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Abstract Sugar beet is an important crop in the advent of

COVID 19 as it has a high potential for ethanol production

in less growth span. The life cycle of this crop is of five to

six months with a root yield of 60–80 t ha-1 and sugar

content of 15–17%. Sugar beet is known as a temperate

crop of short duration grown in the month of September to

October and harvested in April and May, but successful

efforts have been made in establishing this crop for Indian

agro-climatic conditions. India stands to gain from capi-

talizing on the potential of sugar beet for sugar, ethanol,

and fodder. It offers the increment in the farmer’s income

especially hill farmers with respect to seed production of

this crop in India The crop has been bestowed with a

natural endowment of reclaiming saline soils which will

help in cultivating the Indian saline areas. The crop is full

of carbohydrates content which is being used for multiple

purposes giving value addition to the crop. The green top

and, wet and dry pulp are a good source of fodder material

for lactating animals like cattle. Beet pulp is another good

source as silage feed and as an adhesive in beauty products

as well as in printing ink. An amount of 5250 L of ethanol

per hectare crop can be produced. Due to 30% galacturonic

acid content, the dry beet pulp can also be used as a source

of Vitamin C. Lactic acid is also being produced from the

juice of sugar beet through fermentation. The pectin con-

tent of this crop is useful in paper and board manufacturing

industries as a raw material and also in dishwashing

detergents and leather production. The fiber content works

as dietary fibers which are used in meat and baking

industries as important ingredients in food commodities.

The vinasse produced as an industrial by-product is useful

as a fertilizer. Sugar beet tails and other parts have also

been used in biogas production in some countries. Inter-

cropping of this crop with other crops is an added benefit of

this crop. New prospects are also available for this crop in

pharmaceutical industries and material sciences in times to

come.
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Introduction

Sugar beet is cultivated in 41 countries of the world cov-

ering an area of 8.1 million hectares (Mehdikhani et al.

2011). The countries Russian Federation, France, Ger-

many, United States of America, Turkey, Poland, China,

Egypt, Ukraine, and United Kingdom are top ten sugar beet

producers (FAO 2019). Biancardi et al. (2010) had showed

that the annual use of sugar beet has been enhanced by

approximately 1.5% predominantly in countries where the

population is more such as China and India. As per USDA

(2008) sugar beet contributes to 40% of world sugar trade.

However, Zicari et al. (2019) revealed the contribution of

beet in the world’s sugar production accounts for nearly

30%. Domestication of beet as a leafy vegetable and root

crop is known from prehistoric era, but its production as a

crop is new to many countries like India (Panella and

Kaffka 2011). It was the European sugar industry which

extracted sugar from this crop and in the nineteenth cen-

tury, the spread of this industry was boosted up due to the

increased demand of sugar caused by British blockade of

continental Europe (Francis 2006). It is a biennial plant
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implying the formation of the root in the first year and

flower production in second year. This crop owns a wider

consistency with resistance to water stress (Mall et al.

2018a), salt stress (Misra et al. 2020) and frost (Webster

et al. 2016). Sugar beet, a sucrose rich crop, is known for

its multifarious uses in the industrial field (Misra et al.

2018). It competes well with sugarcane crop in European

countries for production of sugar and ethanol. Sugar beet is

mainly cultivated in Europe and in very lesser amount in

Asia and North America (Pathak et al. 2014). Approaches

of genetic and agro-technological improvements have now

extended its frontiers to higher latitudes of sub-tropics and

tropical irrigated winter crop. It is a temperate crop and is

the only crop that has now been established for production

in tropical countries like India (Ford-Lyod et al. 2008;

Ford-Lyod and Williams 1975). This crop holds promise in

Indian agro-climates with increasing demands and needs of

bio-ethanol and sugar (Pathak et al. 2017). In India, the

production of sugar and ethanol is solely dependent on

sugarcane crop which makes the crop over burdened with

the high demands and needs of the population (Mall et al.

2018b). Sugar beet crop can augment sugarcane to fulfill

the future requirements of India (Mall et al. 2018c). Sugar

beet was originated as a fodder beet having low amount of

sugar content but the continuous selection and improve-

ment has given rise to the present diploid hybrid sugar beet

varieties which possess high sugar content (16–19% on an

average). This implies that sugar beet cultivation in India

may help in enhancing the sugar recovery (reaching as

close to 13–15%) at mills.

Historical Perspective

Sugar beet was introduced in India in 1950s. Exploratory

trials for the root and seed crop were carried out by ICAR-

Indian Institute of Sugarcane Research (IISR), Lucknow, at

identified suitable sites in India. The first trial was con-

ducted in India during 1959–1969 on exotic varieties of

sugar beet with systematic multi-location testing with the

suitable package and practices. This concept was estab-

lished by All India Coordinated Research Project on Sugar

beet by the Indian Council of Agricultural Research

(ICAR) in 1970 which had three main centers at Pantnagar,

Kanpur, and IISR Lucknow (Nodal Center). ICAR estab-

lished five sub-centers at Jalandhar, Hissar, Sriganganagar,

Phaltan (Maharashtra) and Vegetable Research Station,

Kalpa, and a new center at BCKV, Kalyani (WB) was

added in the 7th five-year plan. In the view of research,

1970s and 1980s were the golden era of sugar beet with

intense research activities in multiple aspects like agro-

nomical practices, germplasm evaluation, varietal trial,

entomological, pathological, and agricultural engineering.

The complete package and practices for sugar beet

cultivation were developed along with several technologies

of plant protection, cultural practices, and mechanization in

sugar beet. The sugar beet cultivation practices in salt-

affected soils were developed at Sundarbans (West Bengal)

