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Abstract 

The world’s population is expected to increase significantly by 2050, leading to significantly increased 

demands for meat and dairy products. However, cattle are major emitters of greenhouse gases that  

speed up climate change. To achieve food security by 2050, livestock enterprises need to double their 

outputs from constant resources, in the face of increased competition for inputs such as land, water, 

grain and labour. To cope with climate change, the livestock need to be productive under hotter  

and drier climates and be able to tolerate increased challenges from parasites and vector-borne diseases. 

The best way for smallholder cattle farmers in tropical low-medium income countries to overcome these 

multiple challenges is to focus on improving the productivity of their herds. This paper discusses a range 

of simple and cost-effective options already available to smallholder farmers to significantly improve 

the productivity and profitability of their herds and by doing so, they will indirectly reduce greenhouse 

gas emissions from their cattle and improve the natural resource base on which their cattle graze. 

Improved herd productivity will in turn deliver significant social, environmental, economic and 

livelihood benefits to the smallholder farmers themselves and the communities and value chains  

in which they operate. 
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INTRODUCTION 

The world’s population is expected to increase 

from 7 billion people in 2011 to 9 or 10 billion by 

2050, with most of that growth occurring in Africa 

and Asia (Gerland et al., 2014). The increasing 

population is leading to an increased demand  

for meat and dairy products (Delgado et al.,  

2001). Livestock industries contribute 40% of  

the world’s agricultural output and the livestock 

sector employs around 1.1 billion people globally 

(Hurst et al., 2015). However, the livestock  

sector is also the largest source of anthropogenic 

methane emissions and this is expected to  

increase in future to meet the increased demand 
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for livestock products (Chang et al., 2021).  

To achieve food security by 2050, livestock 

enterprises need to double their outputs from 

constant resources (Mullen and Keogh, 2013),  

but due to pressures on agriculture in developed 

countries, much of that increased production  

must occur in Africa and Asia, where tropical 

production climates impose even greater 

challenges. 

Climate change is adding to this challenge 

(Hughes, 2003), requiring livestock that are 

productive under hotter and drier climates and,  

in the tropics, requiring cattle that can tolerate 

significant increases and broader areas of 

infestation of ecto- and endo-parasitic burdens 
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and vector-borne diseases. Achieving cattle that 

are well adapted to their production environments 

also contributes to more sustainable agricultural 

systems through reduced use of chemicals to 

control parasites. 

There is therefore an urgent need to greatly 

increase the productivity of cattle herds but using 

less resources, whilst the cattle simultaneously 

tolerate more extreme climates and disease 

stressors and reduce their methane emissions.  

As suggested by Pulina et al. (2017), solutions  

to these major challenges need to consider the 

following factors: a) the effects of consumption  

of livestock projects on human health; b) the 

importance of sustainable intensification of 

ruminant production systems such as better feed 

conversion and increased production output  

per unit of input; c) the environmental impacts  

of ruminant production; d) the improvement of 

animal performance through improved animal 

welfare; e) the adaptation of ruminants to climate 

change; f) sustainable nutrition for ruminants;  

g) the challenges posed by ruminant production 

intensification and conservation of animal 

biodiversity; and h) strategies to increase 

ruminant production and achieve human food 

security in developing countries. 

This paper examines cost-effective options 

currently available to smallholder cattle farmers  

in low-middle income countries (LMICs) to 

improve both the productivity and profitability of 

their herds, whilst simultaneously reducing 

methane emissions to sustainably develop  

the cattle industries in tropical climates impacted 

by climate change. 

