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Abstract

The smallholder livestock sector is a key player to improve developing countries’ food security under progressive
climate changes. Thus, there is an urgent need to develop practical feeding livestock systems that can make smallholder
livestock production farming systems more sustainable, productive, efficient, and environmentally friendly. The current
review provides insights into the major strategies for maximizing smallholder livestock production using readily available
options for mitigating greenhouse gas emissions employing feeding system improvements and production systems. The
review also focuses on dietary management which is directly associated with the modulation of the ruminal fermentation
pattern and types of the end animal products. These include enhancing the forage quality, changing the proportion of the
diet, and adding dietary natural low-cost feed additives. The improved dietary management should be based on a
combination of factors, including production type (milk or meat), herd management, genetics and breeding, animal
health, and manure management. Recently, there are growing demands from policy and decision-makers to assess the
adaptive and mitigation options of smart agriculture systems all over the world. However, the most important barriers for
the small livestock holders sectors in the developing countries are the lack of awareness, insufficient capital and limited
access to improved technologies. Establishing farmer agriculture schools in combination with specific policy interventions
can be an innovative training extension program to deliver the needed information to these farmers, consequently
enhancing the productive performance of their farming systems and enabling small farms to meaningfully operate and
benefit from the small ruminant sectors.

Key words: Farmer awareness, Feed management, Greenhouse gasses, Herd health, Manure
management

Highlights

® Small-scale ruminant production sectors are a main player to mitigate greenhouse gas (GHG)
emissions.

® This review provides insights how dietary management directly linked to changes in the ruminal
fermentation may reduce GHG emissions.

® The combination of dietary management along with herd management, genetics and breeding,
animal health, and manure management should be considered.

o Enhancing the awareness of the livestock smallholders related to GHG mitigation strategies is
required.

INTRODUCTION

Generally, the human population in
developing countries is expected to be doubled
by 2050 (FAO, 2013). Moreover, animal
product demands are expected to increase due
to population growth and animal product

consumption, which may lead to the higher
emission of greenhouse gases (GHG),
impacting climate change and causing a threat
to global food security (FAO, 2013). Therefore,
all nations are required to mitigate GHG (IPPC,
2013); however, these aspects have created
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major challenges, particularly for smallholder
livestock productions (the main contributors to
the meat and milk supply) in the lower
economic countries. This sector would face
greater competition for capital, water, land, and
energy to overcome the expected increased
demand for animal-source foods (FAO, 2018).
The concern about the emissions of methane
from ruminants has increased in recent years
due to the climatic change effects, and these
gasses also represent a loss of feed energy which
can be directed toward meat or milk production
(Soltan and Patra, 2021). Methane (CH)) is
emitted from a variety of natural and
anthropogenic sources. Anthropogenic
emissions include oil and natural gas systems,
landfills, wastewater treatment, agricultural and
livestock activities, coal mining, stationary and
mobile combustion, and certain industrial
processes (Hoglund-Isaksson, 2012). It is
estimated that the livestock sector accounts for
14.5% of total GHG emissions of anthropogenic
origins (Gerber et al., 2013). Carbon dioxide
(CO,) and methane (CH,) are the primary
contributors to GHG (the United States
Environmental Protection Agency, 2021).
Methane is normally generated by ruminal
methanogens using the fermentation end
products (e.g., H,, CO,, and formic acid
produced) (Patra et al., 2017), and represents 3
to 12% of the digestible feed energy loss (Patra
and Lalhriatpuii, 2016). Around 110 countries
have signed the Global Methane Pledge to
reduce CH, emissions collectively by 30% from
2020 levels by 2030 (Beauchemin et al., 2022).
Considering most of the ruminants are in the
hands of small-scale livestock farmers,
especially in the low economic countries of the
world, this sector is a key player to mitigate
GHG emissions and improve global food
security (Rojas-Downing et al., 2017). Yet these
farmers are ignorant to take climate change or
the emission of GHG into account in their
management systems. Therefore, any strategy
to mitigate GHG production from ruminants
would only be of practical interest if
achievements of the animal efficiency of

production could be obtained. Smallholder
livestock is the most affected sector impacted
by the recent global trends (e.g., Covid 19
pandemic and the Ukraine-Russia crisis), which
consequently threatens global food security.
Only practical and low-cost-effective
applications for mitigating the emission of GHG
from ruminants could make the smallholding
sectors a sustainable productive and profitable
activity.

Targeting climate and nutrition-oriented
research concurrently could provide
multidimensional benefits for society and our
food chain systems while saving the planet. The
current review gives insights into the main
strategies for reducing GHG emissions by
smallholder livestock production farmers
through adopting different feeding systems.

