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SUMMARY

India has the world’s largest livestock population and milk production, but the livestock
productivity is very low due to scarcity of quality green fodder especially during the hot summer
month. To improve the profitability of small and marginal farmers in terms of the livestock sector,
fodder beet can be a strong contender compared to other fodder crops in arid and semi-arid regions.
Fodder beet (Beta vulgaris L.) is a temperate crop now spreading towards subtropical countries,
where it can be grown successfully during the winter season. It is a high yielding potential crop
treated as forage concentrate and provides high-quality green fodder up to June. High energy, water,
sugar, low to medium protein and low fiber content makes it more palatable and digestible, can be
cultivated profitably even with saline water and in salt-affected soils. Under diverse environmental
conditions, agronomic practices significantly influence the growth, yield, and quality of fodder beet.
Its full potential is widely recognised in world and it could possibly be a high yielding forage option

for the Indian farmers as well.
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Indian agriculture is an economic symbiosis
of crop production and animal husbandry. Livestock
rearing is an essential source of income and a risk-
mitigation strategy, particularly for small and marginal
farmers in arid and semi-arid regions. Arid and semi-
arid areas of India account for approximately 166.2
million hectares of the geographical area are the most
prominent zones concerning size, human and livestock
population, which are characterized by high
evaporation, low and erratic rainfall, pasture land
degradation, and coarse textured-salt affected poorly
fertile soils (Ajai et al., 2009 and Shankarnarayan et
al.,1987).

Currently, livestock is one of the fastest-
growing agricultural sub-sectors, contributing 25.6%
of total agriculture GVP and 4.11% GVP to the
country’s economy (Annual Report, 2018-19). India
holds first rank in terms of milk production; however,
its productivity is low (1000 kg per lactation yield) as
compared to the world average (2040 kg per lactation
yield) and European countries (4250 kg per lactation)
(Vision- IGFRI, 2050). The scarcity of high-quality
feed and forages has been considered a significant

constraint in harnessing India’s livestock sector (Brithal
and Jha, 2005 and Chaudhary et al., 2014).

Moreover, dairy farming productivity and
efficiency drastically decreases due to the unavailability
of green fodder, especially during hot summer. India’s
livestock population has increased to over 535.78
million (Fig. 1), showing an increase of 4.6 percent
over the Livestock Census-2012, which created
colossal pressure on the available fodder resources
(Anonymous, 2019).

The availability of feed and fodder remains a
significant concern as there is a gap between demand
and supply (Table 1). Today, the country has a net
deficit of 36% green fodder, 11% dry crop residue,
44 per cent concentrate feed ingredients, crude protein
(24.60%), and TDN (19.87%) (ICAR-IGFRI, 2018).
Furthermore, the available quality of forage is low and
short in energy, protein, and minerals. Moreover, the
size of operational land holdings is shrinking, posing a
severe menace to farming’s profitability and
sustainability (Behera and France 2016).

Improving fodder productivity per unit area
is the only way to meet the demand. The use of
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Fig. 1. Livestock population 2019 share of major species.

TABLE 1
Demand and supply of dry and green forages (million tonnes)

Year Demand Supply Net % deficit

Dry Green Dry Green Dry  Green
2010 508.9 816.8 4532 2913 1095 35.66
2020 530.5 8513 4676 2609 11.85 30.65
2030 568.1 911.6 500.0 2242 1198 2459
2040 5949 9548 5244 193.0 11.86 2022
2050 631.0 1012.7 547.7 186.6 1320 1843

(Source Vision-IGFRI, 2050).

appropriate high-yielding fodder crops and their
varieties and following the best package of practices
have been shown to intensify forage productivity by
75% at the farmer level (Ghulam et al., 2008).
Therefore, increasing the availability of quality green
fodder meets the demands of an increasing livestock
population and enhances their productivity, especially
during the hot summer months.

Beet (Beta vulgaris L.) is a temperate crop,
successfully grown in subtropical parts of the world
for sugar, fodder, and vegetable purposes and is also
known as sugar beet, fodder beet, and beetroot,
respectively. Fodder beet is a high yield potential crop
than any other arable fodder crop (Anonymous, 2006).
It can yield more than 200 tonnes of green biomass
per hectare in four months and be cultivated profitably
even with saline water and salt-affected soils. During
the hot summers when there is meagre availability of
other fodder crops for e.g., berseem, this crop win
one’s spur by satisfying the need for fodder. With the
cost of production of less than 50 paise per kilogram
of biomass produced, the crop has a very high-water
use efficiency of 28-32 kg green biomass per m® water

(ICAR-CAZRI, 2020).