As suggested by Burrow (2019), the best  

way for smallholder farmers to simultaneously 

improve the sustainability, productivity and 

profitability of their cattle farming enterprises  

is to focus on the key drivers of business 

profitability. Smallholder farmers in LMICs  

are encouraged to use a simple profit-focusing 

tool (Figure 1) to identify the income and  

costs associated with their cattle herds and other 

aspects of their farming businesses (Burrow, 

2019). The aim of this type of tool is to identify 

ways of either increasing the price received or  

the volume sold or by reducing the costs  

of undertaking the business. The volume or 

throughput of product can be increased by 

increasing animal growth rates, milk production 

or breeder herd reproductive performance or  

by reducing cattle deaths. Those aspects are 

strongly influenced by genetics, animal nutrition, 

animal health and herd and rangeland 

management. Price received per kg of product  

and costs are influenced by marketing. Improving 

the productivity of cattle from smallholder herds 

will also indirectly improve the natural resource 

base on which those cattle are grazed. These 

options are examined briefly in the following 

sections of this paper. 

 

 

Figure 1. Profit focusing tool used to focus cattle farming decision‐making on aspects of  

the business that generate profit as well as improving productivity (Burrow, 2019) 
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MATERIALS AND METHOD 

This paper was prepared as the basis of  

a presentation to the first International Conference 

on Livestock in Tropical Environment in  

2021. It is based on the author’s extensive 

experience in undertaking research to investigate 

factors that impact on the ability of ruminant 

livestock to tolerate or resist the very wide  

range of environmental stressors encountered  

by those livestock in tropical and sub-tropical 

environments. The paper is enhanced by  

reference to scientific publications derived as  

a result of a review of the literature, particularly 

as it relates to impacts of those livestock on  

the environment and natural resource base and  

the opportunities that are now available to 

mitigate those impacts to reduce the impacts  

of climate change. 

RESULTS AND DISCUSSION 

The need for adapted cattle breeds 

Maximizing beef and dairy productivity  

and profitability requires cattle are matched  

to their production environments. Indigenous 

livestock that evolved in stressful tropical 

environments have a range of unique adaptive 

traits enabling them to survive and be productive 

in those environments (Devendra, 1987).  

A detailed summary of a wide range of 

environmental stressors experienced by cattle 

grazed at pasture in tropical environments,  

the impacts of those stressors and the methods 

used to measure an animal’s resistance to them  

is provided by Burrow (2015). In this paper,  

only cattle grazed at pasture in low-input 

production systems are considered. 

In tropical environments, the differences  

that exist between cattle breeds in temperate 

environments for traits such as growth, milking 

ability, reproduction and product quality are 

masked by the effects of the environmental 

stressors (Burrow et al., 2001; Burrow, 2006). 

Hence in the tropics, breeds are best categorized 

into breed types to compare their performance 

across environments. Those broad breed 

groupings (Hodges and Payne, 1997) include: 

1. Bos taurus (British and Continental e.g. 

Angus, Simmental, Holstein-Friesian, Jersey), 

which have good growth and reproductive 

rates and high quality products when reared  

in the absence of environmental stressors  

but which are poorly adapted to tropical 

environments; 

2. Bos indicus breeds (e.g. Brahman, Nellore, 

Ongole, Sahiwal, Sindhi) are the best adapted 

to tropical environments, but this is at the 

expense of productive traits; 

3. Tropically adapted taurine breeds (e.g. 

southern African Sanga, West African 

humpless and the Criollo breeds of Latin 

America and the Caribbean) retain the 

productive attributes of B. taurus and are  

also relatively well adapted to tropical 

environments though less than that of pure  

B. indicus;  

4. Synthetic tropical breeds based on B. indicus 

and/or tropically adapted taurine breeds that 

have been inter-bred for several generations. 

They perform similarly to tropically adapted 

taurine; and 

5. Of direct relevance to Indonesia, Bos javanicus 

(Bali and Banteng) evolved independently  

of these other breed types (Copland, 1996). 

They have a different number of chromosomes 

than B. taurus and B. indicus. They can be 

crossed with B. taurus and B. indicus, though 

male offspring may be infertile (Jellinek  

et al., 1980). There are no known direct  

breed comparisons between B. javanicus and 

other breeds but their performance can be 

inferred from Copland (1996) to be similar  

to the tropically adapted taurine breeds.  

