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Abstract

Livestock production is a significant contributor to global greenhouse gas (GHG) emissions, particularly methane (CH4) and
nitrous oxide (N,0O), which are primarily generated through enteric fermentation and manure management. Methane alone is over
23 times more potent than carbon dioxide (CO>) in terms of global warming potential, making its reduction a critical target for
climate change mitigation. This review explores the role of improved forage management as a sustainable strategy to reduce
GHG emissions from ruminant livestock. Enhanced forage quality through the use of high-protein species, digestible silage, and
legumes rich in plant secondary compounds such as tannins, saponins, essential oils, and flavonoids has demonstrated potential
in mitigating CHy production by altering rumen fermentation and reducing methanogenic activity. Additionally, incorporating
alternative forage crops like Medicago sativa (lucerne), Plantago lanceolata (plantain), and Brachiaria spp. can improve nitrogen
use efficiency and reduce N,O emissions from excreta. Improved forage systems also contribute significantly to soil carbon
sequestration, enhancing soil fertility and water retention while offsetting atmospheric CO,. By integrating these climate-smart
forage practices, livestock systems can increase productivity and resilience while lowering their environmental footprint. The
findings of this review highlight the critical importance of forage-based strategies in supporting global efforts to achieve methane
reduction targets and promote sustainable livestock development.
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1. Introduction

Greenhouse gases are gases that trap heat in the atmosphere,
including carbon dioxide, methane, water vapor, and nitrous
oxide, as well as synthetic gases like chlorofluorocarbons,
hydrofluorocarbons, perfluorocarbons, and sulfur hexafluo-
ride (SFs) [38]. Among these, the primary GHGs are CO.,
CHa4, and N>O [39]. Globally, livestock production systems
including feed production, enteric fermentation, and animal
waste management are major sources of GHGs, contributing
37% of all human-induced methane emissions [40]. Specifi-

cally, livestock contribute approximately 5-9% of CO,, 35—
44% of CHa, and 53—65% of N2O emissions [17, 27, 50].
Feed quality is a key factor influencing GHG emissions
from livestock, particularly affecting enteric methane (CH4)
production [46]. Enteric fermentation accounts for more than
90% of CH4 emissions from livestock [10] and contributes
approximately 40% of total agricultural GHG emissions [57],
making it the largest single source of agricultural GHGs [50].
In addition to its role in global warming, CH4 emissions rep-
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resent an energy loss of 8—12% in ruminant animals [44].

The livestock sector is expanding more rapidly than any
other agricultural sector, driven by population growth (from
7.2 billion in 2010 to a projected 9.6 billion by 2050), rising
incomes, and urbanization. As a result, global demand for
meat and milk is expected to increase by 73% and 58%, re-
spectively, by 2050 compared to 2010 levels [17]. While
eliminating emissions from livestock is not feasible, reducing
methane (CHs) emissions from ruminants is considered a
critical mitigation strategy [33]. To support global methane
reduction efforts across all sectors, the livestock industry must
be effectively integrated into national climate action plans.

Researchers have proposed several strategies to mitigate
GHG emissions from livestock. These include adopting im-
proved management practices and technologies such as en-
hancing diet quality, ensuring animal health, implementing
genetic improvement programs [10, 14], and increasing car-
bon stocks in soil and biomass, which could reduce global
GHG emissions by 5.5-5.9Gt CO»-equivalent per year. Nu-
merous dietary CHs mitigation strategies have also been
identified and extensively reviewed [24], such as feeding
forages that contain plant secondary metabolites. Among
these mitigation strategies, cultivating improved multipurpose
forage species particularly forage legumes and selected
grasses stands out as one of the most effective approaches.
This practice enhances environmental quality, maintains soil
fertility, increases carbon sequestration in both plants and
soils, reduces N>O emissions, improves animal productivity,
and lowers GHG emissions per unit of animal product.
Therefore, this review aims to review how improved forages
contribute to the reduction of greenhouse gas emissions from
ruminant animals.

