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Abstract

Smallholder beef cattle farming in South Africa is characterized as an important free-range farming
system with the potential to alleviate poverty and up-lift the economy of rural communities. In this
farming system, reproductive performance has been identified as poor with substantial influence on
herd growth and profitability. Understanding reproductive performance in smallholder farms in this study
required an integrated research approach that first focused on the current farming practices to provide
insight into smallholder beef production and constraints, secondly outlining reproductive norms, and
finally defining achievable targets and factors associated with reproductive performance to provide
guidelines for improvement. A structured questionnaire was used to capture the current beef cattle
constraints and herd reproductive management practices. To evaluate reproductive performance, a
multilevel-sampling approach was used to identify study sites, beef cattle herds and breeding cows. A
total of 3694 cow records were collected from 40 smallholder herds between 2018 and 2019 over two
seasons: in Autumn (March to May) for pregnancy diagnosis and in Spring (September to November)
for monitoring of confirmed pregnancies. Data on animal and herd management factors such as body
condition score (BCS), cow age class, breed type, lactation status, culling non-productive cows, record
keeping, and breeding and calving months were recorded to evaluate associations with performance
indicators. Farmers demographics showed that the majority of farmers were males over the age of 60
whose farming objective is mainly for sales from informal markets. The major constraints in smallholder
beef cattle farms included lack of farming knowledge, understanding of farm business and information
communicated by government agencies. The preferred 25th quartile was used to describe the
performance benchmark and the GLIMMIX procedure of SAS was utilized to determine animal and
management factors influencing reproductive performance. The SAS frequency procedure was used to
show average reproductive performance levels. Measures of reproductive performance highlighted that
50% pregnancy rate, 12% fetal and calf loss, extended calving interval (608) and days open (304)
currently defines reproductive performance in smallholder farms. However, achievable benchmarks of
54% pregnancy rate, 1.4% fetal and calf loss, days open and calving interval of 152 and 425 days,
respectively were established. Poor management practices such as lack of knowledge on body
condition scoring prior breeding, culling of old and non-productive cows, record keeping and low bull to
cow ratio (p < 0.05) were identified as a standard practice in smallholder farms. Major factors
determining reproductive norms included BCS, breed type, breeding and calving months, with breeding
month December to March having high likelihood of obtaining pregnant cows and autumn calving
season with high fetal and calf loss, extended calving interval and days open. The outcomes of the
study were compiled into a set of recommended guidelines for improving reproductive performance in
smallholder farms that can be applied by extension and advisory services for improved farm

management strategies to enhance reproductive performance in smallholder farms.
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Chapter 1

Introduction

1.1 Overview

The livestock sector in South Africa (SA) supports the livelihood of approximately 70% of the
rural population (Hlatshwayo et al., 2022). Additionally, the beef cattle industry is recognized for its
significant role in alleviating rural poverty and improving the living conditions of adults (estimated at
55.5%) and children (88.4%) experiencing multidimensional poverty in rural communities (STAT SA,
2021; Jobirov et al., 2022a). In SA rural areas, smallholder beef farmers are often defined as farmers
that farm for their own consumption and only market surplus of their farm produce. These farmers are
custodians of cattle production in their communities. They keep cattle for a combination of cultural,
social and economic reasons (Queenan et al., 2020; Olmo et al., 2021; Mbatha, 2021). Smallholder
beef cattle farmers are estimated at 3 million with an estimated 5.69 million cattle and provide
employment to approximately 9 million people in rural areas (Beef Market Value Chain Profile, 2021).
However, with that said, beef production in smallholder farms is challenged by low productivity and
profit (Jobirov et al., 2022b). Smallholder beef cattle farms in SA are reported to contribute only 10% at
auctions for formal marketing of their livestock (Mbatha, 2021). Therefore, to meet food requirement for
the estimated 70% increase in human population by 2050, it is crucial for smallholder farms to improve
productivity and increase farm growth (Olmo et al., 2021).

Efficiency of livestock production is improved through good breeding practices and therefore,
reproduction efficiency is a determinant of production output in all farming systems (Fernandez-Novo
et al., 2021). Additionally, maximizing herd reproduction is one method of increasing milk and meat
production in cattle (Consentini et al., 2021). Therefore, the adoption of herd management plans for
monitoring herd reproductive performance indicators such as pregnancy rate, calving interval and days
open is of utmost importance (Krpalkova et al., 2020; Kaurivi et al., 2020). Moreover, understanding
farm management practices and the risk factors that affect performance indicators may give insight into
the herd reproduction norms and can be applied for improvements (Tada et al., 2013; Titterington et
al., 2017; Hewitt et al., 2018; Kaurivi et al., 2020; Olmo et al., 2021).

Enhancing smallholder farms' reproductive efficiency is a primary objective in SA to reach
improvement targets set by the Department of Agriculture, Land Reform and Rural Development. These
targets include achieving an increase of 60-80% calving rate from the current recorded 48%, which
has remained stagnant for over three decades (DALRAAD et al., 2020). Reports have shown that in
smallholder farms, monitoring reproductive performance requires understanding the farming system
and its heterogeneous, and continued evaluation routine assessments (Olmo et al., 2021; Armengol et
al., 2022). It is vital to understand the achievable levels of reproductive performance that smallholder
farms can attain given their available resources and environment (McCosker et al., 2022). The strengths
and weaknesses of smallholder farms must be known in order to set guidelines for improved

reproduction within current constraints.

© University of Pretoria
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1.2 Aim of the study

In SA, the concept of free-range or grass-fed beef farming is frequently marketed as an
economic opportunity for smallholder farmers since farming in this sector is primarily extensive
(Kunene-Ngubane et al., 2018; Malusi et al., 2021). Low input farmers have the opportunity to produce
high-quality products for free-range markets and make more profit compared to informal agricultural
markets (Kunene-Ngubane et al.,, 2018; Ume, 2023). Currently, smallholder farmers have an
opportunity to supply beef to niche free-range beef market such as Woolworths supermarkets, which
targets the growing number of middle to higher income consumers (Mmbengwa et al., 2016). The
current research is a component of the larger project titled High Value Beef Partnerships (HBVP) for
smallholder and communal beef cattle farmers of SA. The HBVP and its collaborators (Woolworths and
Pick 'n Pay) offer the smallholder beef cattle farming an opportunity to access the free-range market for
cattle that are raised and finished on natural pastures with slaughter weight of 200-360 kg by 3 years
of age. To successfully attain the supply of year-round beef and be able to fulfill the free-range market,
smallholder farmers must successfully overcome significant farming constraints such as the reported
poor reproductive performance. Therefore, the current research answers to “what breeding systems
need to be developed and implemented to cost-effectively improve reproduction performance in the
smallholder beef cattle sector”. Improving reproductive performance requires farmers to maintain a high

proportion of breeding females in their herds with an annual calving rate of 270% (Jobirov et al., 2022a).

Beef cattle reproduction in the smallholder farming sector in SA however, has been reported to
be unacceptably low (Nowers et al., 2013; Mugwabana et al., 2018). At a national level, the sector
reports herd reproduction with calving rates below 50%, high pregnancy losses (10%), extended calving
intervals, high pre-weaning (< 50%) and post-weaning mortality rate (15%) (Mokantla et al., 2004;
Nowers et al., 2013; Nengovhela et al., 2021). The reproductive performance of beef cattle in SA has
been decreasing since the 1960s, as indicated by perinatal survival and calving rates as low as 25%
and 40%, respectively in commercial farms (Boyens, 1964; Maule, 1973). However, it is worth
highlighting that there has been a significant improvement in beef cattle reproductive performance within
the commercial sector due to enhanced management practices. Calving rates have risen from a
reported 40% in the 1960s to a current minimum of 65% and a reduction in pre-weaning mortality now
ranging between 4% and 2% (Grobler et al., 2014; Van der Westhuizen et al., 2020; Nengovhela et al.,
2021). However, these figures fall below the recommended national guidelines set by for calving rate
(85%), pre-weaning mortality (2%), and post-weaning mortality (2%) in beef cattle (DALRAAD, 2020).

The ripple effect of poor herd reproduction in smallholder farmers is limiting profit and slow
sectorial growth of the farming system. This delays the Department of Agriculture Land Reform and
Rural Development’s (DALRRD) strategic goal for sustainable production in smallholder beef cattle
farming. To date, there are no routine reproductive records collected of important performance
indicators such as pregnancy rate, losses, and inter-calving period in smallholder farms (Tada et al.,
2013). Furthermore, there is limited data focusing on reproductive management of naturally mated cattle
in smallholder farms. A better understanding of farmers' management practices and identification of the

factors that impact cow reproductive performance may improve breeding systems and enable
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smallholder farmers to effectively deliver high-value, free-range beef. The current study aims to deliver
recommended guidelines on how best to manage and improve herd reproduction. The study will
evaluate reproductive performance and factors associated with improved performance to identify
management interventions and establish guidelines for improvement of smallholder farms. To achieve
this aim, the following objectives were formulated:

1. To assess the current beef cattle farming practices and evaluating constraining factors in
smallholder beef cattle farms through a survey.

2. To assess achievable levels of reproductive performance for establishing benchmarks of

smallholder beef cattle farms and identify factors underlying reproductive performance.

The foundational understanding of smallholder beef cattle farming and its challenges in
alignment with the findings from Objective 1, as well as the achievable reproductive performance and
the identification of factors influencing reproductive outcomes in line with findings from objective 2, will
provide critical and evidence-based recommendations for reproductive performance. These
recommendations will be used in developing user-friendly guidelines of targeted interventions aimed at
improving reproductive performance within smallholder beef cattle farms.

1.3 Thesis outline

This thesis is arranged into five chapters, an introduction of the purpose and significance of the
research is provided in Chapter one. Chapter two presents a review and discussion of challenges
affecting beef cattle reproductive performance and outlining mitigation strategies for improvement of
beef cattle raised on extensive systems in smallholder farms. A structured questionnaire was designed
to address interacting factors to better understand the current beef cattle systems of smallholder farms
in Chapter 3. The questionnaire collected data on farm and farmer demographics, constraints of
production, marketing, ecological and reproduction management. This Chapter was published by the
Journal of Agriculture and Rural Development in the Tropics and Subtropics. In Chapter four,
reproductive norms, benchmarks and factors affecting herd reproductive performance were established
from key performance indicators: pregnancy rate, fetal and calf loss, days open and calving interval.
The results of this chapter were published in the Journal Animals. Chapter five present a general

discussion and conclusion for research findings, as well as recommendations for future studies.
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Chapter 2

Literature review

2.1 Introduction

Livestock production has developed into a highly specialized industry with beef cattle
production being the second largest contributor towards the South African Gross Domestic Product
(Ngarava et al., 2019; BFAP-Baseline-2021). South Africa (SA) has been characterized by a dual
agricultural system with highly developed commercial and less developed smallholder sectors (Beef
Market Value Chain Profile, 2021). In the developed commercial sector, farmers often focus on genetic
selection and record keeping to improve production and reproductive performance (Van der Westhuizen
et al., 2020). However, 90% of farmers within the smallholder sector have been noted with limited

farming skills, support services and low reproductive performance (Oduniyi et al., 2020a).

Improved reproductive performance of beef cattle in smallholder farming systems can be
achieved through an in-depth understanding of the challenges in these farming systems. This
knowledge may provide basis for propose cost-effective on-farm strategies suitable for farmers in their
adaptive environment (Terlau et al., 2018; Katikati & Fourie, 2019a; Oduniyi et al., 2020b). The review
chapter discusses the challenges affecting smallholder beef cattle reproductive performance and
outlines proposed cost effective mitigation strategies for the improvement of beef cattle in extensive
systems.

2.2 Overview of the developing smallholder systems of South Africa

Smallholder farming was adopted from racial land laws such as the Native land act of 1913 and
1936 (https://www.sahistory.org.za/article/natives-land-act-1913). These laws denied an opportunity for
black African farmers to compete with white settlers during the mid-19th century as they were
characterized as being small to support independent production, hence the name smallholders or also
referred to as family farms (Binswanger & Deininger, 1993; Pienaar et al., 2019). As a form of
oppression, the SA constitutional land supporting apartheid in the 1880s allocated smallholder farmers
small portion of land of 0.76 million out of 6 million hectares and 0.84 million out of five million hectares
in the former Transvaal and Natal provinces, respectively, which only amounted to 7.9% of the country’s’
area (Binswanger & Deininger, 1993). These unequal land laws supporting the commercial white sector
resulted in a dualistic agriculture between the commercial and smallholder sector in SA (Queenan et
al., 2020).

In the 1990s, the SA government reviewed the land laws and introduced policies such as the
Settlement Land Acquisition Grant (SLAG) scheme and the Land Redistribution for Agricultural
Development (LRAD) scheme in agriculture with the aim of introducing equal distribution of farming
land in the country (Mapiye et al., 2018). Beneficiaries of the programs were granted funds to assist
communal farmers to enter the agricultural enterprises with the aim of promoting sustainable farming

(Lahiff & Li, 2012; Mapiye et al., 2018). Following this, more programs such as the Comprehensive
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Agricultural Support Programme (CASP), Letsema and the Land Reform were established to support
smallholder farmers in developing democratic agriculture through extension services, short-term
financing, production inputs and infrastructural grants (van Averbeke & Mohamed, 2006). To date, the
smallholder sector is divided into distinct sub-sectors based on farmers' production scale (Table 2.1).
Table 2.1: Smallholder farmers division in South Africa (Queenan et al., 2020; DALRRD, 2020).

Category

Definition

Subsistence farmers or household producers

Smallholders

Small-scale farmers

Commercial smallholders or market-orientated
smallholders

Small-scale commercial (emerging) farmers

Farmers in the former homelands farming primarily for
household consumption.

Farmers that primarily farm for their household
consumption, However, have higher productivity than
subsistence with annual turnover = R50 000 from access
production.

Farmers referred to as both subsistence and
smallholders. Their farming management practices are
still referred to as communal.

Farmers producing primarily for financial gain and small
access of their production is for home consumption.

Transitioning farmers from commercial smallholders to

medium and large-scale commercial farming.

The beef cattle industry has the potential for providing steady income within the agricultural
sector. It is a growing industry with increase in gross value to over 12% from the R33 billion reported in
2016/17 (Beef Market Value Chain Profile, 2021; BFAP-Baseline-2021). According to the Bureau for
Food and Agricultural Policy, the smallholder sector holds 40% of the country's cattle herd, while the
remaining 60% is owned by the commercial sector (BFAP-Baseline-2021). Smallholder farmers in the
beef industry are making an effort, however the transition to commercialization has been difficult due to
herd management challenges such as higher mortality and poor reproductive performance. Only 2% of
these farmers produce sufficient beef to feed the country as opposed to 90% in the commercial sector
(Greyling et al., 2015). The primary difference in farming between smallholder and commercial sectors

lies in management, infrastructure, recording and their limited knowledge of basic animal husbandry.
2.3 Beef cattle management practices in smallholder farms

Smallholder beef production systems are vulnerable systems constrained by multiple factors
(Nyamushamba et al., 2017). Beef production in the smallholder sector is susceptible to constraints
such as disease infestation, poor breeding management practices and poor feeding regimes (Tada et
al.,, 2013; Ojango et al.,, 2017). Management practices carried out in commercial sector such as
vaccinations, dipping of cattle and deworming are mostly performed through government service

programs for a given period in the smallholder and household farms in SA (Nowers et al., 2013).
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Infrastructure to perform routine on-farm activities such as handling facilities with neck clamp are limited,
poor or nonexistent for majority of smallholder farms (Mngomezulu-Dube et al., 2018).

Infrastructure for proper reproduction management activities such as estrus synchronization,
artificial insemination, and calving management are inadequate (Mutenje et al., 2020). Multiple studies
have highlighted that uncontrolled breeding seasons are the most adopted practice in smallholder farms
and only 5% considered seasonal breeding (Molefi et al., 2016; Mthi et al., 2020). Inbreeding is a
common challenge in low input management systems due to uncontrolled mating and the absence of
pedigree recording (Burrow, 2019; Mutenje et al., 2020). Inbreeding depression manifests in lower
growth rates, increase mortality, decreased weaning weights, meat quality, reduced pregnancy rate in
heifers and reduced scrotum circumference in yearling bulls (Murungweni et al., 2017; Burrow, 2019).

Smallholder farmers do not normally implement selection programs on high-quality breeding
animals to improve herd genetics and their farm operations are mainly characterized by cattle with
uncertain genetic backgrounds (Mapiye et al., 2019). According to Khapayi & Celliers (2016) and
Mapiye et al. (2018), 60% of farmers in the smallholder system are challenged by the lack of sufficient
camps for keeping breeding stock apart in combination with lack of sound breeding management.
About 60 to 80% of farmers rely on their neighbors' breeding bulls for mating (Ngeno et al., 2011; Molefi
et al.,, 2016). This increases the possibility of reproductive diseases such as Brucellosis and
Campylobacter fetus spreading between herds. Their limited access to veterinary care and vaccines to
prevent reproductive diseases lead to increased rates of these reproductive diseases, which
significantly reduce fertility rates (Monkwe et al., 2023). Often animals in smallholder farms are used as
draught animals and still expected to reproduce (Tada et al., 2013). In addition, smallholder farmers
keep a large number of cattle that are difficult for them to maintain, and without clear breeding
objectives.

Investing in supplementary feeding may be economically challenging in smallholder farms (Van
der Westhuizen et al., 2020). Moreover, the knowledge and strategies on securing cost-effective fodder
bank as well as supplementary feeding during winter and in periods of drought is limited in smallholder
farms leading to animals with low body condition score (BCS) (Mngomezulu-Dube et al., 2018). This is
an aspect of paramount importance since their cattle depend on grazing lands with seasonal forage
availability (Katikati & Fourie, 2019a; Burrow, 2019). Moreover, achieving an appropriate BCS and
weight gain is crucial for heifers to ensure they reach puberty at the right age, typically between 12-15
months in beef cattle. Delayed puberty can result in a longer time to first calving and decreased lifetime
productivity. These are some of the integrated constraints that need to be addressed for the overall
improvement of smallholder beef cattle production presented in Figure 2.1: a schematic representation

of constraining production success in smallholder beef cattle farming.
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Figure 2.1: Diagrammatic representation of on constraining factors in beef cattle smallholder production

2.4. The reproductive performance of beef cattle in smallholder farms
An ideal cow for breeding should have a history of regular estrous cycles, the ability to conceive
and carry pregnancies to term, and relatively short calving interval (McCosker et al., 2022). Improved
profitability of a farm depends on profiling farm reproductive performance through regular measure of
key performance indicators (Armengol et al.,, 2022). Performance indicators such as calving
percentage, pregnancy rate, days open, calving interval, and fetal or calf mortality are some of the
measurements commonly used to monitor herd reproductive performance (Carthy et al., 2016). Calving
percentage is used as a key determinant for reproductive performance and the average for SA is
estimated to be lower than 50% (Malusi et al., 2021). Low calving rates in smallholder farms is not only
a challenge in SA, however, it is also recorded in other countries in African such as Zimbabwe, Zambia
and Botswana (Table 2.2). In most smallholder farms indicators such as pregnancy diagnosis, fetal or
calf loss, and days open are not regularly applied in monitoring reproductive performance (Tada et al.,
2013). This may be due to a lack of skills and knowledge in recording and application of these indicators.
A survey in the Eastern Cape Province highlighted that only 12 to 5% of smallholder farms perform
pregnancy testing (Katikati & Fourie, 2019a). To date at a national level, pregnancy rate in smallholder
farms is recorded at 50% (Nengovhela et al., 2021). This is lower than the reported average pregnancy
rate in Namibia and the achievable levels determined in Australia for pregnancy rate in tropical countries
(Table 2.2) (Samkange et al., 2019; McCosker et al., 2022). Therefore, steps to improve breeding

management practices to achieve higher pregnancy rates are essential for SA smallholder farmers.
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In an extensive production system, the most vulnerable time for calf survival is the period from
birth to 28 days of life (Burns et al., 2010). Abortions and calf mortality up to 28 days are both considered
as traits of importance as they determine herd reproductive production loss and profitability (Segura-
Correa et al., 2018). The high annual fetal and calf pre-weaning mortality in SA and Ethiopia as
compared to Mexico and Brazil shows major concerns in decisions regarding farm management of
smallholder farmers (Table 2.2). Malnutrition, respiratory disorders and lack of vaccination diseases
were reported as the major course of abortion and pre-weaning mortality primarily in first parity heifers
and aged cows (Tessema et al.,, 2022). Calving intervals that are two years longer than the
recommended range of 398 to 477 days for tropical conditions as suggested by Webb et al. (2018) has
become a norm in SA and Somalia beef cattle smallholder farming. This pattern shows challenges in
re-conception, as noted by Ngeno et al. (2011).

Table 2.2: Summary of reproductive performance indicator traits measured in different countries.

Fertility traits Level of Country Reference
performance
Pregnancy rate (%) 50 Brazil Lemes et al., 2017
72 Chile Mdiller et al., 2020
71 Namibia Samkange et al.,
2019
Calving interval 425 Indonesia Nugroho et al., 2020
(days) (n)
457 Malawi Bhatti et al., 2020
582 Somalia Hassan et al., 2020
456 Vietham Van Dung et al.,
2019
Calving rate (%) 30-40 Zambia Food Security
Cluster, 2022
39 Zimbabwe Gusha et al., 2013
38.9 Botswana Kgosikoma, 2012
40 Nigeria Mai et al., 2015
65 Brazil Lampert et al., 2019
Foetal and calf loss 25 New Zealand Kaurivi et al., 2020
(%)
0.98 Mexico Segura-Correa et al.,
2018
8.16 Brazil Parvez et al., 2020
26.7 Ethiopia Tessema et al., 2022
10 South Africa Mokantla et al., 2004

The low pregnancy rate, foetal loss, calving interval, and calving rate in SA smallholder farms
significantly influence the productivity and profitability and therefore, essential for farmers to identify and

address the underlying factors contributing towards these measures.
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2.5 Non-genetic factors influencing reproductive performance and possible mitigating
strategies

Several non-genetic factors influence reproductive performance may have more severe
outcomes for smallholder farmers due to the constraints discussed in the previous section (Mthi et al.,
2020). These are factors ranging from climatic factors to nutritional and disease status and herd

management. The factors and mitigating strategies for smallholder farms are here briefly reviewed.

2.5.1 The environment

Extensive farming systems in sub-tropical countries are particularly vulnerable to harsh
environmental conditions including drought, low rainfall and high temperatures. It is also known that
the sensitivity or vulnerability of these conditions may vary among different counties (Kotir, 2011; Elum
et al.,, 2017; Kom et al., 2022). Smallholder farmers are less resilient to the variations in temperature
and erratic rainfall patterns. In addition to climatic variation in sub-tropical regions, climate change now
exacerbates these effects and studies have indicated that most regions in SA are affected by extreme
temperatures and droughts to a more or lesser extent (Rust & Rust, 2012; Zwane, 2019).

Extreme heat and drought in the KZN region during the 2014/2015 summer season resulted in
significant cattle mortality among smallholder farms with a death toll of 40 000 (Mthembu & Zwane,
2017). In the northern and western regions of the Western Cape, rainfall in 2016 was less than 50% of
the normal average. Due to droughts in these regions, an estimated 30 000 cattle have been sold
(Zwane, 2019). A report by Scholtz et al. (2018) highlighted a decline in the pre-weaning performance
of beef calves in the Northern Cape as a result of extreme heat during the summer of 2015 to 2016.
Furthermore, drought in Limpopo province has contributed to the deaths of 719 cattle during the spring
and summer months (October-February) of 2012 and 2013 (Maluleke & Mokwena, 2017).

It is reported that the optimal temperature range for beef cattle production is typically observed
between 15 and 25°C, with 20°C representing the thermoneutral zone (Cooke et al., 2020; Zazueta-
Gutiérrez et al., 2021). A decline in animal production is noticeable when the air temperature exceed
27°C and heat stress may be triggered (Khan et al., 2023). High environmental temperatures have been
a determining factor hampering animal production and reproduction worldwide (Ali et al., 2020). One of
the primary challenges during high temperatures is infertility or subfertility in genetically superior
breeding stock (Roth, 2020). During high temperatures, a range of challenges that negatively impact
reproductive performance such as reduced libido, increased embryonic mortality, and decreased
expression of estrus are observed in breeding cows (Hufana-Duran & Duran, 2020). Heat stress
decreases feed intake by affecting the appetite center of the hypothalamus. Feed intake declines by
40% at a rectal temperature above 39°C (Kim et al., 2022). As a result, animals experience a stage of
negative energy balance, thus body weight and BCS go down and consequently decrease reproduction
rates (Nazhat et al., 2021). Temperature plays a pivotal role in the intricate regulation of reproductive
hormones in cattle including Gonadotropin-Releasing Hormone (GnRH), Luteinizing Hormone (LH),
Follicle-Stimulating Hormone (FSH), Progesterone and Oxytocin. These hormones shows a profound
effects on the various stages of reproduction (Khan et al.,, 2023). The GnRH, secreted from the
hypothalamus initiates the reproductive cascade by stimulating the pituitary gland to release LH and

FSH. During puberty, these hormones coordinate the emergence of secondary sexual traits and the
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onset of reproductive maturity in both males and females (Bova et al., 2014). In the estrous cycle,
optimal temperature conditions are essential for the synchronized release of GnRH, triggering the surge
of LH and FSH (Evans et al., 2021). The LH is crucial for ovulation while FSH continues to support the
growth of new follicles (Boni, 2019). After ovulation, Progesterone produced by the corpus luteum
maintains the uterine environment thereby facilitating pregnancy establishment. In late pregnancy,
Oxytocin stimulate uterine contractions for parturition and promoting milk ejection during lactation
(Mota-Rojas et al., 2023). The interplay between temperature and reproductive hormones underscores
the critical role of environmental conditions in the successful orchestration of cattle reproduction across
different stages, from puberty to ovulation and pregnancy (Molefe & Mwanza, 2019). Therefore, the
changes in temperatures affects the down or up regulation of reproductive hormones for performance
as highlighted in Table 2.3. For an example an increase in temperatures increase the level of oxytocin
to contract the uterus and lead to premature birth during pregnancy. Table 2.3 shows the effects of

temperature on reproductive performance in beef cattle at different stages of reproduction.

Table 2.3: The effects of temperature on reproductive performance in beef cattle at different stages of
reproduction (Khan et al., 2023)

Optimal temperature High temperature for

for reproduction reproduction
15-25 °C >35 °C
Reproductive stages Hormone
responsible
Puberty GnRH, FSH,
- * ¥

Oestrus GnRH, FSH, LH f ‘
Ovulation LH f ‘

Pregnancy Progesterone f ‘

Oxytocin ‘ f

It is to note that the temperature ranges provided in the table may vary depending on the
specific region in SA. The provinces located in the northern regions of South Africa, including Free
State, Limpopo, North West, and Gauteng typically record average maximum summer temperatures of
around 28°C, whereas the Eastern Cape and Western Cape provinces maintains an average maximum
summer temperature of approximately 24°C. Tropical regions are experiencing warmer conditions,
leading to more frequent and prolonged heatwaves that increase heat stress in cattle (Thornton et al.,
2021). The adverse effects of heat stress in SA were particularly pronounced in some regions in the
Northern Cape (Augrabies) and Western Cape (Redelings, Vredendal) provinces. These areas
experienced exceptionally high summer temperatures, ranging from 42 to 48°C during the summer of
2015/2016 (Hove, 2017). Hence the earlier argument on beef cattle production being affected in this
provinces during the 2015/2016 years.

The most cost-effective methods of minimizing heat load from animals in a hot environment
include provision of shade (Edwards-Callaway et al., 2020). Cattle that are shaded have been observed

to exhibit lower respiration rates, panting scores and body temperatures. Moreover, shading can reduce
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solar radiation by 30% (Zazueta-Gutiérrez et al., 2021). A report by Lee et al. (2020) highlighted that
Brahman cattle kept in shade exhibited a panting score as low as 0.13%, whereas unshaded Angus
cattle showed a rise in their panting score by 0.71%. Smallholder farmers can make use of trees as
cost effective measures for provision of shades. Moreover, trees do not only provide shade to the
animals however, it also provides cooling through the evaporation of moisture from their leaves
(Krishnan et al., 2017).

Implementing a drought management plan, such as early weaning or culling unproductive cows,
to reduce the demand for feed and water is important. Early weaning can improve reproductive
performance in beef cows by reducing the stress on the cow during periods of drought or feed scarcity.
This stress reduction can lead to improved body condition and a shorter postpartum interval, which can
result in earlier rebreeding and an improved conception rate. Additionally, early weaning allows cows
to allocate more resources to their own maintenance and reproductive functions, rather than lactation
(Orihuela & Galina, 2019).

2.5.2 The feeding regime and Nutrition

Nutrition has a major impact on the reproductive development of breeding stock. It is regarded
as the principal factor as it can reduce an animal's performance below its genetic merit (Ibtisham et al.,
2018). The nutritional status of beef cows is significant influenced by its body condition which reflects
the metabolizable energy stored in fat and muscle (Nazhat et al., 2021). Nutrition in beef cattle is
similarly linked to hormonal factors such as temperature. It is reported that an energy balance can be
maintained and reproductive performance can be supported at a herd-level with BCS of 2.5 to 3
(Fernandez-Novo et al., 2020). Moreover, cows with excessively high (=4.0 points) or excessively low
(<2.0 points) BCS on a scale of 1 to 5 reduce fertility rates for beef cattle. Low BCS has been reported
to affect estrus through delaying maturation and the release of mature oocytes. This is due to a delayed
release of FSH, infrequent pulses of LH, inadequate follicular responses to gonadotropins and
decreased follicle functional competence (Bezdi¢ek et al., 2020; Fernandez-Novo et al., 2021).
Moreover, low BCS of a cow results in low pregnancy rate, high fetal loss and longer calving interval
(Nazhat et al., 2021). The study by Burke et al. (2010) highlighted that the BCS of two in breeding cows,
using a 1 to 5 scoring scale during mating periods reduced pregnancy by 8%. Moreover, 30% of
pregnancy losses are observed in cows with lower BCS (Lee & Kim, 2007). However, breeding cows
with moderate BCS present improved reproduction rate as reported by Nengovhela et al. (2021) who
highlighted high pregnancy rate (73%) on cows with BCS23 versus BCS<2 (Table 2.4).

Table 2.4 present the influence of BCS in different reproductive performance traits.

Table 2.4: Impact of Body Condition Score (BCS) on reproductive performance traits in smallholder
farms (adopted from Vickers, 2019; Atieha & Abdelsalam, 2021; Nengovhela et al., 2021)

BCS Age at first Pregnancy rate Days open Calving interval
calving (months) (%) (days) (days)
<2.0 28 14 149 433
2.5-3 26 66 92 382
3.5-4 25 73 135 364
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Similar to how poor nutrition affects females, it also has an impact on the bloodstream release
of gonadotropin-releasing hormones (GnRH) in bulls. In males, the disruption of the GnRH release
reduce the release FSH and LH, which stimulates the development of the testicular mass and the
growth of the seminiferous tissue, which has an impact on the productivity of spermatogenesis (Harrison
et al., 2022). Poor nutrition significantly delays the age at puberty in males by reducing the number of
spermatozoa per ejaculate. In cases of inadequate nutrition, bulls may not reach puberty until 18 to 24
months of age (Singh et al., 2018).

Community grazing pastures are the primary source of nutrition for smallholder cattle however,
grazing land available to smallholder is challenged by low quality pasture and imbalance nutrients
content on natural pastures in low input countries (Ayele et al., 2021). The combination of the lignin and
fast maturation of grasses provides low digestibility of these grasses and this serve as the main limiting
factors to animal production primary in the sour veld regions (Ndazigaruye et al., 2018; Fust & schlecht,
2018). Sourveld is one of the rangeland in SA is found in high moisture areas (Mpumalanga, Kwazulu-
Natal, and some parts of the Limpopo) with rainfall of up to 650 mm. During dry periods, animals in
sourveld rangeland experience a reduction in forage quality necessary to support growth, which result
in a general decline in their body weights. According to Ngeno (2008), a decrease in body weight from
400 to 300 kg during the months of March to October was noticeable in the sourveld regions in the
Eastern Cape Province. The sweet veld (the second type of rangeland in SA), on the other hand is
palatable and can support animal production year-round, however with low quantities, overgrazing is
common in the sweetveld regions (Northern Cape, Free state, North west and some parts in Limpopo
province) (Dannhauser, 2021). The absence of a management system, coupled with overstocking and
expanding human settlements has led to the degradation of communal grazing (Palmer& Bennett,
2015). Despite occupying just 17% of the overall farming area, communal grazing systems support a
substantial 52% of the cattle population (Franke & Kotzé, 2022). All these implications of grazing land
contribute to a very low off-take (+ 3%) and poor economic returns from smallholder farms (Scholtz &
Bester, 2010).

