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ABSTRACT - Plant breeding is considered one of the longest ongoing activities undertaken by humans, who select plants
more productive and useful to themselves and the animals for at least 10,000 years ago. The evolution of civilizations
paralleled the success of plant breeding, although this has not been recognized by the public. The reason may be lack of
understanding of what plant breeding encompasses. The concept of plant breeding evolved, depending on the time it was
formulated, but without losing the essence of being art and science of manipulating plants for man. This review discusses the
evolution of the concepts and the methods of plant breeding, here divided arbitrarily into selection based on phenotypes,
breeding values and genotypes. No matter how big the pool of genetic information in recent years, the phenotype will continues
to be important in the present and future.
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INTRODUCTION that were most productive and useful to provide for the
human and animal needs.

Plant breeding has to be considered one of the The initial plant efforts were necessary for survival
longest, continuous activities conducted by humans. Tloé the human civilizations because they developed
evolution of the human civilizations paralleled thamproved cultivars that were more productive, and, in some
successes of plant breediddthough we would consider instances, depended on humans for their survival (e.g.
the early plant breeding methods rather simple comparethize Zea mays.). The early plant breeders were effective
with present-day methods, the transition from a nomadic developing productive cultivated plant species from
life style of the hunter gathers to sedentary life styles thatld species that were lower in productivity but possessed
required adequate supplies of food, feed, fuel, and fibertwany important traits for their survival in the wild; even
sustain sedentary-type cultures depended on individuatglay plant breeders occasionally seek for important traits
to identify and to improve plants that met their needs. THe.g., pest resistance and drought tolerance) from the
transition of life styles was due to the availability to planprogenitors of our cultivated crop specikdaptation was
resources to sustain human and livestock needs. It tthe main trait used in selection, which was based on the
been estimated that the dawn of human civilizations wasodel, or ideal, of the breeder
approximately 10,000 years ago. Hence, it would be a  Although plant breeding had a significant role in the
reasonable assumption that plant breeding activities watevelopment of different human civilizations, plant
taking place at least 10,000 years ago, selecting plant tyfeeding is generally not recognized as a major activity by
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the general public. Developments made in medicinejanipulated by humas’'conscious selection &Vilov
engineering, electronics, transportation, space travel, €i@35) to development of proprietary cultivars in a highly
have received greater attention that plant breeding. Buttibmpetitive industry (Bernardo 2002). The relative
greater energy had to be allocated to developing adequigortance of art vs. science in plant breeding also has
food supplies, progress in the other human activities woutthanged dramatically during the past 100 years with
have to be more limited. For example, less than 2 % of tigeeater emphasis on science. There have been several
population of the United States is involved in agriculturamportant stages during the history of planting beginning
crop production which provides adequate quantities @fith the domestication of wild species approximately 10,000
different crop species to meet the food, feed, fiaed years ago. For purposes of discussion in the evolution of
fuel needs of the remainder of the population. Hence, enengjant breeding methods, | have arbitrarily partitioned them
and resources can be directed to other activities (e.pased on the primary methods of selection and the
medical and space research) that can be of benefitibdormation available to plant breeders; selection based
society on phenotypes, breeding values, and genotypes. These
One of the problems, perhaps, for why plant breedireye not distinct stages because there are different time
has received limited recognition and credit, is becaugeriods for each of the three stages and each overlaps
there is not a general understanding of what plant breediwith others. Each stage howeMeas been very important
encompasses. Even within the plant breeding disciplinalthough the time frames are very different.
there are some differences as to what defines plant breedin
Several authors have offered what they considered wér
the objectives of plant breeding. Some examples: breeding Phenotypes result from the combination of genetic
is the evolution by the will of man @vilov 1935); plant and environmental effects of individuals. Phenotypes are
breeding is the genetic adjustment of plants to the servittee visual trait(s) observed and are the first features that
of man (Frankel 1958); plant breeding is a unique scienege obvious whether expressed as a beautiful ornamental
in at least two ways. First it uses knowledge and techniquigswer, maturity plant stature, resistance to pests, or any
from many basic science areas, and second its contributianier observable trait. Phenotypes of individuals were
to agricultural progress are measured not only by informatioshviously the unit of selection by the earlier plant breeders
but also by material products, such as crop varietielsecause selection based as phenotypes (usually referred
hybrids, clones, etc. (Frey 1966); the breeding of plants as mass selection) was the obvious method of selecting
and animals is a form of evolution, dependent in large p&dr the desired types. Initiallgelection was for the more
upon the same rules that regulate the evolution of natugbductive phenotypes among the wild, weedy plants
selection (Briggs and Knowles 1967). The breeding afpecies to provide adequate quantities of food for the
plants and animals is an exercise in exploiting the genepemitive civilizations. Graduallyihe range of traits considered
system (Wlliams 1964); plant breeding can be defined ai selection was expanded to include better adaptation,
the application of techniques for exploiting the genetipreferred plant and seed types, greater resistance to pests,
potential of plants (Stoskopf et al.1993); plant breeding &nd other traits considered for decorative and ceremonial
the art and science of improving humankind (Poehlmasurposes.
and Sleper 1995); plant breeding is the science, art, and Phenotypic selection is certainly the plant selection
business of improving plants for human benefit (Bernardmethod with the longest, continuous use in plant
2002); and plant breeding is the art and science @hprovement. Itis a simple method that requires minimum
improving the genetic pattern of plants relation to theiresources and has been an effective method in many
economic uses. instances. The greatest contributions from phenotypic
Although there are differences among authors faelection have to include making the transition from the
the objectives of plant breeding, one common theme vgld, weedy plant species to cultivated crop species. In
that plant breeding includes the art and science fomost instances, it probably included making small,
manipulating genetic systems to develop superioncremental changes that, with a few useful mutants,
cultivars. The changes in emphasis are because of #heentually led to crop species dependent on humans for
time-frames when the objectives of plant breeding atleir survival. Progress was not a smooth positive trend,
discussed. These objectives range from plant evolutitnut included hundreds of generations of selection with
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cumulative effects that were usually in the desire(Mp) depends on the genetic variance (Vg) and the
direction. Because the effectiveness of phenotypinvironmental variance €Y and the heritability (H) can
selection depends on the relative heritabilities of the traitse expressed agy/Ve. If the environmental &fcts are
greater progress naturally was made for traits with thelatively small (e.g., maturity and kernel color),
greater heritabilities. The effects of phenotypic selectigphenotypic selection is more effective than for grain yield,
can be illustrated with the history for the development &t more complex trait genetically that is affected by
cultivated maizedea mays.). Present evidence suggestenvironmental effects throughout the growing season.
that modern maize was developed 7,000 to 10,000 ye&khough phenotypic selection has been used for
ago in the highlands of southern Mexico and northerthousands of years, there is continued interest in the
Guatemala; species of teosinte are the presumed parentathod. Gardner (1968breu et al. (2010), and Marquez-
material which can survive in the wild. The transition fronsanchez (2010), for example, have made suggestions to
grassy-type plants with small seeds easily distributed forcrease effectiveness of phenotypic selection primarily
survival in the wild to the modern-day plant with kernelso reduce the environmental effects on selection.
attached to large cobs that required hundreds of generations Phenotypic selection is commonly used in plant
of selection. By the time Columbus arrived intkestern breeding programs and the results are similar to those
Hemisphere in 1492, Nativdmericans were growing experienced in developing the open-pollinated cultivars.
adapted maize cultivars throughout tiéestern Bauman (1981) summarized the responses of 130 maize
Hemisphere. Selection was successful in developingteeders located within the U.S. Corn Belt to questions
cultivars for many different environmental nichegelated to the development of inbred lines and hybrids.
throughout th&Vestern Hemispher&he long term décts  Bauman desired information as to how effective phenotypic
of phenotypic selection developed a productive cropelection was among and within inbred lines during
species that contributed immensely to the differenbbreeding. Bauman included 17 plant and ear traits and
civilizations distributed throughout thiéestern Hemisphere. asked the breeders to rank the traits for their relative

