Review Article

Quality Enhancement In Forage Crops Of Cereals And Legumes

ABSTRACT

This article focus on quality improvement in forage crops, specifically cereals, legumes, and
getting into demand, high-quality forage for livestock production is.well recognized, and
efforts to improve forage quality can have significant economic and environmental benefits.
And an overview of current strategies for quality improvement, including breeding and
genetic selection, management practices, and how these practices affect the quality of forage
selection, etc. the use of biotechnology tools such as:RNAi interference, tissue culture, and
marker-assisted selection in the particular crop‘that has been developed for increasing the
nutritional value, proteins that present in forage cropsyand to decrease the harmful chemicals.
Additionally, the paper discusses the challenges associated with quality improvement in
forage crops and potential solutions. And about.different types of grasses used for different
types of cattle as supplements. Limitations‘that cause obstruction to improving the quality of
forage crops. digestibility and how to:increase the quality and protein content in milk and
cattle. And nutrition that needs to be present in prescribed quantities in forage crops. Overall,
this paper highlights the need for continued research and innovation in the field of forage
crop quality‘improvement to support sustainable agriculture and meet the increasing demand

for high-quality livestock feed.
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Introduction

lForage crops are the plants or products of dry fodder used to feed ruminants for milk, dairy

million hectares in 2019, whereas the total area under forage cultivation worldwide was 1.11

billion hectares in 2020, according to the most recent information available from the Food
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and Agriculture Organization (FAO) of the United Nations. It's crucial to remember that
these numbers might alter over time depending on changes in farming techniques, the
weather, and other variables. Forage quality has a wide range of definitions. Agronomy
experts and animal science researchers have recently learned to rely on ruminant animals'
biological responses to make accurate assessments of the quality of fodder. High-grade
forage is described to be leafy, fine-stemmed, green, sweet-smelling, rich in amino acids, low
in fiber, and delicious(Moore, 1980). Forage crops are a key source of feed for livestock;
hence, forage crop, quality enhancement is important for the livestock business(Moore,
1980). The health of the cattle that consume forage crops is intimately correlated. with the
quality of those crops. Forage crops were very recently domesticated, with:major ‘landrace
and quality improvement in forage breeding beginning in the early 20th century(Harlan,
1992). Numerous research studies have looked at various methods, such as:choosing high-
quality plant varieties, applying fertilizer, and using growth regulators, to enhance the quality
of fodder crops. Grasses (Poaceae), herbaceous legumes, or fodder cereals are used as forage
crops (Fabaceae). Some tree legumes, like River tamarind, (Leucaena leucocephala) and
mulga (Acacia aneura), are also cultivated in desert areas and sward(Muir et al., 2011).
The predominant grasses in temperate regions include: orchard grass (Dactylis spp), bent
grass (Agrostis spp), fescue (Festuca, spp), ryegrass (Lolium spp), and hybrids of this date
back to the 1970s. Cereals are inexpensive and produce a lot of dry stuff, hence they are
widely employed in livestock nutrition( Ghanbari-Bonjar and Lee, 2003).The variety of
cereals cultivated for fodder, such as maize, oats, pearl millet, and rye, has gained relevance
in the diets of ruminant animals (Eskandari et al., 2009). The third-most significant cereal
crop worldwide, maize (Zea mays), is used as food, animal feed, and forage. In contrast to
sorghum.or other fodder, feeding maize at any stage of growth is harmless and poses no risk
from hydroeyanic or oxalic acid (Dahmardeh et al., 2009). Oats (Avena sativa L.) have
distinct benefits-over other fodder species due to their high production potential, nutritional
value, and great ability for regeneration, especially during the first few months of
winter(Alipatra et al.,2013). In the lower Midwest countries pastures with a combination of
annual ryegrass (Lolium multiflorum Lam) and cereal rye (Secale cereale L) have become
popular for grazing in the late winter and early spring(Altom et al.,1996) The annual
ryegrass and cereal rye pastures offer several alluring qualities. The two forage plants
produce 70% of their yearly development while many tree species are either dormant or not
experiencing severe environmental stress, which is perhaps the most significant (Altom et
al.,1996),(Zhang et al., 1997),(Balandier et al., 2000). ]During the low summer months of