for the sub-tropical region of India (Anonymous 2008), and

found some varieties, viz., Pant S 1, Pant S 10, IISR Comp-

1, IISR 2, and Magnapoly that were suitable to grow in

alkaline soil conditions. The utilization of sugar beet for

alcohol production has been worked at Sundarbans. During

1976, All India Coordinated Research Project on sugar beet

was transferred to G.B.P.U.A.&T, Pantnagar, but during

VIII five-year plan, AICRP on Sugar beet was continued as

Network Research Project with its headquarters at IISR,

Lucknow, and five centers at Lucknow, Mukteshwar, Sri-

ganganagar, Sundarbans (under the Kalyani Centre) and

Kalpa. Since 1970, sugar beet is being cultivated on a

commercial scale at Sriganganagar in Rajasthan. A cane/

beet sugar factory was established at Sriganganagar (Ra-

jasthan) for commercial exploitation of sugar beet. The

highest sugar recovery obtained from sugar beet was

11.32% during 1978–79 (Anonymous, 1978–79). Devel-

opment of diploid/polyploid varieties/hybrid was a major

objective in sugar beet research at IISR, Lucknow and

during 80’s IISR developed two hybrids (LK HY-1 and LK

HY-2), one composite (IISR Comp-1) and one synthetic

(LKS-10). Multi-location testing of these hybrids was also

conducted by the IISR, Lucknow. During this era, breeder

seed production of amelite variety LS-6 was done at Sugar

beet Breeding Outpost, Mukteshwar. An open-pollinated

diploid Russian variety seed namely Ramonskaya-06 (R-

06) was found suitable to grow in India. Several exotic

germplasm were evaluated against the best available check

Ramonskaya (R-06). Some anisoploid varieties were also

found suitable. At that time R-06 was under cultivation for

several years but unfortunately, performance of this variety

genetically deteriorated. So, IISR, Lucknow imported R-06

seed from USSR for genetically maintenance of this vari-

ety. Under the strict supervision of breeders foundation

seed and certified seed were produced at different centers.

National Seeds Corporation (Sriganganagar) had under-

taken the seed production of R-06 and after that Himachal

Pradesh taken the production authority. Network Research

Project on Sugar beet was merged with AICRP (Sugarcane)

during December, 1994. A joint meeting of AICRP (S) and

Network Research Project on Sugar beet was held in 1998

at Vasantada Sugar Institute (VSI), Pune, and it was

decided to phase out the sugar beet project because this

crop was not much popularized as expected. In view of

several benefits of sugar beet, IISR, Lucknow is still con-

tinuing the sugar beet research and seed production at its

Outpost in Mukteshwar in Kumaon hills. Development of

tropicalized sugar beet varieties and seed production was

taken up by multinational sugar beet seed companies under
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the direction of Syngenta Company in 2004. At the same

time, ICAR also launched a Network Research Project to

assess the feasibility of new sugar beet varieties under

tropical conditions. Sporadic establishment of sugar beet

processing units during 2008–2012 made the prospects of

sugar beet look better up. During this period a pilot plant

was developed by VSI in Saamarth which later moved to

Islampur. Ethanol plants were developed in Maharashtra

and Karnataka and a sugar factory was established in

Punjab.

A historical chronology of various historical events in

sugar beet research in India has been illustrated in Fig. 1.

Sugar Beet Cultivation in India

India is one among the fortunate countries bestowed with

vagaries of agro-climatic conditions that help in the culti-

vation of sugar beet crop which is now been established in

tropical and sub-tropical India. Favorable time for sugar

beet cultivation starts from the end of September to mid of

October (Deol and Kanwar 1975). The total life span of this

crop is of 5–6 months. Mathuria and Bhoj (1977) demon-

strated that both early and late sowing of sugar beet causes

a negative impact on root yield. Sugar beet flourishes well

in clayey loam, loam, or sandy loam soils, i.e., neutral to

slightly alkaline in nature. Soils having pH 7.0–8.5 are the

most favorable pH condition; however, this crop can be

grown at high pH of 8.0–9.6 due to its salt tolerance

property. In the Deccan tracts of Maharashtra, Karnataka,

Andhra Pradesh, and Tamil Nadu, sugar beet can be grown

on black cotton soils. A fairly cool climate with an ade-

quate amount of rainfall, bright sunshine during different

phases of growth helps in flourishing healthy sugar beet

crop (Pathak et al. 2014). The optimum condition for seed

germination and root growth is around 25 �C and 20 �C,
respectively (Dubetz and Russell 1964). Low soil temper-

atures during the early growth phase were reported to have

a positive impact on root weight (Smit 1983). The fertilizer

requirement ranges from 100 to 120 kg N ha-1 and 60 kg

P2O5 ha
-1 along with farmyard manure at the rate of 10–15

tonnes ha-1. Green manuring and organic manures may

also be added to the crop. Late usage of nitrogen in sugar

beet crop has been reported to affect the canopy size and

amount of nitrogen content in the plant (Malnou et al.

2008). Irrigation is an essential requirement for the healthy

crop. The time of first irrigation supply is important as it

helps in the establishment of seeds in the soil. Thus while

supplying irrigation to the crop, care must be given that

water should not flow over the ridges. Irrigation supply is

also dependent on factors like soil type, moisture content,

rainfall, etc. Recommended irrigation supplies in sugar

beet are 10–12 irrigations. Irrigations supplied at 75 and

50 mm cumulative pan evaporation (CPE) resulted in the

highest yield of this crop (Table 1).

Sugar beet faces competition with weeds from germi-

nation to harvest. If weeds were allowed to grow beyond

Fig. 1 Sugar beet timeline depicting chronology of various research events in India from pre-historic era to present
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60 days of sowing, yield losses in sugar beet have been

reported. Motiwale et al. (1991) had illustrated that

uncontrolled weed growth causes a reduction of 35–54% in

yield. At the early growth stage, one manual weeding

followed by two/three shallow hoeings/weedings favors

good growth of the crop. Earthing up is also necessary

along with the last dosage of nitrogen fertilizer in the

month of December. Thinning is required in sugar beet

multigerm seeds, which produces 2–3 plants/seed while it

is not in the case of monogerm seeds. The most suit-

able time for singling and thinning is after 3–4 weeks of

sowing i.e., 4–6 leaf stage crops. The plants after thinning

should be placed at a distance of 20 cm from each other.

Table 2 depicts the cultivation practices and their month of

performance.

4.0 Seed Production in Hills

Sugar beet requires thermal induction for flowering and

seed production (Kapur et al. 1986). This requirement lacks

in sugar beet grown in plains which prevent it to flower

under such a condition. Due to this reason, seed production

has been standardized in places at higher altitudes ([ 5000

feet) where favorable weather conditions prevail

(Srivastava et al. 1983, 1986). These places were Srinagar

(Jammu and Kashmir), Mukteswar & Ranichauri (Kumaon

Hills), Darjeeling (West Bengal), Shimla & Kalpa (Hi-

machal Pradesh), Auli (Garhwal Hills). At all these places

seed production technology was established (Pathak et al.

2011) and successful seed production of Ramonskaya-06

(R-06), a Russian variety, was performed followed by the

development and production of indigenous varieties, viz.,

IISR Comp-1 and LS-6 (developed by IISR Lucknow,

Uttar Pradesh) and Pant S-10 (developed by GPUAT

Pantnagar, Uttarakhand) (Pathak et al. 2014). Kapur et al.

