and 

“educational level”. The fourth and fifth components were comprised of, and labelled as, 

subjective norm and perceived probability, respectively. 

Table 4. Factor analysis of independent variables (N=101), Varimax rotation. 

Constructs Coping appraisal Internal-external 

motivation 

Personal 

attributes 

Subjective 

norm 

Probability 

Response efficacy .885     

Self–efficacy .853     

Response costs .750     

Belief in biosecurity  .709    

Perceived severity  .656    

Incentives  .719    

Disincentives  .662    
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Farming experience   .755   

Farming habit   .764   

Educational level   -.527   

Subjective norms    .764  

Perceived probability     .971 

 

Table 5 summarised the results of the stepwise regression on factors of farmers’ response 

intention of undertaking risk management strategies. The findings indicated that self-efficacy had 

a strong effect on farmer response behaviour (𝛽=0.49; p < 0.001), followed by incentives (𝛽=0.36; 

p < 0.001), and farmer belief in biosecurity (𝛽=0.18; p = 0.018). The findings also suggested the 

negative associations between farmer response intention to adopt and farming experience (𝛽=-

0.19; p = 0.013) and response costs (𝛽=-0.17; p = 0.037).  

Table 5. Results of stepwise regression model (N=101). 

Dependent 

variables 

Explanatory 

variables  

Standardised 

coefficients 

t-value Sig. R2 Adj R2 F test/ 

p-value 

Intention  

Self-efficacy 0.49 5.86 <0.001 

0.52 0.49 <0.001 

Incentives 0.36 4.71 <0.001 

Farming experience -0.19 -2.54 0.013 

Belief 0.18 2.40 0.018 

Response costs -0.17 -2.11 0.037 

 

Farmers were asked to give their opinion on those incentives and disincentives in their locality, 

which might affect their intention of adopting on-farm biosecurity management strategies against 

biosecurity threats (Table 6). The majority of farmers did not notice the availability or did not 

highly regard the incentives available in their vicinity. Almost 80 % of farmers in the studies were 

not aware if there were any low interest loan being offered in their areas. Concerning 

disincentives, farmers reported they were affected by the rise of seed and chemical prices, at 30% 

and 34%, respectively. 

Table 6. Incentives and disincentives of localities. 

Items No affect 

(%) 

Minor 

affect (%) 

Neutral 

(%) 

Moderate 

affect (%) 

Major 

affect (%) 

Incentives Offer low-interest loan 79 2 7 3 9 

Provide advice on alternative crops 50 5 18 15 12 

Provide biosecurity incursion warning 41 7 16 19 18 
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Improve quality of Internet service 67 3 10 8 12 

Improve translation service 48 6 18 10 19 

Disincentives Rise of seeds or seedling prices 18 14 23 30 16 

Rise of chemical prices 7 11 16 33 34 

Increase in labour wage 25 13 19 25 19 

Increase in transport costs 25 24 15 19 18 

 

4 Discussion 

4.1 Farmer response intention and the influencing factors 

The results indicated the PMT was useful in understanding response intention to adopt biosecurity 

strategies in the context of smallholder farmers in Australia. It has revealed three main groups of 

risk management strategies which were intended to adopt at different levels by farmers. These 

results could imply that farmers intended to use chemical spray (pesticides) as their main 

management strategy, followed by the construction of a farm fence, to keep feral animals off their 

property, and the use of seeds from trusted sources. The use of chemical spray (pesticides) has 

been indicated to be one of the most common management strategies by which farmers managed 

pests and diseases, and maintained the high quality of produce (Isin & Yildirim, 2007; Khan, 

Mahmood, & Damalas, 2015). The group of risk management strategies that did not receive much 

attention from farmers were mainly related to human activities. They were: using suitable clothing 

on farm, offering foot baths and tool cleaning, installing biosecurity signs and discouraging 

workers to work on other farms at the same time. This may indicate that farmers either found 

those strategies unfamiliar or did not fully understand the usefulness of those strategies. In a 

related study, it was reported on how farmers assessed their biosecurity risk management 

strategies and identified the importance of chemical spray in dealing with biosecurity threats 

across three studied regions (Duong, Brewer, Luck, & Zander, 2019). These results could be useful 

to inform future management strategies and policies in improving communication materials from 

the government. This also has been highlighted as important in raising farmers’ awareness of on-

farm biosecurity, suggested by Sayers et al. (2014).  