May to July and in conjunction with other fodder crops during the kharif and summer

season, when there is a shortage of green fodder and grazing, cattle in marginal production
areas are also fed with pearl millet's dry fodder and straw. As a result, it is typically cultivated
in locations where the climate, particularly rainfall, temperature, and soil fertility, is too

severe for the growth of other cereals (Gulia et al.,2007).

Forage legumes such as alfalfa, clover, and soybean, are high in amino acids, whereas grasses
are rich in energy from both structural and non-structural carbohydrates(Humphreys, 1997).
Because of its excellent nutritional content and productivity, alfalfa is the feed crop that is
most often grown worldwide(Skot. et al., 2007). The fodder crop feed differs or changes
depending on the country and soil conditions available. Similar patterns may be seen for pearl
millet in Rajasthan, where the crop's straw is a significant source of animal feed(Kelley et al.,
1996). Red clover is a popular feed legume in the United, States, and. it is often used as a

cover crop to improve the soil environment (Taylor, 2008).

Certain tropical locations combine tropical legumes, largely from Asia, with grass species,
especially from Africa and the Americas, as demonistrated by pasture growth in tropical
Queensland, Australia (Walker and Weston, 1990): Have been thoroughly assessed and
widely applied in cattle production systems. Forage legumes are ideal for use as roughage in
the diet of animals because of their,abundance of protein, vitamins, and minerals, whether
they are fresh, dried, or stored (Vasiljevic et al., 2009). They are distinguished as roughage
because of their high fiber. content (above 18% crude cellulose). In comparison to
concentrate, these feeds have a smaller proportion of accessible (digestible) energy per unit
weight or volume,iand the majority of energy is present as cellulose or hemicellulose (Jonker
etal., 2010).

Factors affecting and improving forage quality
Environmental, genetic, and management factors

The quality of forage crops changes according to climate, soil quality, and water availability.
Nearly all cool-season forage species are suitable for growing the humid regions, except

perhaps for reed canary grass Phalaris arundinacea L(Sheaffer et al., 1990).

Forage crops can achieve a certain percentage of their potential productivity in a given area

depending on factors like temperature and rainfall, but the primary force that directly
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determines how much can be produced is solar radiation through photosynthesis(Allard et al.,
1991). Legume forage plants seek to reduce light penetration through the canopy by
displaying their leaf area more horizontally than grasses. [Similar to this, the leaf area index
(LAI), which measures the number of leaf blades per unit area of the soil surface, is lower for
legumes around 4-5 than for grasses about 6-8 and is necessary to maximum radiation

that the legume does not shadow the grass, even though the quality would be greater. Plants
grow better forage when they are in the shadow(Buxton et al., 1993). Although this is not
always true (Allard et al., 1991).

