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FARMERS' KNOWLEDGE, ATTITUDES, AND PRACTICES ON SAFFLOWER PRODUCTION: A CASE OF MUKULU WARD, IN IRAMBA DISTRICT, TANZANIA



.

[bookmark: _heading=h.k8jc4kx8pvzg]ABSTRACT

	Aims: Guided by the Knowledge-Attitude-Practice (KAP) framework, this study assessed farmers’ knowledge of safflower production, examined their attitudes toward cultivation, and identified key challenges in Mukulu Ward, Iramba District, Tanzania.

Place and Duration of Study: Iramba District, conducted between June 2024 and October  2024.
Study design and methodology: A mixed-methods design was used, involving a census of 105 safflower farmers. Quantitative data from structured questionnaires were analysed using descriptive statistics in SPSS and MS Excel, complemented by thematic analysis of qualitative data from three Focus Group Discussions and three Key Informant Interviews.
Results: Results showed that all farmers (100%) exhibited low knowledge of safflower practices, 57% held negative attitudes, and 85% showed low adoption of recommended practices, primarily due to limited extension services and market access, despite safflower’s economic and climatic potential.
Conclusion: The study concludes that low knowledge and negative attitudes significantly constrain safflower adoption in Mukulu Ward. Addressing gaps in extension support, input supply, and market access is essential for promoting safflower as a viable climate-resilient crop. The findings reaffirm the relevance of the KAP framework in explaining smallholder technology adoption.
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1. INTRODUCTION
Safflower (Carthamus tinctorius L.) is a multipurpose oilseed crop recognised for its potential to enhance food and income security and climate resilience among smallholder farmers (Solonkin et al., 2024). It is traditionally cultivated for its oil-rich seeds, pharmaceuticals, industrial dye, and biofuels. Of late, it has gained global attention due to its drought tolerance, adaptability to marginal soils, and nutritional and industrial value (Özçinar, 2021). Packer et al. (2024) argue that the crop supports crop diversification, reduces dependency on dominant oilseed crops, and provides a viable income source, particularly in semi-arid regions. Its adaptability advantage under severe abiotic stress makes it a promising alternative in areas affected by climate change and soil degradation (Emongor & Emongor, 2023). The crop is planted at the end of the rainy season, hence minimal labour competition with other crops and morphologically it has spiny buds that protect seeds from bird attacks, which make it a low-input, climate-resilient crop (Östberg, 2013; Mosupiemang et al., 2022; Enyiukwu et al., 2020).

Despite these benefits, global safflower production declined from 99,500 tons in 2020 to 87,000 tons in in the year 2023, with projections indicating a further drop by 2026 (Akgün & Söylemez, 2022). Studies attribute this decline to barriers such as limited access to certified seeds, insufficient agronomic knowledge, lack of extension services, and poor market infrastructure (Akgün, 2022; Abate, 2024).

While large-scale safflower production is limited in East Africa, several initiatives are exploring its potential (Emongor& Emongor 2023) For example, the safflower Africa project aimed to establish 10,000 ha across 50 countries. In Kenya, the project introduced safflower farming to 2500 farmers in 2000, and over 160 female farmers have been trained in Botswana. Safflower in Tanzania has been cultivated in village pockets and is suited to semi-arid zones, specifically Dodoma, Singida and Manyara (Östberg,2013).  In  2016, the Dutch company Quality Food safflower introduced safflower production in  Mukulu Ward, Iramba District, under a contract farming arrangement.  To date, about 5.2% of farmers in the Mukulu Ward are engaged (Ward Development Report, 2016). 

Despite the potential of the crop, it has not received due attention at the policy and practice level. For example, Tanzania’s Agricultural Sector Development Programme (ASDP II) omits safflower from its key oilseed crops, limiting research, development, and policy support for extension services. This makes the crop a minor crop compared with sunflowers and groundnuts. Thus, formal extension materials and variety release programs have focused less on the crop, leading to limited farmers' access to crop-specific agronomy and seed. On the other hand, farmers' attitudes on underutilised crops are shaped by crop adaptability, input needs and market access (Akgün,2022).

 For minor crop public extension coverage is limited, hence on-farm technical skills tend to be weak, leading to skill gaps (Msuya et al.,2017).  On the other hand, available opportunities like climate fit and a niche for the cosmetics market, as well as animal feeds, safflower production, present a huge potential ( Kereilwe et al.,2020). However, while empirical findings point to general barriers to safflower adoption, such as seed access and extension service gaps (Emongor et al.,2017). There is a lack of empirical evidence on the state of farmers’ knowledge, attitudes, and practices on safflower production. This study assessed farmers’ knowledge, attitudes, and practices related to safflower production in Mukulu Ward, Iramba District, Tanzania. The aim is thus to generate evidence-based insights and develop an understanding of farmer needs to inform targeted extension and support programs to enhance safflower production.

1.1 Theoretical and Conceptual Frameworks. 
The study was guided by the Knowledge-Attitude-Practice (KAP) framework, which originated in public health and behavior change research in the 1950s and has been widely adapted in agricultural studies such as Kaliyaperumal, 2004. and  Schwartz, 1976. which postulates that knowledge forms the cognitive basis of attitudes and behaviour (practices). As a tool, KAP investigates what is known, believed, and done by participants in a specific topic, in this case, on safflower production. Knowledge refers to a participant’s understanding of any given topic, the ability to receive, retain, and use information (a mix of experience and skills). Attitude refers to participants’ feelings about the topic and is the tendency to react in a definite way to a certain situation. Practice refers to the way that participants demonstrate their knowledge and attitude. That is the application of rules and knowledge. Moreover, according to Schwartz (1976), practice is defined as routine behaviour shaped by societal norms and ideas.

[bookmark: _heading=h.2d9p60l4wtw][bookmark: _Toc175307384]Ideally, the three relate; agricultural knowledge gained through reliable sources plays a crucial role in shaping attitudes. Attitude influences the implementation of farming practices, which in turn shape knowledge. Additionally, factors such as individual experiences, socioeconomic status, availability of support services, including policies, regulations, environmental conditions, market factors, and societal norms, all impact the actual practices of farmers. The KAP framework is widely used in agricultural research to explore behavioural factors that influence the uptake of modern technologies and innovations (Makangila & Ahmad, 2023). This framework provides a comprehensive framework for understanding the interplay between knowledge, attitudes, and practices in the context of safflower production in the study area. 

