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India more than 3.6 million hectares of sugarcane 
charum are grown, with average of 65 tons 
of cane per hectare and sugar of more than 9.8%. In 
1991-92 season, the 392 sugar factories in India 13.4 million 
tons of white sugar. The country, is self-sufficient for its 
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and when sugar recoveries from sugarcane show a steep decline 
trend. In northern is done in 
March and and the root crop is harvested from October on­
wards when the temperatures are low. In India and other 

the is done in October-November and root crop 
is harvested in the hot summer months of and when 
temperatures range between 35-45°C. We need varieties suitable for 

climatic conditions. were made 
our own suitable to 1n­

,",,,-,',''"'''''-'''0, the work done in this direction is described in 

SUGARBEET BREEDING CENTERS AND 

VARlETAL TESTING 


dinated Research This work was 

K .."~rllno Centers. h ..c ..,,,rl,nr. and seed work in 
India was initiated in 1971 with advent of the All India Coor­



101 April-September 1995 Sugarbeet Pre-breeding in India 

started at two centers located at the Indian Institute of Sugarcane 
Research, Lucknow and the G. B. Pant University of Agriculture and 
Technology, Pantnagar. A third center situated at 10,000 feet above 
sea level was started at Kalpa (H.P.) for seed production research and 
seed multiplication. 

Evaluation of Exotic Varieties. Initially, large numbers of diploid and 
polyploid hybrids and open pollinated varieties were imported from 
different parts of the world. They were evaluated under a multi­
location testing program to assess their suitability and stability under 
Indian conditions (Srivastava et al., 1974; Tripathi and Srivastava, 
1978). Some of these varieties, viz. Maribo Magnapoly, M. Resistapo­
ly, Marocpoly, Mazzanopoly, and Virtus among polyploids, and 
Ramonskaya-06 among diploids, performed well and have been 
recommended for commercial cultivation (Anonymous, 1988). 

Need for Indigenous Varieties. Indigenous varieties are needed for the 
following reasons: 

a) most introduced varieties are susceptible to Sclerotium root rot 
and do not show tolerance to high temperatures at harvest, 
b) there is need for independence from foreign varieties, and 
c) it is Government policy to save foreign exchange. 

SUGARBEET BREEDING PROGRAM IN INDIA 

Because sugarbeet does not flower in the plains of India due to lack 
of proper thermal induction, breeding and seed production work is 
done in the hills at elevations of 5,000 feet and above (Kapur et al., 
1986; Srivastava et al., 1983, 1986). Stecklings are raised in the plains; 
after initial selection they are transported to the hills and transplanted 
to obtain photothermal induction for flowering and seed production. 

There are no private seed companies involved in sugarbeet 
breeding or seed production in India. All the work involved in the 
development of breeding lines, parental lines, hybrids and synthetics 
lies with the ICAR institutes or Agricultural Universities. Once the 
variety or hybrid has been developed and found suitable for commer­
cial cultivation, the foundation seed or the parental lines are passed on 
to the National Seeds Corporation (NSC) which produces certified 
seed . The work described in the following pages involves steps both on 
pre-breeding and varietal development. 
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promising elite lines, I1SR-2 and LS-7, were developed from diploid 
varieties through mass selection methods at Pantnagar University, and 
along with LS-6 were recommended for commercial cultivation in In­
dia (Anonymous, 1988). 

In the second phase of the program, efforts were concentrated on 
the development of some populations which may be introduced as 
varieties and may also serve as base material for the future. On the basis 
of per se performance and also on the basis of combining ability 
(Srivastava et aI., 1986; Tripathi and Srivastava, 1978) some com­
posites, namely: IISR Comp-1, LKC-2, Pant Comp-l, Pant Comp-3 
and synthetics, LKS-l 0 were synthesized at Lucknow and Pantnagar. 
Out of these IISR Comp-l, PC-3 and LKS-1°were identified as highly 
promising. IISR Comp-1 has been recommended for commercial 
cultivation in India (Figure 1). 

In the third phase of the breeding program, with the availability 
of some CMS lines and their 0 types through the courtesy of Dr. R.J. 
Hecker (USDA-ARS, Fort Collins, Colorado), and Dr. J. McFarlane 
(USDA-ARS, Salinas, California), work was initiated to develop some 
experimental hybrids. Two diploid, three way cross hybrids (LK Hy-l 
and LK HY-2) were developed (Srivastava, 1990, 1991). These com­
posites, synthetics, and hybrids were evaluated at three locations. Data 
show that some of them have an increase of more than 20070 for root 
and gross sugar yield (Table 1) compared with the check . 

.Figure 1. lISR Comp-l, an India-developed composite that has been 
recommended for commercial cultivation in India. 
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Simultaneously, work was initiated to induce tetraploidy in pro­
mising diploid lines (Srivastava, 1984; Srivastava et aI., 1985, 1986) 
and also to isolate diploid and tetraploids from anisoploid varieties 
(Srivastava and Ethirajan, 1971; Srivastava et al., 1988). As a result, 
some tetraploids have been isolated and will form the base for future 
triploid hybrids. One experimental anisoploid hybrid was also 
developed which showed promise (Table 2). 

Table 1: Relative performance of diploid sugarbeet hybrids, com­
posites and synthetics compared with check variety Romonskaya 
(1988-89)+. 

Compositesl 070 of check 

Synthetics Root Top Sucrose Gross 

Yield Yield 070 Sugar 

LK Hy-l 121 133 101 121 
LK Hy-2 94 102 106 99 
lISR Comp-1 117 109 110 129 

LKS-10 114 101 108 116 

t Pooled data of three locations . 

Table 2. Root and sugar yields of some polyploid sugarbeet hybrids 
developed at IISR, Lucknow, India. 

