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Abstract 

Cattle farming is important for the socio-economic development of Rwanda, representing 12% of the national gross 

domestic product (GDP). In general, livestock production is a primary source of income. Recognizing the importance 

of cattle, the Government of Rwanda introduced the Girinka program in 2006 to reduce poverty and childhood 

malnutrition by providing poor people with dairy cows. The sustainability of the Girinka program relies on the 

successful breeding of cattle. Artificial Insemination (AI) is a method that can enhance cattle reproduction, but many 

Girinka beneficiaries did not have the requisite knowledge to maximize the success rate of AI by tracking the estrus 

cycle (heat detection) of their cattle.  

This project aimed to study the effect of training Girinka farmers on heat detection using the International Livestock 

Research Institute (ILRI) materials on cattle AI. A two-day training was provided to 74 Girinka cattle farmers. The 

cattle AI success rate and the farmers’ knowledge of heat detection were measured.  

The overall knowledge of farmers on cattle estrus cycle significantly increased from 37.16% pre-intervention to 

92.34% post-intervention (P=0.008). The AI success rate significantly increased from 44% pre-intervention to 58.7% 

post-intervention (P<0.001).  

The study showed that by providing an evidence-based training to farmers on heat detection and estrus cycle in cattle 

could increase the success rate of AI. The same training is recommended for all Girinka beneficiaries in Rwanda. 

Longer term follow-up and scaling-up of the project should be considered to maximize the benefits.  
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1. Introduction 

Cattle farming is important for the socio-economic development of Rwanda. In addition to contributing 12% to 

national gross domestic product (GDP), livestock production also plays a critical role in the well-being of the 

population (Kayigema, 2014; Rwanda Food Security, 2011). Livestock production is the main source of income for 

the 39% people living below the poverty line in Rwanda (Rwanda Food Security, 2011; NISR, 2015). Milk and meat 

products from livestock are an important source of dietary protein for the 44% of children who suffer from stunting 

(Rwanda Food Security, 2011).  

Recognizing the importance of cattle farming, the Government of Rwanda introduced the Girinka program in 2006 to 

reduce poverty and childhood malnutrition in rural areas by providing poor people with dairy cows (Mudingu, 2017). 

As of 2017, more than 259,087 households had received cows from Girinka (Kayigema, 2014; Mudingu, 2017). 

These dairy cows have contributed to an increase in milk production that has helped to reduce malnutrition and 

increase income (Mudingu, 2017). However, the sustainability of the program relies on the successful breeding of 

cattle, which is in turn dependent on a farmer’s ability to recognize when his/her animals are in heat.  

Artificial Insemination (AI) is a preferred method of enhancing cattle reproduction, as it contributes to the reduction 

of sexual transmissible diseases and of recessive genes (Noguera et al., 2013). AI was arguably the first great 
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biotechnology innovation related to animal reproduction and breeding, dating back to 1780s; and the technology has 

grown significantly in the 1940s (Malik et al., 2012; Foote, 1999; Gordon, 2004). By placing sperm from genetically 

superior bulls into uterus of cattle (Foote, 1992; Morrell, 2011; Foote, 2002; Dalton, 2011), the bovine AI procedure 

has better breeding efficiency and has brought enormous economic benefits to the livestock farming industry – from 

reducing sexual transmissible diseases to improving milk production (Noguera et al., 2013; Das et al., 2016; 

Stevenson, 1997; Rodriguez, 2012). It was first introduced to Rwanda in the 1990s (NISR, 2013), but services were 

interrupted during the 1994 Genocide and only resumed in 2001 when the country renovated its agriculture 

framework (Chatikobo, 2009). Now, whenever farmers notice signs of heat in cows could call the inseminator and 

pay 2000-3000 RWF insemination fees. 