(2000) revealed that at these places high-temperature tol-

erant varieties were also developed and maintained along

with the production of diploid varieties recommended for

general cultivation areas. Kalpa center in Himachal Pra-

desh was routinely producing foundation seeds of multi-

germ unpelleted varieties with mass multiplication by

National Seeds Corporation (Pathak et al. 2014). Presently

ICAR-IISR Sugar beet Outpost, Mukteshwar is producing

and maintaining sugar beet seeds (Fig. 2).

Sugar beet seeds are produced either by in situ method

or transplanting method. In situ method requires overwin-

tering conditions in the field for the beet flowers to blossom

and produce seed. Due to its overwintering requirement, it

is often termed as an overwintering method. In the trans-

planting method, selected stecklings (or young roots) are

uprooted in the first season and stored in trenches for

overwintering conditions followed by thermal induction.

The stecklings are replanted during overwintering condi-

tions in the next season for the production of flowers and

seeds. This practice is generally being performed in sugar

beets grown in the plains of India (Kapur et al. 1986). An

important practice is to cut one-third of the top and root

portion prior to planting these retaining, only 10 cm of

leaves. Root weight of 7–16 g with a pair of 5–10 leaves

along with the height of the plant as 22–26 cm is the

Table 1 Effect of Irrigation schedule on sugar beet yield (t ha-1)

over the season. Source: APCess Network Project Report 2004–2008;

Network project in sugar beet 2004–2005

Irrigation (mm) at cumulative pan

evaporation (CPE)

State Varieties

VSI,

Pune

ARS,

Digraj

HI

0064

LS

6

100 99.1 41.0 37.0 35.6

75 102.2 42.8 42.0 36.5

60 91.8 49.1 46.5 40.3

50 75.9 48.4 49.7 45.7

Table 2 Sugar beet cultivation practices developed by IISR, Lucknow

Cultivation practices Month/requirement

Sowing End of September-mid of October

Plant to plant distance At the time of sowing: 10 cm

After thinning in multi-germ seeds: 20 cm

Germination Within a week

Thinning (only in multi-germ seeds) After 3–4 weeks of sowing

Earthing up December

Fertilizer dosage 100–120 kg N ha-1 in two equal splits; one at the time of sowing

and other during earthing up (@40 kg ha-1); 60 kg ha-1 P2O5 at time of planting

Weeding 30 DAS

Herbicide spray Rifit @ 2 kg ha-1 or Alachlor @ 1 Liter ha-1

Harvesting Six months from day of sowing
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requirement for transplanting method as reported by Balan

et al. (1991). Development of seed takes place inside the

fruit of sugar beet. Seed comprises of pericarp and oper-

culum with an ovary cap. The sugar beet seed comprises of

two or five embryos supported by diploid perisperm rather

than triploid one (Agrawal and Rakwal 2012; Jagosz 2018),

due to which it is termed as multigerm seed. Conversely,

the production of monogerm seeds (single embryo) occurs

through mechanical means (OECD 2006).

Development of Indigenous Varieties of Sugar Beet

for Commercial Production

Srivastava (1995) reported that one diploid multigerm

indigenous germplasm, named LS-6, has been developed

and released for commercial purposes favorable for growth

under Indian agroclimatic conditions. This genotype was

openpollinated and developed through mass selection. It is

tolerant to Sclerotium root rot (caused by S. rolfsii) and to

high temperatures along with retaining low impurity index

(Mukhopadhyay 1971; Srivastava 1995). Two other

promising diploid elite lines, viz., IISR 2 and LS-7, were

developed at GBPUAT, Pantnagar, Uttarakhand, for culti-

vation in India. Both the elite lines were selected through

mass selection (Anonymous 1988). Development of com-

posites and synthetic germplasm were also produced at

IISR Lucknow and GBPUAT, Pantnagar. IISR Composite

1 (IISR Comp-1), Pant Composite 1 (Pant Comp-1), Pant

Composite 3 (Pant Comp-3) were composite germplasm

while LKS-10 was synthetic germplasm identified. Out of

these, IISR Comp-1, Pant Comp-3, and LKS-10 were

identified as high promising sugar beet elite lines. IISR

Comp-1 was another variety that was recommended for

commercial cultivation in India. Srivastava (1990) and

Srivastava (1991) reported that two other diploid elite lines

were developed via three ways cross hybrids, viz., Luc-

know Hybrid 1 (LK HY 1) and Lucknow hybrid 2 (LK HY

2). Both these elite lines showed superiority with com-

posite and synthetic sugar beet germplasm (Table 3).

Ethanol Production from Sugar Beet

The initial operations for ethanol processing are washing of

sugar beet roots so that all the dust and mud particles are

removed. The beet roots are thinly sliced into round pieces

which are known as cossettes. This process helps in

extracting out the sugar content from the roots. The cos-

settes were dipped in hot water for juice extraction after

which the juice was fortified with nutrients. The adjustment

of pH is required for lesser microbial attack and the pH

value is adjusted to 4.5 (Paroha and Swain 2020). Steril-

ization of juice is the next step after pH adjustment which

requires a pressure of 15 psi for a period of 15 min. On the

cooling of the juice, the fermentation process is initiated by

Fig. 2 a–f Seed production at sugar beet breeding outpost, Mukteshwar
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addition of yeast for the production of ethanol (Kumar

et al. 2015). The raw juice is thermally unstable at tem-

peratures above 85 �C. Milk of lime and carbon dioxide are

used for juice purification. Anaerobic fermentation is

responsible for the production of ethanol from sugar beet

roots (Gressel 2008). The enzymatic hydrolysis is trailed

after the fermentation process completes. Commercially

available yeasts help in the conversion of glucose (pro-

duced after enzymatic hydrolysis through invertase

enzyme) to ethanol under an environment where oxygen is

deficit. Atiyeh and Duvnjak (2003) revealed that Saccha-

romyces cerevisiae ATCC 36859 is one of the microbes

which have efficiency towards higher production of ethanol

from beet molasses. Besides, certain bacteria like Spir-

ochaeta, etc., are also helpful in converting glucose to

ethanol by the Embden Meyerhof pathway under an

anaerobic environment. Turquois et al. (1999) showed that

direct usage of pulp or root is not as good for ethanol

production as sugars are released in a very slow manner

into the fermented solution and the beet storage for the

longer duration further adds to sugar loss through enzy-

matic action (Bergall et al. 1997). Raw sugar beet juice is a

good raw material as it contains 85–90% of sugars and can

undergo fermentation with slight changes and adjustments

in the pH of the juice. However, microbial infestation and

the problem of storage of raw juice for the longer period

are the two restrictions while using thick juice for ethanol

production (Tan et al. 2015). Gumienna et al. (2014) stated

that thin juice of sugar beet results in relatively higher

ethanol yield than thick juice or pulp. Rankovic et al.