6. Farmers aiming to maximize the productivity 

of cattle grazed at pastures in tropical 

environments should use breeds that are well 

adapted to their production environment. For 

most tropical environments, optimal levels  

of productivity, adaptation and cattle welfare 

will be achieved using a combination of 

multiple breed types (Prayaga et al., 2003)  

i.e. B. indicus, tropically adapted taurine, 

British and/or Continental. In Indonesia, this 

could include Bali cattle and their crosses, 

particularly if crossbreeding amongst crosses 

proves feasible (i.e. that the crosses are fertile). 

Improving animal nutrition and health 

As shown in Figure 1 and described by Burrow 

(2019), improving animal nutrition and health is 

one of the best ways to increase farm business 

throughput (i.e. number of cattle, weight of 

carcasses or volume of milk sold) as good animal 

nutrition and health increases cattle growth,  

milk production and reproduction rates and also 
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reduces cattle deaths. The simplest option to 

achieve all of these goals is to ensure animals  

have adequate (quantity and quality) nutrition. 

Metabolizable energy requirements for cattle 

across different life stages are readily available  

for animals grazed at pasture in tropical  

and subtropical areas i.e. FutureBeef (2019)  

and Nutrition EDGE (2019). Those online 

resources are based on B. taurus and B. indicus 

breeds and crossbreeds, but information is also 

available specifically for Bali cattle (Quigley  

et al., 2014). 

In smallholder farming systems in Indonesia, 

cattle are fed with crop residues and by‐products 

such as rice straw and maize stover. Additionally, 

there is strong evidence of the value of feeding 

cattle with forage tree legumes, in both intensive 

and extensive production systems (Dahlanuddin, 

Ningsih, et al., 2014; Dahlanuddin, Yanuarianto, 

et al., 2014; Dahlanuddin, Yuliana, et al., 2014). 

It is important for smallholder farmers to 

routinely monitor animal liveweight and/or  

body condition score, as well as the condition  

of the grazing lands, to ensure stocking rates  

are appropriate for maintaining good animal 

performance. Use of vaccinations for endemic 

diseases where vaccines are available is also  

a cost‐effective way of maintaining general  

herd health. 

Improving reproductive performance 

As detailed in Burrow (2019) cattle 

performance, and particularly cow reproductive 

performance, can be improved using both 

management (improvement of the current herd) 

and genetic approaches (improving the future  

herd using sires and/or breeding females that are 

known to be genetically superior for economically 

important traits). Best practice management of  

the breeding herd is the simplest way to improve 

most economically important traits and hence,  

to improve calf weaning rates. Cattle businesses 

should aim to achieve weaning rates (number  

of calves weaned within 1 calendar year, relative 

to the number of cows joined with a bull over  

the previous joining period) of at least 70%. 

Achieving weaning rates of at least 70% provides 

farmers with the opportunity to sell non-

productive older cows and replace them with 

heifers born into the herd. If bulls/semen used for 

breeding have above average genetic breeding 

values, then their calves will contribute to overall 

genetic improvement of the future herd. There are 

a number of key management practices that can be 

cost‐effectively implemented to improve calf 

weaning rates in Indonesia. These are described  

in Burrow (2019) and include: testing and 

eliminating reproductive diseases from the herd; 

introducing new bulls where possible to avoid 

inbred calves; breeding the cows at the start of  

the wet season each year to ensure calves are born 

(and cows are lactating) towards the beginning of 

the following wet season to achieve peak nutrition 

for both cows and calves; weaning all calves  

at times that best suit seasonal conditions 

(including early weaning and supplementary 

feeding of the calves to reduce lactation stress  

on cows during dry seasons where required); 

pregnancy testing cows and where possible, 

culling non-pregnant cows to conserve pasture  

for pregnant cows; selling all cows that have 

failed to rear a calf two years in succession 

because they should be regarded as infertile; and 

maintaining good records of the weights, body 

condition scores and calving dates of all breeding 

cattle to enable effective decision making. 