[bookmark: _heading=h.cknjh5gyqly2]The conceptual framework of this study assumed that when one has the right knowledge, this may influence his or her attitude and finally behave favourably. That is, utilising the possessed knowledge for the execution of positive results and vice versa. However, external factors, including social and cultural standards, infrastructure, market conditions, political stability, land size, and product price, significantly influence farmers’ orientation to the phenomenon in this case, safflower. This, consequently, may deter the ability to apply knowledge and adopt good practices to produce safflower. Access to quality extension services and affordable inputs is critical for enabling farmers to translate knowledge into effective practices, leading to improved yields and production.
2 METHODOLOGY
The study was conducted area shown in Iramba District (Figure 1), which has four divisions, 20 wards, and 70 villages (NBS, 2024). It is located between latitudes 4° to 4.3° S and longitudes 34° to 35° E, with a total area of 4,520 km², including 2,025.13 km² of arable land, and has a population of 328,912 people (163,440 males and 165,472 females). Crop farming, livestock keeping, mining, and small- to medium-scale businesses are the main livelihood activities (NBS, 2024). The district experiences unimodal moderate rainfall from November to May, with an average of 500 mm to 850 mm per year. The district is situated in the semi-arid central zone of Tanzania with sandy to loamy soils. 

Major crops grown include sunflower, maize, groundnuts, sorghum, sweet potatoes, cotton, lentils, safflower and pumpkins. The Mukulu Ward was purposively selected due to the high population of safflower farmers in the district, and historical reasons that the Dutch company introduced in the ward. Making it an ideal location for accessing reliable data compared to other wards (Mukulu Ward report, 2022). 














[image: ]Figure 1: Map showing the study area.

2.1 Research Design and Target Population
This study adopted a cross-sectional research design, which allowed for data collection at a single point in time. This design was appropriate because it is time-efficient, cost-effective, and well-suited for capturing an overview of the current status of key variables (Setia, 2016). It enabled the researcher to assess farmers’ knowledge levels, attitudes, and practices related to safflower production. Additionally, a mixed-methods design was employed, integrating quantitative and qualitative data collection methods to provide a comprehensive understanding of farmers’ knowledge, attitudes, and practices. 
A census approach was used, targeting all 105 safflower farmers currently engaged in safflower farming across three villages: 51 from Motomoto, 33 from Mukulu, and 21 from Simbalungwala. This methodological choice aligns with Kothari (2008), who notes that studying all members of a small population yields more valid and reliable findings than sampling. This ensures thorough capture of facts, experiences, and insights, thus enhancing the robustness and credibility of the study’s outcomes.

2.2 Data collection methods 
A structured questionnaire consisting of closed-ended and open-ended questions was used to tap respondents’ knowledge, attitudes, and practices of safflower production. Farmers’ knowledge and practices were measured using binary scoring, while attitudes were assessed using a three-point Likert scale, as adapted from Islam & Islam (2020). The qualitative data were collected using) Key Informant Interviews (KIIs), where three (3) interviews were conducted with agricultural officers and village chairpersons, using an interview guide, and three Focus Group Discussions (FGDs) with 8-10 participants were conducted using a checklist with farmers. These methods offered a deeper understanding and context that quantitative tools alone could not reveal. 

Data collection instruments were pilot tested in motomoto village with 20 farmers, where, after analysis of the results, some modifications were made to increase clarity and validity. For example, some questions or statements which was identified as unclear to respondents during pilot-testing were rephrased or modified. 

2.3 Data Processing and Analysis
Quantitative data collected were cleaned, coded, and processed using the Statistical Package for Social Sciences (SPSS) version 27and an MS-Excel sheet. Descriptive statistics technique was used to analyse the data (Ali and Bhaskar, 2016). The analysis yielded frequencies and percentages that were used to report the findings. Analysis of qualitative data was done using content analysis techniques ( Mayring,2014). The first step in the theme development process involved transcription, translation of the content from Swahili to English, followed by familiarisation and coding, listing, and categorising. Afterwards, in relation to the study objective, the developed categories were grouped into various themes, which were validated following an expert review method. After the to-and-fro discussion and sharing of drafts, final themes were developed and used to report findings of the study.

3 RESULT AND DISCUSSION
3.1 Demographic characteristics of respondents
[bookmark: _heading=h.hd1xxmg38w4i]The results (Table 1) reveal that 65.7% of the respondents were male, while 34.3% were female. Age of respondents, 13.3% were between 18-28,22.9% were 29-39,20% were 40-50, and 43.8% were above 51years of age. Means that most respondents were not in their productive age. Thus, old farmers dominated the labour force for safflower production.(Mweta et al., 2025) in Karonga Malawi reported that the age above 51 is not the most productive in agriculture due to low energy. For education level, 58.1% had no formal education,36.2% had attained primary education,3.8% had attained secondary education, and 1.9% had college education. This implies that respondents depended very much on the extension service to develop knowledge to engage in safflower production. According to (Mweta et al.,2025), the level of education and the presence of extension officers contribute much to farmers’ level of knowledge.

[bookmark: _heading=h.7lkpk0rpp2ey]Table 1: Demographic characteristics of respondents(N=105)
	Variable 
	n
	f

	[bookmark: _heading=h.7xunljwbkuiv]Sex of household head
	
	

	Male 
	69
	65.7

	Female 
	36
	34.3

	Age of respondents
	
	

	18-28
	14
	13.3

	29-39 
	24
	22.9

	40-50 
	21
	20

	Above 51
	46
	43.8

	Education Level
	
	

	No formal education
	61
	58.1

	Primary education
	38
	36.2

	Secondary education
	4
	3.8

	College education
	2
	1.9

	Marital status
	
	

	Married
	85
	81

	Single
	6
	5.7

	Divorced
	3
	2.9

	Separated
	5
	4.8

	Widow
	6
	5.7

	Household size
	
	

	1-3
	10
	9.5

	4-6
	65
	61.9

	7-9 
	29
	27.6

	10+
	1
	1

	Primary source of income
	
	

	Employment
	2
	  1.9

	 Crop production 
	80
	76.2

	Livestock keeping
	15
	14.3

	Business
	8
	7.6

	Land size
	
	

	Less than 1 acre
	40
	38.1

	1-5 acres
	65
	61.9



On the marital status, the majority (81.0%) of respondents were married, 5.7% were single, about 2.9% were divorced, 4.8% were separated, and 5.7% were widowed. This shows that the farmers rely on the families for labour in the production of safflower. A study by Mweta et al. (2025) in Karonga District among the 477 revealed that family members constituted a social support system and were dependent on one another. On the household size, 9.5% of the households had 1-3 members, 61.9% of households had 4-6 members, 27.6% had 7-9 members, and only 1.0% had more than 10 members. On primary sources of income, 1.9% were employed, 76.2% respondents depended on farming,14.3% were livestock keepers, and 7.6% of respondents were in business. On the land size,38.1% had less than an acre, and 61.9% of respondents had 1-5 acres for safflower production.

