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ABSTRACT 
Purpose: This study made comparisons on the state of Knowledge, attitude and practices of the trained 

farmers for the year 2017 against the same cohort in the year 2023 with an aim of evaluating the long-

term influence of agricultural training in maize farming in Nandi County Kenya. The study also evaluated 

the state of Knowledge, attitude and practices of the same trained farmers against untrained farmers by 

the end of the year 2023.  

Methodology: A previous study was followed up in the year 2023 to evaluate the role and a six-year 

long-term influence of the training on the practices. The data was collected through farm interviews. The 

positive responses of the practices obtained from the administered questionnaires were recorded. A 

comparison was then made for the responses on the use of twenty Agricultural practices by the trained 

farmers in the year 2017 and 2023 and also the same responses of the 30 trained farmers against 30 other 

untrained farmers by the end of the year 2023. 

Findings:  The results were analyzed for significant differences based on the relationships of the 

independent variables by using descriptive statistics, proportion of means. No significant difference 

was detected in either of the approaches. The analyses of the practices between the trained farmers 

and untrained farmers showed no significant difference with p >0.05. A general decline in the 

adoption of the practices from 91.15% to 81.3% between the years 2017 and 2023 was noted. 

Poor harvesting and post-harvesting operations during sorting and drying of maize that could 

enhance aflatoxin infections in the maize value chain were also noted.  

Unique Contribution to Theory, Practice and Policy: The study comprises of a mixture of 

theories. The theory of planned behavior, the innovation itself and diffusion of Innovation theory 

and technology acceptance, played a big role in evaluating the changes in attitude, long-term 

influence of the training and time needed to propagate the knowledge gained from the training. 

The influence of climatic, environmental conditions, and socio-economic factors pose challenges 

to food safety and food security in general. If these factors are not checked regularly to enhance 

good farming practices, the elaboration of toxins and the occurrence of various mycotoxicosis in 

both animals and human beings will be high. Therefore, regular farm training is recommended during 

every planting season to improve consistence in GAP application and mycotoxin mitigation.  
Keywords: Food Safety, Extension Services, Food Security, Maize Value Chain, Farm Practices 
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INTRODUCTION 

Maize is a staple food consumed by most households in Africa. On average, an African adult 

consumes about 400g/person/day of maize-based foods, compared to less than 10g/person/day in 

developed countries, and trends project that the production and use of maize will continue to 

grow (FAO, 2019). 

Importantly, maize is susceptible to fungi that produce aflatoxins (CAST, 2019), which is a 

significant health concern for humans and livestock (Magnussen & Parsi, 2013). Damaged or 

discolored maize grains sold to brew makers potentially perpetuate the contamination cycle. 

Studies in South Africa and Botswana confirm that advanced brewing methods fail to remove 

toxins from liquor (Nkwe et al., 2005a; Shephard et al., 2005) and similar studies in Kenya 

detected fumonisins and other mycotoxins in beer (Mbugua & Gathumbi, 2004a). Kenya has had 

several aflatoxin outbreaks leading to fatal aflatoxicosis and other diseases, such as liver cancer 

(Okioma, 2008; Probst et al., 2007). Aflatoxin contamination negatively impacts health, trade, 

and the general economy (Ezekiel et al., 2019). 

Poor agricultural practices promote fungal growth and toxin production in maize. Given that 

maize is susceptible to contamination both before and after harvest (Hell, Cardwell, Setamou, & 

Poehling, 2000), training farmers in hygiene and Good Agricultural Practices (GAPs) throughout 

food production is essential (Omara, 2021). The susceptibility to fungal contamination can be 

lowered by using various pre-harvest practices like early planting, planting genetically modified 

disease-resistant cultivars, weeding, proper plant spacing, crop rotation, using fertilizers and 

manure, and intercropping (Bruns, 2003; Diener et al., 1987; Finckh, 2008; Kang’Ethe et al., 

2017; Kebede et al., 2012; Liebman & Dyck, 1993; Logrieco et al., 2021; Mutiga et al., 2014). 