Reproductive performance is driven by the quality and quantity of grazing pastures as cattle
are raised in community rangelands in smallholder (Mapiye et al., 2019). As a result, the concept of
community-based natural resource management in managing natural pastures is important (Mapiye et
al., 2019). This entails cooperative pasture management between villages and pooling of herds to share
resources and increase output (Fernandez-Giménez et al., 2015). With this approach, strategies for
managing grazing pasture such as rotational grazing for sustainable community pasture management
may be applied, where one village's grazing pasture is grazed while the others are rested (Teague,
2018). Since either the chief or a village tribe owns land in the villages, farmers can group themselves
and negotiate to manage a piece of land for grazing at a fee paid to either the chief or a village tribe.
Farmers can then apply the stocking rate principle by Van der Westhuizen et al. (2020) which suggest
a stocking rate of 6ha/LSU grazing for a period of one to three months for each grazing unit and a
resting period of at least eight months for rotational grazing. The adoption of this strategy has resulted

in a significant improvement in calving rate, which has increased from 32% to 82%. Similarly, there has
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been a remarkable increase in weaning weight of 155.8kg to 215.8kg in commercial farmers in the Free
State province of SA.

Supplementation is important for breeding animals to meet their nutritional demands as the cow
nutrition level gradually rises throughout gestation and pre-calving periods (Erickson et al., 2020).
Feeding cattle with crop residues during dry periods has been found to be cost-effective
supplementation strategy in smallholder farms (Burrow, 2019). Cultivated fodder crops residues have
been successfully implemented to supplement feed in the dry season for majority of smallholder farms
in extensive production systems (Nyaata et al., 2000; Lamidi & Ologbose, 2014). Although it is well
known that crop residues have low-quality crude fiber percentages (18%) and low-quality total digestible
nutrient percentages (less than 60%), the challenge with smallholder farms is not only low feed quality
however, limited amount of feed of any kind. It is then advisable for farmers to select dry roughages
leguminous crops such as barseem, lucern, shaftal soybean, cluster beans, and cowpea, and also
consider non-leguminous cereal forages including maize, sorghum, millet, and oats for better crude
protein levels (Igbal et al., 2015). The report by Ayantunde et al. (2007) highlighted on optimizations of
crop residue for digestibility and low crude protein contentment to enhance its significance as supply of
feed. In their report, a basic way to improve crop residues including rapid removal from the field after
grain harvest to restore leaf damage losses through senescence. Moreover, the addition of nitrogen (N)
through the use of urea or a protein and energy source, such as molasses in straws and stovers
maximizes rumen digestion and supplies the balance of protein and energy needed for optimum
productivity (Panday, 2011). That is a 5% addition of urea in rice straw, maize stover, millet stover and
sorghum stover assist in their palatability and digestibility.

However, adoption of mix farming to achieve the latter in smallholder beef cattle farms may
become a challenge on some farmers as a result of land scarcity. Therefore, integrating farming for
both animals and crops farmers has been shown to be successful in areas where land has become a
scarce resource. This is also advantageous in a sense that cattle provide manure for which can be a
substitute for fertilizer on agricultural land, while crop residues provide feed to livestock. It is important
that both livestock and crop farmers work together for the success of agricultural sustainability in
smallholder production systems (Mugumaarhahama et al., 2021).

Awareness needs to be made among farmers and policy makers about the importance of
indigenous trees such as Morus alba, Terminalia arjuna and Moringa oleifera for livestock feed (Igbal
et al., 2015). These are readily available in the villages and are well-known for their numerous uses
such as shelter, wood and medicine. Scientists have investigated that the leaves of Moringa stenopetala
contain high crude protein contents (9% of DM), 280 mg kg-1 of vitamin C and 160 mg kg-1 of &-
carotene contents with iron and calcium contents of 30.8 and 7928 mg kg-1, respectively (Igbal et al.,
2015). Above all, the knowledge of aligning animal reproductive activities with the availability of forage
is important in tropical and subtropical countries such as SA (Burrow, 2019). In these instances, it will

be matching the forage production curve with pregnant and lactating cows to maintain body condition.
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2.5.3 The health and welfare of animals

Cattle raised in tropical and subtropical environments are exposed to a range of diseases that
may affect reproduction directly or indirectly (Burrow, 2019). In the sub-tropical regions, tick-borne
diseases and internal parasites may affect body weight and subsequent fertility (Kumar et al., 2013).
Reproductive diseases in cows is most evident with increased abortions, stillbirths or death of calves,
retained placentas, prolonged postpartum interval to conception, increased days open and decreased
milk production (Hossein-Zadeh, 2013).

Reproductive diseases such as Brucellosis, Campylobacter, and Leptospirosis have been
recorded since the early 40s. The first recorded case of Brucella abortus infection in SA dates back to
1913 in the Limpopo province formally known as Transvaal province (Van Drimmelen, 1949).
Consequent to the first outbreak, Brucellosis infections to date has escalated to the central regions of
the country (Govindasamy et al., 2021). The disease has a significant impact on the reproductive
performance of cattle which lead to infertility, abortion and decreased milk production. These health
challenges can lead to economic losses for smallholder farmers who heavily rely on their livestock for
income and food security (Kolo et al., 2020). Smallholder beef cattle farms in particular are vulnerable
to the outbreak of this disease, as they may lack the resources and knowledge to implement effective
control measures. In many instances, smallholder farmers have limited resources to invest in disease
control and eradication measures which makes them particularly susceptible to the negative effects of
brucellosis (Olaogun et al., 2023). In Rwanda more than 65.8% of smallholder cattle that tested positive
for brucellosis recorded a calving interval exceeding 12 months (Ndazigaruye et al., 2018). Smallholder
cattle farms in the North West province of SA highlighted 34% of abortion cases associated with
Brucellosis abortus (Molefe & Mwanza, 2019). The implication of the infection at herd level affects a
wider community as communal grazing accounts for approximately 91.5% of shared grazing practices
(Molefe et al., 2017). Lacking sufficient understanding of reporting, majority of the farmer's first instinct
when there is an abortion is to sell the cow to the next farmer. Moreover, aborted foetuses are being
fed to dogs in most cases (Cloete et al., 2019). This results in a circular chain of infection. Moreover,
limited access to veterinary services hampers effective disease surveillance, diagnosis, and control
measures for brucellosis in smallholder farms (Ozli et al., 2019).

The impact of Leptospirosis and Campylobacter on the reproductive performance of beef cattle
in smallholder farms is a topic of concern as they are known to cause 50% of all reproduction losses in
the beef cattle industry (Kolo et al.,, 2020). Leptospirosis in cattle has mostly been reported in
Mpumalanga, KwaZulu Natal and the coastal area of the Eastern Cape provinces of SA due to high
rainfalls with a prevalence of up to 19.4% (Hobson, 2018). The scale of infection in cows may vary
between 30 to 70%, however, 95% of the infections were recorded in heifers (Bondurant, 2005). Based
on a study reported by (Schmidt et al., 2010) Campylobacter in SA has been recorded on communal
cattle at a prevalence of 29%. Moreover, infection rates of multifactorial disease in lactating cows such
as mastitis range from 10 and 54% in beef cows (Duefias et al., 2001). Breeding bulls are known to be

the carriers of most detrimental pathogens in these reproductive diseases (Table 2.5) (Underwood et
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al., 2015; Moore et al., 2021). The effect of these pathogens is visible in different physiological stages
in breeding cows.

Table 2.5: Reproductive diseases in different physiological stages.

Cow physiological Reproductive disease Carrier Symptoms Reference
stage
Estrus Endometritis Infected breeding bulls ~ Enlarged uterus,  Dahiya et al., 2018

odor red-brown
watery discharge

Pregnancy Bovine brucellosis Infected breeding bulls  Abortions, still- Tulu, 2022
born, weak
calves, retained
placentas,
infertile bulls.

Leptospirosis Pigs, Nyala, Reedbuck, Early and late Orr et al., 2022
and wildebeest embryo loss

Campylobacter fetus Infected breeding bulls  Abortions, Hoque et al., 2022
repeated signs of
estrus

Trichomoniasis Infected breeding bulls Embryo death Ondrak, 2016

Lactation Mastitis Staphylococcus Large teats, Monistero et al., 2018
pendulous udder
suspension

It has been reported that disease prevention among smallholder farmers in SA and most
developing countries remains a challenge (Myeni et al.,, 2019). Some challenges include farmers
concealing information of their animal health status or possible exposure to disease infection to avoid
losses in sales. However, this challenge accelerates the spread of diseases in the community.
Additionally, farmers are choosing vaccination treatment based on their personal experience or word of
mouth (Katikati & Fourie, 2019). Moreover, limited contact with local veterinarians is reported as the
biggest issue in managing animal health in smallholder farms and this can result in inadequate disease
control (Hernandez-Jover et al., 2019).

The rationale of indigenous knowledge system in managing herd health may have a positive
impact on disease control and should be encouraged in livestock development programs of smallholder
farms (Mkwanazi et al., 2021). Knowledge and strengthening of ethno veterinary medicine should be
evaluated as this information is enriched from the elderly and herbalists in local farming communities
(Mapiye et al., 2019). Therefore, more scientific understanding and a practical approach of traditional
knowledge for disease control in underdeveloped nations need to be studied (Ndlela et al., 2022). In
India, herbal remedies have been successfully endorsed by the government and veterinary services to
reduce the use of antibiotics by 49%. It has been successfully used for diseases such as foot and
mouth, mastitis and diarrhea in dairy cows. A recent study on goat production by Mkwanazi et al. (2021)
in SA revealed a total of 21 ethno-veterinary plants known for controlling ticks. Ethno-veterinary herbs
have also been found to be effective in treating a variety of illnesses, such as cow reproduction disorders

in SA (Chakale et al., 2021). The plant species Dicerocaryum senecioides also locally known as

19

© University of Pretoria



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Tshetlho ya mamitlwa a mabedi and Dichrostachys cinerea referred to Moselesele are known to treat
retained placenta and dystocia (Chakale et al., 2021).

Increased awareness and support by the government for the endorsement of these medicinal
plants may be a cost effective strategy in assisting smallholder farmers addressing health issues. It is
also necessary for smallholder farmers to be familiar with vaccination programs and basic knowledge
of how to handle sick animals, such as separating them from watering and grazing areas to prevent
reinfection. Educating farmers on the natural cycle of internal and external parasites and understanding
their natural cycle may minimize veterinary costs (Kumar et al., 2013).

2.5.4 Animal and herd management

Animal factors including age, parity and lactation have been shown to have an impact on
reproductive performance (Inchaisri et al., 2010; Kim & Jeong, 2019; Probo et al., 2022). Parity has
shown to have an influence in calving interval with longer calving intervals reported in parity one and
two (Webb et al., 2018). In a study by Segura-Correa et al. (2018), first parity cows had 15% greater
calf loss as compared to multiparous cows. Moreover, in Australia, McCosker et al. (2022) reported an
increased odds of extended days open in first and second lactating females compared to matured cows.
The significant effect of parity on primiparous cows is as a result of nutritional demands associated with
lactation while still maturing (Temesgen et al., 2022). Therefore, smallholder farmers must make critical
management decision on providing extra care and attention on cows when they calve the first time.
Fertility in cattle is reported as high between age 4 and 9 years, and decline after 10 years of age
(Marrella et al., 2021). This is due to hormonal imbalance that may advance in aged cows. In aged
cows, the quality of oocytes decreases as a result of decreased secretion of gonadotrophin released
from the pituitary gland (Khan et al., 2015). Therefore, it is essential for smallholder farmers to monitor
the age of their breeding cows and cows that are no longer reproductively efficient.

Lactation during breeding seasons is also a factor that results in long parturition intervals and
loss of body condition on beef cattle in the tropics. The impact of extended lactation in smallholder farms
in most developing countries is associated with extended postpartum anestrus, lower conception rates
and longer calving intervals (Swai et al., 2005; Manzi et al., 2019; Katikati & Fourie, 2019b). The low
reproductive performance in extended lactating cows is due to the release of prolactin hormone through
chronic sensory stimulation in the teats. Prolactin inhibits the secretion of essential hormones for
ovulation and estrus, such as GnRH and LH (Orihuela & Galina, 2019;Fernandez-Novo et al., 2021).
Moreover, lactation reduce weaning weights due to less milk during periods of poor nutrition (Erickson
& Kalscheur, 2020).

Mating management in smallholder farms has been constraint by uncontrolled breeding and
limited access to bulls of superior genetics (Mapiye et al., 2018). The limited availability of elite bulls
poses a significant challenge for smallholder production systems in low-input countries (Mapiye et al.,
2019). This challenge directly contributes to a 25% reduction in performance, resulting in decreased
conception rates, lower calving rates, and extended calving intervals in communal farms (Maime, 2015;
Chawala, 2020). The limited availability of superior genetics poses a challenge in maintaining genetic

diversity within smallholder herds and increases undesirable traits such as lower growth rates, reduced
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milk production, and inferior meat quality (Mwai et al., 2015; Nyamushamba et al., 2017). Overall, limited
knowledge of best practices for controlled breeding among smallholder farms contribute to a decline in
the overall reproductive performance of their herds (Khapayi & Celliers, 2016; Mutenje et al., 2020;
Wathes, 2022).

To maintain a sustainable beef cattle farm, farmers are advised to track reproductive lifespan
of breeding cows. That is, monitoring the health and nutrition of older cows that are still capable of
reproducing or provide energy-rich supplements and wean calves earlier for better growth and recovery
in primiparous cows (McCosker et al., 2022). This will inform farm decisions such as culling cows that
are no longer performing well reproductively after several unsuccessful mating attempts (Bonneville-
Hébert et al., 2011; Rilanto et al., 2020). Moreover, culling improves reproductive performance of the
herd as it allows for more resources to be allocated to the remaining cows that are more fertile (Rilanto
et al.,, 2020). In smallholder herds, farmers may choose to practice extended lactation as part of
management strategy of their feed resources or due to unavailable feed for the calfs (Orihuela & Galina,
2019). It is therefore recommended that during this period proper management practices, such as
monitoring the body condition of the cow to ensure it does not fall below 3 should be implemented
(Nazhat et al., 2021).

In low-input systems with limited resources found in smallholder farms, adapted indigenous
breeds offers valuable genetic resource (Mapiye et al., 2019). These breeds often possess superior
traits that make them survive and produce in low input systems (Nyamushamba et al., 2017). Breeds
such as Afrikaner, Bonsmara, Drakensberg, and Nguni have been classified as landrace breeds under
the South African Animal Improvement Act (Act 62 of 1998) due to their ability to cope with harsh local
environments (Jordaan et al., 2021). They exhibit traits low maintenance and adaptation that make
them resilient to common challenges faced by smallholder farmers, including diseases, heat stress, and
limited feed resources (Table 2.6) (Widyas et al., 2022). Their small frame sizes, exemplified by the
Nguni breed, allow them to thrive on minimal nutrient resources found in the grazing veld, including
steep hills and thick bushes (Rege & Tawah, 1999; Ramsay et al., 2000; Gray, 2023). Similarly, the
rumen capacity of the Afrikaner breed enables them to make the most of low-nutrient pastures

(https://www.thecattlesite.com/breeds/beef/25/africander). Meanwhile, the Drakensberg breed stands

out for its ability to survive on low-quality foraging within rough terrains (Bisschoff & Lotriet, 2013). The
adaptation attributes of indigenous breed including the smooth coats of Bonsmara, Afrikaner and
Drakensberg and skin colour patterns of the Nguni aid as a protection against sunburn, repel ticks,
providing immunity against parasites and pests (Bisschoff & Lotriet, 2013; Cosgrove, 2023; Gray, 2023).
The deep-set eyes in the Afrikaner and heavy brows in Drakensberg shield them against insects, flies,

and solar radiation (https://www.thecattlesite.com/breeds/beef/25/africander; Bisschoff & Lotriet, 2013).

Glossy coats and thick skin in these breeds facilitate heat regulation through evaporation and radiation
while offering resistance to external parasites. Moreover, the air sinuses in the skull in the Afrikaner
and, large heads and nostrils in Bonsmara aid respiration and guarding against brain overheating and

nerve illnesses (Cosgrove, 2023).
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Table 2.6: A summary of Characteristics of South African Indigenous Breeds

ERSITEIT VAN PRETORIA

Breed (Frame
size)

Characteristics

References

Low maintenance

Adaptation

Mothering ability

Nguni (Small)

Afrikaner (Small)

Drakensberg
(Medium)

Bonsmara
(Medium)

Small frame size
Graze well on steep hills

Good rumen capacity.

Their hard hooves.

Capacity to travel long distance
for food and water

Survives on low-quality
foraging in rough terrain

Good FCR (6.96) and being
good foragers.

Sound feet and legs to travel for
feed

Skin color patterns
Smooth coat

Deep set eyes

The short glossy coat and
the thick skin
Air sinuses in the skull and

eyebrows.

Shiny coat.

Short and strong legs and
heavy brows.

Smooth coat with wide head
and convex.
The large head and nostrils.

Slim bodies around the neck
area and sloping rump.
Low calf mortality.

Low calf mortality

Rapid growth rate of calves

Good milking ability

Rege & Tawah, 1999;
Ramsay et al., 2000; Gray, 2023

https://www.thecattlesite.com/breeds/beef/25/africander

Bisschoff & Lotriet, 2013;
https://petkeen.com/drakensberger-cattle-breed/

Cosgrove, 2023
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Additionally, indigenous breeds exhibit high fertility rates and good to optimize reproductive
success under native conditions (Table 2.7) (Gaughan et al.,, 2018). With these unique traits,
smallholder farmers can gradually improve the genetic potential and productivity of their herds while

retaining the valuable adaptations of the breed.

Table 2.7: Summary of fertility trait of indigenous breeds reported between 2006-2023

Breeds AFC Calving Cow Weaning References
(months) interval (days) weight (kg) weight (205
days)
Nguni 30-34 400-427 225-450 135-146 Maciel et al.,

2016; Zindove &
Chimonyo, 2015

Afrikaner 36-37 445-487 525 - 600 173-191 Beffa et al.,
2009;Samkange
etal., 2019;

Bonsmara 30-34.8 412-436 424-503 215-230 Corbet et al.,
2006; Webb et
al., 2018
Slayi et al., 2023;

Drakensberg 32-34 403-430 479-466 213-232 Bisschoff &
Lotriet, 2013;
Mkhize et al.,
2018

Male traits (average)
Bull weight Scrotum Sperm Morphology
(kg) circumference  Motility Live normal
(cm) (%) (%)

Nguni 482 35 88 93 Mphaphathi,
2017, van der
Horst et al., 2022

Afrikaner 955 37 82 - van der Horst et
al., 2022;
Mphaphathi et
al., 2017

Bonsmara 698 42 87 91 Mphaphathi,

2017, van der
Horst et al., 2022
Drakensberg 960 33 83 - Bisschoff &
Lotriet, 2013;
Mukuahima;2013
Celliers, 2020

Alternatively, more structured crossbreeding production systems that aim to produce animals
with up to 50% genetic composition of indigenous breeds are recommended (Esfandyari et al., 2015).
The report by Philipsson et al. (2011) & Ouédraogo et al. (2021) recommended an open nucleus
breeding scheme for conservation and improvement of local breeds maintaining 50% of the indigenous
breed's genetic make-up program adopted in Kenya. The program firstly screens the best purebred
indigenous females within the village, which will form the nucleus herd for continuous selection of
females for crossbreeding. Secondly, the program identifies and selects exotic males to breed the
selected indigenous female to produce F1 in the village. The F1 males are then distributed in the village

to upgrade local population. This system, however, can be effective at a community-based breeding
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program where farmers in the community can divide their farms into camps and decide which camps
may serve as a nucleus herd and how new animals are distributed to the villages. Therefore, it is
important that mating decisions of the farmers need to align with adaptation of breeds to their local

environment.

Successful mating management requires a combination of good breeding practices, careful
planning, and effective management of resources. Smallholder farmers need to have clear breeding
objectives that guide their mating plans. These objectives may be influenced by factors such as market
demand, available resources, and the desired traits in the offspring (Zantsi & Bester, 2019). Regardless
of the farm objective, a defined breeding season is used as a cost-effective strategic tool for sustainable
reproductive management in livestock. It assists farmers in managing calving by matching with pasture
availability primarily in tropical countries where availability of fodder is erratic (Pessoa et al., 2018).
Breeding season should be managed in order to avoid late or early calving season (6-8 weeks) before
adequate summer pasture (Bergh, 2004). The report by Bergh (2004) has provided a guide for breeding
season calendar for different bioregions in SA (Table 2.8).

Table 2.8: Breeding seasons in different South African Bioregion.

Region Breeding period Calving period
Eastern Highveld Nov - Jan Aug - Oct
Western Highveld Dec - Feb Sept - Nov
High rainfall Bushveld Jan - Feb Oct - Dec

Low rainfall Bushveld Feb - Apr Nov - Jan

Note: Jan=January, Feb =February, Apr =April, Aug=August, Sep=September, Oct=October,
Nov=November; Dec= December.

Breeding calendars are successful if reliable recording system is in place. Through performance
records, farmers will be able to identify success and limitations in their farms.
Animal recording in smallholder farms of SA has been achieved through Kaonafatso ya dikgomo (KyD)
in 2007. The scheme was designed to be assessable to smallholder farmers in all SA provinces and
has by far serviced over 8 000 farmers. It makes possible for farmers to manage animal production
through routine animal recording. Therefore, implementation of keeping reproductive performance
records on performance indicators such as pregnancy success or failures, calving interval and days
open through the KyD scheme may assist in identifying production efficiency and determining futures

of herds reproductive performance in smallholders (http://www.arc.agric.za/arc-api/Pages/KyD.aspx).

Overall, improved access in extension services for on-site support and collaborative efforts
between smallholder farmers, extension services, and other stakeholders can help improve
reproductive performance in beef cattle smallholder farms through identifying and addressing any
issues that may affect reproductive success. Such efforts can include community-based programs,
public-private partnerships, research collaborations with farmers to access information, training, and

resources that can help improve reproductive performance.

2.7 Conclusion
Reproductive performance has been well documented as the determining factor on the
efficiency of animal production and is closely related to the herd's profit. Most of its inefficiencies come

from vulnerability and management of external factors such as climate, nutrition, and health. These
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factors can suppress fertility by up to 50%, ultimately impairing the profitability of cow/calf operations in
smallholder farms. Additionally, practical animal husbandry practices such as mating management,
culling nonproductive cows, breed selection and record-keeping remains a challenge in smallholder
farms. However, implementation of cost-effective strategies, such as selecting adaptive cattle breeds,
establishing a defined breeding season, implementing a recording system to detect infertile animals,
providing strategic supplementary feeding, and utilizing ethno-veterinary medicines for herd health

management are vital for improving reproduction performance in smallholder farms.

25

© University of Pretoria



References

Ali, M. Z., Carlile, G., & Giasuddin, M. 2020. Impact of global climate change on livestock health:
Bangladesh perspective. Open. Vet. J 10, 178-188. https://doi.org/10.4314/0vj.v10i2.7.

van Averbeke, W., & Mohamed, S. S. 2006. Smallholder farming styles and development policy in South
Africa: The case of Dzindi Irrigation Scheme. Agrekon 45, 136-157
https://doi.org/10.1080/03031853.2006.9523739.

Armengol, G.R., Fraile Sauce, L. J., & Bach, A. 2022. Key performance indicators used by
dairy consultants during the evaluation of reproductive performance in a first visit.
Front. Vet. Sci 9,1-36.  https://doi.org/10.3389/fvets.2022.871079.

Atieha, M., & Abdelsalam, M. 2019.Body condition score and season of calving effects on physiological
parameters, productive and reproductive performance of Friesian cows. Egyptian J. Anim.
Prod. 57, 55-60. https://ahdb.org.uk/knowledge-library/optimising-suckler-herd-fertility-for-
better-returns-2.

Ayantunde, A. A., Delfosse, P., Fernandez-Rivera, S., Gerard, B., & Dan-Gomma, A. 2007.
Supplementation with groundnut haulms for sheep fattening in the West African Sahel. Trop.
Anim. Health. Prod 39, 207-216. https://doi.org/10.1007/s11250-007-9009-1.

Ayele, J., Tolemariam, T., Beyene, A., Tadese, D. A., & Tamiru, M. 2021. Assessment of livestock feed
supply and demand concerning livestock productivity in Lalo Kile district of Kellem Wollega
Zone, Western Ethiopia. Heliyon 7,1-8. https://doi.org/10.1016/j.heliyon.2021.e08177.

Beef Market Value Chain Profile 2021. pdf.
http://webapps1.daff.gov.za/AmisAdmin/upload/Beef%20Market%20Value%20Chain%20Profi
[€%202021.pdf. Last accessed 23. 03. 2023.

Beffa, L.M., van Wyk, J.B., & Erasmus, G.J. 2009.Long-term selection experiment with Afrikaner cattle
4. Cow fertility and calf survival. S. Afr. J. Anim. Sci. 39,2-14. DOI: 10.4314/sajas.v39i2.44385.

Bergh, L. 2004. Breeding seasons. https://bonsmara.co.za/wp-content/uploads/2019/03/Chapter-7.pdf.
Last accessed 23.03. 2023.

Bezdicek, J., Nesvadbova, A., Makarevich, A., & Kubovi¢ova, E. 2020. Relationship between the animal
body condition and reproduction: the biotechnological aspects. Arch Anim Breed 63, 203—-209
https://doi.org/10.5194/aab-63-203-2020.

BFAP-Baseline-2021.pdf. https://www.sagis.org.za/BFAP-Baseline-2021.pdf. Last accessed 23.03.
2023.

Bhatti, M. A., Chanza, W., Klevar, S., Kamwanja, L., Klem, T., Jansen, D., Holm, H., Chipandula, M.,
Njunga, G., Stokstad, M., & Reksen, O. 2020. A Cohort Study of Reproductive Performance,

26

© University of Pretoria


https://doi.org/10.3389/fvets.2022.871079
https://ahdb.org.uk/knowledge-library/optimising-suckler-herd-fertility-for-%09better-returns-2
https://ahdb.org.uk/knowledge-library/optimising-suckler-herd-fertility-for-%09better-returns-2

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

(02@

Associated Infections and Management Factors in Zebu Cows from Smallholder Farms in
Malawi. Climate Impacts on Agricultural and Natural Resource Sustainability in Africa. 227-238.
DOI: 10.1007/978-3-030-37537-9_13.

Binswanger, H. P., & Deininger, K. 1993. South African land policy: The legacy of history and current
options. World Development 21, 1451-1475 https://doi.org/10.1016/0305-750X(93)90127-U.

Bisschoff, C., & Lotriet, R. 2013. The Drakensberger as competitive breed of cattle in the South
African beef industry. 19th International Farm Management Congress, SGGW, Warsaw,
Poland.

Bondurant, R. H. 2005. Venereal diseases of cattle: natural history, diagnosis, and the role of vaccines
in their control. Vet. Clin. North. Am. Food. Anim. Pract 21, 383-408
https://doi.org/10.1016/j.cvfa.2005.03.002.

Boni, F. 2019.Heat stress, a serious threat to reproductive function in animals and humans. Mol Reprod
Dev 86:1307-1323. DOI: 10.1002/mrd.23123.

Bonneville-Hébert, A., Bouchard, E., Tremblay, D. D., & Lefebvre, R. 2011. Effect of reproductive
disorders and parity on repeat breeder status and culling of dairy cows in Quebec. Can. J. Vet.
Res 75, 147-151. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3062926/pdf/cjvr_02_147.pdf

Bova, T.L., Chiavaccini, L., Cline, G.F., Hart,C.G., Matheny,K., & Muth, A.M. 2014. Environmental
stressors influencing hormones and systems physiology in cattle. Reprod. Biol. Endocrinol
12, 2-5. http://www.rbej.com/content/12/1/58.

Burke, C. R., Meier, S., McDougall, S., Compton, C., Mitchell, M., & Roche, J. R. 2010. Relationships
between endometritis and metabolic state during the transition period in pasture-grazed dairy
cows. J. Dairy Sci 93, 5363-5373 https://doi.org/10.3168/jds.2010-3356.

Burns, B. M., Fordyce, G., & Holroyd, R. G. 2010. A review of factors that impact on the capacity of
beef cattle females to conceive, maintain a pregnancy and wean a calf—Implications for
reproductive efficiency in northern Australia. Anim. Reprod. Sci 122, 1-22
https://doi.org/10.1016/j.anireprosci.2010.04.010.

Burrow, H. 2019. Strategies for Increasing Beef Cattle Production under Dryland Farming Systems.
WARTAZOA. Indonesian Bulletin of Animal and Veterinary Sciences 29, 161-170
https://doi.org/10.14334/wartazoa.v29i4.2452.

Carthy, T. R., Ryan, D. P., Fitzgerald, A. M., Evans, R. D., & Berry, D. P. 2016. Genetic relationships
between detailed reproductive traits and performance traits in Holstein-Friesian dairy cattle. J.
Dairy Sci 99, 1286—-1297 https://doi.org/10.3168/jds.2015-9825.

27

© University of Pretoria


http://www.rbej.com/content/12/1/58

Celliers, C. 2020.The effect of temperature on semen characteristics of beef bulls in South

Africa. Masters thesis, University of Pretoria, South Africa.

Chakale, M. V., Mwanza, M., & Aremu, A. O. 2021. Ethnoveterinary Knowledge and Biological
Evaluation of Plants Used for Mitigating Cattle Diseases: A Critical Insight Into the Trends and
Patterns in South Africa. Front. Vet. Sci. 8,1-19. https://doi.org/10.3389/fvets.2021.710884.

Chawala, A.R. 2020.Investigation of farmer-led breeding goals and strategies in smallholder dairy
farming systems to cope with variation in feed sources and quality. Thesis Doctor of
Philosophy. The University of Edinburgh. England.

Cloete, A., Gerstenberg,C., Mayet, N., & Tempia, S. 2019. Brucellosis knowledge, attitudes and
practices of a South African communal cattle keeper group. Onderstepoort J Vet Res 86,
1-10. Doi: 10.4102/0jvr.v86i1.1671.

Cooke, R.F., Daigle, C.L., Moriel, P., Smith, S.B.,Tedeschi, L.O., & Vendramini, J.M.B. 2020.Cattle
adapted to tropical and subtropical environments: social, nutritional, and carcass quality
considerations. J. Anim. Sci 98, 1-20. D0i:10.1093/jas/skaa014.

Corbet, N. J., Shepherd, R. K., Burrow, H. M., Prayaga, K. C., van der Westhuizen, J., & Bosman, D.
J. 2006.Evaluation of Bonsmara and Belmont Red cattle breeds in South Africa. 2.
Genetic parameters for growth and fertility. Aust. J. Exp. Agric 46, 213-223. DOI:
10.1071/EA05223.

Cosgrove, N. 2023. https://petkeen.com/bonsmara-cattle-breed/. Acccessed on 9 June 2023.

Dahiya, S., Kumari, S., Rani, P., Onteru, S. K., & Singh, D. 2018. Postpartum uterine infection & ovarian
dysfunction. Indian. J. Med. Res 148, S64-S70 https://doi.org/10.4103/ijmr.lJMR_961 18.

Department of Agriculture, Land Reform and Rural Development > Branches > Agricultural

Production, Health & Food Safety > Animal Production > Livestock Production.
Available online: https://www.dalrrd.gov.za/Branches/Agricultural-Production- Health-
Food-Safety/Animal-Production/Livestock-Production. Accessed on 11 April 2023.

Dannhauser, C. 2021.Grazing and veld management: Part 4 Management of different natural veld
types. https://agriorbit.com/grazing-and-veld-management-part-4-management-of-different-
natural- veld-types/.Accessed on 21 July 2023.

Duefas, M., Paape, M., Wettemann, R., & Douglass, L. 2001. Incidence of mastitis in beef cows after
intramuscular  administration of oxytetracycline. J. Anim. Sci 79, 1996-2005
https://doi.org/10.2527/2001.7981996x.

Edwards-Callaway, L. N., Cramer, M. C., Cadaret, C. N., Bigler, E. J., Engle, T. E., Wagner, J. J., &
Clark, D. L. 2020. Impacts of shade on cattle well-being in the beef supply chain. J. Anim. Sci
99, 1-21. https://doi.org/10.1093/jas/skaa375.