Impacts of climate change on the smallholder
livestock sectors

Climate changes negatively affect the
smallholder livestock production systems,
which play a vital role in the livelihoods of rural
communities (Ates et al., 2018). Climate
changes could also affect the quality of forages
through modifications in lignification and the
presence of plant secondary metabolites (e.g.,
phenols, alkaloids, and saponins), which could
also impact both feed and food safety (Soltan
et al., 2018). Moreover, climate change may
result in other indirect adverse impacts, for
example, greater emergence of livestock
diseases, as higher temperatures and altered
rainfall patterns can increase the distribution,
prevalence, and transmission rate of animal
pathogens (Baylis and Githeko, 2006).

For grazing systems, predicted increases in
temperature and evaporation rates may increase
the rainfall intensity, reduce pasture growth in
summer, less grazing time, high water
demands, and animal heat stress in summer
(Kaufmann er al., 2021). However, there are
potential benefits from climate change to pasture
management including more pasture growth in
spring and winter, reduced cold stress on
animals in winter, and many changes in plant
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species and pasture composition can be accrued
(Kaufmann et al., 2021). The cut-and-carry
system which depends on keeping the animals
in enclosed pens can also be affected by climate
change for smallholder farmers. As farmers
follow this system due to limited pastures and
restrictions of traditional grain crop production
(Soltan et al., 2012), climate changes may
increase the cost of animal housing and the final
animal products (Ates et al., 2018).

Contribution of the small livestock sectors
to the GHG emissions

The concern about the emissions of GHG
from ruminants has increased in recent years
and also this gas represents a loss of feed energy
(Patra and Lalhriatpuii, 2016). Globally, GHG
emissions from livestock increased over 50%
during 1960 to 2010, mostly from developing
countries (Caro et al., 2014; Patra, 2014).
Moreover, the recent global events including
Covid 19 pandemic and the Ukraine-Russia
crisis challenged the availability of imported
feed resources and grains, drove prices to
higher levels, and consequently threatened
global food security. It seems that using the
concentrate feeds would be difficult in regions
where grain crops cannot be grown or are too
expensive in countries such as North Africa
(Beauchemin et al., 2022). In this sense,
smallholders are the sector most affected by
these global trends, as they should be dependent
on the local nitrogen-limited native grass
pastures and agricultural wastes, which are
characterized by high fiber contents, low
energy, and digestibility, and consequently low
feed efficiency. This substandard productivity
may result in a very high cost in terms of GHG
emissions per unit of milk or meat from small
farms (FAO, 2018). Therefore, sustainable
animal production under climate change cannot
be achieved without practical significant
strategies. The situation seems to be
complicated; however, the following points are
discussed in this review for some possible plans
that may be adopted in the ruminant farming
system.

Dietary management

Dietary strategies are commonly practiced
approaches that can ensure increased animal
productivity and reduce the GHG emission
from ruminants. It can be divided into the
following categories: enhancing the quality of
forages, changing the proportion of the diet,
and adding dietary local low-cost feed additives
that directly alter the metabolic pathways
towards less CH, production.

Forage quality: Pastures and forage crops are
the main components of ruminant diets, utilizing
about 70% of the agricultural areas globally
(Beauchemin et al., 2022), and thus they are
the most available feed resources for
smallholders compared to cereal grain crops
(FAO, 2022). Improving forage quality, either
through feeding forage with lower fiber and
higher soluble carbohydrates can enhance feed
efficiency and reduce CH, production
(Adbdalla et al., 2012). For example, CH,
production with high soluble sorghum forage
silage was lower compared with maize silage
and low soluble carbohydrate sorghum forage
silage (Zhang et al., 2016). Reducing CH,
produced by ruminants fed on forage-based
diets will reduce the carbon footprint of
livestock and improve the efficiency of animal
production in developing and developed
countries (Eugéne et al., 2021). Rodriguez
et al. (2010) found that better synchronization
of nitrogen and energy available for microbial
utilization lowered CH, production. Improving
forage quality also tends to improve voluntary
feed intake and reduce the feed particle
retention time in the rumen, allowing
energetically more efficient post-ruminal
digestion and lowering the proportion of dietary
energy converted to CH, (Eckard et al., 2010).
Jayanegara et al. (2009) studied the
relationships between chemical composition for
17 different feeds and CH, production and
reported that, amongst the chemical
constituents, neutral detergent fiber (NDF) had
a high correlation with CH, concentration. The
constituents of NDF also affect the CH,
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emission, because CH, produced per unit of
cellulose digested is three times that of
hemicellulose, and cellulose and hemicellulose
are fermented at slower rates than non-structural
carbohydrates, thus yielding more CH, per unit
of substrate digested (McAllister et al.,1996).
The forage quality can be enhanced in the
following ways:
® Incorporating legume forages can reduce
CH, yield more than grasses. The presence
of specific plant secondary metabolites
including condensed tannins (at low levels),
high nitrogen, low fiber content, and a fast
passage rate are the reasons behind the
legumes effect (Soltan et al., 2012; Eugene
et al., 2021). Moreover, the use of tannin-
rich legumes shifts the nitrogen partition
from urinary towards fecal N (Wang et al.,
2022), consequently, might reduce nitrous
oxide (N,O) emission (another potent GHG)
emissions (Eugeéne et al., 2021), and
improve the manure quality to be used as
soil fertilizers in the developing countries.
e Forage processing and preservation also
influence CH, production, for instance,
chopping or pelleting forages can lower the
CH, emission relative to dry matter intake,
as smaller particles require lesser degradation
time in the rumen (Boadi et al., 2004).
® Alternative forages that are adapted to harsh
climatic conditions and can be grown on
lands unsuitable for food grain production
have immense potential for reducing GHG
emissions as well as the feed deficits for
livestock, and thus improving animal
productivity contributing to food security,
and diversifying the income of resource-
poor farmers. For instance, salt-tolerant
plants and shrub legumes (e.g., leucaena)
are among these adapted forages that
efficiently reduce CH, emissions without
adverse effects on animal productivity
(Soltan et al., 2019).