Similarly, post-harvest practices, such as careful harvesting, proper drying, stoking, sorting and 

destroying maize with high moisture content, not exposing kernels to ground-level 

contamination, crop rotation, and removing crop residues reduce the risks of infection (Blandino 

et al., 2008; Bruns, 2003; Demissie, 2018; Fandohan et al., 2005, 2006; Hawkins et al., 2005; 

Heathcote et al., 1978; Hell, Cardwell, Setamou, & Schulthess, 2000; Liu et al., 2016; Manu et 

al., 2019a; Marete et al., 2019; Massomo, 2020; Munkvold, 2003; Mutiga et al., 2019; Sumner 

& Lee, 2017; Turner et al., 2005; Udoh et al., 2000; Zummo, 1992). In particular, high humidity 

(>70%) and plant moisture content above 13% exacerbate the risk of infection (Wagacha & 

Muthomi, 2008). Overall, checking and ensuring Good Agricultural Practices reduces aflatoxin 

contamination in farm produce. A follow up study was done on a previous study that examined 

how training farmers in GAPs impacted aflatoxin contamination in maize (Marete et al., 2019). 

The study involved 90 farmers trained in GAP techniques in Nandi County, Kenya, over two 

planting seasons in 2016-2017(Marete et al., 2019). In this study, most farmers had adopted key 

practices, including proper storage, crop rotation, early planting, and thorough sorting of maize 
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after shelling. These practices significantly reduced aflatoxin levels, with many samples 

recording levels that were below detectable limits in the second season. Additionally, increased 

rainfall during harvest in some areas negatively impacted aflatoxin levels. The study suggested 

that GAP training can reduce aflatoxin levels in maize, but the variability in adoption due to 

socio economic factors, climatic and environmental conditions suggested that tailored 

interventions would be helpful. Whether GAPs persisted over time was not clear. To this end, we 

performed a follow-up study to evaluate GAPs in Nandi County, Kenya. 

MATERIAL AND METHODS 

Ethical approval 

The study was approved by the Animal Use, Biosafety, and Ethics Committee in the Faculty of 

Veterinary Medicine within the University of Nairobi, approval no: FVM BAUEC/2023/45 dated 

November 2, 2023. Additionally, a research permit was obtained from the National Commission 

for Science Technology and Innovation (NACOSTI) under License No. NACOSTI/P/24/35010 

to conduct research in Nandi County.  

STUDY DESIGN 

Reconnaissance 

A pre-visit was carried out to introduce our study to the locals and to identify the previous cohort 

of trained farmers. Each respondent was briefed on the study's objective and then asked for oral 

consent. 

Sample size determination 

The current study included a total of 60 farmers; a random selection of 30 previously trained 

farmers whose maize samples had been analyzed (Marete et al., 2019), and a group of 30 farmers 

who were not formally trained (control). The three regions included Kaptumo (n=20), Kipkaren 

(n=20) and Kilibwoni (n=20) which had been subdivided into Mwangaza (n=10), and Keteba 

(n=10), Sobetab Gaa (n=10) and Toret Gaa (n=10) and Kisob Katanin (n=10) and Toletany 

(n=10), respectively (Fig. 1). Five trained farmers were randomly interviewed for every 

substation, corresponding to 30 farms that represent the six sub-regions. The long-term influence 

of the training was evaluated by applying two approaches: Compared 20 GAPs for 1) 90 trained 

farmers in 2017 against 30 trained farmers of the same cohort in 2023, and 2) 30 trained farmers 

to 30 untrained farmers in 2023. 
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Study Area 

 

Figure 1: A map of Kenya Showing Nandi County and the selected farms for study (Adopted 

from Marete et al., 2019) 

Data Collection 

We designed a survey of 40 questions to capture data on 

a). Socio-Demographic Information: This section contained 11 questions on the gender, farmer’s 

location, years practiced maize farming, acreage of the farms, land sold, leased, or passed on 

through inheritance, and whether a trained farmer had died or relocated to other counties.  

b). Good Agricultural Practice; This section contained 29 questions that included inquiries on 

spacing, early planting, use of fertilizer, weeding, water availability, crop rotation, effects of 

rainfall, cleaning of stores before use, clearing of bushes around the stores, raised stores above 

the ground, maize placed on wooden pallets, maize dried after harvesting, checking the condition 

of maize, sorted maize after shelling, application of insecticide after shelling, nature of transport 

and maize fed to animals(Marete et al., 2019). Other questions included the mode of disposal of 

unfit maize grains and how moisture content was measured. 
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Data Analysis and Processing 

Hypothesis testing to compare two sample proportions for significant differences of the 

farming practices. 