28

© University of Pretoria


https://doi.org/10.3389/fvets.2021.710884
https://petkeen.com/bonsmara-cattle-breed/

IT VAN PRETORIA
Y OF PRETORIA
HI YA PRETORIA

Elum, Z. A., Modise, D. M., & Marr, A. 2017. Farmer’s perception of climate change and responsive
strategies in three selected provinces of South Africa. Clim. Risk Manag 16, 246-257
https://doi.org/10.1016/j.crm.2016.11.001.

Erickson, P. S., & Kalscheur, K. F. 2020. Nutrition and feeding of dairy cattle. Animal Agriculture, 157-
180. https://doi.org/10.1016/B978-0-12-817052-6.00009-4.

Esfandyari, H., Sgrensen, C., & Bijma, P. 2015. A crossbred reference population can improve the
response to genomic selection for crossbred performance. Genet. Sel 47,1-12.
https://doi.org/10.1186/s12711-015-0155-z.

Evans, H.C., Briggs, E.F., Randy H Burnett, R.H., Contreras-Correa, Z.E., Duvic,M.A., Dysart, L.M.,
Gilmore, A.A., Messman,R.D., Reid,D., Ugur, M.R., Kaya, A., & Memili, E. 2021. Harnessing
the value of reproductive hormones in cattle production with considerations to animal welfare
and human health. J Anim Sci 100, 1-20. Doi: 10.1093/jas/skac177.

Ferndndez-Giménez, M.E., Batkhishig, B., Batbuyan, B., & Ulambayar,T.2015. Lessons from the
Dzud: Community-Based Rangeland Management Increases the Adaptive Capacity of
Mongolian  Herders to  Winter Disasters. World Development 68, 48-65.
https://doi.org/10.1016/j.worlddev.2014.11.015.

Fernandez-Novo, A., Santos-Lopez, S., Pesantez-Pacheco, J. L., Pérez-Villalobos, N., Heras-
Molina, A., Gonzalez-Martin, J. V., & Astiz, S. 2021. Effects on Synchronization and
Reproductive Efficiency of Delaying the Removal of the Intravaginal Progesterone
Device by 24 h in the 5d Co-Synch Protocol in Heifers. Animals 11,1-12.
https://doi.org/10.3390/ani11030849.

Food security cluster. 2022. Second Round Crop And Livestock Assessment. Revised Report 5
May.https://fscluster.org/zimbabwe/document/2022-second-round-crop- and-  livestock.
Last accessed 23 2023.

Franke, AC., & Kotzé, E. 2022. High-density grazing in southern Africa: Inspiration by nature leads to
conservation? Outlook on Agriculture 51, 67-74.
https://doi.org/10.1177/00307270221075060.

Fust, P., & Schlecht, E. 2018. "Integrating spatio-temporal variation in resource availability and
herbivore movements into rangeland management: RaMDry—An agent-based model on
livestock feeding ecology in a dynamic, heterogeneous. Elsevier 369, 13-41.
https://doi.org/10.1016/j.ecolmodel.2017.10.017.

Gaughan, J., Sejian, V., Mader, T., & Dunshea, F. 2018. Adaptation strategies: Ruminants.
Animal Frontiers 9 https://doi.org/10.1093/af/vfy029.

Govindasamy, K., Thompson, P. N., Harris, B. N., Rossouw, J., Abernethy, D. A., & Etter, E. M. C.

2021. Bovine Brucellosis in Gauteng, South Africa: Seroprevalence amongst Cattle Handlers

29

© University of Pretoria


https://doi.org/10.1093%2Fjas%2Fskac177
https://doi.org/10.1016/j.worlddev.2014.11.015

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

and Variables Associated with Seropositive Cattle Herds, 2014-2016. Pathogens 10,1-16.
https://doi.org/10.3390/pathogens10121547.

Gray, E. 2023. https://petkeen.com/nguni-cattle/. Accessed on 08 June 2023.

Greyling, J., Vink, N., & Mabaya, E. 2015. South Africa’s Agricultural Sector Twenty Years After
Democracy (1994 to 2013). Professional Agricultural Workers Journal 3,1-16.
https://www.researchgate.net/publication/324520367.

Grobler, M., Scholtz, M., Greyling, J., & Neser, F. 2014. Reproduction performance of beef cattle mated
naturally following synchronization in the Central Bushveld bioregion of South Africa.
S. Afr. J. Anim. Sci 44, 70-74 https://doi.org/10.4314/sajas.v44i5.14.

Gusha, J., Katsande, S., Zvinorova-Chimboza, P., & Tavengwa, |. 2013. Calving Period Affects Cow

And Calf Performance In Semi-Arid Areas In Zimbabwe. J. Agric. Vet. Sci. 3.

Harrison, T. D., Chaney, E. M., Brandt, K. J., Ault-Seay, T. B., Schneider, L. G., Strickland, L. G.,
Schrick, F. N., & McLean, K. J. 2022. The effects of differing nutritional levels and body
condition score on scrotal circumference, motility, and morphology of bovine sperm. Transl
Anim Sci 6, 1-7. https://doi.org/10.1093/tas/txac001.

Hassan, H. M., Dubad, A. B., Muse, M. M., Ali, A. M., & Ali, B. S. 2020. Assessment of Reproductive
Efficiency and Herd Dynamics of Local Cattle Breeds in Benadir Region, Somalia. Adv. Anim.
Vet. Sci. 8,1100-1108. https://doi.org/10.17582/journal.aavs/2020/8.10.1100.1108.

Hernandez-Jover, M., Hayes, L., Woodgate, R., Rast, L., & Toribio, J.-A. L. M. L. 2019. Animal Health
Management Practices Among Smallholder Livestock Producers in Australia and Their
Contribution to the Surveillance System. Front. Vet. Sci 6, 1-14. DOIL:
10.3389/fvets.2019.00191.

Hobson, 2018. Leptospirosis. https://www.angoras.co.za/article/leptospirosis. Accessed on
18 April 2023.
Hoque, N., Islam, S. S., Saddam, M. J. |., Rafikuzzaman, M., Sikder, M. H., Castellan, D. M., & Kabir,

S. M. L. 2022. Investigation of Campylobacter fetus in breeding bulls of private farms in
Bangladesh. Vet Med Sci 9, 1-12. https://doi.org/10.1002/vms3.831.

Hossein-Zadeh, N. G. 2013. Effects of main reproductive and health problems on the performance of
dairy cows: a review. Span. J. Agric. Res 11, 718-735 https://doi.org/10.5424/sjar/2013113-
4140.

Hove, L.2017.impact of climate change: what fao is doing to assit the country to mitigate and adapt.
Presented to the parliamentary portfolio committee on Agriculture, Forestry & Fisheries.
https://static.pmg.org.za/170314FAOQO.pdf.

30

© University of Pretoria


https://petkeen.com/nguni-cattle/
https://www.angoras.co.za/article/leptospirosis

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

https://www.sahistory.org.za/article/natives-land-act-1913. Accessed on 18 September 2022.
http://www.arc.agric.za/arc-api/Pages/KyD.aspx. Accessed on 18 September 2022.
https://www.thecattlesite.com/breeds/beef/25/africander. Accessed on 18 September 2022.

Hufana-Duran, D., & Duran, P. G. 2020. Animal reproduction strategies for sustainable livestock
production in the tropics. IOP Conf. Ser.. Earth Environ. Sci. 492, 1-18.
https://doi.org/10.1088/1755-1315/492/1/012065.

Ibtisham, F., Nawab, A., LI, G., Xiao, M., AN, L., & Naseer, G. 2018. Effect of nutrition on reproductive
efficiency of dairy animals. Medycyna Weterynaryjna 74, 6025-2018
https://doi.org/10.21521/mw.6025.

Inchaisri, C., Hogeveen, H., Vos P.L.A.M., van der Weijden, G.C., Jorritsma, R. 2010.Effect  of
milk yield characteristics, breed, and parity on success of the first insemination in
Dutch dairy cows. J. Dairy Sci. 93:5179-5187. https://doi.org/10.3168/jds.2010-3234.

Igbal, M. A., Igbal, A., Akbar, N., Khan, H. Z., & Abbas, R. 2015. A Study on Feed Stuffs Role in
Enhancing the Productivity of Milch Animals in Pakistan-Existing Scenario and Future Prospect.
Global Veterinaria 1992-6197 14, 23-33 https://doi.org/10.5829/idosi.gv.2015.14.01.91188.

Jordaan, F. J., Neser, F. W. C., Maiwashe, A., King, Z., & Scholtz, M. M. 2021. The Environmental
Impact of Changes in Cow Productivity and Its Component Traits in South Africa’s Landrace
Beef Breeds. Front. Anim. Sci 2, 1-11. doi: 10.3389/fanim.2021.743229.

Katikati, A., & Fourie, P. J. 2019a. Improving management practices of emerging cattle farmers in
selected areas of the Eastern Cape Province: the role of agricultural extension. S Afr. Jnl. Agric.
Ext 47, 92-102. https://doi.org/10.17159/2413-3221/2019/v47n1a492.

Katikati, A., & Fourie, P. J. 2019b. Improving management practices of emerging cattle farmers in
selected areas of the Eastern Cape Province: the role of agricultural extension. South African
Journal of Agricultural Extension 47, 97-102 https://doi.org/10.4314/sajae.v47il.

Kaurivi, Y. B., Laven, R., Hickson, R., Parkinson, T., & Stafford, K. 2020. Developing an Animal Welfare
Assessment Protocol for Cows in Extensive Beef Cow-Calf Systems in New Zealand. Part 1:
Assessing the Feasibility of Identified Animal Welfare Assessment Measures. Animals 10,1-16.
https://doi.org/10.3390/ani10091597.

Kgosikoma, O.0., Mogotsi, K., & Makhabu, S.W. 2012.Cattle Productivity and Nutritional Limitation in
the Semi-Arid Makgadikgadi Region of Botswana. J. Biosci. Agric. Res 7,116-121. ISSN 2277-
0836.

Khan, I., Mesalam, A., Heo, Y.S., Lee, S.H., Nabi, G., & Kong, I.K. 2023. Heat Stress as a Barrier to
Successful Reproduction and Potential Alleviation Strategies in Cattle. Animals 13, 1-15.
https://doi.org/10.3390/ani13142359.

31

© University of Pretoria


https://www.sciencedirect.com/author/26643154200/henk-hogeveen
https://doi.org/10.3168/jds.2010-3234
https://doi.org/10.3390/ani13142359

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

(02@

Khan, M., Uddin, J., & Gofur, M. 2015. Effect of age, parity and breed on conception rate and number
of service per conception in artificially inseminated cows. Bangladesh livest J 1, 1-4. ISSN
2409-7691.

Kim, I. H., & Jeong, J. K. 2019. Risk factors limiting first service conception rate in dairy cows and their
economic impact. Asian-Australas J Anim Sci 32, 519-526
https://doi.org/10.5713/ajas.18.0296.

Kim, S. H., Ramos, S. C., Valencia, R. A., Cho, Y. |, & Lee, S. S. 2022. Heat Stress: Effects on Rumen
Microbes and Host Physiology, and Strategies to Alleviate the Negative Impacts on Lactating
Dairy Cows. Front. Microbiol 13, 1-23. https://doi.org/10.3389/fmicb.2022.804562.

Kolo, F. B., Adesiyun, A. A., Fasina, F. O., Potts, A., Dogonyaro, B. B., Katsande, C. T., & Van Heerden,
H. 2020. A retrospective study (2007-2015) on brucellosis seropositivity in livestock in South
Africa. Vet Med Sci 7, 348—356 https://doi.org/10.1002/vms3.363.

Kom, Z., Nethengwe, N. S., Mpandeli, N. S., & Chikoore, H. 2022. Determinants of small-scale farmers’
choice and adaptive strategies in response to climatic shocks in Vhembe District, South Africa.
GeoJournal 87, 677—700 https://doi.org/10.1007/s10708-020-10272-7.

Kotir, J. 2011. Climate change and variability in Sub-Saharan Africa: A review of current and future
trends and impacts on agriculture and food security. Environ. Dev. Sustain 13, 587-605
https://doi.org/10.1007/s10668-010-9278-0.

Krishnan,G., Bagath,M., Pragna,P., Vidya,M.K., Aleena,J., Archana, P.R., Sejian, V.. & Bhatta,R.
2017. Mitigation of the Heat Stress Impact in Livestock Reproduction. Chapter 4, intech. DOI:
10.5772/intechopen.69091.

Kumar, N., Rao, T. K. S., Varghese, A., & Rathor, V. S. 2013. Internal parasite management in grazing
livestock. J. Parasit. Dis 37, 151-157 https://doi.org/10.1007/s12639-012-0215-z.

Lahiff, E., & Guo, L. 2012. “Land Redistribution in South Africa—A Critical Review.” World
Bank Working Paper 80874.

Lamidi, A. A., & Ologbose, F. I. 2014. Dry season feeds and feeding: a threat to sustainable ruminant
animal production in Nigeria. J. Agric. Soc. Sci 14, 17-30 https://doi.org/10.4314/jasr.v14il.

Lampert, V. do N., Canozzi, M. E. A., McManus, C. M., Dill, M. D., Oliveira, T. E. de, Mercio, T. Z.,
Teixeira, O. de S., & Barcellos, J. O. J. 2019. Modelling beef cattle production systems from
the Pampas in Brazil to assess intensification options. Sci. agric. 77, 17-29.
https://doi.org/10.1590/1678-992X-2018-0263.

Lee, J.-I., & Kim, 1.-H. 2007. Pregnancy loss in dairy cows: the contributing factors, the effects on
reproductive performance and the economic impact. J. Vet. Sci 8, 283-288
https://doi.org/10.4142/jvs.2007.8.3.283.

32

© University of Pretoria



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Lees A.M., Lees, J.C., Sejian, V., Sullivan, M.L., & Gaughan, J. 2020. Influence of shade on
panting score and behavioural responses of Bos taurus and Bos indicus feedlot cattle to
heat load. Anim. Prod. Sci 60, 305-315. https://doi.org/10.1071/AN19013.

Lemes, J. S., Pimentel, M. A, Vaz, R. Z., Farias, L. B., & Brauner, C. C. 2017. Performance Efficiency
of Pasture-raised Primiparous Beef Cows of Three Different Biotypes and Two Milk Production
Levels. Acta Scientiae. Vet 45, 1-8. https://doi.org/10.22456/1679-9216.80210.

Lochner. D. 2018. Phenotypic and genetic characterization of South African Boran cattle. Masters

thesis, University of Pretoria, South Africa.

Maciel, S.M.A., Fair, M.D., Scholtz, M.M., & Neser, F.W.C. 2016.Factors influencing the reproduction
and production performance of the Nguni cattle ecotypes in South Africa. Trop Anim Health
Prod 48,75-85. DOI 10.1007/s11250-015-0923-3.

Mai, H.M., Irons, P.C., & Thompson, P.N. 2015.Brucellosis, genital campylobacteriosis and other
factors affecting calving rate of cattle in three states of Northern Nigeria. BMC Veterinary
Research 11, 2-13: DOI 10.1186/s12917-015-0317-9.

Maime, J.M.2015.Management of fertility of communal bulls in Moretele district in North west.

Masters thesis, University of Pretoria, South Africa.

Maluleke, W., & Mokwena, R. 2017. The effect of climate change on rural livestock farming: case study
of Giyani Policing Area, Republic of South Africa. S. Afr. J. Agric. Ext 45, 26-40.
https://doi.org/10.17159/2413-3221/2017/v45n1a404.

Malusi, N., Falowo, A. B., & ldamokoro, E. M. 2021. Herd dynamics, production and marketing
constraints in the commercialization of cattle across Nguni Cattle Project beneficiaries in
Eastern Cape, South Africa. Pastoralism 11, 1-12. https://doi.org/10.1186/s13570-020-00186-

X.

Manzi, M., Rydhmer, L., Ntawubizi, M., Karege, C., & Strandberg, E. 2019. Reproductive performance
of Ankole cattle and its crossbreds in Rwanda. Trop. Anim. Health. Prod 51, 49-54
https://doi.org/10.1007/s11250-018-1658-8.

Mapiye, O., Makombe, G., Mapiye, C., & Dzama, K. 2018. Limitations and prospects of improving beef
cattle production in the smallholder sector: a case of Limpopo Province, South Africa. Trop.
Anim. Health. Prod 50, 1711-1725 https://doi.org/10.1007/s11250-018-1632-5.

Mapiye, C., Chikwanha, O. C., Chimonyo, M., & Dzama, K. 2019. Strategies for Sustainable Use of
Indigenous Cattle Genetic Resources in Southern Africa. Diversity 11, 2-14
https://doi.org/10.3390/d11110214.

Marrella, M. A., White, R. R., Dias, N. W., Timlin, C., Pancini, S., Currin, J., Clark, S., Stewart, J. L.,
Mercadante, V. R. G., & Bradford, H. L. 2021. Comparison of reproductive performance of Al-

33

© University of Pretoria



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

(02@

and natural service-sired beef females under commercial management. Transl Anim Sci 5, 1-
8. https://doi.org/10.1093/tas/txab114.

McCosker, K. D., Perkins, N. R., Fordyce, G., O'Rourke, P. K., McGowan, M. R., McCosker, K. D.,
Perkins, N. R., Fordyce, G., O’'Rourke, P. K., & McGowan, M. R. 2022. Production and
performance of commercial beef breeding females in northern Australia. 4. Factors influencing
the occurrence of lactating cows becoming pregnant within 4 months of calving. Anim. Prod.
Sci 63, 333-349.https://doi.org/10.1071/AN17502.

Meissner, H. H., Scholtz, M. M., & Palmer, A. R. 2013. Sustainability of the South African Livestock
Sector towards 2050 Part 1: Worth and impact of the sector. S. Afr. J. Anim. Sci 43, 282-297
https://doi.org/10.4314/sajas.v43i3.5.

Mkhize, F.N., Webb, E.C., & Scholtz, M.M.2018.Effects of non-genetic factors on the inter-calving
period of Nguni cows in South Africa. S. Afr. J. Anim. Sci. 48, 1-7.
DOI:10.4314/sajas.v48i6.16.

Mkwanazi, M., Ndlela, S., & Chimonyo, M. 2021. Indigenous knowledge to mitigate the challenges of
ticks in goats: A systematic review. Vet. Anim. Sci 13, 1-10.
https://doi.org/10.1016/j.vas.2021.100190.

Mngomezulu-Dube, S., Green, M., & Chimonyo, M. 2018. Information needs of communal cattle farmers
in conservation and transfrontier areas: Republic of South Africa. S Afr. J. Agric. Ext 46, 71 —
82.

Mokantla, E., McCrindle, C. M. E., Sebei, J. P., & Owen, R. 2004. An investigation into the
causes of low calving percentage in communally grazed cattle in Jericho, North West
Province. J. S. Afr. Vet. Assoc 75, 30-36 https://doi.org/10.4102/jsava.v75i1.445.

Mphaphathi, M.L. 2017.Quantification of bull sperm traits as measured by casa and the relationship
to pregnancy rate following controlled breeding. Master thesis.  University of Free State,
South Africa.

Mphaphathi, M.L., Seshoka, M.M.S., Netshirovha, T.R., & Nedambale, T.L .2018. Assessment  of
Motion and Kinematic Characteristics of Semen from Four Cattle Breeds Using
Computer- Aided Sperm Analysis. Reprod. Fertil. Dev 30(1):149. DOI:
10.1071/RDv30n1Ab20.

Molefi, S., Mbajiorgu, C., & Antwi, M. I. 2016. Management practices and constraints of beef cattle
productionin communal areas of Mpumalanga Province, South Africa. Indian J. Anim. Res 51,
187-192. https://doi.org/10.18805/ijar.11325.

34

© University of Pretoria



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Molefe, K., & Mwanza, M. 2019. Serum biochemistry in cows of different breeds presented
with reproductive conditions. Onderstepoort J. Vet. Res 86, 1-7. ISSN 2219-
0635. http://dx.doi.org/10.4102/0jvr.v86i1.1742.

Monistero, V., Graber, H. U., Pollera, C., Cremonesi, P., Castiglioni, B., Bottini, E., Ceballos-Marquez,
A., Lasso-Rojas, L., Kroemker, V., Wente, N., Petzer, 1.-M., Santisteban, C., Runyan, J., Veiga
dos Santos, M., Alves, B. G., Piccinini, R., Bronzo, V., Abbassi, M. S., Said, M. B., & Moroni,
P. 2018. Staphylococcus aureus Isolates from Bovine Mastitis in Eight Countries: Genotypes,
Detection of Genes Encoding Different Toxins and Other Virulence Genes. Toxins10, 1-14.
https://doi.org/10.3390/toxins10060247.

Monkwe, T.R., Gxasheka, M., & Gunya, B. 2023.Challenges and perception of communal farmers
on cattle production in Ga- Matlala, Limpopo Province, South Africa. Heliyon 9,1-11.
DOI: 10.1016/j.heliyon.2023.e14190.

Moore, D. P., Canton, G. J., & Louge Uriarte, E. L. 2021. Editorial: Infectious Diseases Affecting
Reproduction and the Neonatal Period in Cattle. Front. Vet. Sci 8,1-3. doi:
10.3389/fvets.2021.679007.

Mota-Rojas, D., MarcetRius, M., Dominguez-Oliva, A., Martinez-Burnes, J., Lezama-Garcia, K.,
Hernandez-Avalos, |., RodriguezGonzalez, D., & Bienboire-Frosini, C. 2023.The Role of

Oxytocin in Domestic Animal’s Maternal Care: Parturition, Bonding, and Lactation. Animals 13, 1-
20.https://doi.org/ 10.3390/ani13071207.

Mthembu, N., & Zwane, E. 2017. The adaptive capacity of smallholder mixed-farming systems to the
impact of climate change: The case of KwaZulu-Natal in South Africa. Jambé&: Journal of
Disaster Risk Studies 9, 1-9. https://doi.org/10.4102/jamba.v9i1.469.

Mthi, S., Nyangiwe, N., Thubela, T., Nyalambisa, N., Madyibi, Z., & Yawa, M. 2020. Cattle production
and breeding practice in communal farming system in the Eastern Cape Province, South Africa.
Rural Development 13, 42 - 54,

Mugumaarhahama, Y., Ayagirwe, R., Valence, M., Cirezi, N., Shukuru, W., Azine, P., & Katcho, K.
2021. Characterization of smallholder cattle production systems in South-Kivu province,
eastern Democratic Republic of Congo. Pastoralism Research Policy and Practice 11, 1-15
https://doi.org/10.1186/s13570-020-00187-w.

Mugwabana, T. J., Nephawe, K. A., Muchenje, V., Nedambale, T. L., & Nengovhela, N. B. 2018. The
effect of assisted reproductive technologies on cow productivity under communal and emerging
farming systems of South Africa. J. Appl. Anim. Res 46, 1090-1096.
https://doi.org/10.1080/09712119.2018.1466709.

35

© University of Pretoria


http://www.scielo.org.za/cgi-bin/wxis.exe/iah/?IsisScript=iah/iah.xis&base=article%5Edlibrary&format=iso.pft&lang=i&nextAction=lnk&indexSearch=AU&exprSearch=MOLEFE,+KEITIRETSE
http://dx.doi.org/10.4102/ojvr.v86i1.1742
https://pubmed.ncbi.nlm.nih.gov/?term=TR%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=M%20G%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=B%20G%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10015193/
https://doi.org/10.1016%2Fj.heliyon.2023.e14190

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Muller, A., Foerster, C., & Arriagada, G. 2020. Factors that affect the success of artificial insemination
in cattle of small farmers in one region in Chile. Revista de la Facultad de Ciencias Agrarias
52,376-388. ISSN (en linea) 1853-8665.

Mukuahima, G. 2013.The performance of beef cattle bulls in the Vrede district of Mpumalanga,

South Africa. University of Pretoria, master thesis, South Africa.

Murungweni, C., Tada, O., & Nhamo, N. 2017. Adaptive livestock production models for rural livelihoods
transformation.in Elsevier 279-293. DOI: https://doi.org/10.1016/B978-0-12-810521-4.00014-1.

Mutenje, M., Chipfupa, U., Mupangwa, W., Nyagumbo, |., Manyawu, G., Chakoma, I., & Gwiriri, L. 2020.
Understanding breeding preferences among small-scale cattle producers: implications for
livestock improvement programmes. Animal 14, 1757-1767.
https://doi.org/10.1017/S1751731120000592.

Mwai,O., Hanotte,O., Kwon, Y., & Cho, S. 2015.African Indigenous Cattle: Unique Genetic
Resources in a Rapidly Changing World.2015.Asian-Australas J Anim Sci. 2015 Jul;
28(7): 911-921. doi: 10.5713/ajas.15.0002R.

Myeni, L., Moeletsi, M., Thavhana, M., Randela, M., & Mokoena, L. 2019. Barriers Affecting Sustainable
Agricultural Productivity of Smallholder Farmers in the Eastern Free State of South Africa.
Sustainability 11, 1-18. https://doi.org/10.3390/su11113003.

Nazhat, S., Aziz, A., Zabuli, J., & Rahmati, S. 2021. Importance of Body Condition Scoring in
Reproductive Performance of Dairy Cows: A Review. Open J. Vet. Med 11, 272-288
https://doi.org/10.4236/0jvm.2021.117018.

Ndazigaruye, G., Mushonga, B., Kandiwa, E., Samkange, A., & Segwagwe, B.E. 2018. Prevalence
and risk factors for brucellosis seropositivity in cattle in Nyagatare District, Eastern
Province, Rwanda. J S Afr Vet Assoc. 89, 1-8. ISSN: 2224-9435.

Ndlela, S. Z., Mkwanazi, M. V., & Chimonyo, M. 2022. Characterisation of the indigenous knowledge
used for gastrointestinal nematode control in smallholder farming areas of KwaZulu-Natal
Province, South Africa. Vet. Res 18, 75. https://doi.org/10.1186/s12917-022-03172-0.

Nengovhela, N. B., Mugwabana, T. J., Nephawe, K. A., & Nedambale, T. L. 2021. Accessibility to
Reproductive Technologies by Low-Income Beef Farmers in South Africa. Front. Vet. Sci 8, 1-
13. https://doi.org/10.3389/fvets.2021.611182.

Ngarava ,S., Phetshe, M., & Mushunje, A. 2019.Market Awareness and Participation for Cattle
Farmers in the Kaonafatso ya Dikgomo (KyD) Scheme in KwaZulu-Natal Province,
South Africa. Agriculture 9, 1-12. https://doi.org/10.3390/agriculture9100215.

Ngarava, S., Mushunje, A., & Chaminuka, P. 2020. Qualitative benefits of livestock development

programmes. Evidence from the Kaonafatso ya Dikgomo (KyD) Scheme in South Africa.
36

© University of Pretoria


https://doi.org/10.3389/fvets.2021.611182
https://doi.org/10.3390/agriculture9100215

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Evaluation and Program Planning 78,1-10.
https://doi.org/10.1016/j.evalprogplan.2019.101722.

Ngeno.2008.Reproductive Performance of Cows in Sweet and Sour Veld Types Under Communal
Production Systems in the Eastern Cape Province of South Africa. Masters thesis, University

of Fort Hare. Eastern Cape. South Africa.

Nowers, C. B., Nobumba, L. M., & Welgemoed, J. 2013. Reproduction and production potential of
communal cattle on sourveld in the Eastern Cape Province, South Africa. Appl. Anim. Husb.

Rural Develop 6, 48-54. www.sasas.co.za/aahrd/

Ngeno, N., Chimonyo, M., & Mapiye, C. 2011. Farmers’ perceptions of the causes of low reproductive
performance in cows kept under low-input communal production systems in South Africa. Trop.
Anim. Health. Prod 43, 315-321. https://doi.org/10.1007/s11250-010-9691-2.

Nugroho, W., Aditya, S., Swastomo, R., & Aulanni’am, A. 2020. Productivity, absence of a bull and
endoparasitic nematodiosis in beef cattle farms in an upland area of East Java, Indonesia. Vet.
World 13, 1982-1987. https://doi.org/10.14202/vetworld.2020.1982-1987.

Nyaata, O., Dorward, P., Keatinge, J., & O’Neill, M. 2000. Availability and use of dry season feed
resources on smallholder dairy farms in central Kenya. Agroforestry Systems 50, 315-331
https://doi.org/10.1023/A:1006447915074.

Nyamushamba, G. B., Mapiye, C., Tada, O., Halimani, T. E., & Muchenje, V. 2017. Conservation of
indigenous cattle genetic resources in Southern Africa’s smallholder areas: turning threats into
opportunites - A review. Asian-Australas J. Anim. Sci 30, 603-621
https://doi.org/10.5713/ajas.16.0024.

Oduniyi, O. S., Rubhara, T. T., & Antwi, M. A. 2020a. Sustainability of Livestock Farming in South
Africa. Outlook on Production Constraints, Climate-Related Events, and Upshot on Adaptive
Capacity. Sustainability 12, 1-16. https://doi.org/10.3390/su12072582.

Oduniyi, O. S., Rubhara, T. T., & Antwi, M. A. 2020b. Sustainability of Livestock Farming in South Africa.
Outlook on Production Constraints, Climate-Related Events, and Upshot on Adaptive Capacity.
Sustainability 12, 1-16. https://doi.org/10.3390/su12072582.

Ojango, J., Mrode, Okeyo, Rege, E., Chagunda, M., & Kugonza, D. 2017. Improving smallholder dairy
farming in Africa. DOI: 10.19103/AS.2016.0005.38.

Olaogun, S.C., Fosgate, G.T., Byaruhanga, C., & Marufu, M.C. 2023.The knowledge, attitudes,
and practices of smallholder cattle farmers concerning the epidemiology of bovine
fasciolosis in the North West Province, South Africa. Trop. Anim. Health Prod 55, 1-11.
https://doi.org/10.1007/s11250-023-03478-7.

37

© University of Pretoria


https://doi.org/10.1007/s11250-023-03478-7

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

(02@

Ondrak, J. D. 2016. Tritrichomonas foetus Prevention and Control in Cattle. Vet. Clin. Food. Anim 32,
411-423 https://doi.org/10.1016/j.cvfa.2016.01.010.

Orihuela, A., & Galina, C. 2019. Effects of Separation of Cows and Calves on Reproductive
Performance and Animal Welfare in Tropical Beef Cattle. Animals 9, 1-
13.https://doi.org/10.3390/ani9050223.

Orr, B., Westman, M. E., Malik, R., Purdie, A., Craig, S. B., & Norris, J. M. 2022. Leptospirosis is an
emerging infectious disease of pig-hunting dogs and humans in North Queensland. PLoS Negl|
Trop Dis 16, 1-18. https://doi.org/10.1371/journal.pntd.0010100.

Ouédraogo, D., Soudré, A., Yougbaré, B., Ouédraogo-Koné, S., Zoma-Traoré, B., Khayatzadeh, N.,
Traoré, A., Sanou, M., Mészéros, G., Burger, P. A., Mwai, O. A., Wurzinger, M., & Sdlkner, J.
2021. Genetic Improvement of Local Cattle Breeds in West Africa: A Review of Breeding
Programs. Sustainability 13, 1-16.https://doi.org/10.3390/su13042125.

Ozlu, H., Atasever, M., & Ataseve., M.A. 2019. Knowledge, attitude, and practices of cattle farmers
regarding zoonotic diseases in Erzurum, Turkey. Austral J. Vet. Sci 52, 1-11.
http://dx.doi.org/10.4067/S0719-81322020000300079.

Palmer, A.R., & Bennett, J.E. 2015.Degradation of communal rangelands in South Africa: towards an
improved understanding to inform policy. Afr. J. Range Forage Sci 30, 57-63, DOI:
10.2989/10220119.2013.779596.

Panday, D. 2011. Urea as a Non-Protein Nitrogen Sources for Ruminants. Institute of Agriculture and
Animal Science 1-18. https://www.researchgate.net/publication/301618548.

Parvez, M., Khatun, R., & Farugue, R. 2020. Prevalence of Abortion, Calf Mortality and Proportion of
Cattle Population in Commercial Dairy Farms of Bangladesh. Res J. Vet. Pract, 8(4): 51-55.
DOl | http://dx.doi.org/10.17582/journal.rjvp/2020/8.4.51.55

Pessoa, G. A., Martini, A. P., Sa Filho, M. F., & Batistella Rubin, M. I. 2018. Resynchronization improves
reproductive efficiency of suckled Bos taurus beef cows subjected to spring-summer or autumn-
winter  breeding season in South Brazil. Theriogenology 122, 14-22.
https://doi.org/10.1016/j.theriogenology.2018.08.021.