Feed balancing: This has a positive effect of
lowering emissions of GHG as a result of an
effective supply of required nutrients to the

ruminal microbes. This subsequently ensures

that microbial anabolic processes minimize

nutrient loss in the form of CH, and N,O. In

addition, balanced feeds will also improve

health conditions as a result of corrections of

nutrient deficiencies. The following are some

factors that can affect ruminal methanogenesis:

® Carbohydrate composition: all carbohydrate
fractions are responsible for CH, emission,
of which the least contribution comes from
starch. This occurs due to the maintenance
of a propionate-dominating short-chain fatty
acids profile. Propionate enhancement is the
most efficient alternative H, sink way that
can decrease the interspecies H, transfer
between methanogens and protozoa and
also increase energetic efficiency (Patra,
2016).

® Mixed carbohydrate sources: combining
starch source grains that differ in their rate
of ruminal degradation would provide a
favorable grade of rumen available energy
used by diverse rumen microbial
communities to maximize microbial growth
(Soltan et al., 2021a). Replacing maize
grains with low-cost, low ruminal degradable
carbohydrate sources was found to enhance
the animal growth rate and productivity, e.g.,
replacing maize grains with up to 667 g
sugar beet pulp/kg diet resulted in
enhancements in ruminal fermentation,
nutrients digestibility, and growth rate of
growing buffalo calves (Abo Zeid et al.,
2017)

e Ruminal microbial synthesis: the microbial
protein accounts for 50 to 90% of the protein
entering the duodenum (Eckard et al., 2010).
Thus, any enhancement of the absorbance
of the microbial protein in the post-ruminal
tract has to be directed into growth or milk
production. The stable energy supply, for
example, using slowly fermentable starch
(e.g., corn) instead of rapidly fermentable
starch (e.g., barley or wheat) to the ruminal
microbes may play an important role in
reducing CH, emission from ruminants
through greater efficiency of energy
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utilization and enhancing microbial protein
synthesis. This can be obtained by
decreasing the ruminal degradation rate of
starch and enhancing its utilization in the
post-ruminal tract by the host animal
(Haque, 2018).

o Corn silage: generally, silage can contribute
to reducing the ruminal emission of GHG
compared to their fresh forms, because silage
is already a fermented organic matter, and it
may enhance the intake and passage rate to
reduce the ruminal retention time, thus
lowering ruminal fermentation and promoting
post-ruminal digestion (Patra et al., 2017).
Lactic acid bacteria-based inoculants in silage
may survive in the ruminal environment and
positively enhance propionate production
rather than acetate by buffering ruminal pH,
consequently reducing the total CH, emission
(Beauchemin et al., 2022). Moreover, silage
can be considered a stable forage source for
ruminants, which can decrease the summer/
autumn green forage gap typical of
Mediterranean climates while making the
small-scale livestock sectors a more
productive and profitable activity (FAO,
2013).

Feed supplements: Optimizing animal
productivity with feed supplements can be a
very successful strategy for mitigating GHG
emissions from the ruminant sectors. Free
chemical and antibiotics modest price feed
supplements are likely to be the most suitable
way to enhance the animal productivity of the
small livestock sectors. Supplements that
enhance the feed digestion efficiency while
reducing the GHG emitted by the unit of animal
production are the best options to fit the
objective of the climate-smart livestock feeding
systems. These include exogenous enzymes,
direct-feed microbial products (including live
yeasts), probiotics, plant secondary metabolites,
non-protein nitrogen sources, modified clays,
and biochar (Patra, 2012; FAO, 2013; Soltan
et al., 2021b; Beauchemin et al., 2022). The
optimum dose, frequency, and mode of
administration of these feed additives are not

constant in the literature. Therefore, more
applied research is required to establish their
effects on high-forage diets.