To determine the significant difference in proportions at a confidence interval of 95%, a two-

sample z-test for proportions was performed as shown in the steps: 

Defined the hypotheses; (H1) and (H0): 

• H0: p1 = p2 (the sample proportions are equal), H1: p1 ≠ p2 (the sample proportions are not 

equal) 

The pooled sample proportion (P) was calculated: 

P (n1 + n2) = (X1 + X2)  

Where n1 and n2 represent the sample sizes and X1 and X2 represent the number of successes in 

each sample.  

Calculated the standard error (SE): 

SE = √ {(P-P2) * (1/n1 + 1/n2)} 

Z-score was calculated: Z/ SE = (p1 - p2)  

The critical value at a 95% confidence interval (alpha = 0.05) was determined using a standard 

normal distribution table. For a two-tailed test, the critical values are approximately ±1.96. 

The absolute/calculated value, |Z| of the z-score was compared to the critical value using the 

following assumptions: 

If |Z| > 1.96, The null hypothesis is rejected and conclude that there is a significant difference 

between the two proportions. 

If |Z| ≤ 1.96 The null hypothesis is upheld and conclude that there is not enough evidence to 

support a significant difference between the two proportions (Connor & Imrey, 2014; Daniel, 

2009; Sauro & Lewis, 2012). 

RESULTS  

In 2023, three regions (shown in the Map figure 1) were revisited to identify farmers who were 

interviewed and trained in 2016-2017(Marete et al., 2019). Out of the 90 farmers evaluated by 

Marete et al (2019), only 45 were found in their original maize farm locations, with their pieces 

of land intact. The remaining 45 had sold, leased out, or transferred their land through 

inheritance or had died from COVID-19. Of these 45 farmers, only 33 were still growing maize, 

whereas 12 had changed to tea farming, claiming that it had become more lucrative than maize.  
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PART 1: COMPARISON OF GOOD AGRICULTURAL PRACTICES BETWEEN 

TRAINED FARMERS IN 2017 AND 2023 

The proportions of trained farmers after applying the 20 surveyed GAPs were 91.15% in 2017 

and 81.3% in 2023 (Table 1). To compare these proportions, a Z test with a significance level of 

p>0.05. The Z statistic was calculated and compared with the critical value of ±1.96, which 

corresponds to a 95% confidence level (Connor & Imrey, 2014; Daniel et al., 2009; Sauro & 

Lewis, 2012). The calculated Z statistic was 1.345, which falls within the range where we fail to 

reject the null hypothesis. 

Table 1: Comparison of GAPs applied by trained farmers from 90 farms in 2017 and 30 

farms in 2023 

 

No Good Agricultural Practices Positive responses: 

Trained farmers, 2017 

(Marete et al., 2019)  

 (n=90, converted to 

100%) 

Positive responses: Trained 

farmers, 2023 (n=30 converted to 

100%) 

1 Correct spacing 100 100 

2 Early Planting 90 100 

3 Use of fertilizers and fungicides 99 100 

4 Land Preparation 100 97 

5 Weeding 100 97 

6 Top dressing 71 86 

7 Crops received enough water 

(Irrigation) 

93 93 

8 Crop rotation Practiced 92 83 

9 Stocking after harvesting 98 80 

10 Maize not affected by rain 

during harvest 

52 40 

11 Cleaned stores before use 100 70 

12 Cleared bushes around the 

stores 

99 70 

13 Raised stores above the ground 76 57 

14 Maize placed on wooden pallets  97 27 

15 Maize dried After harvesting 99 100 

16 Checking the condition of the 

maize 

100 100 

17 Sorted maize after shelling 100 100 

18 Application of Insecticide after 

shelling 

72 67 

18 Animals fed on clean and 

undamaged maize 

99 86 

20 Use of clean transport of maize 

(2017-2023) 

86 73 
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 Total positive responses 1823 1626 

 Overall % positive responses 

of Good Agricultural Practices 

91.15 81.3 

PART 2: COMPARISON OF GOOD AGRICULTURAL PRACTICES BETWEEN 

TRAINED AND UNTRAINED FARMERS IN 2023.  

Overall responses for proportions of trained and untrained farmers after applying the 20 surveyed 

GAPs were 91.15% in 2017 and 81.3% in 2023 respectively (Table 2). Again, we used a Z test 

with p˃0.05 to determine whether training impacts the application of GAPs (Connor & Imrey, 

2014; Daniel, 2009; Sauro & Lewis, 2012). The Z statistic was 0.205, less than the critical value 

of – or + 1.96, so we upheld the null hypothesis. Therefore, there is insufficient evidence to 

conclude that a difference exists between trained and untrained farmers.  