Philipsson, J., Rege, J.E.O., & Okeyo, A.M. 2011.Sustainable breeding programmes for tropical
farming  systems. Animal Genetics Training Resource, CD  Version 2.
https://cgspace.cgiar.org/bitstream/handle/10568/3662/Module3.pdf?sequence=1.

Pienaar, J., Louw, A., & Jordaan, D. 2019. A Study on the potential product development for the
commercialization and value add to beef products.
https://www.researchgate.net/publication/334573632_A Study on_the potential_product _de

velopment_for_the_commercialization_and_value_add_to_beef products.
38

© University of Pretoria



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

(02@

Probo, M., Guadagnini, M., Sala, G., Amodeo, P., & Bolli, A. 2022. Calving Ease Risk Factors and
Subsequent Survival, Fertility and Milk Production in Italian Holstein Cows. Animals 12, 1-13.
https://doi.org/10.3390/ani12060671.

Queenan, K., Sobratee, N., Davids, R., Mabhaudhi, T., Chimonyo, M., Slotow, R., Shankar, B., &
Hasler, B. 2020. A Systems Analysis and Conceptual System Dynamics Model of the Livestock-
derived Food System in South Africa: A Tool for Policy Guidance. Journal of Agriculture, Food
Systems, and Community Development 9, 1-24 https://doi.org/10.5304/jafscd.2020.094.021.

Rakhshan, J., Dipanjali, K., Asma, K., Dhirendra, K., Dibyendu, C., & Biswaijit, B.2019.
Reassessment of temperature-humidity index for measuring heat stress in crossbred
dairy cattle of a sub-tropical region. Journal of Thermal Biology 82, 99-106.
https://doi.org/10.1016/].jtherbio.2019.03.017.

Ramsay, K., Smuts, M., & Els, H.C. 2000. Adding value to South African landrace breeds:
conservation  through utilisation. FAO/UNEP Animal Genetic Resources Information
Bulletin. 27: 9-16. Accessed on 9 June 2023.

Rege, J.E.O. & Tawah, C.L. 1999. The state of African cattle genetic resources II.
Geographical distributions, characteristics and uses of present-day breeds and
strains. FAO/UNEP Animal Genetic Resources Information Bulletin. 26:1-26. ISSN :
1014-23309.

Rilanto, T., Reimus, K., Orro, T., Emanuelson, U., Viltrop, A., & M6tus, K. 2020. Culling reasons and
risk factors in Estonian dairy cows. Vet. Res 16, 173 https://doi.org/10.1186/s12917-020-
02384-6.

Roth, Z. 2020. Influence of heat stress on reproduction in dairy cows—physiological and practical
aspects. J. Anim. Sci 98, S80-S87. https://doi.org/10.1093/jas/skaal39.

Rust, J. M., & Rust, T. 2012. Climate change and livestock production: A review with emphasis on
Africa. S. Afr. J. Anim. Sci 43, 256—267 https://doi.org/10.4314/sajas.v43i3.3.

Samkange, A., Kandiwa, E., Mushonga, B., Bishi, A., Muradzikwa, E., & Madzingira, O. 2019.
Conception rates and calving intervals of different beef breeds at a farm in the semi-arid region
of Namibia. Trop. Anim. Health. Prod 51, 1829-1837 https://doi.org/10.1007/s11250-019-
01876-4.

Schmidt, T., Venter, E. H., & Picard, J. A. 2010. Evaluation of PCR assays for the detection of
Campylobacter fetus in bovine preputial scrapings and the identification of subspecies in South
African field isolates. J. S. Afr. Vet. Assoc 81, 87-92. doi: 10.4102/jsava.v81i2.111.

Scholtz, M.M., & Bester, J., 2010. Off-take and production statistics in the different South African
cattle sectors: Results of a structured survey. Appl. Anim. Husb. Rural Dev. 3, 19-23.

39

© University of Pretoria



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

(02@

Scholtz, M., Pyoos, G., Seshoka, M., & Theunissen, A. 2018. WPSIII-7 The effect of climate on the pre-
and post-weaning performance of different beef cattle genotypes. J Anim Sci 96, 52.1
https://doi.org/10.1093/jas/sky404.1140.

Segura-Correa, J. C., Segura-Correa, V. M., Magafia-Monforte, J. G., & Aké-Lépez, J. R. 2018. Risk
factors associated with abortion and calf pre-weaning mortality in a beef cattle system in south-
eastern Mexico. Trop. Subtrop. Agroecosystems 21, 439 - 445,

Singh, A., Rajak, S., Kumar, P., Kerketta, S., & Yogi, R. 2018. Nutrition and bull fertility: A review. J.
Entomol. Zool 6, 635—-643. ISSN: 2320-7078.
https://www.entomoljournal.com/archives/2018/vol6issue6/PartK/6-4-322-364.pdf.

Slayi, M., Kayima, D., Jaja, |.F., Mapiye, C., & Dzama, K. 2023.Enteric methane output and
weight accumulation of Nguni and Bonsmara cows raised under diferent grazing
conditions. Pastoralism Research Policy and Practice 13,1-9.
https://doi.org/10.1186/s13570-023-00275-7.

Swai, E., Bryant, M., Karimuribo, E., French, N., Ogden, N., Fitzpatrick, J., & Kambarage, D. 2005. A
Cross-sectional Study of Reproductive Performance of Smallholder Dairy Cows in Coastal
Tanzania. Trop. Anim. Health Prod 37, 513-25 https://doi.org/10.1007/s11250-005-1218-X.

Tada, O., Muchenje, V., & Dzama, K. 2013. Preferential traits for breeding Nguni cattle in low-input in-
situ conservation production systems. SpringerPlus 2,1-7. https://doi.org/10.1186/2193-1801-
2-195.

Teague, W. R. 2018. Forages and pastures symposium: cover crops in livestock production: Whole-
system approach: Managing grazing to restore soil health and farm livelihoods. J Anim Sci 96,
1519-1530. https://doi.org/10.1093/jas/skx060.

Temesgen, M. Y., Assen, A. A., Gizaw, T. T., Minalu, B. A., & Mersha, A. Y. 2022. Factors affecting
calving to conception interval (days open) in dairy cows located at Dessie and Kombolcha
towns, Ethiopia. PLoS One 17, 1-15.https://doi.org/10.1371/journal.pone.0264029.

Terlau, W., Hirsch, D., & Blanke, M. 2018. Smallholder farmers as a backbone for the implementation
of the Sustainable Development Goals. Sustain Dev 27,523-
529.https://doi.org/10.1002/sd.1907.

Tessema, T., Teshome, D., & Kumsa, S. 2022. In situ conservation of boran cattle through
community/cooperative bull scheme based breeding program in Borana, Ethiopia. IJLP 13, 49-
55 https://doi.org/10.5897/1JLP2021.0787.

Thornton,P., Nelson,G., Mayberry, D., & Herrero, M.2021.Increases in extreme heat stress in
domesticated livestock species during the twenty-first century. Glob Chang Biol 27, 5762-5772.
https://doi.org/10.1111/gcb.15825.

40

© University of Pretoria


https://doi.org/10.1186/s13570-023-00275-
https://doi.org/10.1111/gcb.15825

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

(02@

Tulu, D. 2022. Bovine Brucellosis: Epidemiology, Public Health Implications, and Status of Brucellosis
in Ethiopia. Vet Med 13, 21-30 https://doi.org/10.2147/VMRR.S347337.

Underwood, W. J., Blauwiekel, R., Delano, M. L., Gillesby, R., Mischler, S. A., & Schoell, A. 2015.
Biology and Diseases of Ruminants (Sheep, Goats, and Cattle). Lab. Anim. Sci, 2015, 623-694
https://doi.org/10.1016/B978-0-12-409527-4.00015-8.

van der Horst, G., & Maree, L. 2022. Reproduction of Indigenous Domestic Animals with Special
Reference to Their Sperm Quality. Animals 12, 1-16. https://doi.org/10.3390/ani12050657.

Van der Westhuizen, H. C., Mohlapo, T. D., De Klerk, J. D., Majola, S. E., Snyman, H. A., & Neser, F.
W. C. 2020a. Reproduction performance of beef cattle before and after implementing a
sustainable grazing system in a semi-arid grassland of southern Africa. S. Afr. j. agric. Ext 48,
112-121. https://doi.org/10.17159/2413-3221/2020/v48n1a530.

Van der Westhuizen, H. C., Mohlapo, T. D., De Klerk, J. D., Majola, S. E., Snyman, H. A., & Neser, F.
W. C. 2020b. Reproduction performance of beef cattle before and after implementing a
sustainable grazing system in a semi-arid grassland of southern Africa. S. Afr. J. Agric. Ext 48,
112-121 https://doi.org/10.17159/2413-3221/2020/v48n1a530.

Van Dung, D., Roubik, H., Le, N., Phung, L., & Ba, N. 2019. Characterization of Smallholder Beef Cattle
Production System in Central Vietham -Revealing Performance, Trends, Constraints, and
Future Development. 42, 253-260 https://doi.org/10.5398/tasj.2019.42.3.253.

Van Drimmelen, G. 1949. The brucellosis survey in South Africa. Journal of the South African
Veterinary Association, 20(3), 178-188.
https://journals.co.za/doi/pdf/10.10520/AJA00382809 217.

Vickers, M. 2019. Optimising suckler herd fertility for Better Returns. https://ahdb.org.uk/knowledge-

library/optimising-suckler-herd-fertility-for-better-returns-2. Accessed on 24 July 2023.

Wathes, D. C. 2022. Developmental Programming of Fertility in Cattle—Is It a Cause for Concern?
Animals 12, 1-34. https://doi.org/10.3390/ani12192654.

Webb, E., Visagie, P., & Westhuizen, J. 2018. Effect of Bioregion on the Size and Production Efficiency
of Bonsmara Cattle in Semi-Arid Parts of Southern Africa. IntechOpen, Chapter 3, pp 1-21.
DOI: 10.5772/intechopen.72713

Widyas, N., Widi, T.S.M., Prastowo, S., Sumantri, |, Hayes, B.J.,Burrow, H.M. Promoting
Sustainable Utilization and Genetic Improvement of Indonesian Local Beef Cattle
Breeds: A Review. Agriculture 2022, 12,1-25.  https://doi.org/10.3390/agriculture12101566.

Zantsi, S., & Bester, B. 2019. Revisiting the benefits of animal traction to subsistence smallholder

farmers: a case study of Ndabakazi Villages in Butterworth, Eastern Cape Province of

41

© University of Pretoria


https://ahdb.org.uk/knowledge-%09library/optimising-suckler-herd-fertility-for-better-returns-2
https://ahdb.org.uk/knowledge-%09library/optimising-suckler-herd-fertility-for-better-returns-2

South Africa. S. Afr. J. Agric. Ext 47, 1-13 https://doi.org/10.17159/2413-
3221/2019/v47n3a511.

Zazueta-Gutiérrez, A.C., RomoValdez, A.M., Castro-Pérez, B.l.,, & Rios-Rincén, F.G. 2021. Heat
stress mitigation strategies for beef cattle under intensive finishing in the Mexican dry tropics.
Agro Productividad, 14, 1-8. https://doi. org/10.32854/agrop.v14i7.1874.

Zindove, T.J., & Chimonyo, M. 2015.Comparison of trait preferences of Nguni farmers located in
semi-arid and sub-humid environments. Trop Anim Health Prod 47, 1-10. DOL:
10.1007/s11250-014-0750-y.

Zwane, E. M. 2019. Impact of climate change on primary agriculture, water sources and food security
in Western Cape, South Africa. Jamba 11, 1-7. https://doi.org/10.4102/jamba.v11i1.562.

42

© University of Pretoria



IT VAN PRETORIA
Y OF PRETORIA
HI YA PRETORIA

Chapter 3

Understanding beef cattle production practices and associated factors constraining
performance: A survey of smallholder farmers in South Africa

Marble Nkadimeng %, Este van Marle-Kdster?, Nkhanedzeni Baldwin Nengovhela* &
Makgahlela Mahlako Linah3
1Agricultural Research Council, Animal Production Institute, Germplasm Conservation, and
Reproductive Biotechnologies, Private Bag X2, Irene 0062, South Africa;
MMakgahlela@arc.agric.za
2Department of Animal and Wildlife Sciences, University of Pretoria Hatfield 0002, South Africa;
este.vanmarle-koster@up.ac.za
SDepartment of Animal, Wildlife and Grassland Sciences, University of the Free State, Bloemfontein,
South Africa
4Department of Agriculture, Land Reform and Rural Development, Delpen Building, Corner Annie
Botha and Union Street, Riviera, Pretoria, 0001, South Africa
NkhanedzeniN@dalrrd.gov.za
Corresponding author: Nkadimeng Marble
Email: Nkadimenglm@gmail.com
Postal address: Private Bag X2, Irene
0062, South Africa

Published in: Journal of Agriculture and Rural Development in the Tropics and Subtropics:
Vol. 123 No. 1 (2022) 131-145

This chapter is presented as a published chapter according to the journal guideline.

43

© University of Pretoria


mailto:Nkadimenglm@gmail.com

IVERSITEIT VAN PRETORIA

NIBESITHI YA PRETORIA

Article

Understanding beef cattle production practices and associated factors constraining

performance: A survey of smallholder farmers in South Africa

Abstract

Farm practices of beef cattle smallholders in South Africa are characterized by poor management
practices with limited advisory services. This study aimed to assess current beef cattle farming practices
and limiting factors for improved beef production in South African smallholder farmers. A questionnaire
was administered to 460 individual smallholder farmers purposively selected from seven provinces of
South Africa (SA). The questionnaire captured information on demographics and farm profiles,
constraints on production, marketing, ecological and reproduction management. Frequency procedure
and logistic regression were used for data analysis. The majority of farmers were males (77%), fully
committed to cattle farming (92%) and participated in informal markets (61%). Farmers constraints
included extreme weather events, disease outbreaks, lack of access to information on farm
management, supply of cattle nutrition and fair market pricing. The majority (93%) of farmers had no
knowledge on body condition scoring (BCS) prior breeding and recorded inter-calving periods of two
years (77%). Only 17% of farmers kept calving records and 80% do not practices culling of old cows.
The regression model revealed that lack of information and understanding of farm business, and
information communicated by government were among the dominating factors associated with the
constraints. The study confirmed the need to enhance the approach of farm information dissemination
and skills transfer to mitigate farming challenges and improve productivity. Policy makers may ensure
adoption of farm information chains through more implementations of open platforms such as farmer's

schools and farmers days.

Key words: Beef farming, Farm constraints, Farm management, Questionnaire

3.1 Introduction

Over many centuries, livestock has been central to the economic and social livelihoods of
communities in developing countries (Hatab et al., 2019). In South Africa (SA) and Africa at large,
livestock is kept by 90% of rural communities (Nyamushamba et al., 2017; Njisane et al., 2019). South
Africa has a diverse climate with up to 80% of land only suitable for grazing by cattle, sheep and goats
(DAFF, 2019). Cattle are the major livestock species farmed compared to small ruminants with 80%
comprising of beef and 20% for dairy production (Oduniyi et al., 2020).

Over many decades the SA agricultural sector has been characterised by its dualistic systems
with highly commercialised sector with an annual turnover between R10 — R50 million and a smallholder
sector (SHS) that primarily farm for household consumption and profit of excess production (Greyling,
2015; DALRRD, 2020). The commercialised sector accounts for 90% of the national food supply while
in the smallholder sector, production is divided amongst household diet supplementation (77%), main
food source (8%), additional income (6%) and main income (2%) (Greyling et al., 2015; Queenan et al.,

2020). In SA context, smallholder farming is divided into three groups: The household farmers
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(vulnerable and subsistence) that farm in former homelands and they constitute the majority (92%) in
this sector. The subsistence farmers within the household group participate in marketing a portion of
their access production and generates less than R 50 000 in sales annually. The second group is
referred to as smallholder farmers whose farming is for household production, however have higher
annual turnover between R50 001 to R1 million. The last group, which is the minority, are market-
oriented farmers whose production is mainly for income through farm produce and household
consumption (DALRRD, 2020; Queenan et al., 2020).

The SHS is generally characterized by limited farm knowledge, advisory services, recording
systems, marketing access and poor breeding management (Baker et al., 2015; Dinku, 2019; Myeni et
al., 2019). Despite these limitations, smallholders are identified to have potential to alleviate poverty in
rural communities in line with United Nation Sustainable Development Goals (SDGs) SDG 1 (Terlau et
al.,, 2019). As a result, SA government has in the past 18 years implemented programs aimed at
providing support on advisory services, marketing, business development and improving herd
reproduction performance in the SHS (TIA, 2013; NRMDP, 2017; DALRRD, 2020). These interventions
have however yielded a negligible impact (Cheteni & Mokhele, 2019). To date, approximately 37% of
farmers are aware of different marketing avenues, less than 70% receive extension services and 77%
of beef farmers express constraints in poor breeding management (Molefi et al., 2017; Mapiye et al.,
2018). These figures are not different from the reported 76% limited market information and 56% local
extension officers visits from the past decade (Musemwa et al., 2008; Baloyi, 2010;).

This study assumes that for improved understanding of beef cattle production in smallholder herds,
integrated factors on farm demographics and constraints related to production, marketing, ecological
and reproduction management should be evaluated. Insights on these constraints may assist in
designing support targeted to the diversity and complexity of different farmers groups recognizing
gender, age, employment and access to agricultural land. These factors may expand the narrative of
cattle feed availability, nutrition and health in smallholder systems. Proper nutrition and health can
increase reproduction efficiency by up to 25% (McGowan et al., 2014), ultimately, improved
reproduction management means improving farm outputs and attraction of marketing channels that
lead to maximization of farm profits. The current study was based on a quantitative survey to assess
beef cattle farming practices and identify the primary constraints influencing smallholder beef cattle
farmers in SA.

3.2 Materials and methods

3.2.1 Data origin

Ethical clearance for the use of external data to conduct the study was granted by the Animal
Ethics Committee (AEC) of the University of Pretoria (NAS339/2020). Data for the study was obtained
from the behaviour change survey within the High Beef Value Partnerships (HBVP) project funded by
the Australian Centre for International Agricultural Research (ACIAR).

A structured questionnaire with 114 questions was developed to investigate cattle production
profiles and constraints. The study followed a cross-sectional research design approach. The
guestionnaire provided close-ended questions and a five-point likert scale ranging from very low to very

high was used to capture the responses level of each constrain (Mapiye et al., 2018). The questionnaire
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was structured in English and administered in respective languages of the farmers. The targeted
farmers for the current research were smallholder farmers.

Data collected consisted primarily of (i) demographic profiles (gender, age, education level, off farm
income), (i) farm profile (reason for farming and farming engagement, herd size composition, and
farmers objectives on their cattle farming operations), (iii) reproduction management which captured
information on breeding systems, bull management (source of breeding bulls, bull to cow ratio), cow
management (body condition score awareness, calving interval, calving records, handling of non-
productive and old cows) and heifer management (age of breeding heifers, selecting criteria of heifers
for breeding). Lastly (iv) constraints limiting farmers performances. Data on farming constraints included

farmer's responses on provided ecological, production and marketing constraints (Table 3.1).

Table 3.1: Summary of categories of constraints faced by farmers considered in the study.

Category Parameters

Production constraints Disease outbreak
Cattle nutrition
Stock theft
Annual cattle income
Access and interpretation of farm information

Marketing constraints Complying with market regulations
Access to reliable markets
Fair cattle pricing

Ecological constraints Extreme weather events
Weed encroachment

Competing agricultural land use

3.2.2 Sampling strategy

The current study analysed a subset sample of 460 cattle farmers purposively selected based
on cattle farming and ownership from 789 respondents of the behaviour change survey that included
poultry farmers. Seven provinces (Limpopo, Mpumalanga, Free State, Gauteng, Eastern Cape, North
West and Northern Cape) were randomly selected to participate in the main survey based on the HBVC
project provinces. The number of participants extracted for the current study differed per province as
provided in Figure 3.1. Purposive sampling was used to administer the reproduction management
guestionnaire. This was based on available herds where monitoring and collection of herd reproduction
performance such as pregnancy diagnosis on breeding cows was achievable. As a result, five provinces
Limpopo, Mpumalanga, Free State, North West and Eastern Cape participated in the reproduction
management questionnaire. A total of 21 reproduction management questions were administered to 30
exclusively available farmers across the five provinces. The questionnaire followed the same

methodology as in 3.1.
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Figure 3.1 Map of South Africa indicating seven provinces and numbers of cattle farmers studied in
each province.

Description of explanatory variables used in the study and hypothesized effect are highlighted in
Table 3.2. All the variables have been selected at the alpha level of < 0.05, however selection differed
amongst each predictor variable.

Table 3.2: A description of variables included in the study.

Dependent variable: Constrain

Production Marketing  Ecology

Variables Description

X1 Availability of skilled  1=yes, 2= no + - *
farm labourers

X2 Lack of access Farmer's concern on * + +
information on information on
managing farm managing (1= very low
business ; 5 very high)

X3 Difficulty accessing Farmer's concern on + + -
services access to services (1=

very low; 5 very high)

X4 Years farming with Period farming in * - -
cattle years
X5 Disease outbreak Farmer's concern + + +
concern about disease
outbreaks in the area
(1=very low; 5 very
high)
X6 Herd size 1= small(1-50), + - *

2=medium (50-100),
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Dependent variable: Constrain

Production Marketing  Ecology
Variables Description
3= large (100-200), 4=
extra-large (over 200)
X7 Education level 1= primary, 2= high - - t
school, 3=Tertiary,4=
no school
X8 Cattle nutrition Farmer's concern on + + +
cattle nutrition (access
to grazing and
supplementary
feeding) (1= not
concern; 5 very)
X9 Lack of Farmer's concern on * - +
understanding understanding farm
information information by
communicated by government agencies
gov (1= very low; 5 very
high)
X10 Cattle sold in 12 Numbers cattle sold - + -
months
X11 Lack of trust of value  Farmer's concern on - + -
chain trust value chain trust (1=
very low; 5 very high)
X12 Lack of fair pricing Farmer's concern on - + -
for cattle cattle pricing (1= very
low; 5 very high)
X13 Cattle theft Farmer's concern on - + -
cattle theft in the area
(1= very low; 5 very
high)
X14 Climate change Farmer's concern on + - *
concerns access to reliable
markets (1= very low;
5 very high)
X15 Credit loan repaying  1=yes; 2= no - - +
X16 Province Limpopo, + - +
Mpumalanga, North
West, Free state,
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Dependent variable: Constrain

Production  Marketing  Ecology

Variables Description

Northern Cape,
Eastern Cape

Note: All variables were selected at a significant level of P< 0.05 into the model.
3.2.3 Statistical analysis

The majority of the questions were categorical and were analysed by frequency tables and
graphs, as well as ordinal logistic regression using Statistical Analysis System (SAS, 2012). Descriptive
statistics included frequencies and percentages on household demographics, farm profiles and
reproduction management data. Stepwise ordinal logistic regression procedure with a cumulative logit
was used in the model building processes to determine factors associated with production, marketing
and ecological constraints in smallholder herds. Literature has established that farmers in the
smallholder sector face multiple challenges on production, marketing and ecology. However, the
logistics model applied in the study primarly captured disease and nutrition factors on production
constraints and compliance of market regulations factors on marketing constraints. The ecological
constraints predominately captured factors on competing of agricultural land use and weed
encroachment on grazing lands.
The cumulative logit procedure simultaneously estimates multiple equations for the comparison of the
cumulative odds of high versus low response level. For this study, each farmers concern on a given
constrain had 5 outcomes as follows:

( very low
low
J=s moderate
high
very high concern

where level of concern as very low = 1, low = 2, moderate = 3, high concern = 4 and very high = 5.
Therefore the logits regression model used for analysis was define as:
P(Y =))

— " | =a j=1,23,..j—1
1—P(Y<]) a] +.8x, (] ) :3: ] )

[Logit (y < j)] = log [

Where P(Y = j) is the odds of the event of the farmers response to the category j of a given predictor
variable (constraint); a; is the intercept parameter and f is the vector of regression coefficients
corresponding to x covariates. The model specifies that the intercept parameter differs across all j
categories however, the x covariates remain constant. The logits for the model intercepts for j

categories are defined in Table 3.3:
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Table 3.3: Logit models for intercept parameters.

Farmer response level Intercept models
Very low [ . _ ( T )]
Logit (P <1)=1
ogit (P <1)= log T, + 3 + Ty + 7T
=P=1

Very | I m+ T

ery low versus low [Logit P <2)= log( (y + 15) )]

T3 + Ty + Ty

=P<1)+(P<2)

(ry + 1, + ”3))]
Ty + s

Very low, low, moderate versus high [Logit (y<3)= log(

—(P<2)+(P<3)

Very low, low, moderate versus high versus (my +my + 75 + 7T4))]

[Logit b<d= log< -
5

very high
=P<3)+P<4H
=Very high(1 —P < 4)

Note: The model described cumulative odds with four response level for each dependent variable.

The odds of the highest level is used to compare famers response with the lower level

The explanatory variables that specify the effect of the dependent variable for the response of farmers
to a specific constraint where as follows:
Disease outbreak = a; + 5, X, + B, Xg + B3Xo + L1X14 + BsXe

Cattle nutrition = a; + B X1 + B2 X5 + B3 X, + B4Xs + BsXi6 + BeXe

Complying with market regulations = a; + 1 X, + B2X10 + B3X11 + LaXg + Bs Xz + BeXs + B, X153 + B X1
Computing of agricultural land use = a; + 1 X, + B,X16 + B3X15 + LaXo + L5X;

Encroachment of weeds on grazing land)= a; + B Xg + B.X, + B3X1 + BaX14 + LsXe + B7Xo + PsX16

The chi-square test was used to assess collinearity between the covariates with the Cramer V statistics
at 0.07. All variables that reflected collinearity were eliminated from the model. Results are presented
in the form of odds ratio (OR) and corresponding 95% confidence interval (Cl).
3.4 Results
3.4.1 Demographic characteristics of cattle farmers

Table 3.4 shows the demographic profiles of the interviewed farmers. The majority of farmers
were males (77%) above the age of 60 (42%). Most of the farmers had high school education (53%)
and generates their off farm income through pension funds and business operations (29%). It was also
found that majority in the households practice livestock farming (76%) compared to mixed farming
(24%).
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Table 3.4;: Demographic characteristics of interviewed farmers.

Variables Modalities Percentage (%)
Age Below 35 12
46-55 20
35-45 14
55-60 12
Above 60 42
Education No formal education 6
Primary 20
high school 53
Tertiary 21
Gender Female 23
Male 77
Type of farming Livestock 76
Mixed 24
Type of grazing livestock Cattle 67
Cattle, sheep and goats 31
Cattle sheep, goats donkeys 2
and horses
Off farm income Employment 16
Pension 29
Social grant 26
Business operations 29

Frequency percentage (%) of the surveyed farmers.

3.4.2 Production management of farm profiles
3.4.2.1 Main reasons for cattle farming and farm engagement

The primary reason for cattle farming to majority of the farmers was for sales purposes (78%)
and farming engagement was regarded as a full-time practice to majority (92%) of the respondents
(Figure 3 2).

Reason for cattle farming Farm Engagement

mSales m®Wealth = Household consumption u Fulltime = Part time

Figure 3.2 Percentage responses of the main reasons for cattle farming and farming engagement of

surveyed farmers.
3.4.2.2 Farmers intentions and future prospects to cattle farming.
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There were variations in farmers perceptions and future prospects of farm operations. Within
the group, majority of the farmers anticipated that their farming business will benefit the local economy
(37%), become reliable source of income (36%), benefit the community (36%) and provide food for the
family (36%). Meanwhile, 38% and 31% of the farmers intentions were for cultural needs and gaining

respect from the community (Fig. 3.3).

Cattle production objectives

Food for family
40

Community respect Benefit local economy

Cultural needs Benefit community

Reliable source of

i _income ;
== \/ery unlikely Moderately unlikely Neutral Moderately e Unlikely

Figure 3.3 Percentage responses of surveyed farmers objectives to beef cattle production.

3.4.2.3 Farmers herd size, market outlets and proportion of sales of cattle farming.

The majority of farmers sell cattle at informal markets (61%) compared to auctions (34%)
feedlots (4%) and abattoirs (1%). The results further showed that most farmers own small herds (49%)
with annual cattle sales (60%) within the R 1-50 000 scale (Table 3.5).

Table 3.5: Herd size, market outlets and proportion of sales in cattle farming.

Parameter Frequency Percentages (%)
Herd size
Small herds 223 49
Medium herds 124 27
Large herds 60 13
Extra large 53 11
Market outlet
Informal market 279 61
Auction 157 34
Feedlot 17 4
Abattoir 7 1
Cattle annual income
Zero 96 20
R1-50 000 277 60
R 51 000-R100 000 61 13
Over R100 000 21 7

Frequency percentage (%) of the surveyed farmers.
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3.4.2 Reproduction management

On reproduction management, the present study observed that 63% of the farmers do not
practice breeding seasons and up to 53% obtain breeding bulls from commercial stock auctions.
Majority of the farmers (87%) do not perform heifer selection either by age or parent breeding history
and 60% reported their replacement heifers not to be pregnant at first service after breeding season.
The results also indicated that majority of the farmers (53 and 80%) do not cull non-productive and old
cows, respectively. Furthermore, 83% of the farmers do not keep calving records and 93% have no
knowledge on evaluations of body condition score prior breeding. Most farmers (77%) reported

intercalving of two years, and 27% of the farmers experience abortions in their herds (Fig. 3.4).

Breeding management

120

90 100
80
70 80
60
® 50 ® 60
40
30 40
20
10 20
0 0
s s | owm “ w @ w “
g 5 Z|g 2|g 2|£ 2|g 2|8 2|8 2 8 2 g e e 8 s
s = 5 > 1] 1] @ >
S = > > >
< g o -3} L]
z 2 2
2 =
Source of Selective | Heifers | Heifers | Keeping [ Culling |Culling old| = 2 =
X ) . . [ @ el
breeding bulls | breeding | selection | pregnant | calving None COWS =z @ S
season at first | records |productive 8 &
service cows
Awareness of BCS Calving Interval Abortions in
prior breeding breeding cows

Figure 3.4 Percentage responses of breeding management practices of surveyed farmers.

3.4.3 Constraints faced by farmers
3.4.3.1 Production constraints

Fig. 3.5 represents production constraints faced by farmers. Famers were very highly affected
by variety of constraints including cattle nutrition (35%), difficulty in assessing services (36%), lack of
access of information on farm management (34%), disease outbreaks (31%) and lack of understanding

of information communicated by government (40%).
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Cattle production constraints faced by farmers

Cattle theft
40

Farm management information Disease outbreak

Cattle nutrition Difficulty assessing services

Lack of understanding of
information communicated by
gov

Uncertainty on programs
livestock

\/Ery loOw Low Moderate High e====\/ery high
Figure 3.5 Percentage responses of major cattle production constraints faced by surveyed farmers.

Table 3.6 presents the logistic regression model analysis for concerns of disease outbreaks.
The model predicted variables: lack of access of information on managing farm business, cattle nutrition
and province to be highly significant factors associated with disease outbreak concerns p <.0001. There
was an increase in the odds [OR=1.588] of disease outbreaks concern for farmers on every increase in
lack of access of information on managing the farm. The model predicted greater increase in the odds
[OR=1.749, 1.172, 1.070 and 1.312] of disease outbreak concern for farmers in Gauteng, Limpopo,
Mpumalanga and North West compared to Eastern Cape and Free State province respectively
[OR=0.274 and 0.349]. Extra-large herd size, climate change concerns and lack of understanding
information communicated by government agencies were also variables predicted to have greater odds
[OR=1.745, 1.281 and 1.209] of concerns on disease outbreaks.
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Table 3.6: Summary of association between risk factors and the odds of production constraints (disease

outbreak) in smallholder beef cattle herds.

Variable SE OR 95% CI of OR P value
Lower  Upper

Lack of access of 0.1043 1.588 1.295 1.949 <.0001

information on

managing farm

business

Cattle nutrition 0.1004 1.596 1.310 1.943 <.0001

Province <.0001

Eastern Cape vs 0.2041 0.274 0.127 0.588 <.0001

Northern Cape

Free state vs Northern 0.3697 0.349 0.122 0.995 0.0189

Cape

Gauteng vs Northern 0.2415 1.749 0.762 4.014 0.0021

Cape

Limpopo vs Northern 0.1958 1.172 0.551 2.494 0.0794

Cape

Mpumalanga vs 0.2630 1.070 0.456 2.513 0.3381

Northern Cape

North West vs Northern  0.2741 1.312 0.537 3.210 0.0960

Cape

Lack of understanding 0.0872 1.209 1.019 1.434 0.0002

information

communicated by gov

Climate change 0.0842 1.281 1.086 1.511 0.0023

concerns

Herd size 0.0456

Extra-large herds vs 0.2263 1.745 0.947 3.215 0.0263

Small herds

Large herds vs Small 0.2157 0.626 0.348 1.127 0.0154

herds

Medium herds vs Small  0.1649 1.135 0.731 1.765 0.6571

herds

Note: Bold values are generalised Wald-test P values. Statistical significant at level (p <0.01; p <

0.05).SE= Standard Error, OR= odds ratio, Cl = confidence interval.