Factor analysis results demonstrated five clusters of independent variables: coping appraisal, 

internal–external motivation, personal attributes, subjective norm, and probability. Factor 1, 

coping appraisal, loaded significantly from the exploratory variables, thus agreeing with the 

regression models that coping appraisal was of importance in predicting farmer responding 

intention to adopt biosecurity strategies (Bubeck et al., 2018). The internal and external 

motivation of farmers had high loading, along with farmers’ belief of biosecurity, perceived 
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severity of biosecurity incursions (internal motivation), and incentives and disincentives (external 

motivation). ‘Personal attributes’ (Factor 3) which included ‘farming experience’, ‘farming habit’ 

and ‘educational level’ in which the ‘educational level’, interestingly, had the negative loading. It 

may be because farmers with lower educational levels might strongly rely on their farming habits 

and practical experience rather than adopting new biosecurity practices which they were not 

familiar with. Farmers with higher educational levels appeared to be more willing to adopt on-

farm hygiene practices to support good biosecurity. It should be noted that farmers in the same 

locations may have similar or different intention to adopt biosecurity risk management strategies. 

This may be due to the influence of the several factors such as current regulations and activities in 

the same state with regards to biosecurity management and farmers’ personal experience in 

dealing with biosecurity threats. Further analysis is needed to identify any potential differences in 

intention of tackling biosecurity threats among farmers within same locations.  

In addition, under the PMT, the factors affecting farmers’ intention to adopt biosecurity strategies 

were identified. Results revealed that self-efficacy, response cost, belief in biosecurity, incentives, 

and farming experience influenced farmer response intention of undertaking on-farm biosecurity 

risk management strategies.  

Risk coping appraisal was considered dominant in determining farmer intention of adopting on-

farm biosecurity management strategies (Bubeck et al., 2018). In this study, self-efficacy was 

found to have a positive impact on farmer response intention of adopting biosecurity risk 

management. This finding was in agreement with the PMT, since self-efficacy was highlighted by 

the literature as one of the principal factors in predicting people’s behaviour (Maddux & Rogers, 

1983). Farmer self-efficacy has been demonstrated to shape behaviour, such as to obtain a 

favourable outcome in farm management and to encourage other people (Mankad, 2016). 

Promoting farmer trust in their capacity and ability to implement such strategies was, therefore, of 

important factor in motivating farmer response intention to take protective action (Keshavarz & 

Karami, 2016).  

Response cost was an attribute of the Protection Motivation Theory, which has been shown to 

have a negative relationship with farmer response intention. Results revealed that the perceived 

high costs of the risk management strategies demotivated farmers from undertaking on-farm risk 

management strategies. In other words, farmers were less likely to willingly adopt and implement 

on-farm risk management strategies if their perceived costs of time, effort, and financial resources 

were high and unaffordable. This finding agreed with the literature of the PMT that high response 

costs demotivated individuals to take action in protecting against threats (Bubeck et al., 2018; 

Mankad, 2016). In this study, farmers considered the implementation of strategies with medium 
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and low means to be unfamiliar and time-consuming. Strategies such as “Offer foot baths and 

tools cleaning”, “install biosecurity signs”, and “discourage workers to work on other farms” may 

require farmers to spend time and effort to explain the effectiveness and necessity of those 

strategies to visitors and workers. Farmers’ choice to consider novel biosecurity management 

strategies has, therefore, been limited by the perceived costs of the strategies.  