Both the above and below the soil growth parts
(leaves and roots) are feed for animals, but the primary
source of feed are tuberous roots (Ibrahim, 2005; El-
Sarag, 2013). The immediate use of fodder beet is
feeding ruminants, though it can also be provided to
pigs (Henry, 2010; Rees and Westmacott, 1956). The
low fiber and high protein and sugar content make it a
more palatable, nutritious, and energy-dense feed, it
has good scope for India’s livestock sector (Dulphy
et al., 2000). In India, its popularity is increasing as
livestock feed, a few states, namley Rajasthan, Madhya
Pradesh, Haryana, Chhattisgarh, Maharashtra, Kerala,
and Uttar Pradesh are involved in its cultivation.

Fodder beet as a potential crop for fodder purpose

e Highyield potential (20-30 t D.M./ha), so you
need less land to feed the same number of
animals.

e High metabolic energy value (12-13 MJ ME/
kg D.M.) and utilization (typically 90%) for
improving animal performance

e The highest yield of net energy for lactation
per hectare (NEL), and it is a good catch crop
for nitrogen, too (De Brabander et al., 2012).

e Fodder availability from January to May when
there is meager availability of other fodder
crops.

e Excellent crop for silage making with maize
and oats, and for biofuel production (Henry,
2010).

e Relatively low cost of cultivation per kg dry
matter production at high yields.

¢ Drought tolerant, profitably cultivation in salt-
affected soils with poor quality water, and
adaptive to harsh environmental conditions
(Abdallah and Yassen, 2008; Tanwar et al.,
2013; and Khan et al., 2020).

e Unaffected by most brassica diseases.

It is a versatile crop.

Fodder beet cultivation may help overcome
the problem of feed shortage, especially in arid and
semi-arid regions of India during summers. Singh et
al., 2013 reported that fodder beet is a valuable crop
for increasing milk productivity (180 kg to 450 kg
extra milk) on smallholder farms with mixed farming
during the lean period when no other fodder crop (even
berseem crop) is available in the hot summer months.

Therefore, considering the significance and
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potential of fodder beet, great efforts are needed
towards its utilization and extension as a fodder crop
among Indian farmers. The available reviews indicated
that the scientifically well-managed fodder beet could
be a good alternative for sustained green forage supply
of high quality to fulfil the nutritional fodder
requirement of the dairy animals, especially during hot
summer months.

Nutritional quality of fodder beet : The
crop contains 10-15% dry matter, and the roots have
up to 60% sugars (mainly sucrose), low to medium
crude protein (approximately 10%), and neutral
detergent fiber (about 12%) contents (Matthew et al.,
2011). It has a relatively low dry matter content (12-
20 %) and is mainly an energy feed due to the presence
of high water-soluble carbohydrates content (55- 70
% of dry matter, main sucrose). The shoots account
for approximately one-third of the total dry value of
the plant (Clark et al., 1987) and are distinguished by
their high protein content, which ranges between 11.4
and 15.8 percent (Nadaf et al., 1998). It contains high
carbohydrate content on an average of 71.69 % of
total dry matter (Abdallah and Yassen, 2008). The
fodder-beet roots digestible and metabolizable energy
contents were 13-15 and 11-12 MJ/kg DM,
respectively (Clark et al., 1987). The high sugar
content, low fiber, and rich energy source in its fodder
make them more palatable and digestible (Draycott
and Christenson, 2003). The chemical composition
of different fodder beet cultivars grown in Indian
conditions by Singh et al, 2013 shown in Table 2.

Anti-nutritional factor : Leaf portion of
fodder beet cause digestive upsets in ruminants due
to high oxalate levels in its shoots which bind to the
calcium and form insoluble calcium oxalate during
digestion and can results milk fever-like symptoms in
ruminants (Duncan et al., 1997). Diet supplemented
with more than 80% of fodder beet also causes acidosis
in ruminants (Waghorn et al,, 2017). The negative
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effect of consuming fodder beet, i.e., acidosis, can
be reduced by taking a transition period of 10-15 days
and a proper diet plan, for example: (a) feed 40 % or
less of total dry matter intake of fodder beet in case of
lactating cows, and (b) feed 70 % or less of total dry
matter intake of fodder beet in case of dry cows
(Anonymous, 2021).

Improving dairy animals’ performance :
Fodder beet is a high-energy, low-protein, and low
fiber feed, treated as a forage concentrate as it digests
quickly in the rumen (Al Jbawi, 2014). Feeding dry
cows with 65 % fodder beet and 35 % pasture silage
provides adequate nutrition to the animal (Waghorn e?
al., 2017). Cows wintered on fodder beet showed
better reproductive performance and had more
significant average milk solids, fat, and protein yield
than kale (Dalley et al., 2020). Diet supplemented with
fodder beet increases the nitrogen use efficiency for
milk production and lowers the nitrogen intake by the
dairy cattle. It consistently lowers the urine nitrogen
concentration, whereas oat is more likely to reduce
milk production (Bozinviya, 2019). The milk
production of Tharparkar cattle was boosted by 8 to
10% after feeding trials (Source: ICAR-CAZRI, 2020).