2. Literature Review

2.1. Overview Greenhouse Gases

Nowadays, the emission of GHGs is a major global concern,
with human activities across all sectors contributing. Among
these, agriculture contributes emission from livestock and
crop production. Therefore different intervention of GHG
emissions across various sectors is crucial to protect atmos-
pheric air quality and global warming. Without these efforts,
the survival of all living beings on Earth will be at risk.

Agriculture, forestry, and other land use activities ac-
counted for about 13% of CO,, 44% of CH4 and 81% of N,O
emissions from human activities globally between 2007 and
2016, which accounted for 23% of total net anthropogenic
GHG emissions [26]. According to [17], in agricultural the
two sectors that create the greatest greenhouse gases are crop
production and enteric fermentation from livestock, which
account for 45 and 39% of total sector emissions, respectively
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and manure storage and processing, and the transportation of
animal products contribute 10 and 6%.

The livestock sector globally is responsible for about 14.5% of
the world's greenhouse gas emissions [31]. Large differences
in emission intensities and/or quantities are observed between
species, regions and production systems. When considering
total supply chain emissions, cattle (beef and dairy) produc-
tion generates 4.6 Gt, the largest share of global livestock
emissions by some margin. This figure drops to a still signif-
icant 3.3 Gt when only the direct CHs and N,O emissions
from enteric fermentation and manure are considered [12].
Other livestock species have much lower and similar levels of
emissions, even when considering the full lifecycle of emis-
sions: pigs (0.7Gt CO»-eq), poultry (0.7Gt CO»-eq), buffalo
(0.6 Gt CO»-eq) and small ruminants (0.5Gt CO»-eq) [11, 12].
Decreasing this emission is accomplished by the use of a
number of mitigation techniques vital important. Nutritional
strategies to mitigate enteric CH4 have been studied and de-
veloped so far [24] and other GHGs mitigation option [10].

2.2. Methane and Methanogenesis

Comparing CHys, to CO,, its potential for global warming is
23 times greater [48]. Naturally occurring in the atmosphere is
CH,4 which has a specific gravity of 0.554 and is lighter than
air. The melting and boiling points of methane gas are -187°C
and -161°C, respectively, and its density is 0.717m>/kg.
Dissolves in organic solvents, but it is insoluble in water.
Methane is produced during rotting and fermentation pro-
cesses under anaerobic conditions. Preferred habitats for
methanogenic bacteria and thus natural methane sources are
the stomachs of ruminants. The primary mechanism that
produces naturally occurring CHy4 is methanogenesis in this
reaction, CO; + 4H, — CHs + 2H,0 [22]. Photochemical
oxidation processes in the atmosphere produce carbon mon-
oxide (CO) and ozone (O3) from methane. Due to its relatively
short atmospheric residence time (less than 20 years), me-
thane is one of the short lived climate pollutants.

Enteric Methanogenesis in Ruminants.

Methanogenesis is a process of CH4 production in the ru-
men where H; reduced the CO» with the help of methanogenic
archaea. This is a dynamic process, in which methanogens
strongly influence the metabolism of fermentative and
acetogenic bacteria via interspecies hydrogen transfer [49].
Enteric CH4 emission is produced as a result of microbial
fermentation of feed components. CHy is a colorless, odorless,
inflammable, and tasteless gas, which is produced predomi-
nantly in the rumen (87%) and to a small extent (13%) in the
large intestines [56]. See Figure 1. Thus, any mitigation
strategy aimed at reducing methanogen populations must
include an alternative pathway for H, removal from the rumen
as well.
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Figure 1. Emission of methane from ruminants.