In addition to self-efficacy and response costs, other attributes of the Protection Motivation 

Theory such as the incentives fostering farmer risk management strategies and farmer belief in 

biosecurity played a critical role in promoting farmer response intention in undertaking measures 

to tackle biosecurity threats. Farmer belief in biosecurity was also found to play a main role in 

influencing their intention to manage biosecurity threats. The results found that a higher level of 

incentives available in a locality led to higher farmer higher intention of carrying out on-farm 

management strategies. The importance of available incentives was also indicated in a study of 

Vietnamese farmers dealing with climate change (Dang et al., 2014). Incentives (low-interest 

loans, information on alternative crops, and timely biosecurity incursion warning) enabled farmers 

to consider diverse and cost-effective risk management strategies. In this study, among 

disincentives presented, farmers found the rise in seeds or seedling prices, chemical prices and 

labour wage major concerns, which were in line with their common biosecurity risk strategies.  

Socio-economic factors have been incorporated into the Protection Motivation Theory, such as 

the age and income of farmers (Keshavarz & Karami, 2016). The results of this study showed that 

farming experience affected farmer intention to adopt biosecurity risk management strategies. 

Interestingly, the more farming experience the farmers had, the less they were inclined to adopt 

biosecurity risk management strategies. This finding agreed with a study conducted by Sayers et 

al. (2013), which stated that younger farmers were more open to adopting biosecurity measures. 

This could be related to their farming habits, as indicated by the responses of interviewees: “my 

current farming practice is what I have employing for a long time”; “I can implement practices 

without consulting any other person”; and “I do not feel comfortable employing different farming 

practices”.  

4.2 Implications for biosecurity risk management  

The Protection Motivation Theory has been acknowledged as a rigorous framework for offering 

insight into farmer response intention to adopt appropriate measures against risks (Dang et al., 

2014; Mankad, 2016; Westcott et al., 2017). In this study, PMT has been effective in exploring 

farmer response intention of undertaking biosecurity risk management strategies against 

biosecurity outbreaks, at the farm level.  



 17 

Biosecurity incursions have had a negative impact on Australian industries, economy, and ecology 

(Hoffmann & Broadhurst, 2016; Tobias et al., 2016). The unpredictability and intensity of 

unexpected biosecurity incursions events would increase farmer vulnerability, decrease their 

income, and restrict market access. It was critical for farmers to adopt biosecurity risk 

management strategies to mitigate and reduce the damage caused by biosecurity outbreaks. As 

the findings in this paper suggested, some farmers showed a low tendency to minimise the impact 

of biosecurity incursions by adopting strategies they did not fully understand. These strategies, 

which were not adequately implemented, included “using suitable clothing on the farm”, “offering 

foot baths and tool cleaning”, “installing biosecurity signs”, and “discouraging workers from 

working on other farms”. This may be due to the lack of knowledge and social cooperation 

amongst farmers when dealing with biosecurity threats, as also indicated by Mankad, Loechel, & 

Measham (2017) for the management of fruit flies in Australia.  

The study suggested extension programs were required to deliver improvement in farmer 

response intention to apply biosecurity management strategies. The rate of farmer response 

intention to adopt risk management strategies increased, as the results revealed, with more 

incentives available in the farmers’ area, including low-interest subsidy loans, alternative crops 

guidance, biosecurity incursion warnings, Internet connections, and translation services. In 

addition, the role of horticultural farmer associations in South Australia and Western Australia in 

supporting farmers to deal with biosecurity threats and incursions could be strengthened. The 

horticultural associations may collaborate with industry extension officers and government 

biosecurity officers to disseminate information on biosecurity to the farmers within their 

communities. Given the low command of English of the majority of farmers, it was recommended 

that training materials, relevant information on biosecurity and alternative crops should be 

accompanied with concise Vietnamese translation version. The translated information was 

preferred to send via mailbox rather than emails to reach the farmers. Education programs, 

workshops, and training sessions in the region also needs conducting to increase farmer self-

efficacy and foster their knowledge and awareness in biosecurity threats since a high proportion 

of farms did not have biosecurity regulations in place. These programs should be designed to 

highlight the importance of farm biosecurity regulations, as farmers were generally encouraged to 

have an essential understanding of on-farm biosecurity regulations (Valeeva, van Asseldonk, & 

Backus, 2011).  