Commercially available improved cultivars :

Jamon is a mono-germ cultivar that has been
evaluated in New Zealand. It is an orange-skinned
cultivar with a bulb dry matter percentage between
16-18%, 50% of the bulb above the ground, excellent
resistance to bolting, and a potential yield of 18-22 t/
ha (Fig. 2).

Monro is a red beet with a large, rounded
bulb shape and suitable in-paddock grazing (Fig. 3).
It contains 13-15% bulb dry matter, a potential yield
of 18-22 t/ha, good resistance to bolting, and 60% of
the bulb above the ground (Anonymous, 2018).

TABLE 2
Chemical composition (%) of different fodder beet varieties

Varieties TSS Dry matter Crude protein Crude fat Crude fiber Silica Oxalic acid
(root)
Top Root Top  Root Top Root Top Root  Top Root Top  Root
JK Kuber 52 13.8 6.5 15.4 14.4 2.8 0.9 13.0 3.9 3.1 1.3 53 0.7
Jauna 6.3 13.6 8.4 16.9 11.6 2.5 0.4 11.8 2.5 1.8 0.9 5.6 0.8
Jamon 59 13.4 8.8 18.5 12.8 23 0.8 10.9 4.7 1.6 1.4 59 0.6
Monro 6.7 14.0 8.2 16.2 14.7 3.1 0.5 12.7 3.1 1.3 0.8 5.1 0.6
Splendide 52 13.8 6.5 15.4 14.4 2.8 0.9 13.0 3.9 3.1 1.3 53 0.7

(Singh et al., 2013).



260 KUMAR, MEENA, KUMAR, RAM, KUMAR AND KOLI

e

Fig. 2. Jamon cultivar.

Geronimo, a newly released mono-germ
fodder beet that farmers can expect +/- 17% dry matter
from, Geronimo’s origins trace back to France. This
variety is distinguished by its yellow-orange tankard-
shaped bulb and is well-known for its resistance to
diseases like rhizomania, ramularia, and mildew (Fig.
4). Versatile across various grazing applications, it can
be grazed in-situ, lifted or fed whole, or chopped
(Anonymous, 2020).

Otbhers : Splendide (orange), Jauna (yellow),
and multigerm hybrid JK Kuber (red).

Agronomic management practices : It is a
halophytic and Na- salts scavenger C, plant with a
high tolerance to salinity and alkalinity but performs
poorly in acidic soils, which causes physiological
yellowing (Lv et al, 2019; Khan et al., 2020; and
Rozema et al., 2014). Fodder beet is a 6-7 month
crop, can be sown anytime in October-November
months and harvested in April-June (Salama and Zeid,
2017). Sowing and harvesting dates are reported to
significantly affect the crop’s yield and quality
(Matthew et al., 2011). Multigerm varieties that give
3-4 seedlings from a single seed are sown at 2.0 to
2.5 kg per hectare to obtain an optimum population of
1,00,000 plants per hectare (Singh and Garg, 2012).
Sowing is done by dibbling manually, the seed is placed
on sides of ridges at a depth of 2 to 4 cm, and 20 cm
distance between the plants or on raised beds in row-
to-row distance of 40-60 cm and plant to plant distance
20-25 cm after sowing, light irrigation is given (Khan,
2013; Saini and Brar, 2017 and AL-Jbawi et al.,2014).
Fodder beet requires 150 kg N / ha + 60 kg P,O,/ ha
+ 60 kg K O, zinc Sulphate 25-30 kg, and borax 20
kg/ha applied in Zn and B deficient soils (Singh and
Garg, 2012). About 25 tonnes FYM/ha + 100 Kg N/
ha + 75 kg PO, per ha is recommended. If FYM is

Fig. 3. Monro cultivar.

Fig. 4. Geronimo cultivar.

unavailable, the fertilizer N dose should be increased
to 150 kg/ha (Source: ICAR-CAZRI, 2020). Increasing
nitrogenous fertilization increases the dry matter yield
and crude protein content of fodder beet (Zamfir et
al., 2001).

Harvesting management operations : De-
topping: The leaves of plants subjected to harvest
during late May-June can be cut 5-7.5 cm above the
root portion and fed to the animal from March to April.
It provides additional fodder and helps in controlling
damaging foliage insects. After de-topping, an extra
25 kg/ha N dose can give faster leaf re-growth.