Reflecting on the findings above, the study shows a community of male-headed households, mostly lacking formal education, with average household sizes, and relying on farming as their major livelihood. This highlights the need for a practical, visual-based agricultural extension method to disseminate knowledge. Msuya et al. (2017) and Makangila & Ahmad (2023) call for the use of suitable and relevant extension teaching methods that reach everyone in rural areas.

3.2 Farmers’ Current Knowledge of Safflower Production
To measure farmers’ knowledge of safflower production, twelve knowledge statements/items were constructed by the researcher to address context-specific practices in the study area. The items were refined and validated through expert review by two supervisors at the Department of Agricultural Extension and Community Development of Sokoine University of Agriculture to ensure reliability and relevance to safflower cultivation in Tanzania’s semi-arid regions. Each item was scored as one (1) for a correct answer and zero (0) for an incorrect answer. The maximum possible score was 12 marks. The total score of a farmer was divided by the expected score and multiplied by 100 to produce a percentage score ranging from 0% (no knowledge) to 100% (highest knowledge). Then the scores were categorised as low (0–5 marks, ≤50%), medium (6–8 marks, 51–67%), or high (>8 marks, 68–100%). Islam &Islam 2020)   argue that such categorisation helps in the interpretation of the findings.
The findings (Table 2) revealed critical knowledge gaps in all key areas of safflower agronomic practices, including disease and pest control, land preparation, seed selection, harvesting time, fertiliser application, and soil testing.  About 85.7% of respondents did not know the appropriate time for land selection and preparation. Close to 90% of respondents did not know that quality seeds should be uniform, clean, and treated and the best time of planting safflower. The respondents did not know the right time to apply fertilisers, the importance of testing, recommended spacing, common pesticides (Dudu-all and Ninja Farm Guard) used for managing safflower pests and diseases and weeds in safflower production.
Furthermore, about 65.7% of respondents did not know that weeding prevents nutrient competition, 93.3% did not know herbicide-based weed control methods, and over 81.0% did not know the best time to harvest safflower (September to October). All these gaps indicate a poor understanding of basic field management practices. 
Table 2: Distribution of Farmers' Knowledge Levels on Safflower Production(N=105)
	Variables
	     Yes
	No

	To select seeds, one should focus on uniformity, damage-free, Seed treatment purity,
	18(17)
	87 (83)

	The proper time for sowing safflower is April to May
	17(16)
	88(84)

	The recommended spacing of safflower is 45 cm x 25cm
	0(0)
	105(100)

	Timely weeding prevents competition for nutrients in the safflower crop field 
	36(34)
	69(66)

	Minjingu Rock Phosphate and DAP fertiliser are applied at sowing.
	0(0)
	105(100)

	Aphids and Jassids are the common pests that affect the safflower crop
	0(0)
	105(100)

	Dudu-all and Ninja Farm Guard are common chemicals used to control pests and disease in safflower.
	0(0)
	105(100)

	The best time to harvest safflower is between September to October
	20(19)
	85(81)

	The application of UREA is done during the growing period of safflower plants.
	0(0)
	105(100)

	Testing the soil is important before engaging in safflower sowing.
	11(10)
	94(90)

	To control weeds, herbicide methods can be used.
	7(7)
	98(93)

	The best time for land preparation for safflower fields is April to May
	15(14)
	[bookmark: _heading=h.vj57qiz82abv]90 (86)


*Note: The numbers out of the blackest are the frequency, and those in blackest are per cent
Generally, none of the 105 farmers scored more than five correct answers out of twelve items, indicating that all (100%) fell into the low knowledge category (Table 3). No farmers reached medium or high knowledge levels, highlighting a significant knowledge gap in safflower farming in the study area.
Table 3: Distribution of Farmers’ Knowledge Level on Safflower Production
	S/N
	Knowledge level
	Frequency
	Percent 

	1
	Low knowledge
	105
	100

	2
	Medium knowledge
	0
	0

	3
	High knowledge
	0
	0

	Total 
	
	105
	100



A widely shared view from farmers during the focus group discussions revealed that planting and ploughing activities were done simultaneously. The following extract attests to this position:
"Honestly, when it comes to safflower planting, scattering seeds in the furrows made by the ox-drawn plough, and that serves as our planting guide, or throwing seeds across the field before ploughing, and then passing with the ox-drawn plough to cover them, is the common way." (FGD, farmers, Mukulu Ward, 16th Nov 2024).
The findings align with several studies (Dlamini and Ngulube,2024; Ndimbwa et al., 2022; Phiri et al.,2019; Solonkin et al.,2024; Akinnagbe et al.,2024; Islam&Islam,2020; Makangila & Ahmad,2023). Bray &Neilson, 2017;Emongor and Emongor, 2023) Despite their geographical variations, all report low knowledge of crop farming among farmers. One possible explanation is that limited access to agricultural extension could be a major factor. The services provide farmers with the relevant information and hands-on experience they need to make informed decisions about their farming enterprises (Akinnagbe et al., 2024). 
It is a fact on the ground that access to extension is limited in Tanzania. For example, in the year 2023, only 18% of farmers reported accessing extension services in Tanzania (Masanja et al., 2023). According to Msuya et al.,2017;Masanja et al.,2023) access to extension advice for crop production increases agricultural productivity.  
[bookmark: _heading=h.21hpwyote252]3.3 Respondents’ Attitudes Towards Safflower Production
To evaluate farmers’ attitudes toward safflower production, thirteen attitudinal statements were developed and used to construct a three-point Likert scale. The items were refined and validated through an expert review method with experts at the Department of Agricultural Extension and Community Development, SUA, to ensure reliability and relevance in the study area.  Respondent had to select from three options (Agree = 3, Neutral = 2, Disagree = 1).  Expected scores ranged from 13 to 39 points. The overall attitude was calculated by summing up the scores across the thirteen statements. Based on these scores, farmers were categorised as having a negative attitude (<26 points), neutral attitude (26 points), or positive attitude (>26 points), with a mean score of 23.95. A similar procedure was followed by Salum (2020).
The statement-wise analysis (Table 4) indicates that all respondents disagreed that they were satisfied with growing safflower compared to other crops, reflecting clear dissatisfaction, potentially due to poor outcomes or unmet expectations. Similarly, all respondents disagreed with the statement: ‘I have adequate support and resources for safflower production’ and agreed with the statement:  there is a lack of access to quality seeds for safflower production. This suggests significant gaps in access to inputs and support. Possibly indicating a gap in access to extension services.  