(2009) illustrated that thin juice of sugar beet can be used

for ethanol production but prior to using the juice is

evaporated to give a higher concentration of sugars and

inhibition of microbial attack. Traditionally, molasses, a

by-product after crystallization, are also used for the pro-

duction of ethanol from sugar beet (Kumar et al. 2009).

Mohan (2019) revealed that LS 6, SZ 35, and PAC

60008 had root yield of 80 tonnes per hectare on an average

with an ethanol production ranging from 90 to 100 L per

tonne under Indian conditions. Paroha and Swain (2020)

revealed the ethanol yield from sugar beet grown under

Indian conditions illustrating the variation between theo-

retical and practical ethanol yield (Table 4).

Alternative Uses of Sugar Beet

Sugar beet is one such crop which has almost zero wastage

(Tomaszewska et al. 2018). Starting from its leaves, roots,

pulp, molasses, vinasse, all the plant parts as well as their

left over are some or in other way utilized for industrial

purposes of different sectors (Finkenstadt 2013). The

value-added products of sugar beet have been described in

figure (Fig. 4).

As Bio-Ethanol Producer

The natural resources of petrol and other energy sources

are depleting rapidly and as such attention of the scientists

all over the world is focused to find out alternative sources.

Sugar beet due to its high yield, sugar content and short

duration may prove to be a good source of alcohol (AICRP

on sugar beet report, 1989–90). Theurer et al. (1987)

demonstrated that ethanol content in sugar beet is relatively

higher than that in fodder beet. Gibbons and Westby (1987)

revealed that 4.83% ethanol production can be obtained

from various varieties of fodder beet. Ethanol obtained

from wheat was 2688 L per hectare while in sugar beet this

amounts to 5250 L per hectare, implying the high potential

this crop persist (Anonymous 2010). Blazek (2007) showed

that 1 kg of sugar beet produces 0.126 L of ethanol content

in Indian conditions. Root yield and sucrose content are the

factors on which ethanol content is determined. Srivastava

et al. (2008) illustrated the importance of these two factors

and showed that the varieties having high root yield and

sucrose content have more ethanol production. Mehdikhani

et al. (2011) also estimated ethanol content in different

sugar beet varieties while several indigenous varieties have

also good sugar and ethanol recovery (Tables 5 and 6). Icoz

et al. (2009) illustrated the ethanol production of sugar beet

in comparison with other crops (Table 7). Salazar-Ordonez

et al. (2013) revealed the importance of sugar beet pro-

duction with reference to ethanol production which will be

a good option for reducing the dependency of crude oil

import as well as other import of raw materials for the

generation of ethanol.

A publication of FAO (2008) stated that production of

ethanol from sugar beet roots ranges between 100 and 120

L per tonne on a fresh weight basis while production via

ethanol fermentation had 110 L/tonne. On a dry weight

basis, one ton of sugar beet had 3.89 GJ of energy. Von

Felde (2008) has estimated that anaerobic digestion meth-

ods for whole beets to produce bio-methane would produce

137% more energy as compared to fermentation of sugar

beet to ethanol. Shapouri et al. (2006) showed that ethanol

Table 3 Relative performance of diploid sugar beet hybrids, com-

pared with composites and synthetic germplasm. Source: Srivastava
(1995)

Composited/

Synthetics

Root yield (t

ha-1)

Top yield (t

ha-1)

Sucrose

(%)

LK HY 1 121 133 101

LK HY 2 94 102 106

IISR Comp-1 117 109 110

LKS 10 114 101 108
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production from sugar beet on a wet basis was 103.5 L per

tonne. The study of von Felde (2008) revealed that higher

energy was required for the production of biomethane in

comparison with that required for the production of bio-

ethanol.

As Fodder Material

Wet and dried pulp, a by-product, is a supplement as fodder

material to mulch animals like cattle where it increases

milk production by 6 to 10%. Castle (1972) showed that the

dried molasses pulp could be a good ingredient in the diet

Table 4 Ethanol content in sugar beet grown under Indian condi-

tions. Source: Paroha and Swain (2020)

Parameters Amount

Quantity of beet roots (Kg) 3

Total volume of juice obtained (liters) 5

Total reducing sugars content (%) 11.4

Theoretical ethanol yield (%v/v) 7.34

Practical ethanol yield (%v/v) 6.10

Ethanol Yield (L/ton) 101.6

Fermentation efficiency (%) 83.1

Fig. 4 Multifarious and alternative uses of sugar beet crop

Fig. 3 Indegenous germplasm

of sugar beet identified for

various traits under Indian agro-

climatic condition
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given to the lactating cows. The dried molasses beet pulp

(DMBP) constitutes 79 g digestible crude protein kg-1 DM

with a release of 12.5 MJ metabolizable energy (Kelly

1983). This product acted as a rich source of nutrients as

compared to the diets consisting of grass or hay (Castle

et al. 1982). The nutrient value of dried un-molasses sugar

beet pulp (SBP) and dried pulp constituting 40% molasses

as a diet ingredient is almost equivalent. The milk yield

produced from lactating cows having an intake of these

pulps has not shown any significant difference (Heming-

way et al. 1986), whereas Parkins et al. (1986) revealed

that the variation in the yield and fat concentration in cows

who were having an intake of fresh pressed un-molasses

SBP with ones having dried molasses pulp. Furthermore,

the production of fat and protein per day in cows con-

suming a different diet was not significant (Parkins et al.

1986). The high crude fiber content present in beet pulp has

also a high potential as ruminant feed due to its digestive

power and has revealed beneficial effects on milk fat.

Bhattacharya et al. (1975) reported that growing fattening

sheep fed on a diet that contained 45% DSBP ? 45% corn

gained faster and required less feed per unit of gain than

those fed on either 90% corn or DSBP. There is an addi-

tional need for forage or supplementary fiber to make the

feed completely nutritious and palatable such as molasses.