Uprooting : Normally, the uprooting of the
fodder beet can be started at 120 DAS (end of January
month); at this stage, the average weight of root is
around 1.5-2 kg/plant, and the crop can be maintained
in the field up to mid-June. The crop roots can be
harvested manually by pulling up and chopping into
small pieces mixed with dry fodder. The dosages are
12 to 20 kg/animal per day to cows and buffaloes and
4 to 6 kg/animal per day to small ruminants. Start
feeding with a small quantity with a progressive
increase to reach the average feeding amount by ten
days. It should not exceed 60% of the total dry matter
requirement of the animal. Excess feeding may cause
acidity in the animal (ICAR-CAZRI, Jodhpur). Salama
and Zeid (2017) observed that the fiber fractions (NDF,
ADF, and ADL) increase while digestibility (IVTD and
NDFD values) decreases with plant age at harvest.

Productivity and Profitability analysis :
Yields about 50-75 tonne of fresh roots/ha are familiar,
and up to 100 tonnes of roots/ha can be obtained
(Shalaby et al., 1989; Al Jbawi et al., 2009 and Singh
and Garg, 2013). The crop also produces 10-20 t/ha of
leaf material (Draycott et al., 2003). Reported dry matter
yields are typically around 20 tonnes (15 t/ha bulb DM
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and about 5 t/ha leaf DM). With the recommended
package of practices and prevailing conditions, the green
fodder yield (root + foliage) of 150 to >200 t/ha can be
achieved (Source: ICAR-Central Arid Zone Research
Institute, Jodhpur, Rajasthan). An average yield of fodder
beet cultivars under Indian conditions reported by Singh
and Garg (2012) is shown in Table 3.

TABLE 3
Average yield (t/ha) of fodder beet cultivars under Indian
conditions
Cultivars 16" March 2011 17" June 2011
Leaf Root Total Leaf Root Total
Monro 270 975 1245 11.0 130.0 141.0
Jamon 433 91.0 1343 13.0 130.0 143.0
Splendide  46.5 81.0 127.5 8.0 120.0 128.0
Jk Kuber 275 81.0 109.0 8.0 50.0 58.0
Jauna 49.8 103.0 152.8 11.0 120.0 131.0
Average 388 90.8 129.6 102 110.0 120.2

(Singh and Garg, 2012).

Patel et al. (2019) studied the three-year
average economics of fodder beet varieties grown
during rabi season under coastal salt-affected soils,
and J.K. Kuber secured the maximum net realization
of Rs. 98,761/ha and BC ratio of 1.75 followed by
J K. Calixta with net realization Rs. 81,154/ha and BC
ratio of 1.20. Patel et al. (2019) calculated the
economic parameters of fodder sugar beet. They found
that among two varieties, J. K. Kuber secured
maximum net realization of Rs. 108353/ha and BC
ratio value of 3.14, followed by J. K. Magnolia with
the net completion of Rs. 98119/ha and BC ratio value
of 2.94.

Environmental impact of Fodder beet :

e Beet crops are amongst the largest consumers
of CO,; they also release the highest amounts
of O, (Kerten, 2003).

e It has the potential for vegetative
bioremediation of salt-affected soils where
water is scarce for leaching (Tarek et al., 2008
and Tarek et al., 2013).

e [t is also a potential crop for biofuel
production (Henry, 2010) and

e Recently, recommended as a source of
biomethane due to its high fresh matter yield
and digestibility (Laufer et al., 2016).

CONCLUSION

Fodder beet is a high-yielding fodder crop that
can be grown successfully under Indian subtropical
climatic conditions on coarse texture salt-affected soils
with poor quality water. It is a nutritious crop that can
be treated as forage concentrate as it contains 10-
15% dry matter, up to 60% sugars, high metabolic
energy value (12-13 MJ ME/kg DM), a rich source of
minerals (calcium and phosphorus) and water, low
fiber and crude protein in its fodder makes them more
palatable and digestible. Fodder beet cultivation has
improved the milk productivity of small farms in arid
and semi-arid regions of India during hot summer. It
is a potential crop for silage making with maize and
oats, biofuel production, and vegetative bio-remediation
of salt-affected soils. It is recommended as a source
of biomethane and the most prominent consumer of
atmospheric CO, Many fodder beet cultivars are
available worldwide and are mostly grown under
temperate conditions. Cultivars like JK Kuber, Jamon,
Monro, Splendide, Jauna and Geronimo are the most
promising in India. Hence, there is a need to identify
these cultivars’ yield potential with good crop
husbandry under subtropical Indian conditions.
Therefore, considering the significance and potential
of fodder beet, great efforts are needed towards its
utilization and extension as a fodder crop among Indian
farmers.
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