Table 4: Attitude of respondents towards safflower production
	[bookmark: _heading=h.1nn5a1bvicjy][bookmark: _heading=h.miotx1qbhjgw]Variables
	Agree
	Neutral
	Disagree
	Mean
	Std

	I am satisfied with growing safflower compared to other crops.
	0(0)
	0 (0)
	105(100)
	1
	0

	Safflower is more labour-intensive than other crops.
	17(16)
	0 (0)
	88 (84)
	1.3
	0.7

	Safflower grows better in my soil than other crops.
	0 (0)
	24(2)
	81 (77)
	1.2
	0.4

	Safflower has enough markets in my area.
	9 (9)
	0 (0)
	96 (91)
	1.1
	0.5

	I have adequate support and resources available to help me with safflower production
	0 (0)
	0 (0)
	105(100)
	1
	0

	There is a lack of access to quality seeds for safflower production
	105100)
	0 (0)
	0 (0)
	3
	0

	There are high risks associated with growing safflower compared to other crops.
	0 (0)
	0 (0)
	105(100)
	1
	0

	Safflower do better in poor soils than other oil crops 
	0 (0)
	72(68)
	33 (32)
	1.6
	0.4

	Available extension services do not favour the production of safflower.
	105100)
	0 (0)
	0 (0)
	3
	0

	Safflower crop can withstand drought conditions
	105(100)
	0 (0)
	0 (0)
	3
	0

	I have sufficient knowledge and skills to grow safflower effectively
	0(0)
	0 (0)
	105(100)
	3
	0

	Commercial safflower farming is profitable than sunflower.
	81(77)
	0(0)
	24(23)
	2.5
	0.08

	Safflower production is less costly than other crops.
	105(100)
	0 (0)
	0 (0)
	3
	0


*Note: Numbers out of the brackets are the frequency, and those in brackets are per cent
The position is also supported by data from key informant interviews, as revealed by the following remarks:
“This crop is not given priority, nor does it receive any kind of support. There are no inputs for this crop like there are for other crops like maize.” (Key Informant Interview, Farmer, Mukulu Ward, 23rd November 2024).
“We face challenges of accessing quality certified safflower seeds. As a result, we rely on older seeds from previous harvests, which may not provide us with the desired yield or resilience against pests and diseases.” (Key Informant Interview, Farmer, Mukulu Ward, 23rd October 2024).
Regarding market access, 91% of respondents disagreed that safflower has sufficient markets in their area, pointing to serious marketing challenges. Additionally, 77.1% disagreed that safflower grows better in their soil than other crops, and 68.6% were undecided on whether safflower performs well in poor soils, indicating uncertainty and a lack of technical information on the crop. 
Over 83.8% disagreed that safflower is more labour-intensive than other crops, suggesting labour is not a barrier, and challenges lie elsewhere, such as markets, inputs, and institutional support. Conversely, all respondents agreed that safflower is less costly to produce than other crops and can withstand drought conditions, implying recognition of its resilience and lower input requirements. Furthermore, 77.1% agreed that commercial safflower farming could be more profitable than sunflower, indicating a perception of financial promise under the right conditions.
All respondents agreed that safflower production is not favoured by existing extension services and felt they lacked sufficient knowledge and skills, highlighting the need for external support systems. Focus group discussions revealed low interaction with extension agents, as one participant noted:
“Agricultural extension officers do not visit our farms to provide education on safflower. We have never received any training or guidance from them on good agricultural practices for this crop.” (FGD, Farmers, Mukulu Ward, 25th November 2024).
 This implies that the efforts by extension officers to empower farmers on the crop are very limited or not available at all. So, this lack of appropriate information is seriously affecting farmers' orientation of the crop, ultimately negatively affecting production. Mweta et al. (2025) had a similar observation.
Table 5: Respondents’ Overall Attitude Toward Safflower Production(N=105)
	S/N
	Attitude level
	Frequency
	Percent 

	1
	Negative attitude
	59
	57

	2
	Neutral attitude
	5
	4

	3
	Positive attitude
	41
	39

	
	Total
	105
	100

	 
	Mean
	23.95
	23


The overall findings (Table 5) show that 57% of respondents had a negative attitude, 4% were neutral, and 39% had a positive attitude toward safflower production, with a mean score of 23.95, indicating a generally negative perception likely due to low knowledge, limited market access, inadequate inputs, and lack of institutional support. Studies (Gambo et al.,2025; Makangila and Ahmad, 2023; Akgün and Söylemez, 2022 and Adisalem and Dinku,2021; Akinnagbe et al.,2024; Schwartz,1976; Masanja et al.,2023).,demonstrate that attitudes are influenced by knowledge and socio-structural factors, such as community pressure, family concerns, ethical principles, and values. These findings suggest that improving farmers’ attitudes toward safflower requires interventions addressing both knowledge gaps and broader social and institutional factors.
3.4 Respondents’ Practices on the Safflower Production Level
To determine the extent of use of recommended safflower production practices, a thirteen, items on safflower practices farmers use was included in a questionnaire and validated through expert review. Respondent was required to respond Yes/No, to each item. The number of practices adopted by each farmer was determined by counting the number of “Yes” responses. The possible score ranged from 0–13 practices. Farmers’ adoption levels were classified into three categories: low practice (0–4 practices), medium practice (5–8 practices), and high practice (9–13 practices). The concept was adapted from Salum (2020).

Analysis of the thirteen practice items (Table 6) shows that most respondents did not adopt key recommended practices for safflower production. All respondents (100%) failed to practice recommended spacing (45 cm x 25 cm), apply Minjingu Rock Phosphate during planting, use UREA fertiliser during early growth stages, use herbicides for weed control, conduct soil testing before cultivation, use improved safflower varieties, or perform timely weeding. Additionally, 83.8% did not focus on quality seed selection (e.g., uniformity, damage-free, treated seeds), 68.6% did not plant during the recommended period (April to May), and 52.4% did not prepare the land timely manner (April to May). Only 37.1% controlled major pests (aphids and jassids), and 42.9% applied recommended pesticides (Dudu-all, Farm Guard). Furthermore, 77.1% did not harvest during the recommended period (September to October), suggesting poor crop planning or late planting, which may lead to reduced yields due to unfavourable climatic conditions.