Sturtevant (1899) reported that there were 189 distinchportance and how effective phenotypic selection was
maize cultivars in the United States at the end of tHe 1%or each trait (&ble 1). Grain yield and stalk strength (1.2)
century The varieties were developed by selectindpad the highest rankings for importance, but the effectiveness
phenotypes that were adapted to different maturities (28 phenotypic selection was considered lowest for grain
to 42 degrees north latitude), adapted to different saileld (3.2) and stalk strength (2.5). Traits that ranked the
types, specific plant and ear types, and specific kerngiighest for effectiveness of selection included flowering
types and colors. Phenotypic selection developed maidate (1.3), plant and ear height (1.5) and plant color (1.5),
cultivars that were visually distinctive for each of thell of which tended to be ranked as less important. There
geographic areas of the United States. Some of the cultivégaded to be negative association (r = 0.544) between the
(e.g., Reidrellow Dent) became widely known because ofelative importance of the traits and the effectiveness of
prizes won at local and national maize shows and becapteenotypic selection.
widely used because they were presumed to be superior Phenotypic selection has the longest history of any
to other varieties. But the development of distinctive@lantimprovement method,; it was used to develop cultivated
cultivars did not contribute to greater grain productivitycrop species from their wild, weedy punitive parent species
If one examines the average U.S. maize yields from 1865dnd continues to have use in germplasm development and
1935, average grain yields exceeded 1.88 todg3bu breeding nurseries. Phenotypic selection obviously has
acrel) in only 4 years (1896, 1905, 1906, and 1920) durinigeen very important in developing our current germplasm
the 70-year span. Phenotypic selection, therefore, was veegources and probably has to be considered one of plant
effective for many traits but not for grain production. breedings greatest accomplishmentsnd phenotypic