The results of the analysis of cattle nutrition concerns demonstrated that farmers with concerns

on the availability of skilled farm labourers, lack of information on managing farm business and difficulty

accessing services [OR=2.810, 1.707 and 1.282] had increase odds of concerns on cattle nutrition.

There was an increase in the odds of concerns of cattle nutrition for every increase in disease outbreaks

and farmers with larger herds [OR=1.283 and 2.918]. The model further predicted farmers in the Eastern

Cape and Limpopo province [OR=3.789 and 2.081] to have an increase in cattle nutrition concerns

compared to other provinces (Table 3.7).

© University of Pretoria

55



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Table 3.7: Summary of association between risk factors and the odds of production constraints (cattle

nutrition) in smallholder herds.

Variable SE OR 95% CI of OR P value
Lower  Upper

Availability of Skilled farm 0.1144 2.810 2246  3.516 <.0001

labourers

Lack of information on 0.1104 1.707 1.375 2.119 <.0001

managing farm business

Difficulty accessing 0.0828 1.282 1.090 1.508 0.0003

services

Years farming with cattle 0.0851 0.725 0.613 0.856 0.0028

Disease outbreak concern  0.0808 1.283 1.095 1.503 0.0465

Province 0.0363

Eastern Cape vs Northern ~ 0.2113 3.789 1.693 8.479 <.0001

Cape

Free state vs Northern 0.3740 0.857 0.297 2472 0.1310

Cape

Gauteng vs Northern Cape 0.2518 1.352 0.568 3.217 0.6673

Limpopo vs Northern Cape  0.2095 2.081 0.945  4.583 0.1234

Mpumalanga vs Northern 0.2743 1.651 0.679 4.012 0.7394

Cape

North West vs Northern 0.2989 1.170 0.453 3.022 0.3972

Cape

Herd size 0.0106

Extra-large herds vs Small  0.2507 1.371 0.672  2.796 0.4980

herds

Large herds vs Small 0.2264 2.918 1.533 5.553 0.0097

herds

Medium herds vs Small 0.1743 1.742 1.103 2.752 0.6891

herds

Note: Bold values are generalised Wald-test P values. Statistical significant at level (p <0.01; p <

0.05).SE= Standard Error, OR= odds ratio, Cl = confidence interval.

3.4.3.2 Marketing constraints faced by smallholder farmers

Figure 3.6 shows results of marketing constraints faced by farmers in the study. Majority of the

respondents were moderately concerned about reliable markets (34%), value chain trust (40%). High

concern on fair cattle pricing (31%) and complying with market requirements (41%) on the majority of

the farmers were also observed.
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Figure 3.6 Percentage responses of marketing constraints faced by surveyed farmers.

Table 3.8 presents factors associated with concerns on compliance of market regulations by

farmers. The model revealed that farmers with lack of information on managing farm business, difficulty

accessing government services, cattle theft and value chain trust are predicted to have an increase in

odds [OR=1.462, 1.207, 1.341 and 2.967] of concerns on complying with market regulations. Moreover,

farmers who had concern on cattle nutrition and disease outbreaks are expected to have an increase

[OR=1.156 and 1.150] odds for concern of complying with market regulations. The model further cattle

sold in 12 months (P<.0001) as a factor associated with concerns on compliance of markets regulations.

Table 3.8: Summary of association between risk factors and the odds of marketing limitations

(complying with market regulations) in smallholder beef cattle herds.

Variables SE OR 95% CI of OR P value
Lower Upper
Lack of information 0.0850 1.462 1.237 1.726 <.0001
on managing farm
business
Cattle sold in 12 0.0954 1.520 1.261 1.833 <.0001
months
Value chain trust 0.0002
None vs severe 0.3113 2.756 1.126 6.749 0.0966
concerns
Low vs severe 0.2553 0.740 0.342 1.602 0.0018
concerns
Moderate vs severe 0.1672 1.978 1.120 3.494 0.2670
concerns
High vs severe 0.2117 2.967 1.594 5.520 0.0052
concerns
Cattle nutrition 0.1001 1.156 0.950 1.406 0.0011
Difficulty accessing  0.0804 1.207 1.031 1.413 0.0055
services
Disease outbreak 0.0738 1.150 0.995 1.328 0.0292
concerns
Cattle theft 0.1678 1.341 0.965 1.863 0.0529
Lack of fair pricing 0.2244 1.030 0.499 2.128 0.0375
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Note: Bold values are generalised Wald-test P values. Statistical significant at level (p <0.01; p <
0.05).SE= Standard Error, OR= odds ratio, Cl = confidence interval.

3.4.3.4 Ecological constraints

Figure 3.7 highlights the ecological constraints smallholder farmers encountered in the present

study. The results shows that majority of the farmers had (38%) severe concerns on extreme weather

events. Respondents were further affected by the encroachment of weeds in grazing areas (37%) and

competing of agricultural land use (36%).
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Figure 3.7 Percentage responses of ecological constraints faced by surveyed farmers.

The regression model showed an increase in the odds [OR=2.070, 1.933, 1.550, 1.698 and

1.126] of concern of competing of land use in the Gauteng, Limpopo, Free State, Mpumalanga and

North West, respectively. Farmers who had concerns on accessing of information on managing farm

business, lack of understanding of information communicated by government agencies and disease

outbreaks were predicted to have greater increase

[OR=3.169, 1.191 and 1.464] in concerns of

competing agricultural land use. The model further predicted education level to have an increase in

odds [OR=1.168] of concern of competing of land use (Table 3.9).

Table 3.9: Summary of association between risk factors and the odds of ecological constraints

(competing of agricultural land use) in smallholder herds.

Variables SE OR 95% CI of OR P value
Lower Upper

Lack of information on 3.169 2543 3.951 <.0001

managing farm
business
Province <.0001
Eastern Cape vs 0.2139 0.520 0.224 1.210 <.0001
Northern Cape

Free state vs Northern  0.3755 1.550 0.533 4.513 0.6345
Cape

Limpopo vs Northern 0.2555 1.933 0.772 4.839 0.1181
Cape

Gauteng vs Northern 0.2046 2.070 0.914 4.689 0.0223
Cape
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Mpumalanga vs 0.2770 1.698 0.670 4.307 0.3304
Northern Cape
North West vs Northern  0.3030 1.126 0.414 3.059 0.6403
Cape
Disease outbreak 0.0808 1.464 1.250 1.715 <.0001
Credit loan re-paying 0.3169 0.237 0.127 0.441 0.0005
Lack of understanding 0.0889 1.191 1.001 1.418 0.0049
information
Communicated by gov
Education level 0.0861 1.168 0.986 1.382 0.0108

Note: Bold values are generalised Wald-test P values. Statistical significant at level (p <0.01; p <
0.05).SE= Standard Error, OR= odds ratio, Cl = confidence interval.

Table 3.10 presents factors associated with concerns of weed encroachment in grazing lands.
The model predicted cattle nutrition (P<.0001), lack of access of information on managing farm business
(P<.0001), availability of skilled farm labourers (P=0.0002) and province (P=0.0007) as factors
associated with weed encroachment. Extra-large herds and climate change concerns had increase
odds [OR=1.758 and 1.166] in concern of weed encroachement in grazing land compared to small
herds. Farmers with increased concerns of lack of understanding of information communicated by
government agencies had greater odds [OR=2.222] in the increase of weed encroachment on grazing
land.
Table 3.10: Summary of association between risk factors and the odds of ecological constraints

(encroachment of weeds on grazing lands) in smallholder herds.

Variable SE OR 95% Limits of OR P value
Lower Upper

Cattle nutrition 0.7985 2.222 1.810 2.729 <.0001

Lack of access of 0.5242 1.689 1.369 2.084 <.0001

information on
managing farm

business
Availability of skilled 0.4368 1.548 1.251 1.916 0.0002
farm labourers
Climate change 0.1538 1.166 0.993 1.369 0.0388
Herd size 0.0072
Extra large herdsvs  0.5275 1.758 0.939 3.291 0.0218
Small herds
Large herds vs Small  -0.4817 0.641 0.358 1.147 0.0235
herds
Medium herds vs -0.00893 1.028 0.664 1.592 0.9564
Small herds
Lack of understanding  0.1069 2.222 1.810 2.729 0.0278
information
communicated by gov
Province 0.8066 2.534 1.100 5.837 0.0007

Note: Bold values are generalised Wald-test P values. Statistical significant at level (p <0.01; p <
0.05).SE= Standard Error, OR= odds ratio, Cl = confidence interval.

3.5 Discussion
This paper described smallholder beef cattle farming practices and challenges in seven

provinces of SA. The reported higher percentage of male compared to female farmers correspond with
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multiple studies conducted on smallholders in SA and neighbouring countries (Otieno, 2013; Chingala
et al.,, 2017; Cheteni & Mokhele, 2019). Gender inequality in the agricultural sector has been a
prominent subject in rural farming in which customs and traditions such as "restrictions of women to
enter cattle kraal" are used as a tool to discriminate against women (Gumede et al., 2018). The report
by Wisborg (2014) highlighted that women face discrimination regardless of gender equality being
enforced. Despite the dominance of males in agriculture, tools such as the Women's Empowerment in
Livestock Index (WELI) developed for communities in East Africa are available to monitor the
enforcement of equal opportunities to women and girls in the livestock sector according to the SDG five
(Alkire et al., 2013; Galie et al., 2019). This tool may be an effective way of addressing gender inequality
in SA agriculture.

In livestock production, old age has been associated with smallholder farming (Mapiye et al.
2018; Myeni et al. 2019) and similarities have been reported on the current study with majority of farmers
above the age of 60. Studies by Otieno (2013) and Bahta & Baker (2015) argue that older farmers have
been found to be enthusiastic towards farming, this may be the reason for their dominance in beef cattle
smallholder farming. However, more emphasis on developmental projects to encourage participation of
youth and middle age group to farming are needed as this may be vital to the direction of the future of
SHS. The reported high percentage of farmers solely committed to farming may imply that smallholder
farmers are dependant on agriculture to sustain household needs (Jari & Fraser, 2009). The above
further emphasize that agriculture is the centre of poverty alleviation in smallholder sector as it has been
recognised by major government entities (DAFF, 2019; DALRRD, 2020). Farmers demographics further
indicated that majority practices livestock compared to mixed farming. This may suggest the need for
sufficient knowledge on crop production and its benefit on feed provision for cattle especially in
smallholders where livestock feeding is a scarce resource.

Low literacy has been considered to be dominating in smallholder farmers and the present
study was no different (Marandure et al., 2017). The report by Myeni et al. (2019) stated that education
is known as a barrier between farmers adoption to new technology and transformation for improved
farm outputs. Moreover, Ferreira (2018) found that education is associated with a 1.0% and 3.0%
increase in agricultural productivity in Malawi. The above, therefore, may anticipate a potential link
between the level of education attained and the minimal (7%) annual return of over R100 000 reported
by the respondents.

Within the group, majority of the farmers anticipated that their farming business will benefit the
local economy. These findings highlight clear intentions of smallholder farmers to the livestock industry.
However, as much as majority of farmers highlighted sales as main reason for keeping cattle, it is
concerning to note that 38% of farmers were still in cattle farming for cultural reasons. Culture has over
time become a persistent factor as a barrier between subsistence and commercial value chain
(Sikhweni & Hassan, 2013; Mapiye et al., 2020). Kahan (2012) suggested that the enforcement of
entrepreneur behaviour to farmers may be one of the initiatives to break through the barrier between
culture and profitization. In essence, farmers are thus far running a business with all the cattle

maintenance such as purchasing of feed, medication and hiring of a herdman. Therefore, more
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entrepreneurship support from provincial departments is needed to guide farmers to profit without
defining cultural views, however, reconciling farmers values.

Farm engagement, objectives and choice of market are linked to farm revenue and define
farmer’s produce (Zantsi & Bester, 2019). Majority of the farmers sell cattle at informal markets and fall
within the R1-50 000 annual scale of earnings. These results are similar to Khapayi & Celliers (2016)
who reported that 84% of farmers make use of informal markets as the main market for livestock. The
sentiment, however, differs with small stock and cattle smallholders from other neighbouring countries.
Cheteni & Mokhele (2019) highlighted 65% of sheep farmers to have adopted formal markets compared
to farm gates markets. Moreover, empirical studies in countries such as Swaziland and Kenya
demonstrated that majority of smallholder cattle farmers have now adopted formal markets outlets such
as auctions, abattoir and butcheries (Otieno, 2013; Dlamini & Huang 2020). Access to formal markets
in these countries might have been as a results of availability of information regarding farm business.
For example, in the study reported by Dinku (2019) in Ethiopia, majority of farmers have access to
extension services and are visited by local extension officers and advisors at least twice a week.
However, majority of SA farmers relies on inexperienced personnel such as family members or
neighbours for market information and thus most farmers are therefore unable to participate in markets
due to failure to meet market regulations (Khapayi & Celliers, 2016; Ndoro et al., 2015). It was also
noted that 20% of the farmers fell within a category that generated zero income per annum. This
indicates a matter of concern that requires an in-depth investigation to current systems in the
smallholder. In Vietnam, participation of cattle smallholder in the value chain includes fattening of cattle
in pens using farm-grown fodders (Stir et al., 2013). Consequently, more adoption of initiations such
as stall-fed systems by SA cattle smallholders may increase participation of beef supply in the domestic
market.

There were numerous production constraints identified from the surveyed households.
Respondents were constraint by the accessibility of farm information, lack of access of information on
farm management, disease outbreaks and cattle nutrition. Support services remains a barrier for
smallholder livestock farmers and may impact poverty alleviation in rural area. However, accessibility
of farm information that is clear and understandable to farmers may serve as a stepping stone for the
improvement of rural development and farm growth (Baker et al., 2015).

The present study highlighted that farmers with lack of access to information on managing the
farm and lack of understanding of information communicated are less likely to respond to disease
outbreaks. These findings are in line with Khapayi & Celleirs (2016), who reported that majority of
smallholders have limited knowledge on the identification of livestock diseases with 94% of farmers
illiterate on animal hygiene and clear protocols on how to respond to outbreaks and vaccination
programs. Unlike SA, farmers in Swaziland are practicing health screening of purchased cattle and
selecting replacements from their herds (Dlamini & Huang, 2020). Such practices may be of importance
to the improvement of cattle production in SA as disease in livestock remains an obstacle for
smallholder farmers to trade their produce (Namayasha et al., 2017).

The report by Fidzani (1993) and Cheteni & Mokhele (2019) indicated that large herds provide

higher marketable surplus compared to smaller herds, however in concurrence with sound knowledge
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of good management of the farm. This might be the reason reported disease outbreak concerns for
farmers in larger herds in this study as a result of limited and accessible knowledge of farm operations
including identification of sick animals. Despite the limitation of farm health information in smallholder,
the Ciskei and Transkei formally known as the Eastern Cape was the first province to have benefited
from SA state veterinary services in the 1970s followed by post apartheid smallholder farmers in 1994
in the Eastern Cape (Jenjezwa & Seethal, 2014). Therefore, this may be the reason the model predicted
Gauteng, Limpopo, and North West to have greater odds of disease outbreaks concerns as compared
to Eastern Cape Province.

Similar to disease outbreaks, the model predicted lack of information on managing farm
business and difficulty accessing government services as major factors associated with cattle nutrition
concerns and weed encroachment in grazing land. Therefore, knowledge of programs on rotational
grazing, veld rest and stocking rate needs to be implemented in smallholder herds. Moreover, the
adoption of crop residues as supplementation needs to be promoted and this emphasis on the argument
made earlier that cattle smallholder farmers should implement mixed farming.

The model in this study predicted cattle theft to have an impact on markets participation. Stock
theft has been an ongoing issue for decades in SA, the cost has amounted to close to R118 million
(Ndoro et al., 2015). Smallholder farmers can however, do better by adopting animal identification for
livestock since Coetzee et al. (2005) highlighted that animal identification remains a rare practice in
smallholder herds since farmers view it as an expensive task.

Majority of smallholder farmers cattle fails at market point often due to farm nutrition as most
animals appear lean and unhealthy (Ndoro et al., 2015), hence the model predicted adequate supply
of nutrition to have increased odds of concern in complying with market regulations. However, extension
officers have skills and appraisal to identify market issues and transparency to benefit farmers
(Devendra et al., 2000). Therefore, there is a need to strengthen the relationship between these two
parties to permeate information gap on value chain trust and market pricing.

Ecological constrain of extreme weather events has drastically affected both commercial and
smallholder sector (Mare et al., 2018). Agricultural production declined by 8.4% due to the 2015 drought
(Agri SA, 2016). The impact have been advanced on smallholders as a result of vulnerability in the
sector, hence majority of the farmers responded very severe consent on extreme weather events in the
study. Similar to extreme weather events competing of agricultural land has been a trend in the
agricultural sector worldwide (Kanianska, 2016). The model predicted an association on lack of
information on managing farm business and understanding information communicated with concern of
competing of agricultural land use. This calls for information transparency of land policies from entities
protecting agricultural land to landholders (Ladu et al., 2019).

Urbanization has grown in the past year due to increasing population and many cities are being
built on fertile agricultural land. In Europe, approximately 64% of agricultural land has been taken over
by urbanization (Primdahl et al., 2013). A simulation study in Belgium has shown 50% in reduction of
farmers as a result of urbanization (Beckers et al. 2020). Migration in SA has been the main reason for

urbanization. Urbanization occurs in most SA provinces, however is more prevalent in Gauteng province
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(Annobea, 2018). Henceforth, the model predicted Gauteng to have higher odds of concern for
competing of agricultural land as compared to other provinces.

There is an improvement in the source of breeding bulls reported in this study as majority of
the farmers reported buying from auctioneers as source of breeding bulls compared to neighbours bulls
(Molefi et al., 2017). However, cow management remains a challenge as majority of farmers do not
practice culling of non-productive cows and old cows. This provides zero contribution to the production
growth and may have a greater deal to the farmers pocket. Bahta & Baker (2015) once said "In
agribusiness, a competitive farm is one that has the ability to produce and sell quality products in a
given market at a profit over the life of the farm". The reported statement needs to be one of the
imperative knowledge to be transferred to SA smallholder farmers. Tait et al. (2017) emphasize that
BCS in cows during and post-breeding season influence pregnancy rates and calving interval as it may
encourage the incidence of anestrus and anovulatory cycles. This is an unpleasant reality in smallholder
herds as majority of the herds are not aware of BCS and it may have had an influence on the extended
inter-calving periods reported in the study. Moreover, The non-adoption of a planned breeding season
by majority of the farmers is a contributing factor to the slow economic growth within smallholders as
breeding season should be align with available grazing for the achievement of more healthier and
heavier calves (McGowan et al., 2014). Furthermore, an investment on selection of herd replacement
should be top priority as it affects the long-term sustainability and productivity of the cowherd, therefore
the decision of majority of the farmers not selecting replacements may affect farm growth. The above
mentioned imply that lack of reproduction knowledge remains a need for improved farm management

practices.

Improvement in beef cattle smallholders may depend on developmental strategic plans to be
implemented for programs targeted to disseminate farm knowledge and management skills. Promotion
of open platforms for more deliberations of scientific outputs such as national farmer’s days are needed
as they strengthen information chain from scientist to extension officers and farmers. Farm business
schools is another platform to provide a positive way to access farm information with extension officers
as facilitators to exchange efficient advisory services. The school may open up ventures for a do one
teach one for farmers to share farm experiences. Furthermore, a key step to improved production may
involve interventions such as contract farming as a way of enhancing the economic growth in

smallholder farmers according to National developmental plan vision 2030 and SDG 8.

3.6 Conclusion

The study assessed smallholder beef cattle farming practices and the primary constraints
limiting the system. The results outlined that there is a need to amplify the mode of communication to
farmers given majority of the farmers are constrained by lack of access and understanding of farming
knowledge that is necessary to combat challenges on nutrition, disease outbreaks, marketing and
reproduction management.

3.7 Declaration of interest

The authors declare that they have no competing interests.

63

© University of Pretoria



&
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

@ YUNIBESITHI YA PRETORIA

3.8 Funding
The research was financially supported by the Australian Centre for International Agricultural Research

(P02000051).

64

© University of Pretoria



References

AGRI SA. (2016). Drought Response Feedback. https://pmg.org.za/files/160920agrisa.pptx. Last
accessed 20.10.2021.
Alkire, S., Meinzen-Dick R., Peterman, A., Quisumbing, A.R., Seymour, G., & Vaz, A. (2013). The

Women’s Empowerment in Agriculture Index. Oxford Poverty & Human Development

Initiative (OPHI). Working paper NO. 58. https://www.ophi.org.uk/wp-
content/uploads/ophi-wp-58.pdf. Last accessed 20.10.2021.

Annobea, EMN. (2018). Perspectives of the impact of urbanisation on urban agriculture landuse
in Johannesburg, South Africa. Master's Thesis. University of Johannesburg. South
Africa.

Bahta, S., & Baker, D. (2015). Determinants of Profit Efficiency among Smallholder Beef Producers
in Botswana. International Food and Agribusiness Management Review, 18, 107-
130.

Baker. D., Cadilhon, J., & Ochola, W. (2015). Identification and analysis of smallholder  producers’
constraints: applications to Tanzania and Uganda. Development in Practice, 25, 204-
220. https://doi.org/10.1080/09614524.2015.1007924.

Baloyi, J.K. (2010). An Analysis of Constraints Facing Smallholder Farmers in the
Agribusiness  Value Chain: A Case of Farmers in Limpopo Province. Master's Thesis,
University of  Pretoria. South Africa.

Beckers, V., Poelmans, L., Van Rompaey, A., & Dendoncker, N. (2020). The impact of  urbanization
on agricultural dynamics: a case study in Belgium. Journal of Land Use Science, 15(5), 626-
643. https://doi.org/10.1080/1747423X.2020.1769211.

Cheteni, P., & Mokhele, X. (2019). Small-scale livestock farmers’ participation in markets:
evidence from the land reform beneficiaries in the central karoo, Western Cape, South
Africa. South  African  Journal of  Agricultural Extension,  47(1), 118-136.
http://dx.doi.org/10.17159/2413-3221/2019/v47n1a494.

Chingala, G., Mapiye, C., Raffrenato, E., Hoffman, L., & Dzama, K. (2017). Determinants of
smallholder farmers’ perceptions of impact of climate change on beef production in
Malawi. Climatice Change, 142,129-141.http://doi.org.10.1007/s10584-017-1924-1.

Coetzee, L., Montshwe, B.D., & Jooste, A. (2005).The marketing of livestock on communal
lands in the Eastern Cape Province : contraints, challenges and implications for the
extension services. South African Journal of Agricultural Extension, 34(1), 81-103.
https://www.ajol.info/index.php/sajae/article/view/3680. Last accessed 15.07. 2021.

Department of Agriculture Fisheries and Forestry (DAFF). 2019. A Profile Of The South  African
Beef  Market Value Chain.

https://www.dalrrd.gov.za/doaDev/sideMenu/Marketing/Annual%20Publications/Beef
%20Market%20Value%20Chain%20Profile%202019.pdf. Last accessed 22.10.2021.
Department of Agriculture, Land Reform and Rural Development (DALRRD). 2020. Draft National

Policy on Comprehensive Producer Development Support.

65

© University of Pretoria


https://pmg.org.za/files/160920agrisa.pptx
https://www.ophi.org.uk/wp-
https://www.ophi.org.uk/wp-
https://doi.org/10.1080/09614524.2015.1007924
https://doi.org/10.1080/1747423X.2020.1769211
https://www.ajol.info/index.php/sajae/article/view/3680
https://www.dalrrd.gov.za/doaDev/sideMenu/Marketing/Annual%20Publications/Beef
https://www.dalrrd.gov.za/doaDev/sideMenu/Marketing/Annual%20Publications/Beef

https://www.daff.gov.za/docs/media/Notice%20t0%20gazette%20the%20policy%20(
2).pdf. Last accessed 22.10.2021.

Devendra, C., Thomas, D., Jabbar, M.A., & Zerbini, E. (2000). Improvement of livestock production
in crop-animal systems in the agro-ecological zones of South Asia. 108p. Nairobi
(Kenya): ILRI.

Dinku, A. (2019). Assessment of constraints and opportunities in small-scale beef cattle fattening
business: Evidence from the West Hararghe Zone of Ethiopia. International  Journal  of
Veterinary Science and Research, 5(2), 058-068.
http://dx.doi.org/10.17352/ijvsr.000042.

Dlamini, S.l., & Huang, W.C. (2020). Analysis of Market Outlet Choice by Smallholder Beef
Cattle Farmers in Eswatini. Journal of Economics and Sustainable Development,
11(8),22-34. https://www.iiste.org/Journals/index.php/JEDS/article/view/52512/54264.

Ferreira, T. (2018). Does Education Enhance Productivity in Smallholder Agriculture? Causal
Evidence from Malawi. Stellenbosch Economic Working Papers: WP05/2018.
https://resep.sun.ac.za/wp-content/uploads/2018/07/wp052018.pdf. Last accessed
22.10.2021.

Fidzani, N.H. (1993). Understanding cattle off-take rates in Botswana. PhD dissertation, Boston

University. United States of America.

Galie, A., Teufel, N., Korir, L., Baltenweck, I., Webb Girard, A., Dominguez-Salas, P., & Yount, K.
M. (2019). The Women's Empowerment in Livestock Index. Social Indicators
Research, 142(1), 799-825. https://doi.org/10.1007/s11205-018-1934-z.

Greenwood, P.L., Gardner, G.E., & Ferguson, D.M. (2018). Current situation and future prospects
for the Australian beef industry — A review. Asian-Australasian Journal of Animal
Sciences, 31(7), 992-1006. https://doi.org/10.5713/ajas.18.0090.

Greyling, G.C. (2015). South Africa's Agricultural Sector Twenty Years After Democracy (1994  to
2013). Professional Agricultural Workers Journal, 3,1-14.
https://tuspubs.tuskegee.edu/pawj/vol3/iss1/10. Last accessed 30.10.2021.

Gumede, N.A., Maziya, M., & Chiumbu, S. (2018). Gender dynamics within small-scale farming:
narratives of smallholder livestock farmers in five provinces, South Africa.
(Commissioned by the International Development  Research  Centre).
http://repository.hsrc.ac.za/bitstream/handle/20.500.11910/13748/10838.pdf?sequen
ce=1&isAllowed=y. Last accessed 15.09.2021.

Hatab, A.A.,, Cavinato, M.E.R., & Lagerkvist, C.J. (2019). Urbanization, livestock systems and
food security in developing countries: A systematic review of the literature. Food
Security, 11, 279-299. https://doi.org/10.1007/s12571-019-00906-1.

Jari B., & Fraser, G.C.G. (2009). An analysis of institutional and technical factors influencing
agricultural marketing amongst smallholder farmers in the Kat River Valley, Eastern
Cape Province, South Africa. African Journal of Agricultural Research, 4(11), 1129-

1137. http://www.academicjournals.org/aja. Last accessed 21.10.2021.

66

© University of Pretoria


https://www.daff.gov.za/docs/media/Notice%20to%20gazette%20the%20policy
https://resep.sun.ac.za/wp-content/uploads/2018/07/wp052018.pdf.%20Last
https://tuspubs.tuskegee.edu/pawj/vol3/iss1/10
http://repository.hsrc.ac.za/bitstream/handle/20.500.11910/13748/10838.pdf?sequen
http://repository.hsrc.ac.za/bitstream/handle/20.500.11910/13748/10838.pdf?sequen
http://www.academicjournals.org/aja

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

(02@

Jenjezwa, V.R., & Seethal, C.E.P. (2014). ‘The role of the state in stock farming in rural areas: A
case study of Hertzog, Eastern Cape, South Africa’. Journal of the South African Veterinary
Association, 85(1), 1-7. https://pubmed.nchi.nim.nih.gov/25686023/. Last accessed
20.10.2021.

Kahan, D. (2012). Entrepreneurship in farming. Food and Agriculture Organization of the United
Nations Rome. http://www.fao.org/uploads/media/5- EntrepreneurshipinternLores.pdf.
Last accessed 21.09.2021.

Kanianska, R. (2016). Agriculture and Its Impact on Land-Use, Environment, and Ecosystem
Services. Chapter 1. INTECH OPEN. http://dx.doi.org/10.5772/63719.

Khapayi, M., & Celliers, P.R. (2016). Factors limiting and preventing emerging farmers to progress to
commercial agricultural farming in the King William’s Town area of the  Eastern Cape
Province, South Africa. South African Journal of Agricultural Extension, 44(1),25-41.
http://dx.doi.org/10.17159/2413-3221/2016/v44n1a374.

Ladu, J.L.C,, Athiba, A.L., & Ondogo, E.C. (2019). An Assessment of the Impact of
Urbanization on Agricultural Land Use in Juba City, Central Equatoria State, Republic of
South  Sudan. Journal of Agricultural and Applied Economics, 2(1), 22-30.
http://doi:10.12691/jaaepa-2-1-4.

Mapiye, O., Makombe, G., Mapiye, C., & Dzama, K. (2018). Limitations and prospects of
improving beef cattle production in the smallholder sector: a case of Limpopo Province, South
Africa. Tropical Animal Health and Production. 50(7), 1711-1725.
https://doi.org/10.1007/s11250-018-1632-5.

Mapiye, O., Makombe, G., Mapiye, C., & Dzama K. (2020). Management information sources and
communication strategies for commercially oriented smallholder beef cattle producers
in Limpopo province, South Africa. Outlook on Agriculture, 49(1), 50- 56.
https://doi.org/10.1177/0030727019860273.

Marandure, T., Mapiye, C., Makombe, G., & Dzama K. (2017). Indicator-based sustainability
assessment of the smallholder beef cattle production system in South Africa.
Agroecology and Sustainable Food Systems, 41(2), 3-29.
https://doi.org/10.1080/21683565.2016.1231152.

Mare, F.A., Bohta, Y., & Niekerk, W.V. (2018). The impact of drought on commercial livestock
farmers in South Africa. Development in Practice, 28(1), 1-15.
https://doi.org/10.1080/09614524.2018.1493091.

McGowan, M., McCoske, K., Fordyce, G., Smith, D., O'Rourke, P., Perkins, N., Barnes, T.,
Marquart, L., Morton, J., Newsome, T., Menzies, D., Burns, B., & Jephcott, S. (2014).
Northern Australian beef fertility project: CashCow. Meat and Livestock Australia
Limited, Locked Bag 991. Final Report No. B.NBP.0382, North Sydney NSW 2059,
Australia.https://www.mla.com.au/contentassets/6428c467b1904744b287e539b50f1
7e7/b. nbp.0382_final_report.pdf. Last accessed 10.07.2021.

67

© University of Pretoria


http://www.fao.org/uploads/media/5-EntrepreneurshipInternLores.pdf

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Molefi, S.H., Mbajiorgu, C.A., & Antwi, M.A. (2017). Management practices and constraints of
beef cattle production in communal areas of Mpumalanga Province, South Africa.
Indian Journal of Animinal Research, 51(1), 187-192. https://doi.org/10.18805/ijar.11325.

Musemwa, L., Mushunje, A., Chimonyo, M., Fraser, G.C., Mapiye, C., & Muchenje, V. (2008).
Nguni cattle marketing constraints and opportunities in the communal areas of South
Africa: Review. African Journal of Agricultural Research, 3(4), 239-245.
https://academicjournals.org/article/article1380787210_Musemwa%20et%20al.pdf. Last
accessed 27.01.2021.

Myeni, L., Moeletsi, M., Thavhana, M., Randela, M., & Mokoena, L. (2019). Barriers Affecting
Sustainable Agricultural Productivity of Smallholder Farmers in the Eastern Free State  of
South Africa. Sustainability, 11(11), 2-18. https://doi.org/10.3390/su11113003.