Table 6: Farmers’ Practices Towards the Production of Safflower(N=105)
	Variables
	Yes
	No

	When I select quality safflower seeds, I focus on damage-free uniformity, Seed treatment purity, and percentage germination.
	17(16)
	88(84)

	[bookmark: _heading=h.65y26df9dx9s]I prepare the land for planting safflower from April to May
	50(48)
	55(52)

	I plant safflower, especially during April to May.
	33(31)
	72(69)

	I plant safflower using the recommended spacing of 45x25cm
	0(0)
	105(100)

	I weed my safflower field two weeks after planting
	0(0)
	105(100)

	[bookmark: _heading=h.3o90iwmfbbnm]I use Minjingu rock phosphate during the planting of safflower 
	0(0)
	105(100)

	I control Aphids and Jassids as the major pests that affect safflower in my crops. 
	39(37)
	66(63)

	I apply the recommended chemicals, such as Dudu all and Farm Guard, to control pesticides in safflower crops.
	45(43)
	60(57)

	I harvest the safflower crop from September to oct
	24(23)
	81(77)

	I apply UREA to promote root development during early growth stages 
	0(0)
	105(100)

	I test the soil to ensure its suitability for safflower cultivation before starting production.
	0(0)
	105(100)

	I use herbicides and chemical methods for weed control 
	0(0)
	105(100)

	I use Safflower improved varieties
	0(0)
	105(100)

	
	
	


*Note: Numbers out of the brackets are frequency, and those in are per cent

The overall findings (Table 7) revealed that 85% of farmers fell under the low practice category, which means they used below 4 practices, 15% were in the medium category, which is adopted between five and eight, and none of the farmers had adopted between nine and 13 practices of safflower production. This indicates extremely limited uptake of recommended safflower practices.

Table 7: Distribution of Farmers Based on Safflower Production Practices Adopted
	S/N
	Practice Level
	Frequency
	Percent 

	1
	Low practice (0–4)
	89
	85

	2
	Medium practice (5–8)
	16
	15

	3
	High practice (9–13)
	0
	0

	Total
	
	105
	100



A widely shared view from focus group discussions suggests most farmers did not use certified seeds, as revealed by the following extract:
“For safflower farming, saved seeds from previous harvests rather than improved certified seeds are used season to season as there are no improved varieties available.” (FGD, Farmers, Mukulu Ward, 23rd November 2024).
This implies that farmer-saved seeds are commonly used in the study area. Mutundi et al. (2018) noted that farmer-saved seeds showed notable germination rates and vigour but had a higher incidence of infection compared to certified maize seeds, emphasising the need for certified seeds to limit disease spread and improve productivity.

Analysis of FGDs further indicated that farmers planted by estimating distances between crops and rows, as revealed by the following extract:
“Honestly, the use of correct spacing in safflower cultivation is not a practice used because the correct spacing for the crop is not known; planting is by estimation.” (FGD, Farmers, Mukulu Ward, 17th October 2024).

This reflects poor adherence to recommended practices, likely due to inadequate extension services or training, as safflower is often ignored by agricultural extension systems. Bella et al. (2019) and Solonkin et al. (2024) support these findings, noting that the majority of respondents exhibited low adoption of safflower farming practices, including spacing. Other studies (Packer et al., 2024; Pannacci et al., 2024; Sanghavi et al., 2022; Emongor & Emongor, 2023) maintain that low adoption is often linked to limited access to agricultural extension services, which impedes the acquisition of technical knowledge and the development of recommended practices among farmers.

3.5 Interrelationships among Knowledge, Attitudes, and Practices
The KAP framework suggests that knowledge and attitudes work together to shape practices, creating a connected process influenced by outside factors (Schwartz, 1976; Snider et al., 2016). This study’s findings, aligned with the KAP the relationship is not always straightforward; knowledge alone does not always determine practices. Instead, when farmers have strong knowledge and positive attitudes, they are more likely to adopt recommended safflower farming methods.

However, the reverse is also true: where knowledge is higher, and the individual has positive attitudes, it can boost the use or adoption of practices. This suggests that positive attitudes, when combined with possession of relevant knowledge, can encourage action, such as using recommended safflower production practices. This aligns with Packer et al. (2024), who found that positive attitudes, even with moderate knowledge, supported better land care practices among farmers in Kenya. Other factors, like limited access to extension often block this possibility Msuya et al.,2017;Masanja et al.,2023).Thus, stopping positive cycles where good practices could improve knowledge and attitudes (Emongor & Emongor, 2023). This means that contextual factors also play a key role in shaping knowledge and attitudes, which together drive practices.  Facilitative conditions have a positive influence, whereas unfavourable conditions influence has negatively.   Ensuring a facilitative conditions are met, coupled with training and market access, is critical in ensuring the continuity of the interactive cycle of learning and acting or learning in action. This way, we can help unlock safflower’s potential for climate-friendly agriculture.

3.6 Discussion
This study demonstrates the interrelated nature of knowledge, attitude, and practice (KAP) in agricultural crop production. The results confirm that knowledge serves as the foundation for shaping farmers’ perceptions and actions. Farmers had a low level of knowledge about safflower crop management, such as soil fertility improvement, pest and disease control, and the use of improved seed varieties, among others, and correspondingly held unfavourable attitudes towards recommended practices (Dlamini & Ngulube 2024). This is consistent with the KAP framework, which emphasises that accurate knowledge is essential for developing positive attitudes and facilitating behavioural change Schwartz, (1976).

Studies show that attitude is an important mediating factor between knowledge and practice. While adequate knowledge of improved agricultural technologies, their willingness to adopt such practices depends largely on their perceptions of the benefits, risks and associated costs.  For instance, if farmers believed that fertilisers could enhance crop yields without negatively affecting soil health were more, they would be inclined to apply them. In contrast, negative perceptions, for example, fear of soil degradation or high financial costs, limited adoption despite adequate knowledge (Schwartz 1976).  

The findings from the current study show that farmers generally had negative attitudes and which were associated with the low adoption of recommended practices for safflower production, including crop rotation, timely planting, and integrated pest management.  However, the transition from knowledge and attitude to practice could also be hindered by external constraints such as limited access to farm inputs, weak extension support, and financial challenges Emongor & Emongor 2023;Dlamini & ngulube 2024).  This implies that while knowledge and attitude are critical drivers, enabling conditions are equally important for practice adoption (Schwartz 1976).  These finding highlight that addressing informational gaps alone is insufficient; efforts must also focus on reshaping attitudes to encourage adoption.