The negative association between biosecurity management costs and an intention to adopt risk 

management strategies required more effort to elaborate and analyse the associated costs to 

farmers so that they would be convinced, as well as confident in their implementation of the risk 
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strategies. As the results also showed that farmers with considerable farming experience 

demonstrated a low tendency to adopt biosecurity risk management strategies, extension 

programs would be needed to investigate the cause of farmers’ reluctance. Concerted effort and 

investment was required to motivate farmers to engage in and adhere to biosecurity risk 

management strategies (Mankad, 2016) especially in the context of Vietnamese smallholder 

farmers in Australia.  
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5 Concluding remarks 

Using Protection Motivation Theory, this study aimed to explore and gain insight into the 

influencing factors of farmer response intention of undertaking management strategies to protect 

their farms against biosecurity threats in Australia.  

Firstly, findings from this study indicated the role of a coping appraisal in the Protection 

Motivation Theory, as self-efficacy and response costs were two key predictors of farmer intention 

of undertaking on-farm biosecurity risk management strategies. Higher farmers’ self-efficacy 

would lead to a higher level of adoption of risk management strategies at the farm level, while 

higher response costs would demotivate farmers from doing so. Secondly, the relevant factors of 

PMT were found to play a main role in the farmer response intention to take actions to protect 

their farms against biosecurity threats. Factors such as incentives and farmers’ belief in biosecurity 

have motivated farmer intention to implement on-farm biosecurity strategies to reduce 

biosecurity threats. However, the more farming experience the farmer had, the less they tended 

to adopt such risk management strategies.  

Key policy implications for policymakers, decision makers, researchers, extension officers, and 

other relevant stakeholders in risk communications and management can be derived from this 

study. Australian agricultural policies have not fully and adequately stimulated smallholder 

farmers to protect their farms against increasing biosecurity outbreaks. In light of the results, we 

recommended that policies should emphasise self-efficacy (detailed instructions how to employ 

the strategies) and response costs (convincing explanations of the costs associated with the 

implementation of on-farm risk management strategies). In addition, programs needed to tap into 

farmer belief of biosecurity incursions, which exerted a devastating impact on farmer life; to 

provide support for farmers from both the industry and government levels; and to target 

experienced farmers to explain them the necessity of the on-farm biosecurity risk management 

strategies. Once farmers were motivated to implement comprehensive biosecurity risk 

management strategies, they would be well-prepared for future biosecurity incursions.  

Similar to other studies, this research had some limitations. Firstly, under ideal circumstances, it 

would have been better to collect and analyse a larger sample size. The model could be extended 

to include more socioeconomic attributes to make the regression model more comprehensive so 

that those factors could be revealed to have an impact on farmer intention to employ biosecurity 

risk management strategies at the farm level. Secondly, this study could only analyse and discuss 

self-reported intention of farmers, and exclusively focused on farmer response intention to 

undertake on-farm biosecurity management strategies, not other management strategies such as 
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financial and human resource strategies. Thirdly, the applied snowball sampling technique could 

have led to self-selection bias, as the sampled farmers may not be representatives of all 

Vietnamese farmers in Australia. The enumerator was particularly careful in addressing one of the 

ethical concerns and protecting the identity of the farmers. All the farmers who suggested other 

farmers to be interviewed agreed that their identity could be revealed to the next respondents so 

that the next respondents were aware of the research and could agree to participate. Apart from 

that, all other collected data were kept confidential.   

As an application of the Protection Motivation Theory, this study contributed to the literature on 

farmer response intention in the context of smallholder minority farming communities in 

developed countries. Future research possibilities include a comparison of farmer response 

intention on a large production scale to those on a small production scale, such that policies can 

be better targeted at farmers of different backgrounds. Further follow-up studies are encouraged 

to compare farmer response intention as their behaviours change.  



 21 

Conflict of interests 

There were no conflicts of interest in this study. 



 22 

References 

Alviawati, E., Rijianta, R., & Giyarsih, S. R. (2016). Household livelihood strategies of dairy cattle 

farmers in Kepuharjo village, Indonesia, pre and post 2010 Merapi Volcano eruption. 