NATIONAL RED MEAT DEVELOPMENT PROGRAMME (NRMDP). (2017).

https://www.namc.co.za/sipl1l/national-red-meat-development-programme/. Last accessed

21.09.2021.
Ndoro, J.T., Mudhara, M., Chimonyo, M., & Hitayezu, P. (2015). Farmers’ Choice of Cattle
Marketing Channels in Rural South Africa: A Transaction Cost Economics Perspective.

29th International Congress of Agricultural Economics. Italy, Milan.

Njisane, Y.Z., Mukumbo, F.E., & Muchenje, V. (2019). An outlook on livestock welfare  conditions
in African communities — A review. Asian-Australasian Journal of Animal  Sciences,
33(6), 867-878. https://doi.org/10.5713/ajas.19.0282.

Nyamushamba, G.B.C., Mapiye, O., Tada, T.E., Halimani, T., & Muchenje, V. (2017).
Conservation of indigenous cattle genetic resources in Southern Africa's smallholder
areas: turning threats into opportunities. Asian-Australas Journal Animal Science,
30(5), 603-621. https://doi.org/10.5713/ajas.16.0024.

Oduniyi, O.S., Rubhara, T.T., & Antwi, M.A. (2020). Sustainability of Livestock Farming in
South Africa.  Outlook on Production Constraints, Climate-Related Events, and Upshot on
Adaptive Capacity. Sustainability,12(7), 1-16.  https://doi.org/10.3390/su12072582.

Otieno, D.J. (2013). Market and Non-market Factors Influencing Farmers’ Adoption of Improved
Beef Cattle in Arid and Semi-Arid Areas of Kenya. Journal of Agricultural Science, 5(1),
32-43. https://doi.org/10.5539/jas.v5n1p32.

Primdahl, J., Andersen, E., Swaffield, S., & Kristensen, L. (2013). Intersecting Dynamics of
Agricultural Structural Change and  Urbanisation  within  European  Rural
Landscapes: Change Patterns and Policy Implications. Landscape Research, 38(6),
799-817. https://doi.org/10.1080/01426397.2013.772959.

Queenan, K., Sobratee, N., Davids, R., Mabhaudhi, T., Chimonyo, M., Slotow, R., Shankar, B.,
& Hasler, B. (2020). A systems analysis and conceptual system dynamics model of the
livestock-derived food system in South Africa: A tool for policy  guidance. Journal of
Agriculture Food System and Community Development, 9(4), 275-298.
https://doi.org/10.5304/jafscd.2020.094.021.

68

© University of Pretoria


https://academicjournals.org/article/article1380787210_Musemwa%20et%20al.pdf
https://www.namc.co.za/sip11/national-red-meat-development-programme/

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

(02@

SAS Institute Inc. (2012) SAS/STAT User's Guide Version 9 1st printing, Volume 2. SAS Institute Inc,

SAS Campus Drive, Cary North Carolina 27513.

Sikhweni, N.P. & Hassan, R. (2013). Opportunities and challenges facing small-scale cattle
farmers living adjacent to Kruger National Park, Limpopo Province. Journal of Emerging
Trends in Economics and Management Sciences, 5(1), 38-43.

Stir, W., Khanhc, T.T., & Duncan, A. (2013). Transformation of smallholder beef cattle  production
in Vietnam. International Journal of Agricultural Sustainability,11(4), 363- 381.
https://doi.org/10.1080/14735903.2013.779074.

Tait, .M., Morris, S.T., Kenyon, P.R., Garrick, D.J., Pleasants, A.B., & Hickson, R.E. (2017).
Effect of cow body condition score on inter-calving interval, pregnancy diagnosis,
weaning rate and calf weaning weight in beef cattle. Proceedings of the New Zealand
Society of Animal Production, 77, 23-28.
https://www.nzsap.org/system/files/proceedings/52%20Tait.pdf. Last accessed 15.09.2021

Technology Innovation Agency (TIA). (2013). Report: Forensic investigation into various allegations.
https://www.tia.org.za/wp-content/uploads/2017/12/TIAFinalReport.pdf. Last accessed
21.09.2021.

Terlau, W., Hirsch, D., & Blanke, M. (2019). Smallholder farmers as a backbone for the
implementation of the Sustainable Development Goals. Sustainable Development, 27,
523-529. https://doi.org/10.1002/sd.1907.

Wisborg, P. (2014) .Transnational Land Deals and Gender Equality: Utilitarian and Human
Rights Approaches. Feminist Economics, 20(1), 24-51.
https://doi.org/10.1080/13545701.2013.862341.

Zantsi, S., & Bester, B. (2019). Revisiting the benefits of animal traction to subsistence  smallholder
farmers: a case study of Ndabakazi villages in Butterworth, Eastern Cape Province of
South Africa. South African Journal of Agricultural Extension, 47(3), 1-13.
http://dx.doi.org/10.17159/2413-3221/2019/v47n3a511.

69

© University of Pretoria


https://www.nzsap.org/system/files/proceedings/52%20Tait.pdf
https://www.tia.org.za/wp-content/uploads/2017/12/TIAFinalReport.pdf
http://dx.doi.org/10.17159/2413-

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

&
¢
<

Chapter 4

Assessing Reproductive Performance to Establish Benchmarks for Small-Holder Beef Cattle
Herds in South Africa

Marble Nkadimeng 12* Este Van Marle-K&ster!, Nkhanedzeni Baldwin Nengovhela 34,
Fhulufhelo Vincent Ramukhithi 2 , Masindi Lotus Mphaphathi 2, Johannes Matthias Rust®
and Mahlako Linah Makgahlela 2®

1 Department of Animal and Wildlife Sciences, University of Pretoria, Hatfield, Pretoria 0002, South

Africa
2 Agricultural Research Council, Department of Germplasm Conservation and Reproductive
Biotechnologies,
Private Bag X2, Irene, Tshwane 0062, South Africa

3 Department of Agriculture, Land Reform and Rural Development, Delpen Building, Corner Annie

Botha
and Union Street, Riviera, Pretoria 0001, South Africa
4 Department of Agriculture and Animal Health, University of South Africa, Florida 1710, South Africa
5 D6éhne Agricultural Development Institute, Stutterheim 4930, South Africa
6 Department of Animal, Wildlife and Grassland Sciences, University of the Free State,
Bloemfontein 9301, South Africa
* Correspondence: nkadimenglm@gmail.com

Published in :Animals 2022, 12, 3003

This chapter is presented as a published chapter according to the journal guideline.

70

© University of Pretoria



IVERSITEIT VAN PRETORIA

NIBESITHI YA PRETORIA

Article
Assessing Reproductive Performance to Establish Benchmarks for Small-Holder Beef Cattle

Herds in South Africa

Summary: In South African beef cattle smallholder farms, there has been no recommended target
benchmark that provide a baseline for improving the reported low herd reproductive performances. A
multi-stage sampling approach was performed to examine reproductive performance as defined by
pregnancy rate, fetal and calf losses, calving interval and days open to benchmark smallholder herd
reproduction. It was found that smallholder farms recorded on average, 50% pregnancy rate and 12%
fetal and calf losses, with days open and calving interval achieved at 334 and 608 days, respectively.
Targeted benchmarks for performance derived from this study were 54%, 1.4%, 152 and 425 days,
respectively for pregnancy rate, fetal and calf losses, days open and calving interval for smallholder
farms in South Africa. The study showed that herd management practices including non-culling of old
and non-productive cows, no knowledge of body condition score prior to breeding, no record keeping,
continuous breeding season and low bull to cow ratio are associated with recorded reproductive
performance norms in smallholder farms. The study found that smallholders have the potential to
improve their performance levels if management knowledge is provided through advisory and extension

services.

Abstract: Smallholder beef cattle farms in South Africa have had low reproductive performance, which
has been associated with management practices. Considering current farm management practices, a
multi-stage selection study was conducted to assess reproductive performance as defined by
pregnancy rate, fetal and calf losses, calving interval and days open to benchmark reproductive
performance. Data were collected twice, in autumn (March—May) for pregnancy diagnosis and in spring
(September—November) for monitoring of confirmed pregnancies. Overall, 3694 cow records from 40
smallholder herds were collected during 2018 and 2019 breeding seasons from five provinces. The
preferred 25th quartile described target performance and GLIMMIX procedure determined associations
between management practices and performance. Smallholder farms on average recorded 50%
pregnancy rate and 12% fetal and calf losses with 304 and 608 days open and calving interval,
respectively. The derived target benchmarks for pregnancy rate, fetal and calf losses, days open and
calving intervals in smallholder farms were 54%, 1.4%, 152 and 425 days, respectively. Reproductive
performance was associated with no knowledge of body condition scoring before breeding, culling of
old and non-productive cows, record keeping and low bull to cow ratio (P < 0.05). The performance
benchmarks implied that industry averages may be improved if sustainable management services are
provided through extension and advisory services.

Keywords: cow fertility; management factors; performance benchmarks; pregnancy rate
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4.1 Introduction

The potential of smallholder farmers on eradicating poverty and improving food security in rural
communities of most African countries including South Africa (SA) has been well-recognized [1,2]. The
smallholder sector is a driving force of farming in developing countries. In sub-Saharan Africa and Asia,
80% of the food supply is produced by smallholder farmers [3]. Worldwide, the sector supplies 60% of
meat and 75% of dairy produce [4,5]. Thus, the improvement of this sector towards a sustainable
farming system can respond to multiple Sustainable Developmental Goals [6].

In livestock production, a sustainable farming system is characterized by improved herd
productivity and profitability. Reproductive performance is one of the factors influencing farm
productivity because successful pregnancy and parturition rates are drivers of farm profit [7,8]. In South
African smallholder farms, reproductive performance of beef cattle under extensive systems has been
reported as low for over a decade with average calving rates of <48% [9-13]. This figure is lower than
the established industry standard of 65% calving rate in commercial herds and the department of
agricultures’ recommended national average of 85% for beef cattle in SA [14,15]. To date, beef cattle
farming in SA smallholder farms reports no measures of herd selection for reproductive performance
indicators. Moreover, lack of understanding of basic herd management principles and uncontrolled
breeding systems are a norm to majority of the farms [7,16-18].

Calving rate has been utilized as the single and most prominent indicator to define reproductive
performances in SA smallholder herds [12,13,19,20]. However, as an effective measure of production,
calving rate may have limitations in detecting underlying reproduction components. For example,
assessing early warnings of reproductive diseases such as trichomoniasis and brucellosis, as well as
reproduction challenges such as infertility in males and females [21]. A reflection of good herd
reproduction is an indication of successful cow conception to produce viable offspring within an
acceptable timeframe [22]. Therefore, there is a need to define a set of indicators, which to an extent
may provide a comprehensive summary assessment defining herd reproductive performances from
conception to calving. This is to provide a greater understanding of herd reproductive performance and
reveal areas that require attention [23,24]. Assessment of indicators such as pregnancy rate, days open,
calving interval and pregnancy losses collectively can provide detailed performance levels of fertility in
the herds [18,25]. Selection to improve these performance indicators in smallholder farmers has been
predicted to promote participation in designing efficient on-farm community-based breeding systems
[26]. However, knowledge of herd management practices is required in understanding performance
benchmarks for these indicators in smallholder farms [27].

Previous research reporting on reproductive performance in SA smallholder farms relied on
farmer questionnaires and surveys. These studies are dependent on farmers’ memories of their herd
performances as recording has not been adequately prioritized in smallholders [11,16,28,29]. Added to
these, assessments of reproductive performance are focused on single areas and this is prohibiting a
holistic view of performance at national, herd and animal level [29]. The current research acknowledges
these gaps and attempts to study current breeding practices by evaluating multiple performance
indicators from on-farm animal records at an extended geographic area to broaden information within

the SA smallholder farms. The research aims at assessing reproductive performance as defined by
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pregnancy rate (PR), fetal and calf losses (FC), calving interval (Cl) and days open (DO) on beef cattle
farms to set benchmarks for herd reproductive performance. Furthermore, the study aims to assess
whether management practices have an impact on levels of performance. Setting benchmarks for these
performance indicators will provide guidelines for the establishment of developmental goals and
extension advisory services toward an improved and efficient on-farm breeding system in smallholder
farms.

4.2 Materials and Methods
4.2.1 Ethics Study Areas

The Ethics Committee (AEC) of the University of Pretoria (NAS339/2020) granted ethical
approval for the use of external data. The current study is a sub-project of the High Value Beef
Partnerships (HVBP) project funded by the Australian Centre for International Agricultural Research
(ACIAR). The HVBP project (LS-2016-276) is a multi-provincial project that provides opportunities for
SA smallholder farmers to participate in the free-range beef cattle market targeting middle-higher
income consumers. One of the prerequisites for the success of the HVBP project is the improvement
of on-farm breeding systems in SA smallholder farms. Data of the current study provides baseline herd
reproductive performance levels required for setting improvement goals as a starting point in building a
cost-effective on-farm breeding system. Reproduction records for the current study were collected from
five of the nine SA provinces (Eastern Cape, Free State, Limpopo, Mpumalanga and North West
province). The provinces represented the central and eastern regions of the country.

The majority of participating herds in the central regions (Free State, Limpopo, Mpumalanga
and North West province) are found in two intermixed agriculturally productive rangeland biomes, the
Savanna and the Grassland [30]. The region occupies 487,535 Km? of land with average temperatures
between 28 °C in summer and 23 °C in winter. The annual rainfall range between 632 to 1600 mm
[20,31-35]. Herds in the eastern region (Eastern Cape province) were sampled from the Albany thicket,
Nama-Karoo, Stromberg plateau grassland, Grassland and Savanna biome. Grassland and Savanna
biome contributed to majority of the sampled herds in this region. The eastern region covers 129,825
Km?2 of land with 24 °C maximum temperature in summer and 19 °C minimum temperature in winter.
The province receives annual rainfall between 400 to 600 mm [36]. A map of SA showing the provinces

where data were collected is presented in Figure 3.1.
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Figure 4.1. A map of SA showing the provinces where data were collected.

4.2.2 Sampling Procedure and Data Collection

A multi-stage sampling method was implemented for the selection of provinces, herds and
breeding cows within the herds. The study provinces were selected at a national level from provinces
contracted within the HVBP project. Participating beef cattle herds within study provinces were
purposefully selected based on the availability of handling facilities where reproductive measures such
as pregnancy diagnosis were possible, while breeding cows were selected with the requirement that
they had previously given birth to a calf. Cow indicators for reproductive performance (i.e., PR, FC, DO
and CI) were collected in 2018 and 2019. The PR was obtained through pregnancy diagnosis using a
portable ultrasound scanner [monitor (Ibex pro, El medical imaging, USA; transducer (5 MHz/12 cm
depth)]. It was defined as the percentage of cows found pregnant from all the cows checked for
pregnancy in participating herds during pregnancy diagnosis. Pregnancy diagnosis was performed after
every five months for each cow for the duration of the project and gestation length for each pregnant
cow was measured in months. Cows were defined as having experienced FC when they were
diagnosed as pregnant to the first pregnancy diagnosis but open and not lactating at the final pregnancy
diagnosis. The FC for this study was defined as the percentage of both abortion and calf mortality in a
herd. That is the period from prior birth to up to the first 28 days of life. Calf mortality in the current study
was recorded from birth to 21 days of life. However, peri-natal mortalities may occur from birth to up to
28 days of life, these are therefore the most vulnerable time for the calf survival in an extensive
production system [37,38]. Gestation length and age of the last calf for each participant cow was used
to estimate DO and CI. Indicator DO was defined as the number of days between calving and
conception and Cl was defined as the number of days between two consecutive calving events. The
estimate for Cl was calculated by adding the gestation length (remaining months to calving) with the

age of the last calf in months and DO was estimated from subtracting gestation length to the age of the

74

© University of Pretoria



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

last calf. That is the differences between the gestation intervals from the birth month of the age of the
last calf to the current gestation during pregnancy diagnosis. As a result of challenges on accurate
recording of performance data by farmers, the indicators FC, DO and Cl were estimates and modified
into categories (Table 4.1). The variables Cl and DO were divided into four groups (acceptable, concern,
extended, and overly extended) to better understand the heterogeneity within smallholder farms and
establish the range in which the majority of farms fell within. Additional data collected on each cow
included: breed, age and parity. Breeds were recorded as “type” according to the strongest
resemblance of a specific breed type (Table S2). Cows were raised on natural pasture with no
supplementation. The above measurements were collected from 40 herds, distributed as follows: 16
herds in 2018 ((Limpopo (4), Mpumalanga (9) and North West (3)) and 24 herds in 2019 ((Eastern Cape
(12), Free State (2), Limpopo (2), Mpumalanga (6) and North West (2)). Herds were visited twice a year,
in autumn (March-May) for pregnancy diagnosis and again in spring (September—November) to monitor
confirmed pregnancies, record pregnancy losses and identify new pregnancies. In addition, the second
on-farm visit in the second year (2019) included questionnaire-guided interviews with each farmer to
collect information on herd management. Farmer demographics and farm information (e.g., gender,
education, off-farm income, farm engagement (part-time or full time), type of farming, herd size), as well
as reproduction management data (e.g., knowledge of body condition score (BCS) prior to breeding,
culling old and non-productive cows, type of breeding season, records keeping and bull to cow ratio)
were recorded (Table 4.2). Breeding seasons ranged from continuous to a defined breeding season
according to the farmers’ herd management preferences. The following breeding seasons were
identified and recorded: January—March, March—-June, August—October, September—December,

November—February and December—March depending on the farmers’ choice.

Table 4.1: Categories of reproductive performance indicators.

Indicators Categories Duration (Days)
Pregnant
PR Not pregnant i
Aborted -
1-7
FC Calf mortality 8-14
15-21
Accepted 121
Concern 2182
DO Extended 2243
Overly extended >304
Accepted 365
Cl Concern 2425
Extended 2456
Overly extended >608

4.2.3 Data Preparation and Editing

The validity and quality control of data in this study were guided by the overall HVBP project
specifications including (1) the ability of farmers to finish their cattle on natural pastures for three years
to meet free-range market specifications, and (2) herd health in line with the department of agriculture

and the Animal Diseases Act 35 of 1984. The Act state that herds that test positive for venereal diseases
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such as contagious abortion (CA+), Trichomoniasis and Campylobacter must be referred to the state
veterinarian for further evaluation. Given this, herds with venereal diseases were excluded from the
study post first collection until they were cleared by the state, which greatly affected the number of
repeated measurements. The final specification was the market price of the animal at 420 kg live weight
at 3 years of age presented to the farmers. Some farmers were in agreement with the market price and
others were not. This resulted in withdrawals of some farmers from the project.

The above specifications influenced the amount of data collected for this study as herds
withdrew voluntarily or owing to herd health challenges, making them unavailable for data collection
follow-ups, as shown in Figure 2 below. As a result of the above explained challenges, 5 of 16 herds
collected in 2018 were repeated in 2019. Data were pooled across five provinces to report reproductive
performance across a broader geographic spectrum in order to represent national reproductive
performance in smallholder farms. Furthermore, the study provides an insight into reproductive
performance at a provincial level with selective provinces representing the central and the eastern
regions. Provincial representation was based on provinces with six or more herds where data were
successfully collected twice a year (Eastern Cape and Mpumalanga provinces). At a national level, PR
proceeded with all 3694 records collected from 40 herds. Indicator DO, Cl and FC were assessed on
1401 records from 24 repeated herds (Autumn and Spring collection). The provincial level continued
with 1003 records from Mpumalanga (central region) and Eastern Cape (eastern region) provinces. The
flow of data is represented in Figure 3.2.

2018 March-May

(n=839)
o LP[H(4): R(188)]
o MP[H(9); R(516)]
o NW[H@): R(135)]

Herds excluded for 2 year
collection
(n=11)
e LP [1CA+; 3 withdrawn]
e MP[3CAH 3
withdrawn]
o NW[2CA+]

2019 March-May 2019 Sept-Nov

(n=1454) (n=1401)

LPH(2): R(162)] LP[H(2): R(162)]
MP[H(6); R(516)] MP[H(6): R(516)]

L]
L]
NWH@): R(137)] e NWIH(2); R(137)] Province excluded for
FS[H(2): R(99)] s FS[H(2): R(99)] FC, DO, CI at provincial
EC[H(12); R(540)] o EC[H(12); R(487)] level)
(n=398)
| « LP[154]
— R o NW [137]
> o FS[99]
v Yy l
Records PR analysis at FC, DO, Cl records for Records analysis at
national level: 2018, analysis at national level provincial level
2019 1% and 2™ records
H (24): R (1401) H (18): R (1003)

H (40); R (3694)

76

© University of Pretoria



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

&
¢
<

Figure 4.2. Demonstrate the flow of the data collected for the study in 2018 and 2019. Note: n = the
number of records (R) from participating herds (H) in five provinces (EC = Eastern Cape; FS = Free
State; LP = Limpopo; MP (Mpumalanga) and NW = North West) prior analysis of PR, FC, Cl and DO.

4.2.4 Statistical Analysis

Data were analyzed using Statistical Analysis System (SAS) 9.4. Frequency tables were used
for summary statistics to show average performance levels. Chi-square test was performed to test for
equal proportions.

A multilevel logistic regression model with random effects was applied using GLIMMIX procedure to
assess measures of association between management factors and performance indicators (PR, FC, CI
and DO). The model included provinces as random effects and management factors were fitted as fixed
effects. Farms were considered as the experimental unit. An empty unconditional model without any
predictorsserved as the starting point for the modeling procedure. This model provided a general
estimation of the reproductive performance (PR, FC, CI, and DO) for farms at a typical province and
information regarding the performance variation between provinces. Afterward, the model-building
process continued to include herd management variables as fixed effects while controlling for provinces
to estimate factors associated with performance measures at a national level. The regression model
computed a cumulative ordinal regression procedure for the indicators Cl and DO and a binary logistic
regression procedure for the indicators PR and FC to estimate management factors associated with
performance indicators. The binary model was described as follows:
P(Yij=
(T

Yij is the binary indicator of the ith farm in the jth province, with Yij = 1 representing the

) = a; + PBrij + Uy

probability of success (pregnancy/loss) and Yij = 0 otherwise. Additionally, a; is the intercept and g is
the regression coefficient of the xij covariates. Furthermore, u;; is the random effect representing the
effect of the jth province.
The cumulative logit procedure simultaneously estimates multiple equations for the comparison of the
cumulative odds of high versus low Cl and DO categories. For this study, the predictor variable Cl and
DO have four categories as follows:

Accepted

Concern

)= Extended
Overly extended

where the overly extended category represents high outcome category and accepted category
represent low outcome category.

Therefore, the logits regression model used for Cl and DO was defined as:

P(Yzj)\ _ . ,
(= (<J_)) =gy U= (12— 1))

where p (Y 2 ) is the odds of the event of the category j of a given predictor variable (Cl and DO); aj is
the intercept parameter and 3 is the vector of regression coefficients corresponding to x covariates and

u;; is the random effect representing the effect of the jth province. The model specifies that the intercept
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parameter differs across all j categories; however, the x covariates remain constant. The odds of the
highest j level category (overly extended) was used to compare with the lower level category (accepted).

Variables included in the models are presented in Table 4.2.

Table 4.2: Variables included in the regression model.

Variable Description
Gender 1 =male, 2 =female
Farm engagement 1 = part-time, 2 = full time
Education 1 = primary, 2 = high school, 3 = tertiary, 4 = no
school
Off-farm income | = Employment, 2 = Soqlal grant, 3 = pension and
business
Herd size 1 = small (1-50), 2 = medium (50-100), 3 = large
(no = cattle) (100-200), 4 = extra-large (over 200)

1 = mixed = livestock and crops,
2 = livestock = cattle, goats, sheep
1 =ideal = (1:30), 2 = under = (1:15) and 3 = over

Type of farming

Bull to cow ratio

= (1:70)
Culling old and non-productive cow l=yes,2=no
Body condition scoring prior breeding l=yes,2=no
Keeping calving records l=vyes,2=n0

4.2.5 Determining Targeted Achievable Levels of Performance

To benchmark useful targets for beef cattle performance indicators in smallholder farms, the
25th, 50th (median), and 75th percentiles were chosen as summary statistics for all performance
indicators. The preferred 25% of the herd for each performance indicator was used to determine the
target levels for that indicator. This was a value higher for the first quartile (25%) or third quartile (75%).
For this study, the 25th (lower) percentile was the target achievable level of indicators FC, DO and ClI,

while the 75th percentile (higher) value was the target achievable level for PR [39].

4.3 Results
The summary of reproductive performance records in smallholder herds at national level is

presented in Table 4.3. Overall, majority of smallholder herds recorded 50% PR with 12% FC (abortion
and calf mortality) and high CI (62%) and DO (39%) in the overly extended category (>608 and >304
days) (Figure 4.3).

Table 4.3: Summary of reproductive performance of smallholder beef cows at national level.

Parameter Herd % of Parameter Measured
PR 40 50
Cl 24 62
DO 24 39
FC 24 12

Note: % of parameter measured is the frequency % of the performance indicators (PR, CI, DO and FC).

Table 4.4 present a summary of reproductive performance records in smallholder herds at
provincial level. Overall, PR yielded 61% with FC of 10% and majority of the herds recorded overly
extended CI (55%) and DO (46%) days (Figure 4.3).
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Table 4.4;: Summary of reproductive performance of smallholder beef cows at provincial level.

% of Parameter

Reproduction Parameters Herds M
easured
PR 20 61
Cl 20 50
DO 20 39
FC 20 10

Note: % of parameter measured is the frequency % of the indicators (PR, Cl, DO and FC).
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Figure 4.3. Measures of DO and Cl levels in beef cattle farms at national and provincial level. DO and

Cl are recorded in days. The blue bar = DO and CI at national level and the orange bar = provincial

level.

Summary of incidence of FC at provincial and national level is presented in Table 5. The chi-

square test of equal proportions showed that, the incidence of FC was higher in cows that calved and

lost the calf compared to aborted cows (P < 0.01). The majority of calves died during the 1-7 days

period (national (5%) and (4%) provincial level) compared to during 8—14 days (national (3%); provincial
(3%) and 15-21 days (national (1%); provincial (1%) (Table 4.5).

Table 4.5: Occurrence of fetal and calf losses in beef cattle smallholder herds.

No. No.
No.Cows Cows Cows .
0, -
Pregnant Calved with FC Period of FC (%) p-value
(%0) (%0)
Calving 1-7 8-14 15-21
records Aborted Days Days Days
National 918 805 (88) 113(12) 35(4) 45(5) 23(3) 10 (1) <0.0001 **
Provincial 691 620 (90) 71(10) 15(3) 30(4) 17(3) 9(1) <0.0001 **

Note: Statistically significant at level (** p < 0.01; * p < 0.05).

Figure 4.4 presents the interaction between breeding season and performance indicators (PR

and FC) in smallholder farmers. Majority of incidences of FC and non-pregnant cows in the herds

occurred during continuous breeding season as opposed to defined breeding season.
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Figure 4.4 Occurrence of FC, non-pregnant and pregnant cows by breeding season.

Table 4.6 represent the unconditional logistic regression model to test for the likelihood and
variation of performance indicators between provinces at provincial level. The model revealed that at
the provincial level, the probabilities of PR and FC are 0.62 and 0.09, respectively. Moreover, the
cumulative likelihood of being in the overly extended Cl and DO versus the accepted level were 0.69
and 0.89, respectively. The model shows no significant difference among provinces (p > 0.05),
indicating that the likelihood of the performance indicators is constant across Eastern Cape and
Mpumalanga province. Similar to the provincial level, there were no significant differences between the
provinces (Eastern Cape, Free State, Limpopo, Mpumalanga and North West) on performance
indicators at the national level (p > 0.05). The model revealed that the probabilities of PR and FC are
0.48 and 0.13, respectively. Moreover, the cumulative likelihood of being in the overly extended Cl and

DO versus the accepted level were 0.92 and 0.83, respectively, as shown in Table S1.

Table 4.6: Summary of the likelihood and variation of reproductive performance of smallholder beef
cattle herds at provincial level (Mpumalanga and Eastern Cape).

95% CI

Indicator Estimate Sté?r%&:rd Lower Upper p-Value PP Var:]atlo

PD 0.1856 0.62 0.02
Mpumalanga 0.2539 0.202 -0.1439 0.6518 0.2107
Eastern Cape -0.2555 0.2028 -0.6535 0.1425 0.2080

FC 0.1869 0.09 0.13
Mpumalanga 0.6156 0.4821 -0.3310 1.5621 0.2021
Eastern Cape -0.5853 0.4806 -1.5289 0.3582 0.2236

DO 0.2614 0.89 0.04
Mpumalanga 0.09073 0.1067 -0.1187 0.3002 0.3955
Eastern Cape  -0.09099 0.1069 -0.3007 0.1187 0.3948

Cl 0.3324 0.69 0.02

Mpumalanga 0.2600 0.2036  -0.1395 0.6594 0.5931

Eastern Cape -0.2602 0.2036 —0.6596 0.1393 0.5930
Note: Statistically significant at level (p < 0.05). SE = Standard Error, PP = predicted probabilities, ClI =
confidence interval.
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The target level of performance for PR was (54%) at the 75th percentile and FC recorded (1.4%) at the

25th percentile. At the 25th percentile, DO and Cl target levels yielded 152 and 425 days, respectively
(Table 4.7).

Table 4.7: Target level of reproductive performance in smallholder herds at 25th to 75th percentiles.

25th 50th 75th
No. No. Percentile . Percentile Target
Parameter Percentile
Records  Herds (Lower (Median) (Upper Level
Quartiles) Quartiles)

PR 3694 40 40 44 54 54

FC 918 24 14 1.9 2.4 14

DO 1344 24 152 212 516 152

Cl 1344 24 425 516 608 425

Note: Target level is the level of performance based on either 25th or 75th quartile.

Table 4.8 represents tests of association between herd indicators and household
characteristics. There was no association (p > 0.05) between gender, farm engagement and off-farm
income with PR within herds. Performance indicator DO was significantly different between different
off-farm income (p < 0.05). An association was observed between Cl and education level, off-farm
income, herd size (p <0.01), and gender (p < 0.05). Furthermore, FC was not different between different
gender however, different (p < 0.01) between off-farm income and herd size.

Table 4.8: Summary of association between herd dynamics and the odds of performance in smallholder
beef cattle.

Parameters Gender Education Off-Farm Herd Size Farm Type_ of
Income Engagement Farming
PR NS <0.0001 ** NS 0.0092 ** NS (0.3886) <0.0001 **
(0.7289) ' (0.0581) ' '
OR 0.964 3.044 1.061 1.115 1.116 1.838
NS o - NS
FC (0.0696) NS (0.7491) <0.0001 ** 0.0003 NS (0.2469) (0.1173)
OR 3.112 0.857 4.560 0.347 1.831 0.420
NS NS NS
DO (0.1595) NS (0.1604) 0.0302 (0.1301) NS (0.9747) (0.5246)
OR 1.504 1.531 2.580 1.170 0.991 1.170
Cl 0.0025 <0.0001 ** <0.0001 ** <.0001 ** NS (0.3317) 0.0216*
OR 2.937 4.078 0.717 0.333 1.418 1.931

Note: OR= odds ratio, Significant at (** p < 0.01), (* p < 0.05) and NS= not significant at p > 0.05.

The logistic regression model analysis for the relationship between management factors and
performance indicators is shown in Table 4.9. There was an association between PR and culling old
cows (p < 0.0022), and BCS prior breeding (p < 0.033). There was an increase in the odds (OR = 3.078)
of FC for farmers who do not practice BCS prior to breeding. Farms that do not cull old cows and do
not practice BCS prior breeding with a low bull to cow ratio had an increase in the odds (OR = 2.263;
1.306 and 2.332) of overly extended CI. Similarly, ex-tended DO was observed on farms that do not

practice culling non-productive cows [OR = 1.880] and where calving records are not kept (OR = 2.274).
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Table 4.9: Summary of association between management factors and the odds of performance in
smallholder beef cattle.

Mana_gement Indicators 95% CL
Variables
OR SE Lower Upper p-Value
PD
Culling old cows 0.002
YES vs. No 0.667 0.1323 0.515 0.865
NO Ref
BCS prior breeding 0.033
YES vs. No 1.362  0.1452 1.025 1.811
NO Ref
FC
BCS prior breeding 0.039
NO vs. YES 3.078 0.5442  0.05621 2.1922
YES Ref
Cl
Culling old cows 0.002
No vs. YES 2.263 1.341 3.819
YES Ref
BSc prior breeding <0.001
NO vs. YES 1.306 0.2421 0.191 0.493
YES Ref
Bull to cow ratio <0.001

Bull to cow ratio 3 2332 01736 09500  1.6313

VS. 2
Bull to\fso"‘é ratio 1 0275 07089 07093  1.6605
DO
Cullln_g non- 0.002
productive cows
NO vs. YES 1.880 -0.1818 0.6191
YES Ref
Calving records 0.005
NO vs. YES 2.274 0.2363 0.277 0.699
Yes Ref

Note: Statistically significant at level (p < 0.01; p < 0.05). SE = Standard Error, OR = odds ratio, Cl =
confidence interval.