It could be said that the findings from the current study reveal the cyclical nature of the KAP relationship. For successful crop production, knowledge and positive attitude not only translate to increased use of recommended practices and hence crop productivity, but also could contribute to experiential learning (Schwartz 1976), which reinforces farmers’ knowledge and strengthens their attitudes.  In this case, it is evident that farmers had low knowledge of critical aspects of safflower production, and the majority had a negative perception; ultimately, only a few aspects were adopted. This cycle suggests that KAP is not a linear pathway but an interactive/ dynamic process where practising continually informs and reshapes both knowledge and attitude as shaped by the context. 

4 CONCLUSION
The research reveals notable deficiencies in the knowledge, attitudes, and practices among safflower farmers in Mukulu Ward, Iramba District. Despite having awareness of both ecological and economic benefits, respondents were dissatisfied with their level of knowledge. Inadequate support from agricultural extension services, lack of safflower inputs, and limited awareness of market potentials of safflower we the main challenges. The low state of knowledge, coupled with negative perception, resulted in low practices of recommended safflower practices. 
These results confirm that if other factors are held constant, low knowledge and negative attitudes lead to poor practices. This study reinforces KAP usefulness for understanding the process and conditions for improving technology adoption among rural farmers.


COMPETING INTERESTS 
Authors have declared that they have no known competing financial interests OR non-financial interests OR personal relationships that could have appeared to influence the work reported in this paper.





[bookmark: _Hlk197682619][bookmark: _Hlk180402183][bookmark: _Hlk183680988]DISCLAIMER (Artificial intelligence)
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 

REFERENCES
Abate, T. (2024). Critical issues in African agriculture: A synthesis report. In The Untold Stories of African Agriculture: Lessons from Ethiopia (pp. 1-24). Wallingford: CABI. https://doi.org/10.1079/9781800626386.0001
Adisalem, S. T., & Dinku, A. M. (2021). Determinants of inorganic fertiliser use by smallholder farmers in South Wollo and Oromia special administrative zones, Ethiopia. J. Agric. Ext., 25(4), 1-12. http://eoi.citefactor.org/10.11226/v25i4
Akashe, V. B., Ombase, K. C., Najan, B. N., & Aiwale, S. K. H. (2020). Climate change and its impact on insect-pest incidence of dry land crops in the scarcity zone of Maharashtra state. Int. J. Curr. Sci., 8(1), 2012-2015. https://doi.org/10.22271/chemi.2020.v8.i1ad.8561
Akinnagbe, O. M., Ejiga, S. A., & Akinbobola, T. P. (2024). Perception of agricultural extension workers on privatisation of agricultural extension services in Ondo State, Nigeria. J. Agric. Ext., 28(2), 1-8. https://dx.doi.org/10.4314/jae.v28i2.1
Akgün, M., & Söylemez, E. (2022). Determining the future trends of the safflower plant in Türkiye. Int. J. Agric. Environ. Food Sci., 6(1), 50-57. https://www.cabidigitallibrary.org/doi/pdf/10.5555/20220211123
Ali, Z., & Bhaskar, S. B. (2016). Basic statistical tools in research and data analysis. Indian J. Anaesth., 60(9), 662-669. https://doi.org/10.4103/0019-5049.190623
Ali, F., Nadeem, M. A., Habyarimana, E., Yılmaz, A., Nawaz, M. A., Khalil, I. H., (2020). Molecular characterisation of genetic diversity and similarity centres of safflower accessions with ISSR markers. Braz. J. Bot., 43, 109-121. https://doi.org/10.1007/s40415-019-00574-7
Ashraf, M., Hassan, S., & Dar, S. A. (2023). Perceptions of pesticide use and health risks among apple growers in the Kashmir Himalaya. JSFA Rep., 3(8), 397-404. https://doi.org/10.1002/jsf2.143
Bray, J. G., & Neilson, J. (2017). Reviewing the impacts of coffee certification programmes on smallholder livelihoods. Int. J. Biodivers. Sci. Ecosyst. Serv. Manag., 13(1), 216-232. https://doi.org/10.1080/21513732.2017.1316520
Budak, I., Serim, A., & Asav, Ü. (2023). The critical period for weed control in safflower fields of Turkey. C. R. Acad. Bulg. Sci., 76(12), 1935-1942. https://www.proceedings.bas.bg/index.php/cr/article/download/451/438/636
Caliskan, S., & Caliskan, M. E. (2018). Row and plant spacing effects on the yield and yield components of safflower in a Mediterranean-type environment. Turk. J. Field Crops, 23(2), 85-92. https://doi.org/10.17557/tjfc.467442
Culpan, E. (2023). Effect of sowing dates on seed yield, yield traits and oil content of safflower in Northwest Turkey. Turk. J. Field Crops, 28(1), 87-93. https://doi.org/10.17557/tjfc.1194005
Daramola, O. S., Adigun, J. A., & Olorunmaiye, P. M. (2020). Challenges of weed management in rice for food security in Africa: A review. Agric. Trop. Subtrop., 53(3), 107-115. https://doi.org/10.2478/ats-2020-0011
Dlamini, N. M., & Ngulube, P. (2024). Agricultural information needs and resources of smallholder sugarcane farmers in Swaziland. Libri, 74(2), 133-148. https://doi.org/10.1515/libri-2022-0062
Emongor, V. E., & Emongor, R. A. (2023). Safflower (Carthamus tinctorius L.). In Neglected and Underutilised Crops (pp. 683-731). DOI: 10.3923/ajps.2010.299.306
Emongor, V., Oagile, O., Phuduhudu, D., & Oarabile, P. (2017). Safflower production. Gaborone: Botswana University of Agriculture and Natural Resources. http://repository.ruforum.org/system/tdf/Safflower%20Manual_BUAN.compressed.pdf?file=1&type=node&id=36745&force=
Enyiukwu, D. N., Nwaogu, G. A., Bassey, I. N., Maranzu, J. O., & Chukwu, L. A. (2020). Imperativeness of agricultural technology for sustainable crop production, food security and public health in Sub-Saharan Africa. Afr. J. Agric. Res., 15(4), 456-467.https://gjournals.org/GJAS/archive/vol-10-issue-1-2020/enyiukwu-et-al.html
Gambo, A., Fullen, M. A., & Baldwin, T. C. (2025). Indigenous farmers’ knowledge and perception of desertification and soil erosion in Jigawa State, Nigeria. Discover Soil, 2(1), 1-18. https://doi.org/10.1007/s44378-025-00028-5
Gupta, A. (2022). Mainstreaming of the underutilised oilseed safflower crop through biotechnological approaches for improving economic and environmental sustainability. In Biotechnological Innovations for Environmental Bioremediation (pp. 397-418). Singapore: Springer Nature. https://doi.org/10.1007/9
Islam, M. S., & Islam, M. M. (2020). Evaluation of knowledge, attitude, and practice (KAP) of farmers regarding organic farming. Fundam. Appl. Agric., 5(3), 393-403. https://doi.org/10.5455/faa.102709
Janmohammadi, M., Sabaghnia, N., Nouraein, M., & Dashti, S. (2022). Effects of the foliar spray of growth regulators on the fatty acid composition of safflower under organic and chemical soil fertilisation. J. Agric. Sci. Belgrade, 67(2), 161-174. https://doi.org/10.2298/JAS2202161J
Kalita, R., & Deka, N. (2023). Factors affecting farmers’ knowledge on information and communication technology in the agricultural sector case study in the Upper Brahmaputra Valley Zone of Assam. J. Agric. Inform., 14(2), 45-56. DOI: 10.9734/AJAEES/2024/v42i22360
Kamano, H., Okoth, M. W., Kogi-Makau, W., & Kuloba, P. (2021). Knowledge, attitude, and practices (KAP) of farmers on postharvest aflatoxin contamination of maize in Makueni and Baringo counties, Kenya. In 27th International Sustainable Development Research Society Conference, Mid Sweden https://repository.nrf.go.ke/handle/123456789/1317