Mahmoud and El-Bordeny (2016) had shown that SBP

(partial or whole) may also replace the application of

yellow corn on Barki lambs.

Silage is another material obtained from beet during

fermentation processing in a controlled environment. Due

to the presence of 80–85% moisture content, the beet pulp

can be used as silage feed for animals particularly live-

stock. El-Badawi and El-Kady (2006) showed 3% ureated

sugar beet pulp as an ingredient in diets provided to the

lambs had better roughage than provided by Berseem. The

rich Lucerne content found in the beet pulp makes it highly

nutritive and a valuable source. Murray et al. (2006)

reported that equine diets containing Lucerne and sugar

beet pulp had higher nutritive value than Lucerne solely

possess. Besides, the vinasse obtained from this crop has

also been useful as feeding material for ruminants, pigs,

and poultry. Kaffka and Grantz (2014) had reported that the

production of monosodium glutamate involves the use of

sugar and molasses from sugar beet.

Sugar beet leaf is a calorific feed with a growth pro-

moter for livestock. A Previous study proved that cattle

effectively fattened on rations of beet tops with slight or no

grains included. Generally beet tops are compared with

alfalfa grass; blooming beet tops can replace grass as well

as grains (Maynard 1948).

As Fertilizer

During the processing of sugar beet, vinasse is produced as

a by-product that can be used as fertilizer for crop growth

(Martin-Olmedo et al. 1996). The high potash content and

other essential nutrients like N and P make it a good fer-

tilizer. Sugar beet vinasse also contains some amount of

trace nutrients like manganese, iron, and boron. This by-

product acts as a source material for the production of

potassium sulfate, organic fertilizer containing a little

amount of chlorine and a high amount of sulfur (Moran-

Salazar et al. 2016). Another by-product obtained during

Table 5 Ethanol recovery potential in Sugar beet germplasm.

Source: Mehdikhani et al. (2011)

Varieties Sucrose content (%) Root yield (t ha-1) Ethanol from

root

L ton-1 L ha-1

IR2 16.6 87.49 105.60 9285

37RT 16.5 65.67 105.70 6901

BR1 16.4 61.68 104.80 6489

Shirin 17.8 58.14 113.20 6337

Table 6 Ethanol recovery in Indigenous Sugar beet germplasm.

Source: Annual Report 2018–19 ICAR-IISR)

Varieties Sucrose content (%) Brix (%) Ethanol recovery (%)

LKC 2000 20.1 20.7 8.1

LKC 2006 14.5 17.9 7.7

LKC 2007 21.1 20.3 8.2

LKC 2010 18.7 18.4 7.5

LS 6 19.6 20.6 8.5

Table 7 Ethanol production in different crops. Source: Icoz et al. (2009)

Crops Sugar beet Wheat Triticale Rye Corn Potatoes

Total production (m ton) 27.8 21.4 4.1 4.1 3.3 13.1

Average yield (t ha-1) 61.7 7.2 5.6 4.9 9.2 43

Ethanol yield (m3 ha-1) 6.6 2.8 2.2 2.0 3.5 3.6

Sugar Tech (Nov-Dec 2021) 23(6):1218–1234 1225

123



the juice purification stage is the lime which acts as a good

conditioner for soil used for agricultural purposes (Fares

et al. 2016).

As Intercrop with Other Crops

Sugar beet has great potential as an intercrop. It helps in

decreasing pest infestation and weed incidence (Baumann

et al. 2001). Intercropping of sugar beet with several pulses

and cereals is a better option as a management practice for

weed growth due to lesser availability of radiation for the

growth of weeds (Baumann et al. 2001). Sugar beet sun-

flower intercropping also showed management of incidence

rate of insect pests along with positive response towards

soil health and improvement (Stoyanov et al. 1997). This

also provides high gross returns to the growers (Lal and

Mukerji 1998). Intercropping of sugarcane with sugar beet

gives greater revenue than the crops grown solely with the

balanced consumption of NPK (250 kg ha-1 for each)

(Ullah et al. 2018). Krall et al. (1996) revealed the

importance of sugar beet-mustard intercropping for nema-

tode resistance along with high monetary returns. Inter-

cropping of sugar beet with other crops is a

profitable agricultural activity implying benefits from the

same land. Studies had revealed that intercropping of sugar

beet with several crops help in returning high yields and

high monetary benefits that could not be obtained when the

crop was grown solely (Singh et al. 1999; Osman and

Haggag 2000). Gazdag (2000) showed that intercropping

helps in decreasing soil compaction. Improvement in the

yield of sugar beet has also been reported in intercropping

of sugar beet with garlic or onion (Toaima et al. 2000). The

combination of sugar beet with oilseed and oats produced

high monetary profits in comparison with intercropping of

sugar beet with other crops, particularly sugar beet ?

wheat (El-Dessougi et al. 2003; Vos and Putten 2004).

Azad and Alam (2004) had also illustrated the benefit

obtained from the same land when the combination of

sugar beet ? potato, sugar beet ? coriander and sugar

beet ? onion was grown in Kashmir. A comparison of

production cost, returns, and revenue generated by this

crop solely or as an intercrop with some other cash crops is

illustrated in Table 8.

For Saline Marshy Lands

Sugar beet crop is well known for its ability to fertile the

saline soils by growing under such conditions where other

crops fail to prevail (Misra et al. 2020). It is tolerant to

saline conditions in later stages of growth. Khayamim et al.

(2017) illustrated that salt stress affects more in the

establishment growth phase rather than the germination

phase. Mass and Hoffmann (1977) reported that the salt

tolerance level of sugar beet is 7.0 dSm-1. The salt stress

tolerance in sugar beet, Beta vulgaris ssp. martima and

Beta vulgaris ssp. vulgaris, were found to be dependent on

regulation of osmotic potential either by regulation of ions

or by absorption of water. The survivability of sugar beet

under salt stress conditions on the long-term basis has been

reported due to the decrease stomatal conductance, lowered

transpiration rate, increased photosynthesis rate (Daoud

et al. 2008). Abbas et al. (2012) revealed that under salt

stress conditions, increased sodium content and decreased

potassium content were seen in sugar beet tolerant to such

conditions. In regions of Sundarbans, West Bengal, India,

sugar beet varieties, i.e., Pant S-1, Pant S-10, IISR Comp-1,

IISR-2, and Mezzanpoly, have been identified for saline

and alkaline prone area. Wadeleigh et al. (1952) had

revealed the sugar beet performance under alkali, saline

and, saline-alkali soils (Table 9). Under Indian agro-cli-

matic conditions, several exotic varieties and, indigenous

germplasm (Table 10) have been evaluated for screening

for salinity and alkalinity tolerance (Anonymous 1991–92;

Anonymous 1993–94). Anonymous (1991–92) had shown

that indigenous sugar beet varieties performed better in

salt-affected areas of Sri Ganganagar (Table 11).