2.3. Type of Feed to Reduce Methane Emission
from Large Ruminants

2.3.1. Role of Concentrate in Reducing Methane
Emission

The type of feed allowed to a ruminant can have a major
effect on methane production. Forage to concentrate ratio of
the ration has an impact on the rumen fermentation and hence
the acetate to propionate ratio [8]. It would therefore be ex-
pected that methane production would be less when high
concentrate diets are fed. For example, a six-fold decrease in
CH4 emission was observed when grazing cattle were
switched to a high-quality feedlot diet in Canada observed
that a reduction in forage in vitro organic matter digestibility
(i.e., decline in forage quality) also resulted in an increase in
CH4 emissions when animals were fed ad libitum [7]. The
same is true, according to [61], a high grain diet and/or the
addition of soluble carbohydrates gave as shift in fermentation
pattern in the rumen which give rise to a more hostile envi-
ronment for the methanogenic bacteria in which passage rates
are increased, ruminal PH is lowered and certain populations
of protozoa, ruminal ciliates and methanogenic bacteria may
be eliminated or inhibited. Dietary manipulation can reduce
CH4 emission up to 40% depend on the degree of change and
the nature of the intervention [5]. Another study also indicated
that CHs emissions can possibly be reduced up to 75%
through better nutrition [36].

2.3.2. Role of Improved Forage in Reducing
Methane Emission

Improved forages play a significant role in climate change
mitigation, primarily by enhancing feed digestibility and
thereby reducing methane (CH4) emissions from livestock
[25]. Ruminants consuming grass forages typically emit more
CHy4 per unit of dry matter intake (DMI) than those grazing on
legumes. This difference is largely attributed to the higher
digestibility and altered ruminal fermentation patterns of
legume forages, which lead to faster passage rates through the
rumen and less time for methane production. However, some
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studies [59] have found no significant differences in methane
emissions between grasses and legumes, suggesting that the
effect may depend on forage type, quality, and animal diet.
Forage legumes such as lucerne (Medicago sativa L.), red
clover, and white clover (T7ifolium repens L.) are rich in
degradable proteins and organic matter. While these charac-
teristics support better animal nutrition, they can also increase
the risk of bloat, which may discourage farmers from using
them as the sole feed source [44]. To overcome this challenge,
mixing legumes with grasses is recommended as an effective
feeding strategy to balance nutritional benefits while mini-
mizing bloat risks. Overall, feeding improved forage species
provides multiple advantages: it enhances animal productivity,
improves nutrient utilization, and reduces greenhouse gas
emissions (including CHs4, N>O, and ammonia). This makes
improved forages an important and sustainable strategy for
mitigating the environmental impacts of livestock production.

2.3.3. Preparation of Silage

Another interesting strategy from an environmental per-
spective is the use of legume silage (e.g., red clover) [23] or
mixtures of grasses and legumes such as white or red clover,
birdsfoot trefoil, and sainfoin [43]. These feeding strategies
are particularly effective for dairy cattle, and to a lesser extent
for beef cattle, while no significant effects have been observed
in sheep [60]. Although the magnitude of the response can
vary, methane (CHs) emissions are generally reduced when
grass silage is included in the diet. The inclusion of legume
silage contributes to lower methane production due to its
lower fiber content, which increases the passage rate of di-
gesta through the rumen, thereby reducing the time available
for methanogenesis.

In addition, improving the quality of silage enhances feed
digestibility and nutrient utilization, leading to better produc-
tion efficiency and consequently lower methane emissions per
unit of product [30]. Silage also allows for the preservation of
forages during periods of surplus, ensuring a consistent sup-
ply of high-quality feed throughout the year. This stability
supports more balanced diets, minimizes feed shortages that
can lead to inefficient rumen fermentation, and ultimately
contributes to mitigating greenhouse gas emissions from
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ruminant livestock systems.

2.4. Plant Secondary Compounds on Enteric
Methane Mitigation

The wide range of chemical compounds produced by plants
in addition to major metabolic products that are not engaged
in the main biochemical processes of growth and reproduction
are known as plant secondary metabolites. Forages rich in
secondary plant compounds, such as tannins, have been
studied both for their nutritional effects on animal productiv-
ity and for their anti- methanogenic properties, as thoroughly
described by [28]. A significant amount of the diversity in
CH,4 generation in legumes can be linked to the availability of
secondary metabolites in certain legume species, which can
impede CHjy creation, according to in vitro studies [29].
Choosing fodder plants that contain secondary chemicals help
to reduce methane emissions from ruminant animals.