Kereilwe, D., Emongor, V. E., Oagile, O., & Phole, O. (2020). Nutritional value of safflower whole seed as animal feed in semi-arid southern African conditions. Afr. Crop Sci. J., 28(s1), 103-115. https://doi.org/10.4314/ACSJ.V28IS1.8S.
Khan, M. N., Malik, A. M., & Khan, F. (2024). Performance and instability of oilseed crops in Pakistan. Proc. Pak. Acad. Sci. B, 61(1), 77-87. https://doi.org/10.53560/PPASB(61-1)1032
Koç, H. (2021). Selection criteria for yield in safflower (Carthamus tinctorius L.) genotypes under rainfed conditions. Grasas Aceites, 72(3), e421. https://doi.org/10.3989/gya.0449201
Kumar, G. D. S., Rao, S. R., & Varaprasad, K. S. (2015). Private-sector participation in agricultural extension for safflower farming in India: The case of Marico Limited. In Knowledge Driven Development (pp. 181-199). London: Academic Press. https://doi.org/10.1016/B978-0-12-802231-3.00010-3
La Bella, S., Tuttolomondo, T., Lazzeri, L., Matteo, R., Leto, C., & Licata, M. (2019). An agronomic evaluation of new safflower (Carthamus tinctorius L.) germplasm for seed and oil yields under Mediterranean climate conditions. Agronomy, 9(8), 468. https://doi.org/10.3390/agronomy9080468
Laizer, H. C., Chacha, M. N., & Ndakidemi, P. A. (2019). Farmers’ knowledge, perceptions, and practices in managing weeds and insect pests of common bean in Northern Tanzania. Sustainability, 11(15), 4076. https://doi.org/10.3390/su11154076
Licata, M., Farruggia, D., Iacuzzi, N., Matteo, R., Tuttolomondo, T., & Di Miceli, G. (2023). Effects of genotype and climate on productive performance of high oleic Carthamus tinctorius L. under rainfed conditions in a semi-arid environment of Sicily (Italy). Plants, 12(9), 1733. https://doi.org/10.3390/plants12091733
Makangila, S. S., & Ahmad, A. K. (2023). Unlocking smallholder coffee grower knowledge of coffee certification schemes in Tanzania: Insights from the implementation of coffee and farmer equity practices. Tanz. J. Agric. Sci., 22(2), 346-357. https://www.ajol.info/index.php/tjags/article/view/266583/251553
Mali, G. R., Khan, T., Pagaria, P., Choudhary, H., & Jat, B. L. (2022). Knowledge and attitude of farmers for conducting soil analysis. J. Exp. Agric. Int., 44(1), 47-50. https://doi.org/10.9734/jeai/2022/v44i130783
Martin, R. (2023). Reconsidering the home or farm visits extension method for improving the impact of agricultural extension in Tanzania. J. Agric. Ext., 27(4), 41-52. https://www.suaire.sua.ac.tz/handle/123456789/6193
Masanja, I., Shausi, G. L., & Kalungwizi, V. J. (2023). Attitude of farmers and factors associated with farmers’ attitude towards agricultural extension services provided by private organisations in Kibondo district, Kigoma region, Tanzania. Asian J. Agric. Ext. Econ. Soc., 41(10), 556-566. https://doi.org/10.9734/ajaees/2023/v41i102200



Mayring, P. (2014). Qualitative Content Analysis: Theoretical Foundation, Basic Procedures and Software Solution. Klagenfurt: Social Science Open Access Repository. https://nbn-resolving.org/urn:nbn:de:0168-ssoar-395173
Menegaes, J. F., Nunes, U. R., Bellé, R. A., Lopes, S. J., Fernandes, T. S., Ludwig, E. J., et al. (2019). Thermotherapy via humid heat for the treatment of safflower seeds. J. Agric. Sci., 11(11), 30-40. https://doi.org/10.5539/jas.v11n11p30
Mosupiemang, M., Emongor, V. E., Malambane, G., & Mapitse, R. (2023). Growth, development, and yield of safflower genotypes in response to environmental variations. J. Phytol., 15, 45-154. https://doi.org/10.25081/jp.2023.v15.8255
Msofi Mgalamadzi, L., Matita, M., & Chimombo, M. (2024). The gendered nature of household decision-making and expenditure choices in the context of smallholder agricultural commercialisation in Malawi. CABI Agric. Biosci., 5(1), 65. https://doi.org/10.1186/s43170-024-00270-x
Msuya, C. P., Annor-Frempong, F. K., Magheni, M. N., Agunga, R., Igodan, C., Ladele, A. A., et al. (2017). The role of agricultural extension in Africa’s development. Int. J. Agric. Ext., 5(1), 51-58. https://www.cabidigitallibrary.org/doi/full/10.5555/20173216483
Mtega, W. P., Ngoepe, M., & Dube, L. (2016). Factors influencing access to agricultural knowledge: The case of smallholder rice farmers in the Kilombero district of Tanzania. S. Afr. J. Inf. Manag., 18(1), 1-8.  https://doi.org/10.4102/sajim.v18i1.679
Mutundi, A. N., Muthomi, J. W., Olubayo, F. M., Leley, P. K., & Nzuve, F. M. (2019). Effect of farm-saved maize (Zea mays L.) seed on intensity of foliage diseases. J. Agric. Sci., 11(8), 45-54. https://erepository.uonbi.ac.ke/handle/11295/106965
Mweta, N., Obeng, A. S., & Ansah, J. W. (2025). Socio-economic benefits and challenges confronting oil palm production among indigenous rural farmers in Karonga district, Malawi. Front. Sustain. Food Syst., 9, 1473991. https://doi.org/10.3389/fsufs.2025.1473991
Myeni, L., & Moeletsi, M. E. (2023). Assessing the adoption of improved seeds as a coping strategy to climate variability under smallholder farming conditions in South Africa. S. Afr. J. Sci., 119(9-10), 1-7. https://doi.org/10.17159/sajs.2023/15001
Namara, W., Opio, F., & Nkuuhe, D. (2024). Farmer’s knowledge on utilisation of chemical fertilisers as a soil fertility enhancement option in Ruhumuro Sub-County, Bushenyi District. World J. Agric. Sci. Technol., 2(3), 90-101. https://doi.org/10.11648/j.wjast.20240203.13
Ndimbwa, T., Mwantimwa, K., & Ndumbaro, F. (2022). Smallholder farmers’ satisfaction with agricultural information accessed in rural Tanzania. Inf. Dev., 38(3), 421-434. https://doi.org/10.47989/irpaper935