Table 2: Comparison of GAPs between 30 trained farmers and 30 untrained farmers in 

randomly selected farms in 2023 

 
 

No 

Good Agricultural Practices Positive responses: 

Trained Farmers 

(n=30) 

Positive responses: 

Untrained farmers 

(n=30) 

1 Correct spacing 30 29 

2 Early Planting 30 28 

3 Use of fertilizers and fungicides 30 28 

4 Land Preparation 29 29 

5 Weeding 29 30 

6 Top dressing 26 25 

7 Crops received enough water (Irrigation) 28 30 

8 Crop rotation Practiced 25 26 

9 Stocking after harvesting 24 22 

10 Maize not affected by rain during harvest 12 7 

11 Cleaned stores before use 21 21 

12 Cleared bushes around the stores 21 21 

13 Raised stores above the ground 17 21 

14 Maize placed on wooden pallets  8 9 

15 Maize dried After harvesting 30 28 

16 Checking the condition of the maize 30 30 

17 Sorted maize after shelling 30 29 

18 Application of Insecticide after shelling 20 22 

18 Animals fed on clean and undamaged maize 22 15 

20 Use of clean transport of maize (2017-2023) 26 24 

 Total positive responses 488 474 

 Overall % positive responses of Good 

Agricultural Practices 

81.3% 79% 
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We did notice that some GAPs were used more often by the untrained farmers than the trained 

farmers, such as Weeding, irrigation, crop rotation, use of wooden pallets, maize condition 

checks, raising stores above the ground and application of insecticides. In contrast, trained 

farmers applied other GAPs more often, such as feeding livestock with clean and undamaged 

maize, and maize not being affected by rain during harvest.  

In the interview, many households reported that damaged or discolored maize grains, were being 

fed to livestock or sold to brew makers. Similarly, leftover maize grains in the field, which had 

been exposed to the ground, were collected, hand-shelled, and sold to brew makers or fed to 

livestock. In addition, we found that some farmers estimated moisture content by biting maize 

kernels, or puncturing them with their thumbnails or teeth.  

Discussion 

The current study is a follow up on what Marete and others did in the year 2016 & 2017; They 

Interviewed 90 farmers who had been trained on Good Agricultural Practices but analyzed 82 

samples for total aflatoxin levels before and after the training (Marete et al., 2019). This study set 

out to investigate a six-year long term influence of the training and its role on the farming 

practices in maize farming zones in Nandi County, Kenya.  

A comparison was made on twenty practices between this study and the previous study. Out of 

the twenty practices used by the 90 farmers in the year 2017, the overall adoption percentage was 

91.15% against 81.3% of the 30 farmers in the year 2023. A comparison in the proportions of the 

practices using Z test (Connor and Imrey, 2014; Daniel et al., 2009; Sauro and Lewis, 2012) 

between trained farmers in the year 2017 and 2023 showed no significant difference with p˃0.05. 

In addition, a general decline in the application of the practices from 91.15% to 81.3% was also 

noted.  

During the reconnaissance it was also established that some of these farmers had either sold, 

leased out or transferred the pieces of land through inheritance to family members that had not 

been trained. Some farmers had also relocated to other counties or passed on due to Covid 19. It 

was also established that some of these farmers had changed completely to tea farming which 

was claimed to generate quick income. As such a smaller sample size was obtained that was not 

statistically representative and comparable to the initial sample size in the previous study. This 

small sample size of 33 farmers compromised the statistical significance of our study, and hence 

our inability to determine the long-term influence of the training that was to be based on the 

sample size (Daniel et al., 1999; Lachenbruch et al., 1991). A speculation in this indicate that an 

early follow-up would have enabled a representative sample size of farmers, if not the entire 

cohort. A six year-long term influence of the training was therefore influenced by the socio-

economic factors. Perhaps if an immediate follow-up study had been conducted in the year 2018, 
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this approach would not have experienced such limiting factors. The finding in the 

reconnaissance study therefore calls for frequent follow ups to ensure that there is consistent 

Good Agricultural Practices application so as to maintain low level of aflatoxins. 