4.4 Discussion

The objective of this study was to assess reproductive performance as defined by PR, FC, CI
and DO in SA smallholder farms to benchmark reproductive performance. The study presented
reproductive performance norms and benchmarks for reproductive performance of beef cattle managed
on natural pastures at an extensive system in smallholder farms of SA. The study also provided insight
on associations of farmers’ management practices within the recorded performance indicators.
Smallholder farmers need these benchmarks to identify current management weaknesses on herd
reproductive performance and to provide a structured approach in addressing areas requiring
improvement. In the current research, herd management influenced benchmarks of performance
indicators. Reproductive performance in the study was categorized by low PR, high FC, extended DO
and CI.

The overall annual PR reported at both national and provincial level was comparable with those
reported in Bangladesh, Brazil and SA [21,40,41]. This level of performance is lower than the >75%

recommended achievable performance of PR for beef cattle at extensive systems in tropical regions
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such as Australia [39,42,43]. The causes of variation in performance may be explained by
consequences of chosen management practices such as uncontrolled breeding season by majority of
the smallholder farmers in this study. It is to note that continuous breeding season in the current study
reported more non-pregnant than pregnant cows and high percentage of FC. This highlights
management flaws and may reflect on the reported limited advisory and extension services on farm
management to smallholder farmers [44].

The current study reported FC losses that are consistent with the reports from past decade
(12.83%) in smallholder beef cattle farms of SA [21]. This amplifies no improvement within the past
decade and a half. South Africa is reporting annually higher losses than countries such as Brazil 4.1%
and Portugal 5.7% [45,46]. Records in these countries may be influenced by openness to adoption of
developmental programs such as the Welfare Assessment Protocol applied in New Zealand and
Namibia. Application of this protocol assists in combating reproduction failures and the aforementioned
countries are currently achieving <2.5% losses [27,47]. Similar to the current study, Australia reported
majority of the losses to have occurred in the first week of calving in an extensive production system
[38]. This area signifies the need for improvement to reduce calf mortality and improve weaning rates
according to the recommended 2% pre-weaning mortality rate for beef cattle by the department of
agriculture in SA [15].

Calving interval of 365 days for extensive beef cattle breeds in Southern Africa has been
reported as impractical due to environmental stressors, therefore, a more reasonable range in this
region may fall within 398 to 477 days [48]. This is in agreement with the targeted level derived for
smallholder farms in this study. However, 75% of the herds in the current study obtained extended CI
and DO (608 and 334 days), respectively, as achievable levels. This indicates that re-conception is
potentially one of the major areas that require significant management interventions. The extended CI
and DO highlight that farmers are either not aware of the cost to infertility or may not have the necessary
skills and knowledge to manage it. Shortening these periods through better management can be
beneficial on production and subsequently increase herd profit [39]. The study further revealed that
farmers' decisions of not culling old and non-productive cows, and not recording animal performances
in herds needs to be revised as it consequently puts smallholder farmers at the 75th percentile for
extended DO and CI periods. Amongst current management practices in smallholder farms, lack of
knowledge of BCS prior to breeding by farmers in the current study was associated with increased FC
and extended CI levels. The report of [49], indicated that for each BCS lost, postpartum anestrus is
extended by 43 days and cows were further subjected to pregnancy losses [50]. Moreover, the study
of [50] indicated that cows under 2—3 BCS of a five point scale was associated with the highest (14.91%)
pregnancy losses in dairy cattle. That is, postpartum nutritional deficiency in cattle may impede uterine
involution and expose cows to metabolic and infectious diseases which may result in pregnancy failure
[51]. Therefore, a shift in management and receptivity to development interventions should be
prioritized. A report on Indonesian beef cattle by [52], suggested that cost-effective interventions such
as a defined breeding calendar, suckling restriction period, and pre and post-calving nutrition should be
implemented for fertility improvement. A breeding calendar that is in concurrence with the rainy season

is of most importance and can assist balance peak nutritional demands with the provision of enough
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grazing pasture preferably at late pregnancy and early lactation to promote re-conception [53,54].
Moreover, training of BCS and the importance of supplementation to maintain BCS primarily at the
beginning of the breeding season to support pregnancy requirements and post-calving for support of
estrus is encouraged [55]. These interventions may not only assist beef cattle smallholders in SA but
other tropical countries such as Somalia, Vietham, and Indonesia reporting similar results [56—-58].

Record keeping is critical for analyzing areas of concern affecting farm growth. The present
study has found that overly extended DO results from no record keeping. This expands the need for
more awareness efforts emphasizing the importance of excellent record keeping towards the
establishment of farm improvement [59]. Recording systems are gradually introduced in developing
countries from paper to digital applications. The beef cattle farm management recording system (BCFM)
in Thailand and the SA Long-term EU-Africa research and innovation Partnership on food and nutrition
security and sustainable Agriculture (LEAP Agri) project is to gain popularity in smallholder farmers as
a tool for record keeping [60,61]. These tools are to encourage farmers in collecting data and keeping
up to date with farm productions in their pockets. Moreover, participation of farmers in programs such
as the Agricultural Research Council (ARC) Kaonafatso ya Dikgomo (KyD) (Animal Recording and
improvement Scheme) program in SA will not only provide recording knowledge but also assist farmers
to practice good animal husbandry [62]. A proper recording will alert the farmers to reproduction failures
such as non-productive cows which contribute to the overcrowding of reportedly strained rangeland of
SA smallholder farms [62]. The results of the current study highlighted no association between gender
and majority of reproductive performance as compared to those reported by [63]. This highlights that
determination and drives to achieve performance are not gender dependent and that women are just
as capable as men unlike in previous report by [9] where men outperformed women by over 50% in
farm production. The current study further showed that larger herd sizes are associated with increased
PR; however, were associated with higher FC and longer CI. The increase in FC and extended Cl may
indicate the lack of knowledge on herd management on production outputs and that large farms can
have high marketable outputs however when the farm is managed well and with appropriate expertise
[64].

Initiatives such as the Integrated Village Management System (IVMS) in Indonesia and the
community-based breeding programs have improved reproductive management in village farms [65].
These programs promote good husbandry practices such as supplementary feeding of cows during late
pregnancy and early lactation, and weaning calves at 6—8 months old for maintenance of BCS to
promote re-conception. Through the IVMS program, calving rate in Indonesia has increased by 70%
and 13.43 months of calving interval is observed [53]. Additionally, in Bali through supplementation
feeding of breeding cows, smallholder farmers improved re-conception to up to 20% [66]. It is the
adoption of such initiatives in SA that can assist in improvements of beef cattle reproduction. Lastly,
recognition programs for excellent herd performance of smallholder farmers can implement a change
in attitude on management behavior thereby creating a sense of belonging and reflecting the importance
of smallholder farmers’ contribution to the beef cattle industry.

In SA smallholder farms, strategies for improving herd reproductive performance in an

extensive farming system may include: understanding the significance of breeding season and
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modifying breeding season to match the quality of summer grazing. Additionally, supplementary feeding
especially for high demanding animals such as pregnant and nursing cows is encouraged. This is for
the maintenance of BCS and reducing the re-conception norm of two years and more in SA. For farm
decision-making, farmers should invest in keeping thorough breeding records, as it is crucial in
identifying challenges such as old and non-production cows, moreover through recording herd
improvements can be identified. Extension and advisory officers may convey the outcome of this study
and provide improved herd strategic management through open platforms such as farmers' days,
workshops and farmers study groups. These platforms may also encourage interactions with farmers

and strengthen information chain between extension officers and farmers.

4.5 Conclusions

The study found that SA smallholder farmers at national and provincial level achieved
performance levels for PR within the 50-60%, FC in the 10-12% and extended calving and days open
within 608 and 334 days, respectively. The present study was also able to highlight key areas that
require attention, firstly the period between calving to re-conception since majority of the herds achieved
extended CI and DO. Secondly, the period between 1-7 days post calving due to more calf losses
recorded in the first week of calving and finally the practice of continuous breeding season necessitates
attention because of an increased number of non-pregnant cows obtained by continuous breeding
season. Furthermore, the targeted performance benchmarks in the study highlighted that optimal
reproduction in smallholder herds can be possible however with sound management structure in place.
That is a management system that takes account of non-productive cows, defined breeding season,
record keeping and awareness of herd nutrition status primarily prior to breeding. The defined areas of
concern in the study provide an opportunity for the industry' s extension and advisory services to know
where to start in making management interventions towards improving reproductive performance
benchmarks. It is recommended that further studies should take into account animal risk factors and
environmental factors to refine the herd reproductive performance benchmarks and provide more

insight into the reproductive performance of beef cattle in smallholder herds.
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Table S1. Summary of the likelihood and variation of reproductive performance in smallholder beef
cattle herds between provinces (Eastern Cape, Free State, Limpopo, Mpumalanga and North West).

95% CI of OR

Indicator Estimate Standard Lower Upper P value PP Variation
error

PD 0.0717 0.48 0.03
Mpumalanga 0.5066 0.1538 0.2050 0.8081
Eastern Cape -0.03525 0.1550 -0.3391  0.2686
Limpopo -0.3704 0.1621 -0.6883 -

0.05251
North West 0.07386 0.1646 -0.2489  0.3966
Free State -0.1724 0.2045 -0.5734  0.2286
FL 0.0921 0.13 0.13
Mpumalanga 0.2252 0.3608 -0.4829 0.9334
Eastern Cape -0.9643 0.3964 -1.7423  -0.1862
Limpopo 0.9146 0.4028 0.1240  1.7052
North West 0.3184 0.3960 -0.4589  1.0956
Free State -0.3833 0.4888 -1.3425  0.5760
DO
Mpumalanga 0.3936 0.2271 - 0.8392 0.0926 0.83 0.27

0.05201
Eastern Cape 0.07890 0.2266 -0.3657  0.5235
Limpopo -0.07653 0.2412 -0.5497  0.3966
North West 0.4069 0.2522 - 0.9017
0.08782
Free State -0.8030 0.2893 -1.3705 -0.2354
Cl 0.0923 0.92 0.06
Mpumalanga -0.1497 0.2271 -0.5952  0.2958
Eastern Cape -0.2402 0.2285 -0.6885  0.2082
Limpopo -0.4831 0.2539 -0.9811 0.01495
North West 0.09089 0.2462 -0.3921 0.5738
Free State 0.7949 0.2830 0.2398  1.3499
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Characteristics

Frequency %

Breed type

Nguni type 9.37
Afrikaner type 5.32
Angus type 3.62
Beef master type 15.28
Bonsmara type 39.85
Boran type 1.95
Brahman type 3.79
Drakensberger type 4.74
Hereford type 4.74
Hugenoot type 1.28
Simbrah type 3.65
Simmental type 6.41
Age

3 3.18
4 12.85
5 27.43
6 25.31
7 19.85
8+ 11.38
Parity

1 31.64
2 31.93
3 21.55
4 12.48
5+ 2.40
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Chapter 5

Critical review and conclusion

5.1 General Discussions and Recommendations

Sound reproductive performance highlights the strength of any beef cattle production and
demands routine monitoring to ensure productivity and economic viability of the farm (Fernandez-Novo
et al., 2021). The mission of the SA Department of Agriculture Land Reform and Rural Development is
to support cattle smallholder systems in moving towards sustainable farming and contribute to the
economy of rural communities (Zantsi & Bester, 2019; DALRRD, 2020). Improvements, especially in
reproductive performance are of utmost importance for the development and growth of any farm (Kaurivi
et al.,, 2020). For two years, the High-Value Beef Partnerships (HVBP) project has monitored
reproductive performance in smallholder farms to create a unique database of key performance
indicators for the assessment of herd reproductive performance. The project intended to analyse current
reproductive performance, identifying achievable levels of performance and multiple factors that may
negatively impact reproduction in smallholder beef cattle farms. The aim of the project was to
recommend best practices for management of reproductive performance in smallholder farms. A unique
feature of the current research is the development of a practical and user-friendly guidelines for
reproductive performance in smallholder farms. These guidelines are compiled from findings in
Chapters 3, 4 and supplementary findings in Addendum B. The guidelines are presented in Addendum
C. They provide practical farm information on aspects such as breeding season, herd nutrition (BCS),
oestrus behaviour and pregnancy evaluation, weaning and re-conception, breeding bull management
and records keeping. For a better understanding of the study population group, the current study used
a structured questionnaire (Chapter 3) to outline farmers' demographics, farming objectives and
constraints in smallholder beef cattle production.

The farmers' demographics revealed that males in their 60's dominate in beef cattle farming,
while young people and women make up a relatively small percentage. This is similar to research
reported by Cheteni & Mokhele (2019). Although the current research has demonstrated that women
engagement in agriculture is still limited, no difference in reproductive performance between female and
male farmers was found in this study. As a result, this emphasizes the need for future programs to
increase opportunities for female participation in smallholder beef cattle farming (Motiang & Webb,
2016).

Women in smallholder farming systems are known to be the producer of about 70% of food in
Africa and generate family income (van der Walt, 2021). In Pakistan, it has been highlighted that women
spent approximately 6.9 hours on livestock activities daily as compared to the two hours spent by men
(Usman et al., 2022). Despite their commitment and determination, women in agriculture are
constrained by multiple factors such as lack of land equality. Although the present study provinces do
not provide information about gender-based land ownership, a recent investigation by the Northern
Cape Department of Agriculture revealed that men own 73% of the land, providing insight into gender-

based land ownership in SA (Maltitz & Bahta, 2021). Land equality is one of the major factors
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contributing to disempowerment of women according to the Women's Empowerment in Agriculture
Index (A-WEAI) score (Maltitz & Bahta.2021).

A collaborative effort between United Nations women (UN Women) and Standard Bank was
initiated to empower over 50,000 women farmers in Uganda, Malawi, Nigeria and SA (van der Walt,
2021). This partnership aimed to support women through climate-smart agriculture projects aiming to
enhance agricultural productivity among smallholder farmers in the face of the changing climatic
conditions. The project provided valuable skills and resources to enable these women to improve their
productivity in farming. Since its inception, the project has made a significant impact, benefitting many
women in different regions. Approximately 6,000 women in Malawi, 2,300 in Nigeria, 1,400 in Uganda
and 2,753 in SA have already benefited from these various climate-smart farming projects (van der
Walt, 2021). The initiative has not only improved women's livelihoods however, contributed to
sustainable agriculture and pursuit of the Sustainable Development Goal 2, which aims to achieve zero
hunger (Gil et al., 2019). Promoting gender equality as outlined in Sustainable Development Goal 5 and
the provision of equal access to productive resources will move smallholder agriculture one step closer
to advancing sustainable farming and addressing the global challenge of hunger (Singh et al., 2022;
Agarwal, 2018).

The majority of farmers indicated that their primary farming objectives for beef cattle production
were sales (78%) and improving their local economy (37%). This is consistent with the government's
goals for the growth and transformation of local communities through smallholder farming. However,
constraints observed in the study such as lack of farm information, understanding of farm business, and
lack of information communicated by government may defeat this goal. All of these constraints have an
impact on other important farm data, such as effective reproduction management which is a crucial
element in the productivity and financial success of a cow-calf production system (Mutenje et al., 2020).
The reproductive performance of animals is greatly influenced by fundamental farm management
knowledge (Birhan et al., 2023). For instance, inadequate knowledge and understanding of breeding
seasons as observed in majority of farms (91%) practicing continuous grazing in the current study may
result in unfavourable calving seasons, reduced calf weight and increased calf mortalities (Molefe et al.,
2017). Additionally, lack of knowledge on proper recording of farm information including breeding dates
and weaning plans in majority of farmers contributes to a prolonged inter-calving period of two years in
smallholder farms (Khapayi & Celliers, 2016; Nengovhela et al., 2021).

Historically, reproductive performance in smallholder farms was measured through farmers'
surveys focusing on a single region and in one trait (calving rate) in SA (Nowers et al., 2013; Nengovhela
et al., 2021). However, the current study takes a more comprehensive approach by simultaneously
monitoring reproductive performance on multiple indicators, including pregnancy rates, fetal and calf
losses, days open, and calving intervals. Through analyzing on-farm cow records, the current research
has contributed valuable insights into beef cattle smallholder reproductive performance, revealing at
national-level reproductive norms of 50% PR, 12% FL, an average of 304 DO, and a CI of 602 days.
Moreover, the study provided for the first-time benchmarks for reproductive performance for either top

25% of the lower or higher level of performance.
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However, it is essential to note that the availability of reproductive data in the current study was
limited for other provinces, which affected the power of statistical analysis, particularly when evaluating
performance on a provincial basis to cater for the difference in geographic areas. In the second year of
the study (2019), data collection was limited by a sizeable number of farmers withdrawing from the
project based on either the market specifications imposed on the daily farming practices or herd health-
related challenges, as outlined in Chapter 4. In response to these challenges, we aggregated data from
all five provinces to estimate reproductive performance at the national level. The study employed an
unconditional logistic regression model to test for the probability and variation of performance indicators
between provinces (Ene et al.,, 2015). The model showed no significant difference in performance

between provinces, thus validating the data.

The current reproductive performance norms of the measured indicators in smallholder farms
of SA were lower than those achieved in extensive systems of other countries such as New Zealand
and Australia (Kaurivi et al., 2020; McCosker et al., 2022). Reports originating from the Australian cash
cow project have put forth recommendations regarding attainable levels for beef cattle extensive
production systems in tropical countries. These recommendations include a desired pregnancy rate of
< 75% and a minimal foetal and calf loss rate of less than 5% (McGowan et al., 2014; McCosker et al.,
2020). Similarly, Webb et al. (2017) have proposed a calving interval of 477 days as achievable for
extensive production systems in tropical regions. However, the established benchmarks of reproductive
performance in the current study suggest that there is scope for enhancing reproductive performance
in smallholder farms which can aid in setting improvement goals and providing guidance for future
management actions. Additionally, observations from smallholder farms in low-input countries like Bali,
Chile, and Indonesia have emphasized that better management practices such as selective breeding
season and feed supplementation can lead to notable improvements. These improvements include a
recorded pregnancy rate of 70-80%, a reduced postpartum anestrous interval from 198 to 98 days, and
a decreased duration of days open from 217 to 118 (Ratnawati et al., 2016; Miiller-Sepulveda et al.,
2020).

Implementing optimal reproductive performance requires addressing risk factors that have
been found to limit reproductive performance (Chapter 4). This strategy ensures that challenges
affecting reproduction are identified in order to manage performance for improvement. The multilevel
logistic regression model analysis for animal and management factors associated with reproductive
performance (Chapter 4 & Addendum B) in this study has provided insight into understanding major
determinants for reproductive performance. The main outcome emphasized that improved
management on factors such as BCS, breeding season, breed type and culling of old and non-
productive cows may reduce extended CL, DO, FC and increase PR in smallholder farms as these
factors were found to have the most influence on reproductive performance indicators. Details on the

full description of the identified factors from the model analysis are provided in Addendum B.

The model findings have led to recommendations for improving the reproductive norms in
smallholder farms as per the established benchmarks identified in Chapter 4. It is recommended that

increased pregnancy rate and reduced CL, DO and FL in smallholder farmers would be achieved
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through the use of indigenous breeds that better adapted to their local environment, keeping cows in
BCS 3, implementation of a breeding season that makes use of available good quality pastures and

culling of old and non productive cows (Chapter 4 & Addendum B).

The model has predicted BCS 1 and 2 to be associated with increased FL, Cl and DO in the
current study. Body condition score (BCS) plays a pivotal role in the reproductive performance of any
beef cattle farming system (Dominguez-Mufioz et al., 2018). It significantly impact various aspects
essential for successful reproduction including energy reserves, hormonal regulation, calving ease,
postpartum recovery and milk production capacity (Wang et al., 2019). Important management
practices such as implementing regular body condition scoring program to assess the fat cover and
overall body condition of breeding cattle may assist in identifying animals that are under or over-
conditioned, and allow for adjustments to feeding requirements (Addendum C) (Tait et al., 2017). In
previous studies conducted by Akbar et al. (2015) and Nazhat et al. (2021), it was emphasized that the
implementation of a successful body condition monitoring program can be achieved through strategic
grouping of cows according to their nutritional status and providing them with feeds tailored to meet
their specific dietary requirements. Moreover, cows in high maintenance phases such as pregnancy
and lactation, along with first-calvers that require additional feeding for maintenance purposes can be
grouped together. Additionally, encouraging early weaning is recommended, preferably at around
seven months of age to avoid excessive feeding during winter (Burrow, 2019). Although the lack of
infrastructure, financial resources, and knowledge of appropriate weaning methods may have negative
consequences for farmers (Chapter 3), it is recommended that smallholder farming encourages
community-driven initiatives. These initiatives should emphasize collective actions, such as resource
sharing and group purchases as they can effectively assist smallholder farmers in overcoming financial
and infrastructure limitations (Ratnawati et al., 2019).

Interventions for optimal breeding season involves implementing measures that maximize
breeding efficiency, enhance conception rates and achieve synchronized calving outcomes (Consentini
et al., 2021). The current study highlighted an increase in the likelihoods of FC in farms without a
breeding season. Therefore, the choice of a breeding season should take into account the local climate
and forage availability. It is important to select a period when forage resources are abundant to ensure
optimal nutrition for the breeding herd and subsequent offspring (Burrow, 2019). Moreover,
synchronizing calving to coincide with forage availability and increasing the number of healthy calves
born in favourable times can improve management of the offspring (Martinez et al., 2021). This includes
enhancing aspects such as health care, weaning weight and marketing strategies (Moorey & Biase,
2020). The phenomenon was observed in a study conducted by Grobler et al. (2019), where calves
born during calving season that is synchronized with good fodder availability were 6.5 kg heavier with
a weaning weight of 214 kg (Moorey & Biase, 2020). Overall, it is recommended to commence breeding
season following the month with the highest rainfall and it is estimated at approximately 60 to 90 days
(Bergh, 2004; Mares et al., 2017). Neglecting to account for these practical considerations can carry

significant economic implications for the herd (Mohammad et al., 2015). For instance, a poorly timed
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breeding season can lead to a higher proportion of non-pregnant animals, resulting in lost productivity,

which in essence defeat the concept of a cow/calf operation (Burns, 2010).

Breed adaptation entails breeds that can thrive and reproduce in local climates, and ecological
conditions (Van Marle-Kdster et al., 2021). This includes considering factors such as heat tolerance,
disease resistance, forage utilization, and reproductive efficiency (Widyas et al., 2021). Breeds that are
adapted to the local environment are more likely to exhibit better reproductive performance, resulting in
increased conception rates and calving (Adisu & Zewdu, 2021). Moreover, the regression model in the
study predicted an increase in the odds of PR on Nguni breed type. However, studies have shown that
in the past centuries, the extinction of indigenous cattle amounts to 30% in Africa. The reality is that SA
Sanga breeds (Chapter 2) are critically reduced due to poorly designed or unstructured crossbreeding
(Nyamushamba et al., 2017). To date majority of non-descript breeds dominating smallholder herds
(Mapiye et al., 2019). That is 66% of low input herds in SA and 80% in Kenya are made up of non-
descript breeds (Nyamushamba et al., 2017). Raising awareness among smallholder farmers about the
value and importance of indigenous cattle breeds is not only beneficial for their farming practices,

however is also crucial for the preservation of the breeds (Cumbula & Taela, 2020).

Record keeping is critical for analyzing areas of concern affecting farm growth. The present
study has found no record keeping in smallholder herds is associated with overly extended Cl and DO.
Programs such as the community-based breeding programs can initiate and promote the systematic
recording of reproductive performance through educating and training smallholder farmers on the
importance of keeping accurate records of calving rates and calf losses (Zoma-Traoré et al., 2021;
Omer et al.,, 2021). This data serves as the foundation for making informed breeding decisions.
Moreover, these programs offer knowledge on reproductive aspects including understanding estrus
cycle, identifying signs of heat, and implementing effective breeding strategies (Ratnawati et al., 2019;
Ouédraogo et al., 2021). Furthermore, the programs emphasize the importance of appropriate forage
selection and feed management practices to meet the specific reproductive performance needs of an
animal, primarily when feed is limited (Mtshali et al., 2021; Odubote, 2022).

Management strategies such as culling of aged cows eliminates poorly performing cows to
maintain the productivity and profitability of the beef cow herd. This strategy should be implemented in
smallholder herds as aged cows in the current study resulted in increased odds of extended days open
and FC. It is recommended that farmers practices culling based on or inability to produce a calf every
year or either environmental reasons e.g draught as a management strategy for reducing farming
expenses (Lamega et al., 2021). The report by Dennis (2022) suggests that farmers can use two to
three years calving data gathered for breeding cows to identify cows that are in the bottom 10 to 25%
for weaning a calf every year. Such cows should be culling candidates. Alternatively, non-productive

and old cows can be sold for economic benefits to the farmers.
5.2 Future studies

The current research has shown that BCS is the primary factor in influencing pregnancy rate,

fetal and calf loss, days open and calving interval in smallholder farms. Therefore, future research
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should evaluate the mechanism of changes in body condition by evaluating factors influencing the
changes during breeding and calving season. Research focusing on the economic implications of
fluctuating BCS during the autumn-winter period may be significant in farm management and
profitability. In particular, the New Zealand cattle breeding program is considering incorporating autumn
BCS as a trait to evaluate the fluctuations in cow body reserves when feed is less abundant (Byrne et
al., 2018). This development emphasizes the importance of monitoring body condition scores toward
the end of pregnancy, calving, and drying-off, as it directly impacts feeding costs for farms and has

implications for the development of smallholder farmers.

The diversity among smallholder farmers implies that not all development projects are
universally suitable. Future studies should utilize surveys to understand various farmer categories and
identify beneficiaries based on specific project suitability. Conducting surveys prior the main research
may serve as a vital tool to ensure that proposed developmental projects align with the realities on the
ground. Collecting data on farmers' existing practices and capabilities can assist in developing realistic
and feasible project plans. For instance, when introducing a niche market for farmers, understanding
market demands, available resources, and the farmers’ skills and capabilities towards the uptake of the
project specifications is important. Therefore, a preliminary investigation at a small scale, aiming to
evaluate the feasibility and effectiveness of the research methods, procedures, and protocols is

necessary for consistency of project data.

In Ethiopia and Kenya, questionnaire pilots are conducted with farmers as a pre-test of their
data collection tool. The questionnaires are piloted to highlight the critical research deficiencies that
need to be addressed and to ascertain the authenticity of the data collection tool to ensure it provides
the required data (Alemayehu et al, 2021; Dumani et al., 2023). Additionally, the piloting procedure can
serve as a valuable training program for farmers. An example from Thailand illustrates how farmers
were trained in basic health care before implementing a longitudinal animal health monitoring system
(Meemark, 1993). Ultimately, this approach aids project owners in identifying and addressing potential
challenges and refining the research design, and making necessary adjustments before conducting the

full-scale study.

Improving reproductive performance in smallholder beef cattle farms significantly depends on
implementation of training support from governments and agricultural organizations. Governments can
organize educational programs and training sessions specifically focusing on reproductive management
in beef cattle. These programs can cover topics such as estrus detection and bull selection as these
are major contributors to poor mating management (Peters et al., 2022). Farmers need to be trained in
understanding the concept of estrus (heat) and its importance, behavioral signs of estrus, physical signs
of estrus and follow-up actions once estrus is detected (Addendum C). The implementation of heat
detection strategies and equipping dairy smallholder farmers in Rwanda with knowledge and skills in
effective estrus detection resulted in an increase in Al success rate from 44.2% to 58.7% (Sibo et al.,
2019). Moreover, developing skills in the selection of suitable bulls play a crucial role in improving the
genetics and overall reproductive performance of the beef herd. Training should be provided on aspects

such as bull age and maturity, physical conformation and structural soundness, bull to cow ratio,
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evaluation of mating behaviour and any signs of injuries prior breeding (Addendum C). With addition to
traditional lectures (farmers days and workshop), practical demonstrations, group discussions and
visual materials such as the guideline highlighted in Addendum C can be used to emphasis the adoption
of these practices. Moreover, encourage peer learning and knowledge sharing among smallholder
farmers is important. Farmers who have successfully implemented some of the practices can serve as
mentors to others, sharing their experiences and best practices

Establishing a recording system for reproductive performance in smallholder farms is crucial
for tracking performance and making informed decisions. However, the challenge lies not only in the
act of recording itself but also in the knowledge and skills required to set up an effective recording
system in smallholder farms (Staff reporter, 2022). Future studies may look into key factors in
establishing an effective system for reproductive parameters in smallholder farms. Firstly, implementing
a defined objective of reproductive parameters that will be recorded. This may include mating (heat
detection dates, breeding dates, calving dates, and pregnancy rates) and calving records (Addendum
C). Secondly, animal identification in smallholder farms is a challenge and is viewed as an expensive
task that compromises tracking performance of individual animals (Coetzee et al., 2005). Therefore,
smallholder farms require the necessary skills to assign unique identification such as ear tags or tattoos
to their animals. Thirdly, a recording system requires standardized protocols and procedures to ensure
consistency and accuracy into the recording system. Therefore, farmers may set a routine for data
entry, either daily, weekly, or monthly, and ensure that they are dedicated to their routine to identify
trends, patterns, and areas for improvement. Finally, a user-friendly recording system that is suitable
for the resources and capabilities of smallholder farmers is important. This can be done manually using

notebooks or electronically using spreadsheet software and mobile applications (Crooijmans, 2023).

A study on cost-benefit analysis could be conducted to determine the economic impact
of different strategies to improve reproductive performance in smallholder farms. This can assist in
resource allocation, decision-making, risk assessment, financial viability and securing external support
for farmers. By evaluating the cost-effectiveness of different strategies, smallholder farmers can make
informed decisions about which strategies or developmental projects to implement for improving their
reproductive performance based on their cost-effectiveness.

For instance, farmers may choose to either apply the Australian cash cow program and the
integrated Village Management systems (IVMS) applied in countries such as Indonesia, or the
implementation of Assisted Reproductive Technology programs. Conducting a cost analysis for these
programs is essential to evaluate their economic feasibility and potential benefits (McGowen, 2014;
Dahlaludin et al., 2016). The cash cow and the IVMS are programs that encourage farmers to excel in
basic animal husbandry and understanding their farming systems and environment. These programs
encourage farmers to utilize their on-farm resources effectively to improve herd reproduction. The
programs offer training on basic activities such as the importance of breeding seasons, oestrus
detection, use of breeds of adaptation and the importance of supplementation using crop residues (their
harvesting periods and storage). These programs have improved calving intervals from 507-486 in
Indonesia (Ratnawati et al., 2016; Budisatria et al., 2021).
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The Agricultural Research Council in collaboration with the Department of Agriculture, Land
Reform and Rural Development and the Technology Innovation Agency (TIA) carried out initiatives to
promote assisted reproductive technologies (ART) by conducting on-farm research in smallholder farms
(Mugwabane et al., 2019; Nengovhela et al., 2022). However, the adoption of ART long-term remains
low in smallholder farms due to high costs and limited farm resources (Mugwabane et al., 2019; Kebebe,
2019). Therefore, a thorough cost analysis in the adoption of ART should involve assessing the
expenses associated with acquiring the necessary equipment, infrastructure, knowledge and skills.
Farmers should also be trained on discipline and determination for the effectiveness of the technologies
such as following synchronization protocols (Mugwabane et al., 2019). The ART are essential in
enhancing beef herd productivity and genetic progress especially in smallholder extensive production
systems that is affected by climate change. Therefore, a collaborative long-term plan among various
stakeholders, including researchers, agricultural extension agents, policymakers, and private sector
entities is a matter of utmost importance in overcoming constraints on the adoption of technologies in
smallholder farms. Collaborative efforts can assist in addressing challenges related to cost, knowledge,
and skills by pooling resources, expertise and experiences. One of the initiatives in Botswana prior
introduction of technology to cattle farmers is to evaluate the technical efficiency of farmers to support
a technology. Moreover, Botswana assesses the potential for improving a farmer's productivity
considering the constraints of the current technology in place (Temoso et al., 2018). This initiative could
be a step taken by SA to promote technology adoption in smallholder farms. The current study has
created a unique database of key performance indicators from on-farm records for the assessment of
herd reproductive performance. This unique baseline resource could be used in longitudinal studies or
national programs to continue monitoring reproductive performance over time as this may inform policy
decisions and extension programs aimed at improving reproductive performance in smallholder beef
cattle. These programs can provide targeted support and resources based on the specific needs
identified through long-term monitoring to enhance productivity and sustainability of smallholder beef
cattle farming systems.