As Source of Vitamin C

Dry beet pulp was found to contain about 30% of galac-

turonic acid in the form of pectin substances (Anonymous

1946). This acid forms the base for the synthesis of vitamin

C. One ton of dry beet pulp is reported to yield 25 kg of

vitamin C.

Table 8 Cost, returns and revenue from intercropping of sugar beet with other crops. Source: Usmanukhail et al. (2013)

Crop Sugar beet yield (t ha-1) Intercrop (t ha-1) Production Cost (Rs.) Gross Revenue (Rs.) Net Returns (Rs.) BC Ratio

Sugar beet 76.5 0.0 45,056.0 114,995.0 69,939.3 1.6

SB ? Wheat 70.3 2.5 183,377.0 132,261.0 86,417.7 1.9

SB ? Barley 69.5 1.5 45,353.0 465,468.0 74,782.7 1.7

SB ? Lentil 75.0 0.4 45,909.0 129,573.7 83,665.3 1.8
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As Pectin Glue

Sugar beet pulp is used as pectin glue. This glue can be

used as an adhesive in beauty products and as printing ink.

May (2011) reported that 100 kgs of beet pulp yield 10 kg

of pectin blue. Though beet pectins contain poor settling

qualities, but yet it can be used in yogurt preparation.

Ovodov (2009) showed that sugar beet pectins play an

important role as emulsifiers having low gelatin properties.

As Bio-Plastics Producer

Bio-plastics are also produced from sugar beet pectins and

pulp. Studies showed that the thermoplastic films are pro-

duced from sugar beet pulp using plasticizers (Liu et al.

2011b; Rouilly et al. 2006, 2009). Sugar beet pulp in

combination with polylactic acid helps in the production of

polymer composites (Chen et al. 2008). This composite had

tensile properties that were similar to that in commercially

available plastics (Finkenstadt et al., 2008). Liu et al.

(2011a) illustrated the use of sugar beet pulp as a co-

Table 9 Sugar beet yield, sucrose content and ionic content in different soil conditions. Source: Wadeleigh et al. (1952)

Soil condition Yield Lbs/10 foot row Sucrose content (%) Cationic content of leaves and petioles

Na ? K ? per 100 gm Ca dry wt Mg

Alkali 51.7 13.9 270 80 36 48

Saline 38.9 14.3 336 81 44 55

Saline alkali 33.5 12.6 369 65 43 58

Control 69.0 13.4 160 136 44 46

Table 10 Screening of sugar beet exotic and indigenous varieties for salinity and alkalinity tolerance. Source: Network research project on sugar

beet Report, 1991–92 & 1993–94

Varieties Root yield (t ha-1) Total soluble solids (%) Root weight (g) Root girth (cm) Root length (cm)

Exotic varieties

M. ultramono 27.5 14.9 328 25.4 22.1

M. perma 26.3 15.3 417 24.5 22.0

Marathon 26.3 14.5 472 26.5 20.5

M 8603 28.2 17.0 342 22.6 21.6

Marita 31.3 15.1 492 27.3 20.4

R 06 31.9 15.4 525 30.5 25.7

Indigenous germplasm

LKS-10 20.0 16.4 221 15.5 14.5

LKS-II 19.3 15.7 258 23.0 15.0

Pant S 10 19.0 16.4 186 22.6 16.2

IISR Comp-1 18.0 16.1 131 18.5 12.1

LS-6 21.2 13.3 220 15.0 13.3

Table 11 Response of Indigenous varieties in salt affected soil of Sri Ganganagar. Source: Network research project on sugar beet Report,

1991–92

Varieties Root yield (t ha-1) Sucrose (%) Gross sugar (t ha-1) Alpha amino-N (ppm) K (ppm) Na (ppm)

LKS-10 53.6 14.2 7.6 288 1800 620

LKS-11 54.2 14.8 8.0 232 1760 600

IISR Comp-1 54.2 15.2 8.2 200 1700 560

LS-6 52.4 14.8 7.7 224 1840 640
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polymer instead of filling material in PLA and polyhy-

droxyalkanoates (PHA). Castilho et al. (2009) revealed that

the cost of PHA production from sugar beet to be $ 1.40

per kg approx. Pavier and Gandini (2000) illustrated that

sugar beet pectin can be used as a polyol source.

As Bio-Gas Producer

Bio-gas production occurs in the sugar factory by fer-

mentation of wastewater by the anaerobic water treatment

process. It is an eco-friendly product that helps in reducing

the usage of fossil fuel. Bio-gas contains 75% of methane.

Certain sugar beet-producing countries use beet tails and its

other parts for the production of bio-gas. This crop contains

high amount of carbohydrates that are fermentable (Starke

and Hoffmann, 2011) and has an increasing impendency as

bio-ethanol substrate (Sieling et al. 2013; Starke and

Hoffmann 2011; Weiland 2010). Jacob et al. (2017) shown

that in Germany sugar beet contributes to a share of 2% as

a bio-gas producer. Even in places where the utilization of

pulp as fodder material has not been done, the pulp is used

for producing bio-gas. Ahmed et al. (2016) revealed that

silage of sugar beet is an intensely better option as a silage

component with maize silage rather than with grass silage.

Even a low ratio of maize and sugar beet silage combina-

tion will be a better alternative in enhancing the production

of biogas. Nges et al. (2012) showed that co-ensilaging of

maize and sugar beet improves biogas production by

increasing the content. Bottcher et al. (2013) illustrated that

when sugar beet silage was added less than 20%, a rise in

methane content was seen, but when the addition was

increased to 50%, the process became unstable. Nges et al.

(2012) further stated that during the mono-digestion pro-

cess, the occurrence of viscosity during biogas production

was reduced by usage of sugar beet silage.