Although they are some anti nutritional effect, metabolites
have drawn more attention in the field of animal nutrition
because of their positive effects on rumen fermentation, par-
asite management, and the reduction of methane emission.
There are several phytochemicals from a variety of plant
sources that have the potential to reduce methane emissions,
including saponins, tannins, essential oils, and numerous
additional unidentified metabolites [42]. Their impact on the
microbial population in the rumen is often indirect rather than
direct. Feeding forage contain plant secondary metabolites
like leucaena (Leucaena leucocephala), Sainfoin (On-
obrychis viciifolia), Birdsfoot trefoil (Lotus corniculatus),
Sericea lespedeza (Lespedeza cuneata) or incorporating for-
ages rich in secondary plant compounds into ruminant diets
plays a vital role in mitigating greenhouse gas emissions.

2.4.1. Tannins

Tannins are naturally occurring plant compounds that exist
in two main forms: hydrolysable tannins and condensed tan-
nins (CT). These two types differ in their molecular structures,
which influence how they interact with rumen microbes and
affect methane (CHy4) production. Several mechanisms have
been proposed to explain how tannins reduce enteric methane
emissions. One mechanism involves the direct inhibition of
rumen methanogenic archaea. Condensed tannins can bind to
protein components of the methanogens’ cell envelope, dis-
rupting the formation of methanogen—protozoa complexes,
reducing interspecies hydrogen transfer, and inhibiting
methanogen growth [55].

Another mechanism 1is indirect inhibition, which occurs
when tannins form complexes with nutrients such as carbo-
hydrates and proteins. This binding reduces the availability of
these nutrients to rumen microorganisms, thereby limiting
fermentation substrates and methane formation. When these
tannin—protein complexes reach the abomasum (pH = 7), the
protein is released and digested, meaning less fermentation
occurs in the rumen but nutrient digestion continues
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post-ruminally [36]. This can, however, also lower overall
feed digestibility and alter the rumen microbial population.

Tannins can also act as hydrogen sinks, diverting hydrogen
away from methanogenesis, thus reducing the conversion of
carbon dioxide to methane. Empirical studies support these
mechanisms. For example, condensed tannins present in
Leucaena leucocephala have been shown to lower methane
emissions in dairy cows [34]. Similarly, tropical pastures
containing Desmanthus spp., which are rich in condensed
tannins, have been found to reduce CH4 emissions in grazing
cattle systems [53]. However, not all tannin sources are
equally effective. For instance, supplementing diets with up to
2% DM quebracho tannin extract did not significantly reduce
methane emissions in growing cattle [4]. Overall, tan-
nins—especially condensed tannins—show considerable
potential in mitigating enteric methane emissions. Neverthe-
less, the effectiveness varies depending on the plant source,
the type and concentration of tannins, and dietary context.
Further research is needed to identify the optimal levels and
sources of tannins that can reduce CH4 emissions without
negatively impacting feed intake and digestibility.

2.4.2. Saponins

Saponins are high molecular weight glycosides composed
of sugars and sometimes exhibit steroid-like properties. In
water, they produce stable, soap-like foam. They are com-
monly found in leaves, tubers, bark, roots, seeds, and fruits
[18]. Overall, saponins from different plant sources have
shown inconsistent effects as methane inhibitors. In one study
using fenugreek and sesbania extracts (in water, 50% meth-
anol, and 95% methanol), no significant in vitro methane
reduction was observed, even though protozoa counts de-
creased by about 50% in both concentrate- and rough-
age-based diets [18]. However, when these extracts were
added to hay, concentrate, or mixed substrates, methane
production was reduced by 5.1% to 11.9%. Another study
found that soap nut (Sapindus mukorossi) extracts prepared
with water, ethanol, and methanol reduced methane produc-
tion in vitro, with the highest reduction (96%) observed with
the ethanol extract [1]. Similarly, Sapindus saponaria sapo-
nins reduced methane by up to 20% without affecting meth-
anogen numbers [20].