According to research conducted by Vough and Marten 1971, ‘forage quality is often
enhanced by water stress, while heat stress has little impact on'it. According.to Pembleton
alfalfa grown under water stress had greater quality (IVDMD) than alfalfa grown in normal
water circumstances, and better quality under stress was brought about by a delay in
development(Pembleton et al., 2010). According to a study by Reid, the level of oxalate in
(Atriplex halimus) plants can be affected by soilymoisture levels(Reid and Jung, 1974). The
research suggests that high soil moisture.can lead to. alterations in the oxalate level in these
plants. One of the most important inputs for.the production of crops is water. Not only does it
directly affect crop performance,.but it also indirectly does so by affecting the availability of
nutrients, the timing of cultural activities; and other variables. With no irrigation, forage
sorghum yields varied from 38.3 t per:ha to 88.4 t per ha with 56 mm of irrigation(Nabati and
Moghadam, 2010). According to-Abdel, splitting the same amount of irrigation water into
more frequent irrigation:resulted:in a greater benefit(Abdel et al.,1982). The absorption of N,
P, and K as wellas the production of dry matter were enhanced when three to four irrigations
were applied.to barley throughout the active tillering, flag leaf, and milk phases (Wahab and
Singh, 1983).:Soybean produced the driest matter when irrigated with a ratio of 0.6 IW: CPE
(Veeramani et al.; 2000). The yields of grains, fodder, and straw are influenced by genomic
and non-genetic factors, which vary between and within crop species. Crop varieties with
higher grain and feed yields, as well as better straw quality, may be chosen or bred.
According to research, wheat crop residue quality varies(Doyle et al.,1987), Rice(Walli et al.,
1988), barley (Ramanzin et al., 1986), oats(Shand et al., 1988), finger millet(Subba Rao et
al., 1993), sorghum(Badve et al., 1993), and maize(Harika and Sharma et al., 1994). The
proportion of variation in grain and fodder production, as well as straw digestibility that is

attributable to genetic factors versus non-genetic components such as environmental
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conditions, crop management practices, and after-harvest methods, can vary depending on the

crop species and the specific genotype within a given crop species(Pembleton et al., 2010).

Application of N up to 120 kg per ha resulted in higher levels of dry matter, CP, and green
forage while lowering NDF levels(Bebawi, 1988),(Patil et al., 1992). As per the research
conducted by Patel (Patel et al., 1993), the impact of phosphorus or potassium on the
production and quality of fodder is not as significant as that of nitrogen. The study shows that
the application of P205 did not affect the protein content or yield, indicating that the
production and quality of fodder are not greatly influenced by the application of phosphorus.
Crude fiber decreased with increased N, while treatment of P had little effect (Humphreys et
al., 2010). Temperate forage legumes have also seen similar rates of genetic improvement as
ryegrass. Research indicates that breeding advancements in yield and quality.attributes for
these legumes have also been estimated to be around 3.8 and 4.0% per WSC and annual dry
matter yield maximized during that time period, respectively. These rates of improvement
have been observed since the early 20th century (Woodfield and Brummer, 2001); (Ali and
Rawat, 1986).

According to research on various cropping systems,, drought-tolerant crops like forage
sorghums or pearl millet should be mono cropped during dry years as they are drought-
tolerant varieties (Yadav and Kumar, 1997). According to statistics on green forage yields,
barley was the plant that tolerated,soil salinity the best, followed by oats, sorghum, pearl
millet, Egyptian clover, and maize(Ismaeil et al., 1993). Salinity reduced seed germination
and early seedling development in=sorghum. Pre-treatments with CaCl2 and ZnSO4 also
boosted sorghum sowing:rate and percentage(Assefa and Ledin, 2001). Oats can withstand
wet circumstances; better, than the majority of other cereals forage (Liu et al., 2015). The
quality.of eats:can.be increased by inducing the water stress conditions and use of inorganic

fertilizers than organic. hhe use of an N:P ratio of 112:45 with manure increases the quality of

forage oats\. Enhancing the nutritional value of fodder crops requires certain agronomic and v,,.»'{Comment [u6]: should be completed with the }
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breeding techniques, some of which are mentioned in Table 1.

Forage  Mineral nutrients Strategy used Mechanism of action References - { comment [u7]: table do not cut )
crop status
White Increased  mineral | administration of | Increase the activity of | (Nawaz et al,
clover uptake (shoots: Mg | sodium the plasma membrane 2016)
and Cu; roots: Ca, | nitroprusside, a | enzymes V-H+-




Mg, and Fe)

NO donor,
exogenously

ATPase and H+-
ATPase in the root and
shoot.