As Detergents

Sugar beet pectins obtained from pulp are appropriate as an

essential ingredient for dishwashing detergents and leather

production. The pectins provide functional substitutes for

non-degradable polymers, making it more environmentally

feasible (Broek and Haveren 2019). Contribution of the

bio-based ingredient is relatively higher and the product so

obtained is easily degradable through biological means

(Brouwers 2019). Application of sugar beet microfibers has

been reported to be utilized in detergent production as

structurant. Betafib� MCF and BetaBind-A� are some of

its commercially available products. Brouwers (2019) also

shown the usage of bio-based pectins in leather industries

for the production of leather. The pectins used, help in

influencing the color intensity during this process.

As Food and Baking Ingredients

Sugar beet fiber contains functional dietary fibers and other

soluble and insoluble fibers that serve as an essential

ingredient in meat, baking and, other food items. As it has

good water holding capacity it helps in kneading dough

which is the main essential ingredient in the baking

industries. Fibrex� is one such commercially available

product containing sugar beet fiber. It also functions as a

concentrated dietary fiber in gluten-free products depicting

the health importance (Krick 2017). It is also used in buns

and cakes. In small quantities, Fibrex� produces a good

taste and softness (Anonymous 2011). Cappa et al. (2013)

illustrated the improvement of dough workability on the

addition of sugar beet fiber. Generally, gluten-free diet

(low intake of protein and fiber) is recommended to celiac

patients (Cappa et al. 2013). Djordjevic et al. (2018) also

showed the importance of sugar beet fiber with sufficient

water quantity in gluten-free bread. Addition of this fiber

helped in enhancing the nutritional value of the product

without hampering any bread quality. Simovic et al. (2016)

had also illustrated the positive effect of the combination of

sugar beet fiber and carob flour in the production of bread.

Tredger et al. (1991) revealed that when 20 g of sugar beet

fiber is used as a dietary supplement, positive results were

obtained on cholesterol, and apoprotein levels. The bread

obtained by using sugar beet pectin has increased bread

volume, soft in texture and, lesser staling properties. Sugar

beet pectin contains ferulic acid (0.6 wt % to about 3 wt

%). This component is absent in pectin extracted from

citrus pulp or fibers. Sugar beet pectin contains about 0.6

wt% to about 3 wt% of ferulic acid (Christensen 2006).

Bichsel et al. (1990) showed that products made from sugar

beet pulp or whole sugar beet had high mineral ingredients

such as magnesium, iron, copper, zinc, or manganese. Liu

et al. (2007) demonstrated the use of beet pectin for

packaging food items to protect it from active ingredients

from thermal shock.

In Paper and Board Manufacturing

Sugar beet pectin is an important ingredient in paper and

board manufacturing due to its favorable physical-chemical

properties. It is used as an anionic surface-active agent.

Many studies have shown the precise effect of the appli-

cation of pectin and hemicelluloses as a surface treatment

for the production of paper (Aaltio and Jounikainen 1971;

Hernadi and Erdelyi 1971; Guha and Pant 1970). The

results were dependent on the pulp grade, quantity and,

type of the substance used. Micronized bleached beet pulp

is also used as an additive in white boards and, paper

manufacturing (Vaccari et al. 1994). The paper produced

from beet pulp is relatively higher resistant, less expensive,
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and higher economic value. The paper obtained is recy-

clable (Monegato and Stagliotto 1997). Fiserova et al.

(2007) revealed the importance of sugar beet pulp in paper

manufacturing as beet pulp constitutes 30% of pectin. The

white, ivory color of sugar beet pulp gets changed to

grayish or blackish in color, known as melanines, due to

enzymatic activities of tyrosine. Also, this enzyme is often

exposed to air during the process of pulp drying, which

converts it to dark color (Fiserova et al. 2007). Further-

more, the size of the beet particle also plays an important

part in paper manufacturing.

In the case of white boards, the addition of 8% of pulp

articles helps in increasing the bulk properties, does not

damage the strength properties of the board (Krick 2017).

Beet pulp has also been used as a packaging material and

much more sustainable compared to wood fibers. The

alternative of beet pulp as a fiber material has much more

potential than that of wood fibers. One of the benefits of

using beet pulp fiber as a packaging material is it can be

used in packing food-stuffs.

Lactic Acid Production

Lactic acid is one of the many fermentation products which

could be obtained from sugar beet juice (Koch and Venus

2014). The lingo-cellulosic biomass serves as a raw

material for the production of lactic acid. The sugar beet

pulp is one such example (Tomaszewska et al. 2018). Dry

beet pulp contains 22 to 24% cellulose and 30% hemi-

cellulose on a weight basis along with other polysaccha-

rides, protein, lignin, and fat contents, though the content

of fat, protein, and ash were less (Olmos and Hansen 2012).

The beet molasses also consists of some amount of sugars

which makes it a good medium for fermentation by dif-

ferent bacteria which helps in the production of lactic acid

(Table 12). In a continuous fermentation, 3916.91 g of

sugars will produce 2781.01 g of lactic acid when Bacillus

coagulans was used as a fermenting agent (Oliveira et al.

2020). Bonelli and Gulinelli (1918) described the lactic

acid production by fermentation of raw sugar beet.

Zakharov and Federova (1946) revealed the comparison of

fermentation methods from sugar beet to ethanol and sugar

beet to lactic acid. The results showed that the process was

difficult in the latter than in the former.

Other Miscellaneous Uses

Sugar beet is known for its rich nutritional value of betaine.

Mikos et al. (2015) revealed that its importance as a

nutrition supplement. El-Maghraby et al. (2013) had also

identified the suitability of sugar-beet filter cake as novel

starting material in the preparation of anorthite bodies. In

this process, the filter cake is utilized as a source of calcium

oxide. Perzon et al. (2020) illustrated another use of sugar

beet waste in the production of cellulose nano-fibers.

Alexandri et al. (2019) demonstrated sugar beet pulp as a

good option as a feedstock material for succinic acid

production.

Constrains in Sugar Beet Production

and Cultivation

Sugar beet crop though having multiple uses is not being

picked up much by farmers for cultivation for commercial

purposes as there is a lack of market. Being an industrial

crop, there is no incentives or seed money sanctioned to the

industries for installing the additional machinery required

for beet processing by the government. Also, there is no

such governmental policy been involved in establishing

this crop for commercial purposes. There is a need for

government to involve in this crop considering its rich by-

products and ethanol production which will fulfill the

future needs of the country. Thus, the government comes

forth with grants/easy loans, tax holidays, seed subsidies,

etc. for the cultivation of this crop. Until and unless this

will be done, this crop will not get that much importance

which it actually persists, regardless of how much well it

can perform under Indian agro-climatic conditions. There

is a need for the creation of a business model in combi-

nation with contract farming where several stakeholders

commit themselves to their specific role in the entire

venture. Earlier such ventures were initiated at Sri Gan-

ganagar among farmers, factory, and seed companies but

later it could not facilitate much.