These results indicate that the effects of saponins vary widely,
even when using the same plant species or similar animals.
Saponins are thought to act mainly through their anti-protozoal
activity, as methanogenic archaea are often symbiotically as-
sociated with rumen protozoa [43]. By reducing protozoa,
saponins can suppress methane production and also offer nu-
tritional benefits. They may enhance microbial protein syn-
thesis, increase fiber-degrading bacteria and fungi, and im-
prove feed utilization, especially in low-quality diets.

2.4.3. Essential Oils

Aromatic and mostly volatile, essential oils are found in
medicinal, herbal, and inedible plants. Special cells in various
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plant parts, such as roots, seeds, fruit, leaves, flowers, bark,
petals, and stems, create them [58]. By preventing
gram-positive bacteria from growing, essential oils have the
same effect as monensin (ionophore antibiotic). Essential oil
may decrease methanogen abundance, certain protozoa spe-
cies, and methane production by up to 37% and alter the or-
ganization of the archaeal community [54]. Lipids rich in
unsaturated fatty acids (FA), act as a hydrogen sink through
the hydrogenation of FA. These microbial changes favor a
shift in ruminal fermentation towards propionate, and thus, to
a potential reduction in CHy4 production.

2.4.4. Flavonoids

Flavonoids are well known for their antibacterial properties,
which rely on their chemical structure, specifically on the
substitutions on the aromatic rings, reducing inflammation in
high grain diets, balancing rumen pH in subacute acidosis,
and helping animals during times of stress [39]. Incorporating
flavonoids into ruminant diets has been suggested as a way to
improve productivity by increasing the synthesis of propio-
nate as opposed to acetate. In vitro, the flavonoid quercetin
and naringin decreased hydrogenotrophic methanogens, cili-
ate protozoa, and methane production [41]. Flavonoids can
suppress the growth or activity and modifying rumen micro-
bial populations.

2.5. Chemical Composition of Forage Vs CH4
Production

2.5.1. Effect of Forage Digestibility on Methane
Emission

As forages become more digestible, less manure is pro-
duced and enteric fermentation occurs, which lowers CHa.
Research has examined the impact of digestibility of forage
organic matter (OM) on the intensity of CH4 emissions for a
variety of forages, including fresh herbage and silage, as well
as forage types such as grass, legume, and maize, and animal
groups (cattle, sheep) [44, 60]. Though large efforts have been
made, the response in CH4 emission is not consistent and
depends on the unit as well as the animal category considered
[60]. Increased forage digestibility resulted in increased dry-
matter intake (DMI, kg/day) and consequently increased CHy4
emission (g/day) for dairy and beef cattle, but not for sheep.
When intake or production is considered, both CHy4 yield
(g/kg DMI) and CHy intensity (g/kg milk) are decreased with
increased digestibility for dairy cattle, but no difference in
CH, yield (g/ kg DMI) was observed for beef cattle. For sheep
CH, yield decreased with increased forage digestibility [60].

2.5.2. Crude Protein Content of Forage on
Mitigation Potential of Methane
According to [2] ruminal fermentation of forages may be

restricted and animal protein needs may not be satisfied below
a threshold value of 7% CP for sufficient forage quality.
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However, [62] contend that forage CP concentrations need to
be higher than 10% of DM for livestock maintenance needs
and roughly 19% for young growing stock or high-producing
dairy cows. [62] Propose that enhanced digestibility for for-
age can reduce CHy intensity (g/kg milk/meat) in dairy cow
while decrease CH4 emission in sheep. Therefore, having
forage with the highest CP%, improved digestibility, a healthy
nutrient supply, and the capacity to reduce the rate or intensity
of methane emission in ruminant animals. According to [6],
ruminate feed source, Crotalaria juncea, M. stenopetala, and
L. leucocephala, have comparatively greater CP concentra-
tions and a consistently lower CHy4 percentage, making them
ideal species to minimize CH4 production in ruminants.
Feeding ruminant animals with forages that have high crude
protein content enhances digestibility, shortens rumen reten-
tion time, and improves nutrient absorption. This not only
boosts animal performance but also plays a significant role in
reducing the amount of CH4 produced during rumen fermen-
tation.