Most developed countries generally have AI success rates over 80% (Magyar, 1991), higher than the Food and 

Agriculture Organization (FAO) recommendation of 75% (FAO, 2008). The AI success rates in low income 

countries including Bangladesh and Ethiopia, however, were only around 50% (Shamsuddin et al., 2001; Uddin et 

al., 2014; Haque, Gofur, Asaduzzama, & Bhuiyan, 2015 ; Ashebir, 2016). In Rwanda, the success rate was around 

44% in 2018 (MINAGRI, 2013). 

Many barriers to the success of AI have been identified, including the physical, biological and nutritional conditions 

of the cow, the cattle rearing system, and the handling of semen by as well as the general skill of the inseminators 

(Shamsuddin et al.,2001; Uddin et al., 2010; Samre et al., 2015; RAB, 2015, Nishimwe et al., 2015; Gebre et al., 

2007; Joost et.al, 2010; Parish, 2010); RAB, 2013; Perry et al., 2011). In addition to these barriers, another challenge 

is to accurately detect the estrus signs (also known as the “heat”). Heat is the period when cows can conceive and 

thus is the only time for successful AI (Nebel, 2014). This is critically important since the estrus cycle of cows 

happens only once a month (John, 2009; Heres et al.,2000; Nishimwe et al., 2015; Chandel & Pushpa, 2014).  

Since frozen-thawed sperm can only survive approximately 20 to 24 hours in the female reproductive tract and the 

heat only lasts for 48 hours, timing of AI is critical to ensure the fertile life of sperm and egg overlap (Boujenane & 

Boussaq, 2014; Foote, 2002; Colazo & Mapletoft, 2014). A study conducted in Tunisia showed that by improving 

farmer’s knowledge on heat detection, the success rate of AI increased by 15% (Salem & Khemiri, 2008; Nebel, 

2014). In Rwanda’s, farmer’s knowledge of detecting heat and its effect on AI success rate has not previously been 

studied. Accordingly, this project aimed to study the effect that training Girinka farmers on heat detection has on 

farmers’ knowledge and cattle AI success rate. By improving cattle farmers’ ability to detect heat and in turn 

increasing the success rate of AI, this project may improve the socio-economic statuses of livestock farmers in 

Rwanda.  

2. Method  

2.1 Setting  

This study was conducted in Huye district of Rwanda. About 20% of all the cattle in this district were provided by 

the Girinka program (RAB, 2013) and about 67% of cattle farms utilized AI in 2014 and 2015, with an overall AI 

success rate of 44% (Makuza, et al, 2016). There are two main inseminator centers in the district. 

2.2 Study Design and Sample 

The project utilized a pre- and post-intervention study design to investigate the effect of training farmers to detect 

heat in cattle on the success rate of AI in the district. The farmers’ knowledge of concepts related to heat detection 

was assessed before and after a two-day training in November 2017. All farmers who received a cow from Girinka 

program or have a first generation offspring of a Girinika cow, and who participate in AI in the Huye area were 

invited to participate in the training session. The AI success rate among the cows owned by the farmers was collected 

from the Huye district veterinary office three weeks before and two months after the intervention.  

2.3 Intervention  

Two inseminators who were veterinary technicians conducted the training. The training included information on heat 

period, cattle estrus signs, detection techniques, and timing. The training materials were adapted from International 

Livestock Research Institute (ILRI) materials developed for smallholder dairy farmers (ILRI, 2016) and from Heat 

Detection Strategies for Dairy Cattle (Graves, 2012). The training was conducted in Kinyarwanda, the local language 

in Rwanda.  

2.4 Measures and Data Collection 

Two key measures included the farmer’s knowledge score and the AI success rate. The knowledge score was 

obtained by having the participants complete a written test, which included six multiple choice questions. The test 
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was developed based on the materials by ILRI. The six questions were: 1) Define the estrus cycle of cows, 2) What 

does “heat” mean in cows? 3) How long is the estrus cycle of cows? 4) What is the appropriate time to check for heat 

period? 5) What are the signs of cows in estrus? and 6) What are the methods of estrus detection used at farm level? 

