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To see a world in a grain ofsand and a heaven in a wildflower 

William Blake, Auguries of Innocence 
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ABSTRACT 

Collection and preservation activities have greatly enriched 

the range of genetic diversity available to plant breeders. 

However, there has been limited use of exotic materials from 

collections or other sources by private plant breeders. 

Because of the emphasis on short term breeding goals, 

private breeders tend to use breeding materials with which 

they are famili ar and which are reasonably adapted to the 

target environment, as against alien materials which requir~ 


a lengthy and expensive program of pre-adaptation or pre­

breeding. The genetic variability of sugarbeets in the United 

States has increased in the last two decades. And it does not 

appear that sugarbeet culture in the United States is 

particularly at risk because of genetic vulnerability. 

However, in the long run the broadening of genetic 

variation, both cytoplasmic and nuclear, may be of decisive 

importance in securing sugarbeets against epidemics as well 

as providing the base for continued breeding progress. 
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only limited use of these materials has been made by private plant 
breeders. 

The extent of the use of exotic germplasm and the derived benefits 
varies from crop to crop. However, according to Hawkes (1991) and 
Smith and Duvick (1989), the process of pre-breeding or germplasm 
enhancement has not progressed very far in most crops. Even so, some 
results using land races and wild relatives have been impressive, 
especially in wheat (Triticum vulgare Vill.), rice (Oryza sativa L.), 
tomato (Lycopersicon esculentum), sugarcane (Saccharum officinarum 
L.), and tobacco (Nicotiana tabacum L.) (Chang, 1985). 

Accurate information regarding the degree of usage of exotic 
germplasm in current breeding programs or in commercially released 
varieties of cultivated crops is difficult to obtain. Such estimates must 
be based upon pedigree information which most likely is unavailable 
from private breeding programs. In addition there are differences of 
opinion with regard to what constitutes "exotic" germplasm. This also 
impairs any meaningful objective measurement of the contribution of 
exotic collections in variety development. Broadly defined, exotic 
germpJasm could include all untried germplasm. A useful definition, 
however, is that of Hallauer and rvIiranda (1981), "all germplasm that 
does not have immediate usefulness without selection for adaptation 
to a given area:' By this definition the term exotic could also apply to 
foreign elite germplasm as well as landraces, wild relatives, etc. 

In a survey of private maize breeders, Goodman (1985) found that 
only about 4070 of the total US maize acreage is being planted with 
hybrids containing any non-US germ plasm and those hybrids generally 
have only 10 to 25070 exotic germplasm. Thus, foreign exotic germplasm 
accounted for less than 1070 of the US maize germplasm base, and 
tropical exotic germplasm was only a fraction of that. There appeared 
to be no evidence that the acreage of US maize hybrids containing.exotic 
germplasm would increase significantly during the next 10 to 15 years. 
Goodman indicated that the use of exotic germplasm in maize seemed 
to be static, although Duvick (1981, 1984) had reported a gradual 
increase of the germplasm base of corn (Zea mays L.) in the US in the 
decade following the early 1970's. 

Extensive use has been made of exotic sorghum (Sorghum vulgare 
Pers.) since the conversion and evaluation program at the International 
Crops Research Institute for the Semi-Arid Tropics (lCRISAT), 
Hyderabad, India, and at Texas A. & M. University (Smith and Duvick, 
1989) began in the mid-1960's. 

The soft red winter wheat breeding programs in the USA had an 
infusion of exotic germplasm during 1954-69. This followed a 35 year 
period during which a small number of closely related varieties formed 



200 Journal of Sugar Beet Research Vol 30 No 4 

et 
Exotic from Solanum spp., in part emlanaung 

from the International Potato Center in has been used 
as a source of pest and disease resistance in potatoes. In the 

US about 33 percent of released potato cultivars have exotic germ-
I-; "r""""Ar:lnThe fortheir 

greater than 50 

Tomato breeders have made extensive and critical use of exotic 
geI'mt)la~~m, thanks to the and 
work of C.M. Rick 
for these and other crops are 
Hawkes in Smith and 

GENETIC VARIATION AND USE OF EXOTIC GERMPLASM 

IN SUGARBEETS 


"lH'f~rhp,::>t from a limited range 

variation and the 
He discussed the 

fodder beet 
types less than 200 years ago, and that it 
that spontaneous with cultivated leaf-beet and 

resulted in the conservation vanatlOn. 

wild B. maritima have contributed additional the 
base 

that whereas rather intense 
to 1900 must have resulted in 

the differentiation 

He also that whereas present 
based upon more restricted than upen··PllH1:nal.eu 

thetic because many of them are top-cross or U~I-.HVJlU 
still have considerable variation. It was his 

nion that the nuclear 

were grown over extensive 
no'..ve,rer. for almost com-

He stated that 
in ..... "YAr'''' was 



201 October-December 1993 The Perspective of the Private Plant Breeder 

not dangerously narrow, a broadening of both cytoplasmic and nuclear 
variation, by breeders as well as on a farm-to-farm basis, may be of 
decisive importance in saving the crop against epidemics and in securing 
continued breeding progress. 