2.5.3. Fiber Fraction Content of Forage Vs Methane
Production

Methane mitigation in ruminate animals we can determines
NDF, ADF, and ADL content of forage. An NDF level of less
than 35.5% would be regarded as high quality, whereas one
exceeding 46% would be regarded as bad quality [19]. Trop-
ical forages are frequently characterized by their greater levels
of lignin, a characteristic that might change the feed's volun-
tary intake and digestibility [16], leading to higher energy loss
and an increase in CH4 output per unit of product through a
drop in animal production efficiency [47]. Because of the rate
at which the rumen passes is slowed down, which restricts the
intake of dry materials [16, 35], and lignin is linked to fiber
and represents an undigested fraction of the feed. As a result
the more lignin a plant contains, the less digestible the feed is
and the less dry matter an animal can ingest [35].

The effect of ADL on CH4 mitigation has been a subject of
contrasting views among researchers. Some studies have
reported a consistent decrease in CHs4 production with in-
creasing ADL content [6]. This reduction is likely because
lignin protects plant fibers from ruminal degradation, thereby
limiting methanogenesis [21]. The decreased availability of
nutrients for rumen microbes involved in methanogenesis,
could also explain this effect. Despite some disagreement in
the literature, number of researchers and nutritionists
acknowledge the potential role of lignin in mitigating methane
emissions, suggesting that higher ADL content may contrib-
ute positively increase CH4 production in ruminant livestock
systems.

Improving forage quality generally provides better nutri-
tional value for ruminant animals due to its higher crude
protein content and lower lignin levels. As a result, it en-
hances daily production per animal and also contributing to
the reduction of global warming and helping maintain at-
mospheric quality. We can maximizing the chemical compo-
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sition of ruminate feed quality either purchase concentrate
feed, mixing with other forage, or treatment roughage (crop
residue), but the high cost of purchasing concentrate feed or
material and equipment, skill required during treatment pro-
cess is not easy and accessible in all farmer as well in business
farm. Therefore, one potentially effective strategy to boost
ruminant productivity in a sustainable manner is to use easily
adapted multipurpose forages produced by small-scale farm-
ers [15].

2.6. Potential of Using Alternative Forage and
Pasture to Mitigate Nitrous Oxide Emission

Manure deposition on pastures and its use as fertilizer for
feed crops produce significant amounts of nitrous oxide
emissions, accounting for around half of these emissions [17].
Livestock responsible for 18% of greenhouse gas emissions
(CO; equivalent) and accounts for 65% of the anthropogenic
nitrous oxide (N2O) emissions, with most of the N,O emitted
from animal excreta or manure [13]. This Microbial processes
of nitrification and denitrification transform NH4" in soil and
release N>O, most produced from the N returned to the soil in
animal excreta, particularly in the urine. Mitigation technol-
ogies that have been developed include reducing N content of
ruminate urine, using high N use efficiency forage, and the
use of nitrification inhibitors. While the use of nitrification
inhibitors awaits the establishment of an international stand-
ard for food for the active ingredient and restricted grazing
management may require capital investments, alterative
cost-effective options are now being investigated. The critical
issue with animal urine-N is the high N concentration in the
urine, leading to high N loading rates under the urine patch in
a single urination. One possible approach that has been con-
sidered to reduce N,O emissions (and nitrate (NO3") leaching)
from animal urine patches is to reduce the N concentration by
using alternative pastures and improved forage.