The test was completed immediately before and after the training session. Informed consent was obtained from all 

participants. The AI success rates were obtained through the District Veterinary Office in Huye, who keep records on 

each famer. The University Global Health Equity institutional review board provided ethical approval for the study. 

2.5 Data Analysis  

A chi-square test was used to compare the pre- and post-intervention AI success rates, and the Wilcoxon signed rank 

test was used to compare the pre- and post-intervention knowledge scores (overall and by each question) to adjust for 

non-normal distribution of data. All statistics were analyzed using STATA v.13, with the significance level set at 

0.05.  

3. Results 

Among the 74 farmers from Huye district who participated in the training, 70.5% received their cows directly from 

the Girinka program and 29.5% received a cow from the first generation produced by the cows given from Girinka. 

Forty-seven (63.5%) females and 27 (36.5%) males participated in the training, with ages ranging from 30 to 80 

years (Table 1). Most of the participants (52.7%) were in the age range of 41-50 years.  

 

Table 1. Table summarizing the participants’ characteristics 

Sample   74 

Sex Female 47 (63.5%) 

 Male  27 (36.5%) 

Age groups (year) 20-40 3 (4%) 

 41-60 65 (87.9%) 

 61-80  6 (8.2%) 

 

The participating farmers owned a total of 131 cows. The AI success rate significantly increased from 44% 

pre-intervention to 58.7% post-intervention, with P<0.001 (Table 2). The overall average knowledge score of the 

farmers significantly increased from 37.16% pre-intervention to 92.34% post-intervention, with P= 0.008 (Table 2). 

For all six questions about the knowledge, there were statistically significant increases in the percentage of farmers 

answering correctly, with question 1 related to the knowledge of estrus cycle having the biggest increase from 31.1% 

pre-intervention to 95.9% post intervention, a 64.8% improvement (P<0.001, CI= 0.53, 0.77). The smallest increase 

in score was question 2 related to knowledge on heat period of cows, which increased from 55.4% pre-intervention 

to 98.6% post-intervention, a 43.2% improvement (P<0.001 and CI= 0.31, 0.55) (Table 2). 

 

Table 2. Table summarizing the pre-and post-intervention results 

  Pre-intervention Post-intervention Change  P-value (95% CI) 

Cattle’s AI success rate     

Sample (number of cows) 131 131 - - 

Cattle AI success rate 44.2% 58.7% 14.5% 
<0.001  

(12.20, 16.77) 

Farmer’s knowledge     

Sample (number of farmers) 74 74  - 

Overall knowledge score (mean ± SD) 37.1% ± 13.9% 92.3% ± 11.7% 55.2% 
<0.008  

(0.50, 0.61) 

Question 1: Estrus cycle general 31.1% ± 46.6% 95.9% ± 19.9% 64.8% <0.001  
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information (0.53, 0.77) 

Question 2: Heat period of cows 55.4% ± 50.0% 98.6% ± 11.6% 43.2% 
<0.001  

(0.31, 0.55) 

Question 3: Cattle estrus duration 41.9% ± 49.7% 97.3% ± 16.3% 55.4% 
<0.001  

(0.43, 0.68) 

Question 4: Time to check for heat period 40.5% ± 49.4% 93.2% ± 25.3% 52.7% 
<0.001  

(0.39, 0.66) 

Question 5: Manifestations of cows in 

estrus 
33.8% ± 47.6% 86.5% ± 34.4% 52.7% 

<0.001  

(0.36, 0.69) 

Question 6: Cattle estrus signs 20.3% ± 40.5% 82.4% ± 38.3% 62.1% 
<0.001  

(0.49, 0.75) 

 

4. Discussion 

The results of our study suggest that the training provided to the farmers increased their level of knowledge on the 

estrus cycle of cows. The training was also associated with an increase in AI success rate; which is consistent with 

some other previously published studies which found that similar training on cattle heat detection can improve AI 

success rates (Goncu et al., 2017; Sakatani et al., 2016; Woldu et al., 2011; Mpofu, 2002). The 14.5% increase in AI 

success rate observed in this study is also consistent with the results of some other similar studies conducted in 

Ethiopia, Malawi or China, although their increase in AI success rates was as much as 22% (Woldu et al., 2011; 

Mpofu, 2002; Yin, et al., 2013).  