Fodder enhanced se (36%), | Foliar Se | The  osmoprotectants | (Contreras-
maize complete basic | supplementation | that se accumulates | Govea et al.,
amino acids (40%), help to keep the turgor
CP  (47%), crude pressure constant. 2010)
fibores (10%), and activate the antioxidant
extract without defense system to
nitrogen (10%). control  physiological
and biochemical
processes.
Fodder a lower NDF and a | Plant population | increase the | (Hack et al,
maize, higher net energy decline and N | effectiveness of 2019)
sorghum fertilizer resource use and reduce
application energy waste.
White higher amounts of N | the bacterium Rh | Ineculants increase | (Binder et al.,
sweet and P in the root | meliloti and | physiological nitrogen 2020)
clover zone and stem Arbuscular fixing, and phosphorus
Mycorrhizal accessibility in  a
Fungi (AME),| reciprocal manner.
inoculation
Cereal decreased NDF | pumping seil with' | Enhance soil capacity | (Gallegol1Giraldo
Rye + | (10%), elevated | liguid dairy “cow | to hold water and N and etal., 2016)
Corn observed N recovery |.excrement. P restoration.

(84%), enhanced-CP

(29%), and
decreased net
lactation energy
(10%).

Table.l Represents the soil and agronomic methods applied to enhance the nutritional

value of fodder |

Limitations:

The crop protein content, amino acid composition, and fiber content all affect how nutritious

they are. There is genetic heterogeneity in the protein content and acid profile of cereals and

legumes used as feed crops, according to several studies(Wang et al., 2012). having limited

genetic diversity it is difficult for selecting desirable traits. While being of excellent quality,

alfalfa protein is not well used(Sheaffer et al., 1990). The rapid breakdown of soluble crude

protein in alfalfa can lead to a disadvantage in terms of its quality, as it may result in the

wastage of high-quality protein in the rumen. Furthermore, the breakdown of alfalfa amino
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acid can cause an increase in the solidity of the rumen fluid, which can put animals at risk of
pasture bloat (Kaur et al., 2018). Another important aspect that has an impact on the quality
of cereal and legume fodder crops is the environment. The nutritional value of various crops
can be impacted by environmental conditions including temperature, light, and water
availability. High temperatures, for instance, can lower the protein level of grains and
legumes, and environmental factors that the forage crop are the same with every crop(Hou et
al., 2020). The quality of cereal and legume feed crops can also be impacted by management
techniques, including fertilization, irrigation, and harvesting. While nitrogen fertilization can
raise these crop protein content, overusing nitrogen can lower or increase the guality of their
fodder crops(Hou et al., 2020). The genetic diversity in maize is-limited:because of the
narrow genetic base of commercial maize varieties. This limits the ‘potential to improve
quality traits in forage maize and reduces the quality traits,«such as digestibility, which can
lead to a reduction in yield and other agronomic traits (Osman, 2018).. Environmental factors
such as Drought stress can lead to reduced yields and lower-quality forage maize and pearl
millet(Bondar et al., 2018). Improper harvesting can result‘in_increased levels of lignin and
reduced digestibility(Divya et al., 2017). While in pearl millet poor storage, conditions can
result in mold and spoilage, leading to reduced quality forage(Dhaliwal et al., 2020). Forage
oats contain anti-nutritional factors,"such as phytate, which can reduce the bioavailability of
minerals, such as iron and zinc'These factors can also have an impact on the digestibility of
forage oats, reducing their-nutritional value(Zhu et al., 2016). In rye such as ergot alkaloids,
which can be toxic to:livestock (Asay et al., 1985). Pest and disease attack is common in
forage clover. Common pests include clover root weevils, which can reduce yield and quality,
and aphids, which can transmit-viruses and reduce plant growth( VVogel and Pederson, 1993).