Root Gross 
Genotype Yield Sucrose Sugar 

t/ ha 0J0 t / ha 
LK Polyhybrid-l (MOT x LS-6) 90.41 16.94 15.32 
LK Polyhybrid-2 (MOT x IISR-2) 44.58 18.25 8.13 
Ramonskaya-06 (check) 74.40 18.35 12.91 

-- .- ---------­

General Mean 67.33 17.50 11.72 

CD at 5070 33.46 NS 
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These results indicate that despite our meager facilities and limited 
resources, we have been able to develop some varieties with improved 
adaptability and performance under sub-tropical conditions. 
However, more intensive efforts and better resources in terms of 
physical facilities, germ plasm and breeding lines are needed to develop 
better varieties. 

BREEDING FOR DISEASE RESISTANCE 

Combining the resistance for major disease prevalent in root and 
seed crops with high yield and sucrose content is an important ob­
jective. 

Major diseases of sugarbeet in India. Most of the major diseases, i.e. 
seedling diseases, leaf spots, and root rots occur in India (Singh et aI., 
1974; Mukhopadhyaya and Upadhyaya, 1986). In the seedling stage, 
infections caused by Pythium sp. and Rhizoctonia sp. are important. 
Cercospora is a serious problem in the seed crop and to a lesser extent 
in the commercial crop (Kaw et al., 1979). Alternaria leaf spot is also 
frequently observed in seed crops. In the root crop, Sclerotium rol/sii 
and Rhizoctonia so/ani have been reported (Singh et al., 1973, 1974; 
Mukhopadhyaya, 1971). Sclerotium root rot is the most prevalent in 
India and appears with the rise in temperatures in March. 

Screeni ng of varieties/germ plasm to identify resistance sources. Most 
of the available diploid and polyploid varieties have been screened 
under artificial epiphytotic conditions at Pantnagar and Lucknow. 
Screening for resistance to Cercospora has been mainly done at Pant­
nagar, while screening against Sclerotium has been done at Lucknow, 
Pantnagar, and Jalandhar (Mukhopadhyaya and Rao, 1978; 
Srivastava and Tripathi, 1990; Waraitch, 1985). Through use of visual 
grading, various levels of tolerance to these diseases have been found. 
Some varieties have shown good tolerance to Cercospora leaf spot (e.g. 
M.R. Poly, LS-6, IISR-2) and others have been found to be tolerant 
to Sclerotium rol/sii (e.g. M.M.Poly, LS--6, IISR Comp-I, R-06). 

Due to the polyphagous nature of the Sclerotium fungus, no resis­
tant variety could be developed for this disease. However,in the com­
posite breeding program, varieties that showed tolerance to Sclerotium 
were developed (IISR Comp-I, LK-C2). 
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BREEDING FOR HIGH TEMPERATURE TOLERANCE 

The sugarbeet crop is harvested in India during the hot summer 
months of April and May when temperatures range between 35 and 
45°C with hot dry winds. These conditions are quite different from 
those prevalent in temperate climates. Therefore, varieties suitable 
for our conditions must tolerate high temperatures and have low 
transpiration rate. 

Criteria for identification of high temperature tolerance. Late 
harvesting of the sugarbeet root crop, i.e. from the third week of 
May onward, results in high mortality of roots and an increase in 
the impurity index. Therefore, in screening of varieties, three im­
portant attributes are taken into consideration: 

a) higher survival of roots at the late harvest and high 
temperature conditions (40-45°C), 
b) good root yield, and 
c) lower impurity index (Srivastava et aI., 1978). 

Those varieties that perform well in respect to all three attributes 
are considered tolerant to high temperatures. 

Screening of sugarbeet varieties for high temperature tolerance. A 
large number of diploid and polyploid varieties have been screened 
at Lucknow, Sriganganagar (Srivastava et aI., 1978,1983,1991), and 
Pantnagar (Bhatnagar and Baldev Raj, 1979). Among diploid 
varieties, Ramonskaya-06, AJ-3, AJA, OPH, LS-6, and IISR-2, and 
among polyploids, M. Magnapoly, M. Marocpoly, and Mezzanpo­
ly have been identified as tolerant to high temperatures at late harvest. 
At late harvest, impurities, including Na, K, and amino nitrogen also 
increase. Studies were initiated to evaluate changes in sugar and im­
purity index at each weekly harvest in May and June (Figure 2). 
Agrawal and Srivastava (1987) also studied the effects of storage 
temperatures on post-harvest quality of roots and concluded that 
harvested roots should be processed in the mill as early as possible, 
preferably within 24 hours after harvesting. Storage of roots for more 
that 24 hours tends to increase both the impurities and the difficul­
ty in slicing' of roots. There is a need to screen wild sugarbeet germ­
plasm and hreeding lines to identify sources of high temperature 
tolerance for use in future breeding programs. 

Development of genotypes for high temperature tolerance. Diploid 
sugarbeet varieties found tolerant to high temperature conditions 
have been used extensively for t-he development of composites. · Some 
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of the genotypes like Ramonskaya-06 and LS-6 are being used as 
pollinators in the production of experimental hybrids (Srivastava, 
1989,1990). 

BREEDING FOR SALT TOLERANCE 

The Indian Council of Agricultural Research (lCAR) opened a 
center of All India Coordinated Research Project on sugarbeet in 1987 
to investigate the potentialities of growing sugarbeet on saline-alkaline 
lands. A large number of available diploid and polyploid varieties have 
been evaluated at Banthara, Lucknow (U.P.) (Garg, 1987; Garg and 
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have been iden­
tified which grow well under such situations. B. maritima 
to grow well near coastal areas and sea shores. 

to evaluate different collections 
natural saline-alkaline conditions of India. The 
ed in this area may be used alcohol 
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