In the second approach, the sample size for trained farmers was 30 with an overall positive 

response of 81.3% against 79% of the same number of untrained farmers in 2023. A comparison 

in the proportions of the mean of the practices between trained farmers and untrained farmers by 

the year 2023 showed no significant difference with p˃0.05 (Connor and Imrey, 2014; Daniel et 

al, 2009; Sauro and Lewis, 2012). During the interview, it was also alluded that during post-

harvest operations, accidentally left overs of maize that are already exposed onto the ground are 

collected, hand shelled for sale or consumed instead of being discarded (Bryceson and Howe, 

1992). Mechanically damaged or colored maize grains which are unfit for consumption and 

therefore ought to be destroyed (EAS, 2011) are instead given to livestock or sold out to brew 

makers. Proper drying of maize to moisture levels of ≤13% during storage, transportation and 

sales is essential to prevent growth of fungi (Wagacha and Muthomi, 2008).  Some of the local 

practices used by the farmers to estimate moisture content included biting kernels or puncturing 

with their thumbnail or teeth when the recommended method is by use of moisture content meter 

that ensure the safe limits of about 13% is maintained (Liu et al., 2016; Manu et al., 2019b). 

Therefore, since all pre-harvest and post-harvest operations are susceptible to aflatoxins 

contamination, there is need to monitor aflatoxins levels at multiple points in maize production, 

from the farm to the table so that it does not exceed the regulatory limits of 10ppb set by Kenya 

Bureau of Standards and East Africa Community (KEBS, 2018; Muthomi et al., 2009; Winfred 

et al., 2022).   

From the findings some of the practices were perceived more by the untrained farmers than the 

trained farmers as indicated in the responses on weeding, correct spacing, raising of stores, use of 

wooden pallets, maize condition checks and application of insecticide after shelling. This could 

have been attributed by the diffused training between the trained and untrained farmers. 

Therefore, moving forward, there is need for immediate follow up in these maize farming zones 

to clearly monitor the aflatoxin levels so as to ensure that there is consistent use of Good 

Agricultural Practices to realize the role of Agricultural training. 

Poor post-harvest management practices and ignorance for mycotoxins exposure pose potential 

health risks to the consumer (Koskei et al., 2022b). Training and all forms of sensitization on 

hygiene and Good Agricultural Practices should therefore be encouraged at all multiple points of 

food production. This has been confirmed that inadequate sensitization and low education levels 

are the cause to the spread of aflatoxins in Kenya (Omara et al., 2021). Aflatoxins are resistant to 

heat and can withstand normal cooking temperatures (Yau et al, 2018). On the other hand, even 

these advanced methods used to make brews hardly remove all the toxins in the liquor (Nkwe et 
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al., 2005b; Shephard et al., 2005). A good example is case study in Kenya where mycotoxins 

were isolated in beer (Mbugua and Gathumbi, 2004).  

CONCLUSION 

Although the application of GAPs appeared had a slight decrease between trained farmers in the 

years 2017 and 2023, no significant difference was detected in either of the approaches to 

confirm that indeed the training did not have a long-term influence. During the interview, it was 

also alluded that during post-harvest operations, accidentally left overs of maize that are already 

exposed onto the ground are collected, hand shelled for sale. It was also noted that the sorted 

maize kernel whose condition is unfit for consumption is given to livestock or sold to brew 

makers. Only 33 of the 90 trained farmers in Nandi County were found in the same maize farm 

locations, after a six years period. This decrease in the cohort limited our analysis for the long-

term influence of training and suggests that more frequent follow-up is needed for a prospective 

analysis of farming practices. Trends in our data suggest that GAP application by trained farmers 

deteriorates slightly over time and that trained and untrained farmers display relatively similar 

adoption in GAPs. A general decline in the adoption of the practices from 91.15% to 81.3% 

between the years 2017 and 2023 was noted. Diffused training was also part of the of discussion. 

For instance, from the findings some of the practices were perceived more by the untrained 

farmers than the trained farmers as indicated in the responses on weeding, correct spacing, 

raising of stores, use of wooden pallets, maize condition checks and application of insecticide 

after shelling.  

RECOMMENDATION 

It is therefore recommended for annual farm training and evaluation not only in Nandi County 

but across all maize farming zones in the world to help maintain consistence in GAPs application 

and minimize the levels of aflatoxin contamination in maize farming zones. Given that 

contamination can be introduced before and after harvesting, we recommend that training occur 

during planting, harvesting, and post-harvesting periods. 
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