Table 12 Molasses as a raw material for lactic acid (LA) production. Source: Tomaszewska et al. (2018)

Raw material Micro-organism LA yield (gg-1) Productivity

Sugarcane molasses Bacillus coagulans 0.88 2.1

Lactobacillus delbrueckii Uc-3 0.95 4.15

Beet molasses Lactobacillus delbrueckii IFO 3202 0.77 4.83
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Prospects and Future Thrust

Sugar beet has the prospective of becoming an important

and feasible crop of our country. The majority of the

segments are now worked out and can be coordinated in a

mission mode with the suitable government strategies

combined with business approach and agricultural depart-

ment. To encourage the farmers to bring more area under

sugar beet crop, IISR, Lucknow has taken initiative in

introducing sugar beet in Bihar also with sugar factories

with diffusion plants. Further to promote the research and

diverse utilization of this crop, IISR, Lucknow has orga-

nized a National consultation, a summer school for

researchers, and an IISR-Industry interface with research-

ers, industries of sugar, bio-ethanol, and seed for scientific

footing and popularization of this crop in India. The saline

and alkaline tolerance capability of this crop are one of the

characteristic features of this crop that will help in

reclaiming and ploughing saline soils, covering an area of

6.7 million hectares. The integration of sugar beet with

other crops has also flourished well as sugar beet turns out

to be a profitable crop while intercropping with other crops,

not affecting the current cropping pattern. This crop is

known to increase the sugar production when intercropped

with sugarcane that will definitely help in fulfilling the

required increasing demand for sugar and ethanol. It will

also help in lowering the burden imposed on a single

sugarcane crop for the production of sugar and ethanol.

With the increasing demands of sugar beet seed, there will

be higher possibilities of shifting multinationals seed

companies to shift in India for its seed production and easy

availability.

References

Aaltio, E., and P. Jounikainen. 1971. Effect of some polysaccharide

addition on properties of paper. Paperi Ja Puu 40: 561–568.

Abbas, F., A. Mohanna, Gh. Al-Lahham, and E. AL-Jbawi. 2012.

Osmotic adjustment in sugar beet plant under salinity stress.

Journal of Sugar Beet 28 (1): 37–43.

Agrawal, G.K., and R. Rakwal. 2012. Seed Development: Omics
Technologies Towards Improvement of Seed Quality and Crop
Yield. New York, NY: Springer.

Ahmed, S., D. Einfalt, and M. Kazda. 2016. Codigestion of Sugar

Beet Silage Increases Biogas Yield from Fibrous Substrates.

Biomedical Research International. Article ID 2147513.

https://doi.org/10.1155/2016/2147513.

Alexandri, M., R. Schneider, H. Papapostolou, D. Ladakis, A.

Koutinas, and J. Venus. 2019. Restructuring the conventional

sugar beet industry into a novel biorefinery: Fractionation and

bioconversion of sugar beet pulp into succinic acid and value-

added coproducts. ACS Sustainable Chemistry & Engineering 7

(7): 6569–6579.

Anonymous, 1946. Chemical Age, London 51: 35.

Anonymous. 1978–79. Annual Report. Indian Institute of Sugarcane

Research, Lucknow, pp. 9–120.

Anonymous. 1988. All India Co-Ordinated Research Project on Sugar

Beet (ICAR). General Recommendations, 1988.

Anonymous. 1991–92. Report of Network Research Project on Sugar

Beet. IISR Lucknow.

Anonymous. 1993–94. Report of Network Research Project on Sugar

Beet. IISR Lucknow.

Anonymous. 2008. Final Report of the APCess Network Project on

Sugar Beet ‘‘Developing Agro-Techniques for Tropicalized

Sugar Beet in India’’, (2004–2008), Indian Institute of Sugarcane

Research, Lucknow, p 66.

Anonymous. 2010. http://www.esru.strath.ac.uk/EandE/Web_sites/

02-03/biofuels/quant_bioethanol.htm. 25 May 2010.

Anonymous. 2011. Beet Fibre Makes the Bread Keep Longer. Press

Release, 11 April 1996. http://ins-news.com/en/100/19

4/477/Bread-with-beet-fibre-keeps-longer-Security–Safety.htm.

Atiyeh, H., and Z. Duvnjak. 2003. Production of fructose and ethanol

from cane molasses using Saccharomyces cerevisiae ATCC

36858. Acta Biotechnologica 23: 37–48.

Azad, M.A.K., and M.J. Alam. 2004. Popularizing of sugarcane based

intercropping systems in non millzone. Journal of Agronomy 3

(3): 159–161.

Balan, V.M., V.N. Kirichenko, and L.Y. Zhovtonochuk. 1991. Stand

density for seed production sugar beet grown without trans-

planting. Vestinik Selskogozyaistvennoi Nauki Moskva 7:

97–100.

Baumann, D.T., L. Bastiaans, and M.J. Kropff. 2001. Effects of

intercropping on growth and reproductive capacity of late

emergingBeta vulgaris L., with special reference to competition

for light. Annals of Botany 87: 209–217.

Berghall, S., S. Briggs, S.E. Elsegood, L. Eronen, J.O. Kuusisto, E.J.

Philip, T.C. Theobald, and P. Walliander. 1997. The role of

sugar beet invertase and related enzymes during growth, storage

and processing. Zuckerindustrie 122: 520–530.

Bhattacharya, A.N., T.M. Khan, and M. Uwayjan. 1975. Dried beet

pulp as a sole source of energy in beef and sheep rations. Journal
of Animal Sciences 41: 616-621.

Biancardi, E., J.M. McGrath, L.W. Panella, R.T. Lewellen, and P.

Stevanato. 2010. Sugar Beet. In Root and Tuber Crops,
Handbook of Plant Breeding, vol. 7, ed. J.E. Bradshaw,

173–219. New York: Springer.

Bichsel, S.E., M.F. Cleary, R.F. Olson. 1990. Mineral Enriched Sugar
Beet. US 4938974, p.15.

Blazek, E. 2007. http://www.appropedia.org/Ethanolfromorganic

sugarbeetsCategories.

Bonelli, A., and G. Gulinelli. 1918. The industrial preparation of

lactic acid from sugar beets. Indian Chimney Metals 5: 121–124.
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