Romanian Review of Regional Studies, 1, 91-98. 

Brennan, M. L., & Christley, R. M. (2012). Biosecurity on cattle farms: A study in north-west 

England. PLoS ONE, 7(1). doi: 10.1371/journal.pone.0028139. 

Bubeck, P., Wouter Botzen, W. J.,  Laudan, J.,  Aerts, J. C. J. H.,  & Thieken, A. H. (2018). Insights 

into flood‐coping appraisals of Protection Motivation Theory: Empirical evidence from 

Germany and France. Risk Analysis, 38(6), 1239-1257. 

https://doi.org/10.1111/risa.12938  

Casal, J., De Manuel, A., Mateu, E., & Martin, M. (2007). Biosecurity measures on swine farms 

in Spain: perceptions by farmers and their relationship to current on-farm measures. 

Preventive Veterinary Medicine, 82, 138-150. 

https://doi.org/10.1016/j.prevetmed.2007.05.012  

Chowa, C., Garforth, C., & Cardey, S. (2013). Farmer experience of pluralistic agricultural 

extension, Malawi. The Journal of Agricultural Education and Extension, 19(2), 147-166. 

https://doi.org/10.1080/1389224X.2012.735620  

Constable, F., Daly, A., Terras, M.A., Penrose, L., & Dall, D. (2018). Detection in Australia of 

Cucumber green mottle mosaic virus in seed lots of cucurbit crops. Australasian Plant 

Disease Notes, 13. https://doi.org/10.1007/s13314-018-0302-9  

Cook, D. C., Liu, S., Murphy, B., & Lonsdale, W. M. (2010). Adaptive approaches to biosecurity 

governance. Risk Analysis, 30(9), 1303-1314. https://doi.org/10.1111/j.1539-

6924.2010.01439.x  

Cooper, S. J., & Wheeler, T. (2016). Rural household vulnerability to climate risk in Uganda. 

Regional Environmental Change, 17(3), 649-663. doi: 10.1007/s10113-016-1049-5. 

Cui, B., Liao, Q., Lam, W. W. T., Liu, Z. P., & Fielding, R. (2017). Avian influenza A/H7N9 risk 

perception, information trust and adoption of protective behaviours among poultry 

farmers in Jiangsu Province, China. BMC Public Health, 17(463). doi: 10.1186/s12889-

017-4364-y 

Dang, H. L., Li, E., Nuberg, I., & Bruwer, J. (2014). Understanding farmers’ adaptation intention 

to climate change: A structural equation modelling study in the Mekong Delta, Vietnam. 

Environmental Science and Policy, 41, 11-22. 

https://doi.org/10.1016/j.envsci.2014.04.002  

Department of Agriculture and Water Resources. (2018). Annual Report 2017-2018. Retrieved 

from 

http://www.agriculture.gov.au/SiteCollectionDocuments/about/annualreport/2017-

18/AR-full-LR.pdf  

Duong, T. T., Brewer, D. T., Luck, J., & Zander, K. K. (2019). Exploring farmers’ assessment of 

plant biosecurity risk management strategies and influencing factors: a study of 

smallholder farmers in Australia. Outlook on Agriculture, 48(1), 

https://doi.org/10.1177/0030727019829754. 

https://doi.org/10.1111/risa.12938
https://doi.org/10.1016/j.prevetmed.2007.05.012
https://doi.org/10.1080/1389224X.2012.735620
https://doi.org/10.1007/s13314-018-0302-9
https://doi.org/10.1111/j.1539-6924.2010.01439.x
https://doi.org/10.1111/j.1539-6924.2010.01439.x
https://doi.org/10.1016/j.envsci.2014.04.002
http://www.agriculture.gov.au/SiteCollectionDocuments/about/annualreport/2017-18/AR-full-LR.pdf
http://www.agriculture.gov.au/SiteCollectionDocuments/about/annualreport/2017-18/AR-full-LR.pdf