Breeding Methods for quality improvement of forage crop

Forage breeders must overcome obstacles in breeding fodder crops, like inherited and
polymorphic variability, polyploid nature, and polygenic regulation of agronomic and

crops, but they are time-consuming(Oram and Culvenor, 1994). Before producing a synthetic
cultivar with a variable number of parents, some type of recurrent selection technique is
frequently made use of because many forage species are perennial plants( Gates et al., 199).
believe that groups of half-sibling families chosen under space-planted and sward conditions
will be important for Phalaris to make up recurrent selection. Breeding white clover and

alfalfa mostly uses phenotype recurrent selection (Collard and Mackill, 2008). This has been
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accomplished using both traditional breeding methods and genetic engineering, in which
fodder crops have had genes linked with enhanced nutritional quality put into them(Hanna,
1993).

Future breeding will make use of the chances offered by new technology to accurately
examine and alter genotype and phenotype. Using DNA profiling and marker-assisted
selection, more focused breeding plans may be created for a larger variety of qualities. The
raising of fodder crop nutritional quality is one area that has drawn a lot of interest. Forage
crops with high quantities of protein, fiber, and energy have been the focus. of research since
these nutrients are crucial for the growth and well-being of cattle (Beever and.Reynolds,
1994).

Breeding fodder crops to be more precisely adapted to animal demands is a difficult task. It
found that advances in NIR near infrared reflectance technology:enable breeders to assess a
variety of feed quality criteria more quickly, particularly those related to the number and

quality of animals(Marshall et al., 2016).

In the majority of our breeding fodder crops, synthetic cultivars have been the primary
breeding product. These only sparingly:employ the heterosis that emerges from broad
crossings across several gene pools (Burton and Mullinix, 1998). A better-regulated

application of hybrids might lead to major.gains in many forages. [This tactic is significantly

Bermuda grass, have 'had their. heterosis taken advantage of successfully by vegetative
multiplication(Kumar et.al., 2021). According to Dudley and Lambert, 1992 maize grain has
undergone 90 cycles of.selection for either high or low CP concentration, as well as high or
low oil concentration, resulting in consistent progress over time. Plant growth-promoting
rhizobacteria,(PGPR) improves plant growth and yield Panchagavya, which contains macro
and ‘micronutrients, growth-regulating chemicals, and useful microorganisms, might help
provide appropriate plant nutrients, providing proper plant nutrients, hence boosting fodder
quality and production(Brown et al.,1980),(Harrington, 1952) outlined certain procedures for
the artificial hybridization of oats. Oat crosses can be developed outdoors, indoors, or in a
greenhouse. Excellent plants to form crosses can be found in conditions that are ideal for
plant development and growth. Although growth chamber crosses can be performed at any
time, the majority of greenhouse crosses take place during the winter when it is simple to

maintain the cooler temperatures needed for the best outcomes. Change the photoperiod and
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make the light more intense, specifically during the cloudy and brief winter days, when
additional light is needed. Excellent outcomes have been attained in the greenhouse at
Urbana, Illinois, using metal halide lighting and a 13-hour photoperiod. According to
Harrington, 1952(Kumar et al., 2012). the pedigree system has been especially effective for
rust resistance in oat breeding. By crossing the pearl millet x Napier hybrid the dry matter
potential of both plants can be combined. To create the inter-specific hybrid commercially,
CMS pearl millet and napier pollinators are planted in a 1:1 ratio Sukanya et al., 2001).
Pandey et al., 2019 examined 30 hybrids for the number of leaves per plant, their length,
breadth, and relation to their stems, as well as their green fodder production by crossing three
pearl millet genotypes and ten Napier genotypes. All the characters exhibited:a lot of variety.
Pearl millet (IP 6426) and Napier (FD 439), which were both effective general combiners,
were outperformed by IP 6426 X FD 469 as a hybrid for green fodder, yield and leafiness.
Although some rye species have had success with repeated phenotypic selection on spaced
plants (Gates et al., 1999); (Burton and Mullinix, 1998). Improved agronomic management
techniques and plant breeding techniques, both traditional:and innovative techniques, can

produce the required forage qualities(Figure-1)( Pandey et al;, 2019).