Since the duration of heat in cows is only 48 hours and the estrus cycle only occurs every 21 days (Selvam & 

Archunan, 2017; Johnson, 2016), knowing the signs of heat and the physical and behavioral manifestations of cows 

is critical to successful insemination (Hansen, 2013). Since AI services are not free, not being able to inseminate 

successfully can result in paying for inseminators more than once, thus posing a financial loss to farmers. Our 

training empowered the farmers with knowledge to understand the signs of the heat period and therefore to make 

sure that AI is requested at the right time, increasing the likelihood of successful insemination.  

Our study used a strategic problem solving (SPS) approach (Banaszak-Holl et al., 2011) to address the cow 

insemination issue. SPS is an 8-step process applied to understand and address a problem. By following the SPS 

process, we created a problem statement that allowed us to focus on a single issue for the project. Issues surrounding 

artificial insemination can be complex and convoluted. By clearly defining the problem, the effort and resources 

invested to this project became more focused. Our objective was clearly set from the beginning and that provided to 

the team and created a shared direction. We conducted extensive literature review to understand the general causes of 

issues leading to the problem then applied such general knowledge and applied it to our project. Our knowledge test 

questions were designed based on an evidence-based curriculum; the questions provided us with baseline 

information on the farmers’ knowledge and the specific areas that they needed further training on. With such 

information, we developed a training program that specifically targeted the root cause of the problem. 

Our training program was designed based on a thorough literature review and methodology recommended by the 

ILRI; the components of the training specifically targeted the most important factors in successful AI. The 

development of curriculum and training materials had also taken the local culture and audience’s comprehension into 

consideration. The training was delivered using simple terminology in the local language (Kinyarwanda) to ensure 

that all farmers could understand. Visual aids including graphs, pictures, and videos were used to enhance farmers’ 

understanding. The individuals selected to deliver the trainings were veterinary technicians and experienced 

inseminators. 

By following the SPS process and implementing an evidence-based, data-driven intervention, our training was 

associated with improvements in AI insemination rate. However, there were a number of limitations in the project. 

Firstly, we could not attribute the increase in AI success rate solely to our intervention, as the success of artificial 

insemination depends on farmers’ knowledge on the heat detection and estrus cycle management (52%), semen 

source, semen handling and insemination techniques (24%), and skills and availability of the inseminator (18%) 

(Nishimwe, et al., 2015). Secondly, since the post-intervention assessment on knowledge was conducted 
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immediately after the training session, a short-term increase in knowledge scores was highly likely, while the 

long-term retention of knowledge has yet to be determined.  

5. Conclusion  

This project utilized a pre- and post-intervention study design to assess the effect of providing evidence-based 

training on estrus cycle to farmers on the success rate of AI. The intervention was associated with a significant 

increase in farmers’ overall knowledge score from 37.16% to 92.34%, and with an increase in the AI success rate 

from 44.22% to 58.7%. The results indicated that by building farmers’ knowledge, they can detect estrus cycle 

accurately, and in turn, maximize the AI success rate. If AI is performed at the optimal time, the unnecessary 

repetition of insemination can be decreased and calving intervals can be shortened. In Rwanda, where cattle farming 

is an important part of the economy and has significant impacts on the financial and physical wellness of farmers and 

their families, maximizing AI success has long term benefits at multiple levels. This education program was simple 

and effective and could be replicated in other regions where AI is performed. Longer term follow-up of the project 

should be considered to evaluate if intermittent refresher courses will be necessary to sustain the observed 

improvements.  
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