 23 

Farm Biosecurity. (2010). Farm biosecurity manual for the northern Adelaide Plains vegetable 

growers. Retrieved from http://farmbiosecurity.com.au/wp-

content/uploads/2012/11/Farm-Biosecurity-Manual-for-the-Northern-Adelaide-Plains-

Vegetable-Growers.pdf  

Flaten, O., Lien, G., Koesling, M., Valle, P. S., & Ebbesvik, M. (2005). Comparing risk perceptions 

and risk management in organic and conventional dairy farming: empirical results from 

Norway. Livestock Production Science, 95, 11-25. 

https://doi.org/10.1016/j.livprodsci.2004.10.014  

Garforth, C. J., Bailey, A. P., & Tranter, R. B. (2013). Farmers’ attitudes to disease risk 

management in England: A comparative analysis of sheep and pig farmers. Preventive 

Veterinary Medicine, 110, 456-466. https://doi.org/10.1016/j.prevetmed.2013.02.018  

Grothmann, T., & Patt, A. (2005). Adaptive capacity and human cognition: the process of 

individual adaptation to climate change. Global Environmental Change, 15, 199-213. 

https://doi.org/10.1016/j.gloenvcha.2005.01.002  

Gunn, G.J., Heffernan, C., Hall, M., McLeod, A., & Hovi, M. (2008). Measuring and comparing 

constraints to improved biosecurity amongst GB farmers, veterinarians and the auxiliary 

industries. Preventive Veterinary Medicine, 84, 310-323. 

https://doi.org/10.1016/j.prevetmed.2007.12.003  

Harvey, C. A., Rakotobe, Z. L., Rao, N. S., Dave, R., Razafimahatratra, H., Rabarijohn, R.H., 

Rajaofara, H., & MacKinnon, J. L. (2014). Extreme vulnerability of smallholder farmers to 

agricultural risks and climate change in Madagascar. Philosophical Transactions of the 

Royal Society B: Biological Sciences, 369(1639). https://doi.org/10.1098/rstb.2013.0089  

Hernandez-Jover, M., Hayes, L., & Toribio, JA. L. M. L. (2014). Smallholder production in 

Australia. Final Report. Charles Sturt University and The University of Sydney. New South 

Wales, Australia. Retrieved from 

http://www.agriculture.gov.au/SiteCollectionDocuments/animal-plant/pests-

diseases/biosecurity/animal/smallholder-report.pdf  

Hoffmann, B. D., & Broadhurst, L. M. (2016). The economic cost of managing invasive species in 

Australia. NeoBiota, 31, 1-18. https://doi.org/10.3897/neobiota.31.6960  

Isin, S., & Yildirim, I. (2007). Fruit-growers’ perceptions on the harmful effects of pesticides and 

their reflection on practices: The case of Kemalpasa, Turkey. Crop Protection, 26(7), 917-

922. https://doi.org/10.1016/j.cropro.2006.08.006  

Keshavarz, M., & Karami, E. (2016). Farmers' pro-environmental behavior under drought: 

Application of protection motivation theory. Journal of Arid Environments, 127, 128-136. 

https://doi.org/10.1016/j.jaridenv.2015.11.010  

Khan, M., Mahmood, H. Z., & Damalas, C. A. (2015). Pesticide use and risk perceptions among 

farmers in the cotton belt of Punjab, Pakistan. Crop Protection, 67, 184-190. 

https://doi.org/10.1016/j.cropro.2014.10.013  

Maddux, J.E., & Rogers, R. W. (1983). Protection motivation and self-efficacy: A revised theory 

of fear appeals and attitude change. Journal of Experimental Social Psychology, 19, 469-