5.3. Conclusion

Using the baseline questionnaire, the study found that the participation of women compared to man in
beef cattle farming is low. Moreover, the accessibility and understanding of farm information remains
a barrier for smallholder farmers, which may defeat their objectives of farming with beef cattle for sales
purposes. These implications have negative effects on various aspects of smallholder beef cattle
farming such as nutrition, diseases and reproduction as evident of constraining factors to majority of
farmers in the study. Gender inequality in agriculture broadly represents a missed opportunity for
economic development, food security, sustainability, and innovation. Addressing inequality is not only
a matter of social justice, however, a key factor in ensuring the future resilience and success of

agriculture.

Additionally, the study identified BCS, breed type, culling non-productive cows, record keeping,
calving and breeding seasons, and bull to cow ratio as factors associated with poor reproductive

performance in low input systems. An integrated approach, which accounted for herd and animal
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management to improve performance (50% pregnancy rate, 12% fetal and calf loss, 304 days open
and 602 calving intervals) towards functional breeding systems remains a priority. Understanding the
defined areas of concern provided guidelines as starting point towards functional breeding systems that
may be used by extension and advisory services.
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Addendum A
The work plan of the study phases is provided below:

Project definition

+ Project population group: smallholder farmers

Phase 1. Project ‘
outline

Structured interviews: Questionnaires

L 2

Improved herd reproduction management

Phase 2. Data collection (Part 1)
Household cattle farming practices

Farm profile Production factor Reproduction
Fami Nutit management
. aming . utrition
objective e Disease ‘I
Herd size outbreak
Farming
engagement

* Grazingland
+  \Weed
encroachment

/ Ecological fact
Demographic profile cological tactor

Data collection (Part 2) Herd performance o~
measures )
Pregnancy diagnosis Measured records
(PD)
* Animal and herd
* %Pregnancy rate '_ management
*  %Foetal and calf level risk factors
loss
¢ % Days open

Phase 3. Data Analysis

Defining herd Establishing reproductive Model findings
reproductive noms: performance benchmarks ) .
explanatory variables | Risk factors requiring

improvement: Identifying
areas of improvement

Phase 4. Guidelines development

Recommended guidelines
— forimproved reproduction ‘ 7
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Multivariate logistic regression analysis of animal and management factors associated with pregnancy
(Table 1), CI (Table 2), DO (Table 3) and FC (Table 4).

Note: Animal class were categorized as follows: First calvers: cows nursing their first calf; second

calvers: cows that weaned their first calf; matured cows: cows age between 5-7 years and aged cows:

cows over 8 years. Breeds were recorded as “type” according to the strongest phenotypic

characterization or resemblance of a specific breed. Insemination months were according to a farmers’

management preference.

Table 1: The Binary logistic regression model summarizing herd associations between risk factors and
the odds of pregnancy rate in smallholder herds.

Variable SE OR 95% CI of OR P value
Lower Upper

BCS <.0001

BCS 1vs4 0.4283 0.260 0.081 0.833 0.0430

BCS2vs 4 0.1586 0.512 0.346  0.759 0.2427

BCS3vs4 0.1560 1.083 0.755  1.555 0.0003

BCS 4 Ref

Breed <.0001

Beefmaster type vs 0.1749 0.362 0.192 0.653 0.1768

Simmentaler type

Bonsmara type vs 0.1082 0.361 0.225 0.620 0.0421

Simmentaler type

Boran type vs 0.2886 0.440 0.213 0.922 0.9266

Simmentaler type

Brahman type vs 0.0421 0.432 0.212 0.850 0.0990

Simmentaler type

Drakensberger type vs  0.2431 0.631 0.321 1.271 1.8795

Simmentaler type

Hereford type vs 0.3632 0.492 0.190 1.190 0.8546

Simmentaler type

Hogenout type vs 0.3550 0.433 0.161 1.150 0.8935

Simmentaler type

Nguni type vs 0.1741 1.420 0.221 0.793 0.6722

Simmentaler type

Simbrah type vs 0.3519 0.590 0.262 1.351 0.4458

Simmentaler type

Simmentaler type Ref

Lactation status <.0001

Dry vs Wet 0.05 1.280 1.091 1.501 0.0020

Wet Ref

Insemination months <.0001

August-October vs 0.4617 0471 0.132 1.672 0.6097

September-December

Continuous vs 0.123 0.390 0.181 0.840 0.0005

September-December

December-March vs 0.210 3.812 0.233 0.951 0.32

September-December

January-March vs 0.301 1.615 0.212 1.502 0.8356

September-December

March-June vs 0.422 2.695 0.060 0.961 0.0109

September-December

November-February vs  0.370 2.561 1464 9.901 <.0001

September-December

October-March vs 0.280 0.552 0.251 1.192 0.9362
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September-December
baseline

Veld condition

Good vs Very poor
Moderate vs Very poor
Poor vs Very poor
Very poor

Culling old cows
Culling non productive
cows

Cow age class

First calvers vs Aged
cow

Mature cows vs Aged
cow

Second calvers vs
Aged cow

Aged cow

BCS prior breeding
Bull to cow ratio

Ref

0.18
0.22
0.16
Ref

0.20

0.16
0.13
0.07
Ref

0.19
0.486

(02@

0.160
0.551
0.271
4.18

0.47

0.716
0.959
1.104

0.471
1.242
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0.040
0.171
0.121
0.472
0.302
0.320
0.401
0.491

0.292
0.832

0.33
1.02
0.61
0.834
0.670
0.891
0.821

0.880

1.841

0.0004
<.0001
0.2375
0.1716

<.0001
0.019

0.05
0.1921

0.2721

0.8523

0.0802
0.0301

Statistically significant at level (p <0.01; p < 0.05). SE = Standard Error, OR = odds ratio, Cl =

confidence interval.

Table 2: The cumulative logit regression model summarizing herd associations between risk factors
and the odds of CI in smallholder beef cattle herds.

Variable SE OR 95% Cl of OR P value
Lower Upper

BCS prior breeding <.0001

BCS breeding <.0001

BCS1lvs 4 430.5 3.254 0.186 0.369 0.9765

BSC2vs 4 0.2981 3.775 0.010 0.739 <.0001

BCS 3vs 4 0.2538 1.694 0.137 0.603 0.1439

BCS 4 Ref

Breed type <.0001

Afrikaner Type vs 0.3733 0.849 0.469 1.538 0.5889

Nguni Type

Angus Type vs Nguni  0.6679 2.350 1.033 5.343 0.2388

Type

Beefmaster vs Nguni  0.2784 1.736 1.080 2.792 0.0228

Type

Bonsmara type vs 0.2300 1.482 0.759 2.893 0.0461

Nguni Type

Boran Type vs Nguni ~ 0.4609 1.020 0.471 2.211 0.6478

Type

Brahman type vs 0.5377 3.266 0.882 12.100 0.0765

Nguni Type

Drakensberger type 0.3124 0.664 0.376 1.173 0.1584

vs Nguni type

Hereford vs Nguni 0.5875 2.073 0.681 6.312 0.1995

Type

Simmentaler Type vs  0.2982 0.775 0.442 1.359 0.3745

Nguni Type

Nguni type Ref

Cow age class 0.0071

Aged cow vs Matured  0.1977 1.245 0.699 2.220 0.1385
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First calvers vs
Matured

Second calvers vs
Matured

Matured

Reason loss

Aborted vs Stillborn
Died vs Stillborn

Stillborn
Calving records

Culling Non-
productive cows
Lactation Breeding
Bull to cow ratio

Calving months

Autumn vs Spring
Winter vs Spring
Summer vs Spring
Spring

0.2378

0.1195

Ref

78.2578

78.2574

Ref
0.4117

0.2761

0.1012
0.2784

0.2111
0.1527
0.2935
Ref

(02@

4.240

1.470

1.336

0.478

3.148

0.494

0.797
0.481

1.836
1.744
0.346
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2.105

0.987

0.055

0.020

1.405

0.287

0.536
0.277

0.179
0.336
0.579

8.540

2.189

32.666

11.507

7.055

0.848

1.185
0.833

0.669
1.043
1.838

<.0001

0.2873

0.0171
0.9834

0.9729

0.0514

0.0106

0.2055
0.0187

0.0006

0.0034
<.0001
0.0580

Statistically significant at level (p < 0.01; p < 0.05). SE = Standard Error, OR = odds ratio, Cl =

confidence interval.

Table 3: The cumulative logit regression model summarizing herd-adjusted associations between risk

factors and the odds of DO (overlay extended) in smallholder beef cattle herds.

Variable SE OR 95% CI of OR P value
Lower Upper

Calving season <.0001

Autumn vs Spring 0.1679 1.092 0.588 2.027 0.8452

Winter vs Spring 0.1021 0.861 0.509 1.456 0.0448

Summer vs Spring 0.1095 0.730 0.428 1.244 0.0007

Spring Ref

Breed 0.0001

Afrikaner type vs 0.2661 0.549 0.326 0.924 0.0241

Nguni type

Angus type vs Nguni 0.3313 0.849 0.443 1.625 0.6204

type

Beefmaster type vs 0.2109 0.455 0.301 0.688 0.0002

Nguni type

Bonsmara type vs 0.1788 0.659 0.465 0.936 0.0198

Nguni type

Boran type vs Nguni 0.3555 1.005 0.501 2.017 0.9889

type

Brahman type vs 0.5449 0.318 0.370 3.135 0.8911

Nguni type

Drakensberger type 0.2864 0.199 0.114 0.349 <.0001

vs Nguni type

Hereford type vs 0.5336 0.262 0.092 0.745 0.0120

Nguni type

Simmentaler typevs  0.2499 1.077 0.195 0.520 <.0001

Nguni type

Nguni type Ref
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BCS Prior breeding

Cow age class

Aged cow vs Second
calvers

First calvers vs
Second calvers
Mature cow vs
Second calvers
Matured

BCS breeding

BCS breeding 1 vs 4
BCS breeding 2 vs 4
BCS breeding 3 vs 4
BSC 4

0.2698

0.1515

0.1797

0.0962

Ref
0.2252

1.3337
0.1299
0.2196
Ref
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0.724

1.498

0.785

1.038

0.724

4.792
1.094
0.523
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0.427

0.952

0.465

0.756

0.427

0.351
0.848
0.990

1.228

2.357

1.326

1.425

1.228

65.422
1411
2.341

0.0188

0.0220

0.0358

0.1268

0.7808

0.030

0.2400
0.4888
0.0555

Statistically significant at level (p <0.01; p <0.05). SE = Standard Error, OR = odds ratio, Cl =

confidence interval.

Table 4: The Binary logistic regression model summarizing herd associations between risk factors
and the odds of FC in smallholder beef cattle herds.

Variable SE OR 95% CI of OR P value
Lower Upper

Lactation (breeding) <.0001

Dry vs Wet 0.1610 0.710 0.378 1.335 0.2882

Insemination <.0001

months

Continuous vs 38.0911 12.86 0.211 85.899 0.9656

September-December

December-February 38.0914 1.469 0.219 9.874 0.9897

vs September-

December

December-March vs 38.0890 1.349 0.075 24.404 0.9897

September-December

January-March vs 38.0918 4.250 0.664 250.172 0.9425

September-December

March-June vs 38.0970 2.900 0.141 59.548 0.9736

September-December

November-February 304.7 <0.001 <0.001 >999.999 0.9591

vs September-

December

October-March vs 38.0925 3.361 0.372 30.388 0.9706

September-December

September- Ref

December

BCS at calving 0.0246

BCS1vs4 0.2921 4.322 1.148 16.272 0.0068

BCS2vs4 0.2921 3.059 0.908 10.308 0.0477

BCS3vs4 0.2508 0.120 0.353 3.557 0.0255

BSC 4 Ref

Veld condition 0.0356

Very poor vs good 1.7396 0.015 <0.001 7.070 0.3411

Moderate vs Good 0.7112 0.014 <0.001 0.674 0.0127

Poor vs Good 0.6831 0.197 0.032 1.229 0.1868

Good Ref

Cow age class
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Aged cows vs
Matured

First calvers vs
Matured

Second calvers vs
Matured

Matured
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0.3103 3.827 1.263 11.591
0.1991 2.218 0.701 7.021
0.2056 1.286 0.522 3.167
Ref

0.0164

0.5495

0.0922

Statistically significant at level (p < 0.01; p < 0.05). SE = Standard Error, OR = odds ratio, Cl =

confidence interval.
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Addendum C

1. Introduction

Efficient reproduction performance requires strategic planning for a farmer to be able to produce a calf
every year. Producing a calf every year for smallholder farms may improve cash income, increase
marketing channels, improve economy and household nutritional outcomes. A checklist guide is
provided below for improved reproductive performance in smallholder beef cattle farms.

2. Controlled breeding season

Different breeding seasons may exist for different farms, however it is best for farmers to establish a
specific window in which cows will be bred so that calving can be matched with fodder availability. It is
to note that this calendar may slightly differ from one area to another however, it is a guide to illustrate
the essential periods of when to put in the bulls (rainy season) and the desired calving season (summer
grazing). The rainy season in South Africa (SA) typically runs from the end of October to the end of
March, however due to changing climate this may slightly differ from one area to another
(https://journeysbydesign.com/destinations/south-africa/when-to-go). Therefore, the breeding calendar

can be altered from one area to the other to match with the rainy season and fodder availability.
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2.1.Benefit of breeding season

v

v

v

Note:

Reduces cost for herd maintenance: i.e. cattle herd will be at the same physiological stage and

maintenance such as feed will be controlled and uniform
Increases herd production (i.e. infertile cows can be identified)

Constant calving pattern

Breeding season lasts 60 to 90 days.

v
v

Calving
season

60-day breeding season (two/ three opportunities for cow to conceive).

90-day breeding season (three/ four opportunities for cow to conceive).

Rainy season:
Bulls in

Breeding calendar

April and May:
Pregnancy
diagnosis and
weaning

Dry season

Breeding calendar

3.

Body condition scores (BCS): Herd nutrition

Improved reproductive management highly depend on the assessment and management of BCS.

Evaluation of BCS in breeding females is crucial as it can determine important production process such

as conception and re-conception. While it is necessary to regularly evaluate the cow's condition, there

are specific periods when BCS assessment becomes essential for a farmer:

v" Around 60 to 90 days before calving
v' At calving
v Weaning

This is to assist with management
decision on whether to improve or
maintain nutrition status for re-

conception.
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The amount of subcutaneous fat on the left side of a cow can be measured to score the cow's body

condition as the right side contains kidney fat, which can be misleading during BCS testing.

v" The loin area: use a thumb to feel the thickness of fat over the bone by gripping the outer edges
of the loin.
v" Ribs (i.e use the palm of a hand to feel the thickness of the fat layer covering the bone).

v' Tail head (Use fingers to assess the fat deposit around the tail head).

Areas for assessing BCS. Extracted from milk SA

v' Breeding: 3
v’ Calving: 2.5-3
v Weaning: 3
Below is the body condition scoring chart to guide in measuring body condition score in farm:

117

© University of Pretoria



&
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
W YUNIBESITHI YA PRETORIA

Condition score 1

Present a prominent backbone,
hips, and shoulder bones. The
ribs are clearly visible and the
tail-head area is recessed,
giving skeletal body outline.

Condition score 2

Visible backbone, hips, and
shoulder bones (less prominent as
score 1). Visible, however, faintly

ribs and the tail-head area is

slightly recessed.

Condition score 3

Hip bones are faintly visible,
while the ribs are generally not
visible.

Tail-head area not sunken,
Body outline appears to be
almost smooth.

Condition score 4

Hip bones and ribs not visible.
The tail-head area appears
slightly lumpy. Round body
outline.

Condition score 5

The hip bones are showing a fat
deposit The ribs are very well
covered. The tail-head area is
very lumpy.Body outline bulging.

Cattle body condition scoring chart (Howell, 2011)

4. Pregnancy evaluation

Pregnancy diagnosis is an important tool in beef cattle production as keeping a non-pregnant cow on

the farm has negative economic implications. An empty cow requires the same cost of a pregnant cow,
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however, without generating any income. Pregnancy can be tested by local veterinarian and technician

through:

v" Rectal palpation after 35 to 90 days,

v" Ultrasound examination between 30 to 90 days, or through blood analysis after 30 days.
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(A) ultra sound scanner, (B) performing PD using ultrasound scanner and (C) performing PD hand
palpation: Images from ARC GCRB

Benefit of pregnancy testing

v Identification of non-pregnant cows early
v" Low pregnancy rates might indicate problems with an individual bull.

v' Fatten them for sale or re-bred them

v' Cull (i.e. if feed is insufficient)
Due to limited access of extension and veterinary services in smallholder farmers, farmers may
implement physical characteristics of examining not only pregnancy however, foetal or embryo loss as

well.

v" Pregnant cows will not come to heat for the entire 285 days of pregnancy, if a cow become on

heat post breeding season is not pregnant.
v" Monitoring bull behaviour on the cows (i.e pheromone activity). A pregnant cow will not be

followed by a bull.
v" A cow that was pregnant but had an abortion might not go into estrus for a month or two after

breeding season, but she will go into heat the following months.
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Signs of heat

» Cows mounting each other
* Bull string.

* Swollen red vulva.

* Restless.

* Ruffled tail hair.

Cow signs of Estrus (A) cows mounting each other and (B) cow showing swollen vulva and
bull string. Extracted from milk SA

Note: High conception rate is achieved when animals are bred between 4 to 14 hours after the onset
of heat. Estrus need to be monitored at least for 20 minutes in the early hours of the morning and in the
afternoon. Smallholder farmers who do not have breeding camps can mark breeding cows with
neckbands and collars for monitoring during mating. This allows farmers to visually identify them without

the need for separate camps.

5. Achieving a 365/477 day calving interval

With a 365-day calving interval, smallholder farmers can plan and anticipate a steady supply of
marketable calves throughout the year. This regularity in calf production allows for a more consistent

income stream which can contribute to improved financial stability and planning.
v' Weaning the suckled calf
v" Keeping BCS 3 at calving

v Wean before the condition of the cow fall below 2.5

v' At 7 to 8 months of age
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v' Wean prior to the onset of the dry season
v" When the calve reaches the weight of 120 Kg

5.1.Common weaning methods

v" Nose ring (i.e Nose ring is a recommended method on weaning in smallholder farms since
majority are constraint by lack of camps, therefore separation might be a challenge)

v Fence lining: Due to limited land, fencing might not be practical to some farmers, however, in a

community based breeding programs, calves can be exchanged between herd/village camps

Weaning methods (A) nose ring and (B) fencing separation. Internet source (Extracted from
Walmart, Canada)

6. Managing breeding bulls

v" Mating bulls should be from 2-4 years of age.

v' Change bulls every 2-3 years (i.e. to avoid inbreeding).

v Ideal BCS 3.

v' Exercise the bulls daily by walking (i.e in cases where bull do not walk distances for grazing)

v'Identify bull desire to mating (a sexually active bull must be able to service one cow in 10
minutes).

v" Bull to cow ratio (i.e. in an extensive pastoral system, one bull can service 30/35 cows )

v" Physical exam such as eyes (pink eye), feet and legs (injuries on the hooks).Physical exam

need to happen eight weeks prior breeding.

v' Test and vaccinate bulls for reproductive diseases (i.e Trichomonas, Comphobactor or
brucellosis) with the help of a state Veterinarian and animal health technician.

v' If fewer than 40 cows become pregnant, replace the breeding bull for the upcoming breeding

season.
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7. Records

Keeping records are necessary for future reference of the production and growth of the farm. Recording
herd reproductive performance provides areas that might need improvement for farm efficiency. The

following information are necessary for keeping track of the farm performance:

Bull to cow ratio: number of bull used for breeding
Removal date of the bulls in mating camps
Successful parturition or loss per individual cow

Number of cows failed to get pregnant

Date of birth of individual calves
Number of calf born dead
Abortions

AN NI NN

Number of calves produced per cow

Reference

Howell, A., 2011, ‘Snail-borne diseases in bovids at high and low altitude in eastern Uganda:
Integratedparasitological and malacological mapping’, MSc dissertation, Liverpool
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Addendum D

Questionnaire

Please indicate (V) if this survey is:

Self-administered: Enumerator-administered: Date:

Code No

Name of the Enumerator: INTERGIS Participant Number:

ACIAR Behaviour Change Project 2016:
Baseline Survey

Disclaimer:

This is an independent survey undertaken by the ACIAR. Its aim is to learn more about the
people in the area with regard to capabilities of livestock production, marketing and Social

dynamics. The information given will be processed anonymously and will NOT be used for

taxation or other official purposes. Please fill in one questionnaire only for each household.
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Introduction to Participants

Thank you for agreeing to participate in this survey which has been specifically designed to
help us to help you improve the profitability of your beef or poultry business. Your
responses to the survey will help us to better understand the nature of your farm business and
the challenges you face in running your business. Once we understand those factors, we can
then identify new ways to help you to directly address the main concerns impacting on your

business.

Please be assured that your responses will be treated with absolute confidentiality. Even
though your name and farm location will be recorded on the original survey document, once
the information and your responses to the survey are entered onto the project database, your
records will be not be identifiable other than through an anonymous identification code. So
your responses are, and will remain, entirely confidential. Importantly, your survey responses
will be combined with responses from all other farmers involved in the project, to enable us to
identify the priority areas of greatest concern to most farmers in your region and province. This
means that the issues of importance to you will never be identified back to you or your farm

business.

The survey itself has been structured in a way that we are able to address the issues
effectively.
Specifically, the questions in this survey will help us:
1. To understand more about your farm business and the benefits that you,
members of your family and your local community receive as a direct result of your
beef or poultry business;
2. To identify any concerns you have about your farm business and the
environment in which it operates;
3. To identify those aspects of your farm business that you already believe you
can address yourself, without the need for any outside help; and
4, To understand how you prefer to do things, as those preferences will help us
to develop strategies that will make it easier for you to improve the profitability of your

farm business.

Please remember there are no right or wrong answers to most of the survey questions. Rather
we are interested in your personal perspectives. So you should not spend too much time
thinking through those questions (other than the factual questions about your farm and farming
business). Instead you should make sure you understand the question and then give the first

response that comes to mind once you understand the question.

Once all of the farmers in the project have completed the survey, the results will be combined
and analysed together to identify the best strategies to help you overcome the main business

concerns identified by farmers in your region and province. The project’s farmer support team

© University of Pretoria
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will work with you to implement those strategies, to improve the profitability and long-term

viability of your beef or poultry business.

Thank you again for agreeing to participate in this survey.

Dr Baldwin Nengovhela, Project Leader, DAFF: Animal Production
Tel: 0123197448 or 0828559476 Email: NkhanedzeniN@daff.gov.za

A — Farming Profile

Al.l
1. Indicate your type of farming 1Crop 2 Livestock 3 Mixed 2 What
type of grazing livestock do you have? 1 Cattle 2 Sheep/Goats
3 Donkeys/Horses
Al.2 How many of each of these livestock do you own? 1 Sheep 2 Goats
3 Horses 4 Donkeys
2. Indicate your farming engagement 1 Full-time 2 Part-time

3. Indicate your farm size (in ha):

4. Indicate the portion of your land allocated for grazing livestock (e.g., cattle, sheep, goats,
donkeys, horses) production (in ha):
Al1.3 Do you have access to other land for grazing? 1 No 2 Yes

If yes, then please specify the size of the land (in ha):

5. Indicate the portion of your land allocated for poultry production (in ha):

6. Indicate the portion of your land allocated for crop production (in ha):

7. Total number of labourers:

Al.4 What is the source of water for your farm business? 1 River 2 Bores 3 Municipal
water

4 Rainwater 5 Other (specify):
8. Indicate the amount of water used for farming per month:

9. Do you have credit /loan that you are re-paying? 1Yes 2No
10. Do you have access to information? 1 Yes 2 No
If yes, please indicate the source of information: 1 Market 2 Extension

3 Financial 4 Other (specify):

A2-Cattle production

A2.1 How long have you been farming with cattle (in years)?

1. Indicate reasons for keeping cattle: 1 Wealth 2 Sale 3 Household
consumption
2. Do you keep cattle for cultural reasons? 1Yes 2 No

© University of Pretoria
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3. If yes in Q37, what are the reasons? 1 Dowry 2 Cultural festivities 3 Other (specify):

4. Indicate the number of cattle owned:
5. Indicate the number of female cattle: 1 Heifers = 2 Cows =
6. Indicate the number of male cattle: 1 Bulls= 2 Oxen= 3 Young males (Steers/Bulls)
=42  Left BLANK. No item for this one.
A2.2 Indicate the number of calves born each year:
7. Indicate the number of cattle deaths each year:

8. Number of cattle purchased each year:

9. Number of cattle sold each year:

A2.3 Where did you sell these cattle and how many in each category?
1 Informal market (how many= ) 2 Auction (how many= ) 3 Feedlot (how many= )
4 Abattoir (how many= ) 5 Other (specify): (how many=
) 45¢c What is your gross annual income from cattle sales?
1 Zero 2R1-R50,000 3 R51,000-R100,000 4 over R100,000

10. Total cost of feed purchases each year: a7 Total cost of

veterinary purchases each year:
11. Left BLANK. No item for this one.

B — Expected Benefits

Please indicate how much you agree or disagree with the following statements related to your
cattle/poultry farm.

Statements —
> = © =
) g > = o <
o = © 2 ©T > 9
>% 8= z 52 3
> o ¢ - = >
o 5 O )
= = >
1. | will be able to earn more money. 1 2 3 4 5
2. It will benefit my community. 1 2 3 4 5
3. The local economy will improve. 1 2 3 4 5
4. | will have a more reliable source of income. 1 2 3 4 5
5. It will be beneficial to the environment. 1 2 3 4 5
6. Left BLANK. No item for this one.
. ) ] ) 1 2 3 4 5
6b. | believe | will earn respect in my community
from my cattle/poultry farming.
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1 3 4
7. | believe | can meet traditional needs of my
family (e.g., dowry, funeral, spiritual) from my
cattle/poultry farming.
8. I believe that my cattle/poultry farming is 1 3 4
allowing me to provide nutritional (healthy) food
for my family.
C - Farming Concerns or Perceived Barriers
Please indicate the severity of the stress caused to you by each of the following events during
past farming experience.
(V]
g g 8 B ®
— ) E T ey
3 3 z
Concerns = 2 >
1. Current level of debt. 1 5 3 4 5
2. Unpredictability of the weather. 1 2 4 5
1 2 3 4 5
3. Extreme weather events (e.g., drought,
bushfire).
4. Increased workload at peak times. 1 2 3 4 5
5. Personal illness during busy times. 1 2 3 4 5
6. Few holidays away from the farm. 1 2 3 4 5
7. Complying with safety requirements. 1 2 3 4 5
8. Succession plans. 1 2 3 4 5
.L h f K.
9. Long hours of wor 1 5 3 4 5
10. Difficulty accessing services (e.g.,
government agencies, health care). 1 2 3 4 S
11. Feeli I isol .
eeling alone and isolated 1 5 3 4 5
12. Too much work and too little time. 1 5 3 4 5
13. Complying with bureaucratic or governmental
regulations. 1 2 3 4 S
14, lyi ith k i .
Complying with market requirements 1 5 3 4 5
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15. Lack of understanding of information 1 2 3 4
communicated by government agencies.
16. lliness or disability or alcohol/drug 1 2 3 4
dependency of a family member or workforce.
17. Not enough ready cash.

1 2 3 4
18. Dealing with government bodies. 1 5 3 4
19. Rise in input costs. 1 5 3 4
20. Concerns about being able to continue
working on the farm. 1 2 3 4
21. Farming-related accident. 1 2 3 4
22. Cli h .

Climate change 1 5 3 4
23. Uncertainty about the programs related to 1 2 3 4
adoption of livestock (cattle/poultry) farming.

24. Lack of access to reliable markets. 1 5 3 4
25. Lack of fair pricing f I Itry.

5. Lack of fair pricing for cattle/poultry 1 5 3 4
26. Cattle/poultry theft or predation. 1 5 3 4
27. High cri in the local .

igh crime rates in the local area 1 5 3 4
28. Disease outbreaks. 1 5 3 4
29. Concerns about availability of reliable and
skilled farm labour. 1 2 3 4
30. Concerns about adequate supply of cattle
nutrition throughout the year. 1 2 3 4
31. Concerns about encroachment of weeds into
grazing lands. 1 2 3 4
32. Land degradation (e.g., soil erosion). 1 5 3 4
33. Reliable access to safe water for farming
purposes. 1 2 3 4
34. Concerns about competing land use (e.g.,
urbanization, other agricultural uses). 1 2 3 4
35. Lack of access to relevant technicallyproven 1 2 3 4
information about managing their farm business.
36. Lack of trust across all other sectors in the 1 2 3 4
value chain (e.g., buyers, auctioneers, feedlots,
abattoirs).
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37. Any other concerns (specify):

D — Demographics

Wed like you to answer some general questions about yourself. Please remember that all
your responses are confidential.

1. Province: 1EC 2 LP 3 KZN 4 FS 5 MP
6 NW 7 GP 8 NC 9 WwWC
2. District:
3. Town:
4. Ward:
5. GPS Co-ordinates:
6. Respondent’s surname & initials:
7. Gender: 1 Male 2 Female
8. Age (in years):
9. Education: 1 Primary 2 Secondary 3 High School 4 College/University degree
5 No School
10. Home language(s): 1 Sepedi 2 Setswana 3 isizulu 4
IsiXhosa 5 SeSotho
6 Xitsonga 7 Swati 8 Ndebele 9 Afrikaans 10
English
11. Venda 12 Other (specify)
11 What is the popular language in your community?
12 Indicate your mother language
proficiency on a scale of 1 - 5, where:
1 2 3 4 5
Very poor Poor Fair Good Very good
Speaking: [ ] Writing: [ ] Reading: [
]
12. Occupation: 1 Employed 2 Unemployed 3 Other (specify):
13. Household position: 1 Head 2 Spouse 3 Son 4 Daughter 5 Other
(Specify):
14b  What is your role in the agriculture sector/industry in your local area?
14. Race: 1 Black 2 White 3 Asian 4 Coloured
15.  No of people living in your household:
16. Do you own the home where you are staying? 1 Yes 2 No 18 Indicate  the
status of your home: 1 Renting 2 Paying bond
3 Inheritance 4 Other (specify):
17. Indicate the number of adults living in your home:
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18. Indicate the number of children living in your home:

19. How long have you lived in the place in Q177

20. Do you intend to move away within the next five years? 1 Yes 2 No

21. Indicate your gross annual off-farm household income:

22. Indicate the sources of off-farm household income: 1 Pension 2 Social grant 3
Employment

4 Other (specify):
24b Do you have a disability? 1 Yes 2 No

E-Herd reproductive management: survey questionnaire

E1 Breeding bulls management

23. How many breeding bulls do you have

24, Do you purchase breeding bulls? Yes/No

25, If yes, where do you prefer buying from: 1. Neighbors, 2. Auctions

26. Do you do isolate your breeding sires from your breeding cows? Yes/No
27. Bull to cow ratio: 1= under, 2= Ideal, 3= Over

E2 Replacement heifer management

28. Do you perform selection for breeding heifers? Yes/No

29. If yes, what is the criteria for selection: 1. Animal condition or Parents breeding
history

30. Breeding heifers: Service age Weight and Target
calving

31. Do you vaccinate your breeding heifers? Yes/No

32. Do your heifers calf from their first service, Yes/No

E3 Cow management

33. Do you do measures of body condition scoring and weaning prior breeding
Yes/No

34. Do you keep records of your calving rate? Yes/No

35. What is the rate of your Calving Interval: 1. calf every, 2. Calf every 2 years, 3. Calf post

3 years or more?

36. Do you experience abortions from your breeding cows? Yes/No

37. If Yes, how often per breeding season: 1. Consecutive breeding seasons or 2. non-
consecutive breeding season

38. Control of abortions in herds: 1. Isolation 2. Selling or culling, 3. keep within the herd

39. Do you cull non-productive cows: 1. Yes, 2. No

40. Do you cull old cows: 1. Yes, 2. No

E4 Health status

41. How many times do you vaccinate your herd in a year?
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Common infections: 1. Bovine Viral Diarrhoe(BVD), 2. Infectious bovine rhinotracheitis
(IBR), 2. leptospirosis, 3. Brucellosis and neosporosis

Do you have an animal technician in your area? Yes/No

Thank you very much for participating!
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