Opportunities for genetic improvement 

Genetic improvement is a very important 

method already used by the cattle industries  

in developed countries to achieve productivity 

gains and directly address the challenges that  

need to be overcome to ensure global food 

security by 2050. However, traditional genetic 

improvement programs based on measuring large 

numbers of pedigreed animals in well-defined 

cohort groups for the full range of economically 

important productive and adaptive traits are 

generally impossible for smallholder farmers  

in LMICs. Over recent years though, new 

genomic (DNA-based) technologies, together 

with new information and communication 

technologies, is providing significant new 

opportunities to achieve genetic improvement of 

cattle herds in LMICs. These opportunities  

are described in more detail in Burrow (2021), 

Burrow et al. (2021) and Mrode et al. (2021). 

Similar approaches can also be used to develop 

new plant varieties that tolerate environmental 

stressors to improve crop and pasture quantity  

and quality in tropical environments, thereby 

improving animal nutrition. 

In addition, the use of genomic information  

is providing new opportunities to optimize 

management of individual animals or groups of 

cattle to best meet market specifications and  
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to create value-based marketing systems that 

reward all sectors of the value chain. 

The opportunities described in greater detail  

in Burrow (2021) include improved crossbreeding 

systems designed on accurate information about 

the breed composition of animals used in breeding 

programs, accurate characterization of indigenous 

cattle breeds and also genomic selection, which 

provides new opportunities to combine animal 

measurements (phenotypes) with genomic data 

not only within and across herds, but also across 

breeds, regions and countries as demonstrated by 

Cardoso et al. (2021). 

In Indonesia and most other LMICs,  

the opportunities to achieve genetic improvement 

by smallholder farmers has in the past been  

too difficult primarily because of the difficulty 

and cost of effective recording of phenotypes,  

the complex funding arrangements often  

needed to achieve effective phenotype recording, 

the lack of on-farm, laboratory and computing 

infrastructure and lack of human capacity. All of 

these challenges are examined in detail by Burrow 

et al. (2021), who identify new opportunities  

that could be captured by smallholder farmers  

in Indonesia through the use of national and 

international partnerships to establish animal 

resource populations, provide data analytical 

platforms, possibly overcome the lack of 

laboratory infrastructure and also strengthen  

the power of the datasets by pooling data across 

countries. The use of portable devices that do not 

require on-site internet connection (e.g. mobile 

phones, tablets) is now overcoming problems 

associated with data capture and storage. And in 

future, there is very strong potential that genomic 

data will be able to replace an animal’s phenotype, 

not only by identifying causal mutations and 

regions of the genome impacting on particular 

traits, but also through the use of new ‘-omics’ 

technologies such as functional genomics, gene 

expression, transcriptomics, proteomics and 

metabolomics that have the potential to deliver 

simpler and more cost-effective diagnostic tests. 

A potential operational framework to enable 

smallholder farmers to cost-effectively capture 

the benefits of genomic selection is provided  

by those authors, with evidence of the feasibility 

of the approach now becoming available amongst 

smallholder dairy and small ruminant farmers  

in Africa and Asia (see examples presented  

by Mueller et al. (2015); Bhuiyan et al. (2017); 

Karnauh et al. (2018); Haile et al. (2019); 

Marshall et al. (2019); Mrode et al. (2019); 

Ojango et al. (2019); Haile et al. (2020);  

Al Kalaldeh et al. (2021)).  

Reducing methane emissions from cattle  

by improving production efficiency 

As indicated by Chang et al. (2021),  

the livestock sector is the largest source of 

anthropogenic methane emissions, with many 

recommendations now being made globally  

that livestock products be significantly  

reduced or eliminated from human diets  

to overcome issues around greenhouse gas 

emissions and climate change. However, those 

recommendations ignore the very significant 

benefits of livestock, which contribute to food 

supply by converting low-value feeds that are 

inedible or unpalatable for people into milk,  

meat and eggs to directly contribute to nutrition 

security through high quality protein and 

micronutrients essential for normal human 

development and good health (Smith et al.,  

2013; UN Nutrition, 2021). Particularly in 

LMICs, livestock have a unique potential  

to enhance food and nutrition security and provide  

income to pay for education, health and other  

important household needs (Capper et al., 2009;  

UN Nutrition, 2021). As indicated by Smith  

et al. (2013), “the challenge is how to manage 

complex trade-offs to enable livestock’s positive 

impacts to be realized while minimizing  

and mitigating negative ones”. This section 

explores opportunities to minimize and mitigate 

the impacts of greenhouse gas emissions and 

particularly methane emissions by cattle. 