Growing forage exhibit high N use efficiency is mechanism
to mitigate N>O. According to research, the plant forage lu-
cerne (Medicago sativa L.), which resembles feed, has a
considerably deeper root system forages. This forage en-
hances its capacity to draw water and nitrogen from a deeper
soil depth, lowering the possibility of N loss [45]. In addition,
some forage plants have been shown to release biological
nitrification inhibitors, thus affecting the nitrification rate and
potentially N,O emissions like, tropical grass Brachiaria spp
[51]. Tropical forage grasses, cereals and crop legumes show
a wide range in biological nitrification inhibition ability. In
grazed pastoral incorporating alternative forages such as
plantains and lucerne are being utilized more frequently in
place of the traditional perennial like ryegrass/white clover
pasture better control and decrease in agricultural N>O emis-
sions through increased N use efficiency would be possible
with a better understanding of these forages' vulnerability to
N2O emissions after urine deposition.
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2.7. Role of Forage Crops for Soil Carbon
Sequestration

Soil carbon sequestration is the process by which atmos-
pheric CO; is taken up by plants through photosynthesis and
stored as carbon in biomass and soils. Sequestering carbon
either into soil or into the vegetation is one of the effective
means for mitigation of greenhouse gas (GHG) emissions.
Reducing agriculture’s GHGs emissions and increasing car-
bon stock in the soil and biomass could reduce global GHG
emissions. The capacity of agriculture lands to store or se-
quester carbon depends on several factors, including climate,
soil type, type of crop or vegetation cover and different
management practices. Results from several field experiments
under various climatic conditions revealed that farming forage
crops has a remarkable capacity to sequester carbon in soil. [3]
conducted an experiment with three different forage crops and
four different types of nutrient management. They found that
after three years of experimentation Cumbu napier cultivated
soil stored more carbon of 18.63 t’/ha compared with fodder
sorghum (17.62 t/ha) and lucerne (15.19 t/ha) cultivated soil.
[32] reported that cultivation of perennial forages could store
50.16, 49.16 and 48.34 Mg/ha soil organic carbon after two
years of study by setaria grass, signal grass and guinea grass
as against initial value of 41.75, 41.28 and 40.27 Mg/ha, re-
spectively. [37] conducted an experiment during 2010-11 and
reported that the total organic carbon present in the soil ranged
from 0.65 to 0.89% before cultivation i.e. 57.67 t carbon/ha.
After harvesting of crops, the calculated tonnes of car-
bon/hectare were 95.90 for hedge lucerne, 93.96 for hybrid
napier, 86.83 for fodder maize and 85.54 for fodder cowpea.
[52] Conducted an experiment to quantify the impact of
changing soil organic carbon (SOC) storage with farming
forage crops during 2010-11. They found that the amount of
carbon sequestered in the soil varied from 1.09% by fodder
maize, 1.12% by fodder cowpea, 1.33% by hybrid napier and
1.31% by hedge lucerne after harvesting was accomplished.

Importance of soil carbon sequestration in agriculture in
addition to significant reduction of carbon dioxide the at-
mospheric air also vital role include, carbon sequestration
builds soil fertility and improves soil quality, improves ag-
ronomic productivity, protect soil from compaction and nur-
ture soil biodiversity, increased organic matter in soil, im-
proves soil aggregation which in turn improves soil aeration,
water holding capacity, reduces soil erosion and improves
infiltration, producing high biomass yield of forage method of
minimizing feed scarcity, Supply nutrient for growth of both
plants and soil micro-organisms [9].

3. Conclusion

Greenhouse gases like CO,, CHs, and N>O contribute to
climate change, with methane from livestock being especially
potent. The livestock sector is a major emitter due to enteric
fermentation and manure management. As demand for animal
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products grows, so does the environmental impact—unless
climate-smart practices are adopted. Key mitigation strategies
include improving herd productivity, diet quality, animal
health, and incorporating forages rich in beneficial secondary
metabolites. Nitrous oxide emissions can be reduced through
better manure and fertilizer management and the use of ni-
trogen-efficient forages. Carbon sequestration via perennial
forages also helps mitigate emissions while improving soil
health and feed availability.
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