479. https://doi.org/10.1016/0022-1031(83)90023-9  

http://farmbiosecurity.com.au/wp-content/uploads/2012/11/Farm-Biosecurity-Manual-for-the-Northern-Adelaide-Plains-Vegetable-Growers.pdf
http://farmbiosecurity.com.au/wp-content/uploads/2012/11/Farm-Biosecurity-Manual-for-the-Northern-Adelaide-Plains-Vegetable-Growers.pdf
http://farmbiosecurity.com.au/wp-content/uploads/2012/11/Farm-Biosecurity-Manual-for-the-Northern-Adelaide-Plains-Vegetable-Growers.pdf
https://doi.org/10.1016/j.livprodsci.2004.10.014
https://doi.org/10.1016/j.prevetmed.2013.02.018
https://doi.org/10.1016/j.gloenvcha.2005.01.002
https://doi.org/10.1016/j.prevetmed.2007.12.003
https://doi.org/10.1098/rstb.2013.0089
http://www.agriculture.gov.au/SiteCollectionDocuments/animal-plant/pests-diseases/biosecurity/animal/smallholder-report.pdf
http://www.agriculture.gov.au/SiteCollectionDocuments/animal-plant/pests-diseases/biosecurity/animal/smallholder-report.pdf
https://doi.org/10.3897/neobiota.31.6960
https://doi.org/10.1016/j.cropro.2006.08.006
https://doi.org/10.1016/j.jaridenv.2015.11.010
https://doi.org/10.1016/j.cropro.2014.10.013
https://doi.org/10.1016/0022-1031(83)90023-9


 24 

Mankad, A. (2016). Psychological influences on biosecurity control and farmer decision-making. 

A review. Agronomy for Sustainable Development. 36(2). 

https://doi.org/10.1007/s13593-016-0375-9  

Mankad, A., Loechel, B., & Measham, P.F. (2017). Psychosocial barriers and facilitators for area-

wide management of fruit fly in southeastern Australia. Agronomy for Sustainable 

Development, 37(6). https://doi.org/10.1007/s13593-017-0477-z  

Medlen, P. (2016, August 18). Tasmania bans WA strawberries over green snails found in 

punnets. Retrieved from https://www.abc.net.au/news/2016-08-05/tasmania-bans-wa-

strawberries-over-green-snail/7693240  

O’Brien, K. (2017, November 11). Vietnamese farmers flourish in the Northern Territory to 

become Top End's top growers. Retrieved from http://www.abc.net.au/news/2017-11-

11/vietnamese-farmers-flourish-in-the-top-end/9134620  

Palmer, S., Sully, M., & Fozdar, F. (2009). Farmers, animal disease reporting and the effect of 

trust: a study of West Australian sheep and cattle farmers. Rural Society, 19(1), 32-48. 

https://doi.org/10.5172/rsj.351.19.1.32  

Pratt, C.F., Constantine, K.L., & Murphy, S.T. (2017). Economic impacts of invasive alien species 

on African smallholder livelihoods. Global Food Security, 14, 31-37. 

https://doi.org/10.1016/j.gfs.2017.01.011  

Rogers, R. W. (1975). A protection motivation theory of Fear Appeals and Attitude Change. The 

Journal of Psychology Interdisciplinary and Applied, 91(1), 93-114. 

https://doi.org/10.1080/00223980.1975.9915803  

Saqib, S. e., Ahmad, M. M., Panezai, S., & Ali, U. (2016). Factors influencing farmers' adoption of 

agricultural credit as a risk management strategy: The case of Pakistan. International 

Journal of Disaster Risk Reduction, 17, 67-76. doi: 10.1016/j.ijdrr.2016.03.008 

Sayers, R. G., Sayers, G. P., Mee, J. F., Good, M., Bermingham, M. L., Grant, J., & Dillon, P. G. 

(2013). Implementing biosecurity measures on dairy farms in Ireland. The Veterinary 

Journal, 197, 259-267. doi: 10.1016/j.tvjl.2012.11.017 

Sayers, R. G., Good, M., & Sayers, G. P. (2014). A survey of biosecurity-related practices, 

opinions and communications across dairy farm veterinarians and advisors. The 

Veterinary Journal, 200, 261-269. doi: 10.1016/j.tvjl.2014.02.010 

Schembri, N., Hernandez-Jover, M., Toribio, J-A. L. M. L., & Holyoake, P. K. (2015). On-farm 

characteristics and biosecurity protocols for small-scale swine producers in eastern 

Australia. Preventive Veterinary Medicine, 118, 104-116. doi: 