Selection of improved material
Phenotyping, genotyping and marker-assisted

Trait Di i

dlecti Digestibi
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vitamins

I |

Conventional breeding approaches

Testing of improved material

Hybridization, on, hybrid, composite,
synthetics, and ideotype development Resource use efficiency, nutrient
Agronomical approaches uptake, transport, and distribution

Crop diversification and intensification,
agronomic fortification, precision nutricnt
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Limited nutrient forage crops : .
respurce conservation technologies,

irrigation scheduling, sced enhancement
strategies, application of plant growth
regulators, and root structure architecture Improved forage crop

improvement

Non-conventional breeding approaches ﬁ

Transgenic approach, molecular and Transporters, Bio-fortified genes,
otation brcdine —> Nutricatbiosynthess gencs and Anti-

nutritional suppressor genes

Figure.1) Represents a blend of agronomic, conventional, and modern breeding
methods to increase the nutrient content of fodder crops. (Pandey et al., 2019)

Biotechnology tools for forage crop quality improvement



lTurf and forage grasses are a broad collection of plants that exhibit clump-forming or sod-
like growth patterns, annual or perennial life cycles, and cool- or warm-season growth

the 1930s and 1940s, particularly with the initiatives of L. C. Newell in Nebraska and G. W.
Burton in Georgia. Numerous forage types of grass coexist with other plant species. Grasses
differ substantially in terms of chromosome count, reproductive deportment, incompatibility
relationships, and practice of pollination(Vogel et al., 1991). Cultivars have been produced
with verified improvements in attributes including fodder quality(Asay et al.; 1985). and

seedling strength(Lowe and conger, 1979).

The development of a callus culture technique the ability to rejuvenate plants cernerstone of
genetic engineering in monoclonal grass species at the level of cells. To create aitissue culture
system, the original explant must first be stimulated to generate calluses.'Different explants,
such as fescues have produced seeds and mature or undeveloped embryos, and ryegrass, have
been used to start regenerable callus cultures in grasses (Dale;.1980; Torello et al., 1984;
Hanning and Conger, 1986). leaf bases in orchard.grass(Vasil, 1981), and immature bud and
shoot apices in pearl millet Pennisetum:Americanum(Artunduaga et al., 1988) and Scutch
grass Cynodon dactylon( Zhang and.Main, 2003). Advancements in genomics research have
led to the development of innovative tools like functional molecular markers, and a deeper
understanding of inheritance patterns that can significantly enhance the accuracy and efficacy
of crop improvement in‘alfalfa. This progress in genomics research can pave the way for
better crop management and increase agricultural productivity. Pearl millet uses DNA
markers to generate genetic linkage maps. Important characteristics like disease adaptability,

insect resistance, drought resistance, etd. have DNA markers associated with them(Boora et

al., 2009). Marker-assisted selection (MAS) is a novel method that effectively raises the
quality of:fodder. (Hash et al., 2003) used Marker aided selection (MAS) and quantitative
traits loci (QTL) mapping to increase stover yield, increase forage disease resistance, and
figure out the nutritional value of different pearl millet residue portions for ruminants. Only
two forage species, perennial ryegrass(Cogan et al., 2006) and white clover, have seen SNP -
single nucleotide polymorphism - markers described for them. Based on single base pair
alterations in a DNA order, these biological indicators(Cogan et al., 2007). Disease resistance
and water-soluble carbohydrate content were discovered to be markers for traits in perennial
ryegrass(Dracatos et al., 2008);(Skot et al., 2007). SNP markers are certain to be due to their

enormous frequency and the swift technological advancements for high-throughput
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generation and identification, they will be crucial in the advancement of marker-assisted
fodder crop breeding in the future. Another biotechnological tool for forage crop
improvement is RNA interference (RNAIi). RNAIi is a process that enables the
downregulation of specific genes by inducing the degradation of the corresponding
messenger RNA (mRNA). RNAi has been used to reduce the expression of lignin
biosynthesis genes in forage crops, leading to increased digestibility and improved nutritional
quality(GallegoIGiraldo et al., 2016). Transgenic rye expressing the gene for rumen-stable
amylase has been developed to increase the starch digestibility of rye silage(Selinger et al.,
1996).