As a consequence of their ruminant digestive 

systems, cattle convert poor quality pastures  

and feeds with few other uses into high quality 

protein for human consumption. However, 

methane and nitrous oxide are end-products of 

ruminant digestive systems and their emissions 

speed up climate change. Methane is of particular 

concern because it has a longer half-life than  

other greenhouse gases and thus takes longer  

to dissipate. Methane emissions from cattle  

also represent a 10% to 15% loss of production 

efficiency, so reducing methane emissions  

is warranted for both environmental and 

productivity reasons. 

The most practical existing abatement 

strategy, particularly for LMICs, is to maximize 

the productivity of cattle herds by improving 

calving and growth rates, milk production, animal 
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health and feed efficiency using management  

and genetic options to reduce methane emissions 

per unit of livestock product. A study of the US 

dairy industry showed that by 2007, US dairy 

farmers required 21% fewer cows, 23% less  

feed, 65% less water and 90% less land to produce 

1 billion kg of milk with large reductions  

in manure (76%), methane (57%) and nitrous 

oxide (44%) wastes cf. 1944 through improved 

productivity of US dairy herds (Capper et al., 

2009).  

Evidence that improving productivity of  

cattle herds in LMICs will also significantly 

reduce greenhouse gas emissions in tropical 

environments in LMICs is shown in Figure 2 

(Gerber et al., 2013; Herrero et al., 2013)  

and Figure 3 (Howden and Reyenga, 1999)  

for dairy and beef cattle respectively. In addition  

to reducing greenhouse gas emissions through 

improved production efficiency in cattle herds, 

other technologies such as supplementary feeds 

that reduce methane outputs and genetic 

improvement of methane emissions are now  

being implemented. These will offer new 

opportunities to LMICs in future, but for now,  

it is clear the best way to reduce methane 

emissions in cattle in LMICs is to focus on 

improved productivity of those herds. 
  

 

Figure 2.  Relationship between methane emissions and milk yield in dairy cattle and highlighting  

the significant potential for reducing methane emissions by improving productivity in 

Ethiopian dairy herds (Gerber et al., 2013; Herrero et al., 2013) 

 

 
 

 
Figure 3. Change in efficiency of liveweight gain (LWG) in beef cattle in terms of methane emissions 

with increasing rate of LWG for Bos indicus eating a tropical forage diet (square) and B. 

taurus and B. indicus on a high grain diet (triangle) (Howden and Reyenga, 1999) 
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Average annual liveweight gains for beef 

cattle in smallholder herds in LMICS are 

generally around 0.2 to 0.3 kg head per day, 

indicating significant potential to reduce methane 

emissions by improving liveweight gain. Greater 

reductions in methane emissions would accrue  

in these herds if all traits contributing to herd 

productivity were included in the modelling  

as suggested by Capper et al. (2009) in the US. 

CONCLUSIONS 

Encouraging smallholder farmers to improve 

productivity of their herds will deliver cattle that 

are more resilient to increased environmental 

stressors, produce higher volumes and better-

quality beef and milk and with reduced 

greenhouse gas emissions per kilogram of 

product. The cattle grazing land will also  

be improved as an indirect consequence of 

improved productivity. Additionally, the farmers’ 

profitability will improve, thereby benefiting  

the communities and value chains where they 

operate. Ultimately, the changes will deliver 

significant social, environmental, economic  

and livelihood benefits, enhance job creation, 

skills and economic opportunities, enhance and 

protect the integrity and resilience of biodiversity 

and ecosystems, and enhance social inclusion, 

equity and resilience of social systems and 

governance. 
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