10.1016/j.prevetmed.2014.11.008 

Simon-Grife, M., Martín-Valls, G. E., Vilar-Ares, M. J., García-Bocanegra, I., Martin, M., Mateu, 

E., & Casal, J. (2013). Biosecurity practices in Spanish pig herds: Perceptions of farmers 

and veterinarians of the most important biosecurity measures. Preventive Veterinary 

Medicine, 110(2), 223-231. https://doi.org/10.1016/j.prevetmed.2012.11.028  

The Commonwealth Scientific and Industrial Research Organisation (CSIRO) (2014, November 

28). Go with the grain: technology to help farmers protect crop. Retrieved from 

https://blog.csiro.au/go-with-the-grain-technology-to-help-farmers-protect-crops/  

https://doi.org/10.1007/s13593-016-0375-9
https://doi.org/10.1007/s13593-017-0477-z
https://www.abc.net.au/news/2016-08-05/tasmania-bans-wa-strawberries-over-green-snail/7693240
https://www.abc.net.au/news/2016-08-05/tasmania-bans-wa-strawberries-over-green-snail/7693240
http://www.abc.net.au/news/2017-11-11/vietnamese-farmers-flourish-in-the-top-end/9134620
http://www.abc.net.au/news/2017-11-11/vietnamese-farmers-flourish-in-the-top-end/9134620
https://doi.org/10.5172/rsj.351.19.1.32
https://doi.org/10.1016/j.gfs.2017.01.011
https://doi.org/10.1080/00223980.1975.9915803
https://doi.org/10.1016/j.prevetmed.2012.11.028
https://blog.csiro.au/go-with-the-grain-technology-to-help-farmers-protect-crops/


 25 

The Treasury (2018). Shaping a Nation. Population growth and immigration over time. 

Department of Home Affairs, Commonwealth of Australia, Canberra. Retrieved from 

https://cdn.tspace.gov.au/uploads/sites/107/2018/04/Shaping-a-Nation-1.pdf  

Thompson, S., Collins, L. (2002). Adaptive sampling in research on risk-related behaviors. Drug 

and Alcohol Dependence, 68, s57-67. 

Tobias, PA., Guest, D.I., Külheim, C., Hsieh, JF., & Park, R.F. (2016). A curious case of resistance 

to a new encounter pathogen: myrtle rust in Australia. Molecular Plant Pathology, 17(5), 

783-788. https://doi.org/10.1111/mpp.12331  

Toma, L., Stott, A. W., Heffernan, C., Ringrose, S., & Gunn, G. J. (2013). Determinants of 

biosecurity behaviour of British cattle and sheep farmers-A behavioural economics 

analysis. Preventive Veterinary Medicine, 108(4), 321-333. 

doi:10.1016/j.prevetmed.2012.11.009 

Valeeva, N. I., van Asseldonk, M. A. P. M., & Backus, G. B. C. (2011). Perceived risk and strategy 

efficacy as motivators of risk management strategy adoption to prevent animal diseases 

in pig farming. Preventive Veterinary Medicine, 102(4), 284-295. 

https://doi.org/10.1016/j.prevetmed.2011.08.005  

Westcott, R., Ronan, K., Bambrick, H., & Taylor, M. (2017). Expanding protection motivation 

theory: investigating an application to animal owners and emergency responders in 

bushfire emergencies. BMC Psychology, 5(13). https://doi.org/10.1186/s40359-017-

0182-3  

Wilson, R. S., Tucker, M. A., Hooker, N. H., LeJeune, J. T., & Doohan, D. (2008). Perceptions and 

beliefs about weed management: Perspectives of Ohio grain and produce farmers. Weed 

Technology, 22(2), 339-350. doi: 10.1614/wt-07-143.1  

https://cdn.tspace.gov.au/uploads/sites/107/2018/04/Shaping-a-Nation-1.pdf
https://doi.org/10.1111/mpp.12331
https://doi.org/10.1016/j.prevetmed.2011.08.005
https://doi.org/10.1186/s40359-017-0182-3
https://doi.org/10.1186/s40359-017-0182-3