NUTRITIONAL VALUE

Nutritional value in forage crops is not only beneficial to animals;. but.it also helps in
overcoming pressure conditions during the grazing of animals. Every fodder crop has enough
cellulose, quartz, and other phenolic substances to cutidown on ruminant consumption(Van
Soest, 2018). These substances could serve as a general defensive strategy for plants to grow

or multiply when challenged with grazing pressure(McCarthy et al., 1989).

One of a forage's key traits is its ability‘to nutritional value is digestibility. It serves as a
measure of the ruminant's energy availability. It also has an impact on how soon forage
particles exit the rumen since feed particles need to do so after being sufficiently broken
down(Poppi et al.,1985; Waghorn et al.,1989). Legumes are a substantial source of protein
and can make up for cereal deficiency in that regard(Gebrehiwot et al., 1996). Companion
planting which involves. growing crop mixtures next to legumes can boost the quantity of
forage protein in diets:. The forage crops' ability to serve as a source of feed for animals
depends con_maintaining their quality. Research has focused on developing techniques of
long-term fodder‘crop quality preservation, such as ensiling and drying (Baker et al., 2019).
Researchers:have also looked at the nutritional potential of conserved fodder crops, for
instance, using inoculants that contain bacteria that hasten fermentation (Thomas, 2019).
When fed more sugar ryegrass to graze on, Charolais steers devoured 20% more feed and put
on 25% more live weight (Marley et al., 2017). Maize often gets far less attention than it
merits despite having more forage quality characteristics, such as being highly palatable,
having high nutritional contents, lasting a longer time in storage, and being easily digestible
(Igbal et al., 2006). inferior-quality chemicals like hydrocyanic acid (HCN) and oxalate, it

has superior quality compared to Because it doesn't contain any sorghum and pearl millet



(Gupta et al., 2004). Crude protein (CP) concentration is the most important factor compared
to other factors which influence a crop's quality for use to be fodder(Caballero et al., 1995);
(Aseefa and Ledin, 2001). According to research, oats have a higher crude protein
concentration in the first cut (12.10-15.63%) than in the second cut (9.63-13.57%) Table-2
(Poonia and Phogat, 2017).

Crop Phenol (mg/g) | Protein (mg/g) | Phytic (mg/g) | Beta-glucan (mg/g) | Zinc (mg/100g) | Iron (mg/100g)

Oats (4vena sativa) | 1190313 | 138.70-160.50 |  3.70-8.00 31.00-33.50 4.96-6.50 248-4.89

(Table.2) Nutrients and quality parameters available in oats.(Poonia and Phogat, 2017)

Forage maize has a crude protein content of 7.5-8.5%, a crude fiber content 0f.32-34%; and a
typical fat content of 1-2.5%. Approximately 32—34% of the material is'dry, 7-9% is ash, and
50-50% is a nitrogen-free extract(labal et al., 2015).

Digestibility

Studying the improvement of fodder crop digestibility has also been a priority. A feed crop's
ability to be more successfully used by animals is encouraged by its higher digestibility,
which improves animal performance (Chaabane. et.al.;2020) reported that increasing the cell
wall digestibility of fodder crop varieties and implementing relevant agronomic strategies
have been effective in improving digestibility. Additionally, in vitro, the incubation of fodder

in rumen fluid is a reliable method for predicting digestibility (Deinum. et al., 1984).