Nwadike, C., Joshua, V. I., Doka, P. J. S., Ajaj, R., Abubakar Hashidu, U., Gwary-Moda, S., et al. (2021). Occupational safety knowledge, attitude, and practice among farmers in Northern Nigeria during pesticide application A case study. Sustainability, 13(18), 10107. https://doi.org/10.3390/su131810107
Östberg, W. (2013). Safflower: Liberalisation or participation in a Tanzanian village. In Ecology and Power (pp. 250-261). London: Routledge. https://www.researchgate.net/publication/299565737_Safflower_Liberalisation_or_participation_in_a_Tanzanian_village
Özaşık, İ., Kaya, M. D., & Kulan, E. G. (2019). The optimum plant density for vigorous seed production in safflower. Turk. J. Agric. Food Sci. Technol., 7(2), 301-305. https://doi.org/10.24925/turjaf.v7i2.301-305.2275
Özcinar, A. B. (2021). Safflower (Carthamus tinctorius L.): Utilization, genetics, and agronomy. MAS J. Appl. Sci., 6(Özel Sayı), 1130-1136. https://doi.org/10.24925/turjaf.v7i2.301-305.2275
Packer, J., Feuz, R., & McCarty, T. (2024). Western safflower contracting strategies. J. Agric. Appl. Econ., 56(2), 216-233. https://doi.org/10.1017/aae.2024.10
Pannacci, E., Farneselli, M., Monni, V., & Tei, F. (2024). Effects of pre-emergence herbicides on weed control and yield of safflower (Carthamus tinctorius L.) in Central Italy. Agronomy, 14(3), 482. https://doi.org/10.3390/agronomy14030482
Phiri, A., Chipeta, G. T., & Chawinga, W. D. (2019). Information needs and barriers of rural smallholder farmers in developing countries: A case study of rural smallholder farmers in Malawi. Inf. Dev., 35(3), 421-434. https://doi.org/10.1177/0266666918755222
Pyk, F., & Abu Hatab, A. (2018). Fairtrade and sustainability: Motivations for fairtrade certification among smallholder coffee growers in Tanzania. Sustainability, 10(5), 1551. https://doi.org/10.3390/su10051551
Ramos, A. R., Bassegio, D., Nakagawa, J., & Zanotto, M. D. (2021). Harvest times and seed germination of three safflower genotypes. Cienc. Rural, 51(5), e20200606. https://doi.org/10.1590/0103-8478cr20200606
Sajid, M., Munir, H., Rauf, S., Ibtahaj, I., Paray, B. A., Kiełtyka-Dadasiewicz, A., et al. (2024). How climate variability affects safflower (Carthamus tinctorius L.) yield, oil, and fatty acids in response to sowing dates. Horticulturae, 10(6), 539. https://doi.org/10.3390/horticulturae10060539
Sanghavi, E., Ekale, J. V., & Kulkarni, M. V. (2022). A study on technological gap among safflower growers. J. Exp. Agric. Int., 110, 110-112. https://www.thepharmajournal.com/archives/2021/vol10issue11S/PartP/S-10-11-39-218.pdfs
Schwartz, N. E. (1976). Nutrition knowledge, attitudes, and practices of Canadian public health nurses. J. Nutr. Educ., 8(1), 28-31. https://doi.org/10.1016/S0022-3182(76)80113-6
Setia, M. S. (2016). Methodology series module 3: Cross-sectional studies. Indian J. Dermatol., 61(3), 261-264. https://doi.org/10.4103/0019-5154.182410
Solonkin, A., Sukhareva, E., & Belikina, A. (2024). The growth and development of safflower (Carthamus tinctorius L.) in the conditions of the dry steppe of Eurasia. Int. J. Agric. Biosci., 13(3), 340-346.  https://doi.org/10.47278/journal.ijab/2024.128
Snider, A., Kraus, E., Sibelet, N., Bosselmann, A. S., & Faure, G. (2016). Influence of voluntary coffee certifications on cooperatives’ advisory services and agricultural practices of smallholder farmers in Costa Rica. J. Agric. Educ. Ext., 22(5), 435-453. https://doi.org/10.1080/1389224X.2016.1227418
Steberl, K., Hartung, J., & Graeff-Hönninger, S. (2020). Impact of cultivar, harvest date, and threshing parameter settings on floret and carthamidin yield of safflower. Agronomy, 10(9), 1272. https://doi.org/10.3390/agronomy10091272
Zhang, T., Hu, F., & Ma, L. (2019). Phosphate-solubilising bacteria from safflower rhizosphere and their effect on seedling growth. Open Life Sci., 14(1), 246-254. https://doi.org/10.1515/biol-2019-0028
[bookmark: _GoBack]



image1.jpg
4.20°

4.90°S

4.40°S

/
®
| B
<
l LEGEND
LEGEND [ Motomoto Village g RE 5 ek
) Mukulu Ward Boundary 0 10 20 30 40km Simbalungwala Village ¥ 3
- |
I 1ramba District e [ Mukulu Village
34.00°E 34.50°E 34.30°E 34.40°E