Sugarbeet breeding programs were initiated in the US because of 
the threats from various diseases. From the mid-1930's to the present, 
the most widely grown cultivars had become characterized by resistance 
to specific diseases and areas of adaptation. 

Lewellen (1992) divided the most important traditional American 
germplasm into three fairly definable types characterized by disease 
resistance, adaptation, and origin: 
1). Curly top resistant: Germplasm developed by the USDA at Salt Lake 
City. This germplasm is resistant to curly top; US 1 and US 22 are the 
base for most subsequent developments. Improvements from these 
early curly top sources have been made by USDA and private breeders. 
2). Great Western (Colorado): Germplasm developed primarily in 
Colorado by Great 'Nestern Sugar Co., American Crystal Sugar Co., 
Holly Sugar Co., and the USDA station at Fort Collins, CO. This 
germplasm is characterized by moderate resistance to Cercospora leaf 
spot and Fusarium yellows and segregation for root aphid resistance. 
The open pollinated cultivar GW359 is the most significant germplasm 
source. 
3). Eastern: Germplasm primarily developed at USDA stations in East 
Lansing, MI; Beltsville, MD; and Waseca, MN. This germplasm 
combines resistance to Cercospora leaf spot and Aphanomyces and has 
adaptation to the upper Midwest. US 401, SP5822-0, and their 
derivatives are important germ plasm sources. 

Within each of the regional germplasm types, one or a few open­
pollinated cultivars, populations, or synthetics were pivotal. In each 
case, these base populations were derived from selecting, hybridizing, 
and resynthesizing within open-pollinated European comm"ercial 
cultivars and other stocks obtained in breeder-to-breeder exchanges. To 
this day, highly selected versions of the original populations are still 
undergoing population improvement for disease resistance and 
combining ability (Lewellen, 1992). 

It was stated in the National Academy of Sciences report entitled 
"Genetic Vulnerability of Major Crops" (1972) that two public 
sugarbeet hybrids, USH9 and USH20 (developed by USDA breeders), 
and similar related private hybrids together accounted for about 
approximately 40 percent of the US acreage. In the two decades since 
that report was issued, the genetic base of sugarbeets in the US has 
broadened significantly. This is due to the activities of several 
international seed companies beginning in the early 1970's. This 
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Smith and Duvick (1989) discussed the need for fundamental 
research in taxonomy and also appropriate breeding strategies. 
Questions that need to be addressed are: which exotic sources should 
be used; what degree of recombination is necessary; how much exotic 
germplasm should be incorporated into elite germplasm; and which 
specific by exotic combinations show good results? 

Given the time frame for such fundamental studies and the process 
of pre-breeding the primary responsibilities for this work should be the 
responsibility of public breeders and researchers. However, 
private/public cooperation can be particularly fruitful, and private 
breeders have a significant and necessary role in the process. They have 
the obligation to communicate with public breeders, to provide funds 
if possible, and to lobby support for pre-breeding and associated 
fundamental research. They can assist in the maintenance and 
evaluation of public collections. In addition they can themselves 
contribute basic broad based breeding populations and inbred lines 
upon which they no longer rely to the base germplasm collections and 
thus enlarge the reservoir of variability. 

SUMMARY 

The genetic: variability of sugarbeets in the United States has 
increased in the last two decades. And it does not appear that sugarbeet 
culture in the United States is particularly at risk because of genetic 
vulnerability. However, in the long run the broadening of genetic 
variation, both cytoplasmic and nuclear, may be of decisive importance 
in securing sugarbeets against epidemics as well as providing the base 
for continued breeding progress. 

Most plant breeders, and especially private plant breeders who 
operate under the pressure of short term goals, tend to use materials that 
are already adapted to the target environments. Since the ad~ent of 
modern plant breeding, steady progress has been made in numerous 
crops using almost exclusively adapted germplasm. Despite this success 
most breeders are generally in agreement regarding the need to expand 
the genetic base of the crops with which they work with exotic 
germplasm. Because of the uncertainties and di fficulties of progress in 
a reasonable time frame they will use exotic germplasm only if pre­
breeding is performed first. 

The broadening of the genetic base of crops requires a system of 
well maintained and appropriately described collections. Classification, 
characterization, and pre-breeding of materials in collections will 
greatly stimulate their use by private plant breeders. In the absence of 
these activities private breeders will, in general, continue to ignore the 
collections. 
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