Herd health management

For rural livestock smallholders, the loss of
livestock assets means a redirection into chronic
poverty and has long-term effects on their
livelihoods. Maintaining healthy animals is
always their major concern (FAO, 2013, 2018).
High productive benefits may only be realized
from healthy animals (FAO, 2013). In this issue,
only healthy animals can produce higher milk
and growth performance. Thus, expressing the
emission of GHG per unit of animal product
seems to be lower for healthy animals (FAO,
2022). Additionally, healthy animals have better
adaptation mechanisms to the impacts of climate
change, as high temperatures may result in
increased pests including vector-borne diseases
causing high economic losses (FAO, 2013).
Animal health can affect animal fertility and
mortality, which affects herd size to maintain
production, thus affecting whole-farm GHG
emissions. Moreover, variations in animal
health due to diseases or parasite infections can
be translated into metabolic changes such as
reduced feed intake, lower nutrient digestibility,
and increased requirements for maintenance
energy that in turn increase the emission of
GHG.

Animal health is affected by many factors
of the production system, e.g., nutritional
management, environmental stress, and
preventive health measures. For optimal
fertility, animals need additional care and
optimal nutrition during the period before and
after parturition (Morsy et al., 2021). Animals
are required to be vaccinated and received
appropriate boosters for endemic diseases that
may cause early embryonic mortality and
abortion. There should be better training for
pregnancy confirmation by transrectal
palpation and encouragement of animal holders
to conduct pregnancy test in cattle earlier days
after insemination as a strategy to lower calving
intervals and overall GHG emissions in the
production system (FAO, 2013).
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Breeding more productive animals

The replacement of low-producing animal
breeds would decrease the total GHG emission
budget from the herd while enhancing the
farmer’s outcome (FAO, 2018). Crossbreeding
programs that are adaptable to climate change
effects can be considered upgrading programs.
Applications of the crossbreeding programs of
local cattle can be an optimal option for the
animal to enhance the sustainability of animal
production in small farms. For example, local
buffalo in north Africa will maintain productivity
higher than Friesian cows due to their adaptation
capacity even in the changing climate conditions.
The type of animal production (beef or milk)
needs to be taken into account during the
application of these programs that also affect
GHG emissions (FAO, 2013). In India, it has
been found that carbon footprint (GHG emission
in carbon dioxide equivalent per unit of product)
of fresh milk production was lesser for crossbred
cows (1.21 kg), followed by buffaloes (1.85 kg)
and goats (2.54 kg), and was highest for
indigenous cattle (2.96 kg) in India (Patra,
2017). This study suggested that the carbon
footprint of livestock products in India could be
reduced substantially through changes in
livestock population patterns, adoption of
crossbreeding programs or improved breeding
technologies and status of intensification for
different livestock species (Patra, 2017).

Manure management

Manure storage and processing are the
sources of about 10% of GHG emissions (FAO,
2013). Manure contains chemical components
that can lead to GHG emissions, e.g., organic
matter that can be converted into ammonia, CH,,
and N,O emissions.

Minimizing direct exposure to animal faces
and urine before proper disposal is very critical
(FAO, 2018). The level of GHG emissions from
animal manure depends on the air temperature,
method, and duration of storage. Many
considerations can reduce the emission of these
gasses from animal manure, for example,
enhancing nutrient digestibility and feed

efficiency, including the rapid collection and
storage of animal wastes, reducing the duration
of storage in the farm, especially at high
temperatures, using covered storage facilities,
composting of the manure, rapid incorporation
of manure into the soil if it will be used as a soil
fertilizer (FAO, 2013, 2018; Haque, 2018).

Conclusion and perspectives

The strategies for improving smallholder
livestock production employing dietary
management directly linked to changes in the
ruminal fermentation such as enhancing the
forage quality, changing the proportion of the
diet, and adding dietary natural low-cost feed
additives could not reduce GHG emissions, but
also improve animal production. The improved
dietary management should be based on a
combination of factors including herd
management, genetics and breeding, animal
health, and manure management. However, the
most important barriers to adopting GHG
mitigation feeding systems and production
systems are the lack of awareness, insufficient
capital, and limited access to technology for
small livestock holders. Overcoming these
barriers requires enhancing the awareness of the
livestock smallholders related to these strategies.
Establishing farmer agriculture schools in
combination with specific policy interventions,
including financing mechanisms can be an
innovative training extension program to deliver
the needed information to these farmers. This
activity will contribute to enhancing the
awareness of the regional governments as well
as the animal product market sectors to preserve
natural resource management by producing
animal products while protecting the
environment and guaranteeing the elaboration
of safe and healthy products.
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