The percent of each.component that has vanished in the animal digestive tract serves as a
standard measurement:of the digestibility of all forage components, including dry matter,
organic matter, and cell walls. Indigestibility can alternatively be thought of as gm.kg™ of
metabolic weight, although it is often expressed as kg DM per animal and per day (live
weight 0.75)(Barriére et al.,2003). According to (Barriére et al.,2003), the digestibility of
various constituents of forage (such as dry matter, organic matter, or cell wall) is commonly
calculated-as the proportion of each component that is lost in the animal's digestive tract.
Indigestibility is typically measured in kilograms of dry matter per animal per day, but it can
also be expressed as grams per kilogram of metabolic weight (live weight to the power of
0.75). It is crucial to enhance WSC in many fodder crops, especially grasses because protein
digestion and absorption in cattle are strongly connected to power availability (ME)
(McCarthy et al., 1989); (Miller et al., 2001)



Marley et al.,2017 investigated how fertilization affects the nutritional content of grass-clover
swards in one study. According to the results, adding more nitrogen (N) to the swards
significantly boosted the amount of crude protein (CP) while simultaneously enhancing
digestibility. The Italian ryegrass cultivar "Tribune," which, when given as silage, produces
6% more milk, was developed as a result of raising the plant's stem digestibility(Wilman and
Ahmad, 1999). (Zhang et.al, 2020) conducted a second study to examine how growth
regulators affect the quality of alfalfa. The scientists found that the addition of gibberellic
acid (GA3) increased the height and green color of alfalfa plants, which resulted in a
considerably larger content of total digestible nutrients (TDN) and crude protein.(CP). Casler,
2001 reported that during the 20th century, advancements in breeding technigues resulted in
an increase of 1.0, 14.7, and 6.5% per generation cycle for ryegrass,characteristics related to
digestibility, intake, and crude protein, respectively. In ruminants, some:types of compounds,
such as sugars and organic acids are entirely digested. Whereas:lignin, cutin, silica, and
tannins are nearly indigestible, proteins are fairly easily digested. Forage-maize digestibility
can be significantly increased if this variation is employed in breeding programs. The
digestibility of cellulose and hemicellulose varies depending on whether they are encrusted
with lignin(Deinum et al., 1986). Digestibility in foerage'crops can be calculated using several
methods, including in vivo digestibility trials, in vitro techniques, and near-infrared
reflectance spectroscopy (NIRS). Here are examples of how to calculate digestibility using

two commonly used methods (Van Seest, P. J, 2018).
1. In vivo digestibility trials:

In vivo, digestibility trials involve feeding animals a known amount of forage, collecting
fecal samples; and;analyzing them for nutrient content. The difference between the nutrient
intake<and the-fecal nutrient content is used to calculate the digestibility of the forage. One

commonly:used formula for digestibility is:

lDigestibiIity (%) = 100 - (fecal nutrient content/forage nutrient intake x 100)[

2. In vitro techniques:

In vitro, techniques involve using laboratory equipment to simulate the digestive process and
estimate nutrient digestibility. The most commonly used in vitro method is the two-stage in
vitro digestibility (TIVD) method, which involves incubating the forage with rumen fluid and

then with intestinal fluid. The difference between the nutrient content before and after

V_“_,./»'{Comment [u13]: enter the source of the theory ]




incubation is used to calculate digestibility. One commonly used formula for TIVD

digestibility is:

Digestibility (%) = (nutrient content before incubation - nutrient content after incubation) /

nutrient content before incubation) x 100 ~—{ comment [u14]: enter the source of the theory |

Conclusion

In conclusion, the review targeted at enhancing the nutritional quality, and digestibility of
forage crops has finally in substantial advancements in the field of forage crop quality

enhancement. [These initiatives have produced fodder crops that are more nutrient-dense,

easily digested, and stable, all of which are advantageous to the livestock sector, | comment [u15]: State the type of feed
""""""""""""""" - according to the description and theory

The use of biotic and abiotic factors, breeding methods, and biotechnological: tools affects
and improves the quality of feed crops. For livestock producers wanting to maximize the
quality of their fodder crops to full fill the dietary needs, of their animals, the knowledge from

the research is invaluable.
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