It has been shown that phenotypic selection iselection will always have a place in plant breeding, but
effective for traits that have relatively simpler genetidgts effectiveness will depend on the traits considered in
systems; i.e., have higher heritability (Hallauer et al. 201®election and minimizing environmental effects (Hallauer
Because phenotypic selection is based on selection amamgl Carena 2009). There continues to be theoretical interest
individuals, the combination of genetic and environmentals to what variables can be controlled to increase its
effects cannot be separated. The variance among phenotygfésctiveness (Abreu et al. 2010, Marquez-Sanchez 2010).
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Table 1 Summary of the responses from 130 maize breeders in the U.S. Corn Belt onféatwesphenotypic selection was for 17
plant and ear traits

Traits Importance of trait Effectiveness of selection
Grain yield 1.2 32
Stalk strength 1.2 2.5
Root strength 1.4 2.6
Stalk rots 1.5 23
Silk emergence 1.6 1.4
Leaf blights 1.7 1.6
Ear rots 1.8 2.1
Seedling vigor 1.9 1.9
Flowering date 1.9 1.3
Tassel and pollen shed 1.9 1.7
Resistance to insects 2.0 2.7
Kernel quality 2.1 1.9
Plant and ear height 22 1.5
Resistance to Ustilago maydis 23 22
General plant appearance 23 1.8
Leaf orientation — erect 3.0 1.6
Plant color 32 1.5
Correlation 0.544

Source: Bauman (1981). Rankings (1-4); 1 is most important or good and 4 is not as important or poor.

BREEDING VALUES develop a definitive theory for the transmission of traits
from parents to their offspring. This failure caused different
The rediscovery of Mendsllaws of genetics in 1900 theories for the inheritance of traits but, in most instances,
and the concept of natural selection by Darwin (1853he suggested patterns of inheritance were not too
provided the foundations of modern plant breeding. Duringppealing and/or satisfactory for those suggesting them,
the 150 years previous to the rediscovery of Mendelism including Darwin when developing his theory of natural
1900, plant biologists had been studying hybrids producéélection. It was unfortunate that Darwin was not aware
from parents having distinct phenotypes and the recoved§ Mendels principles of inheritance, reported in 1865.
of parental phenotypes in the F2 and backcross generatidagrwin and Mendel were contemporaries, and if Darwin
Because the principles of inheritance were not understodwd knowledge of Mendellaws of inheritance it would
various explanations were offered for the phenotypdwmve been extremely interesting how the information from
observed in the crosses and their segregating populatioMsndels research would have impacted Dargsthinking
depending, of course, on the traits measured and tinedeveloping his theory of natural selectidmalgamation
species under studyn most instances the biologist’ of Darwins and Mended'research was not to be realized
primary interests were not directed at plant improvemenntil nearly 50 years after Mendel reported his genetic
or cultivar development, but to gather basic informatioatudies with the garden peigum sativi(Provine 1971).
on the inheritance of traits and how they were sexually =~ Mendels research was not available to plant breeders
transmitted from parents to their offspring. Dunn (1965xnd biologists during the ¥9century and phenotypic
however considers Kolreuter one of the founders o$election was emphasized in both adapted and unadapted
modern studies of sex in plants and of scientific plant breedingndrace cultivars. Because of the range of genetic
Kolreuter was one of the earlier hybridizers and madeariability available in the landrace cultivars, selection was
significant biological contributions to the study of sex ireffective for many traits and less effective for other traits,
plants but | would not include him as one of the foundesich as yield and qualitBut there were individuals who
of modern plant breeding. Some of the earlier hybridizesonsidered that selection based on the progenies of
made detailed studies of hybrids and their segregatitiglividuals would be more effective than on the individuals
generations, but none, as did Gregor Mendel, coutbemselvesVilmorin in France was the first to suggest

200 Crop Breeding and Applied Biotechnology 11: 197-206, 2011



Evolution of plant breeding

and use the progeny test in 1859 for the improvement wéits has had greater impact and direction on developing
size, shape, and sugar content of sugar beets (Coons 1986)1 conducting plant breeding strategies. Mersdel’
How widelyVilmorin’s suggestion was used the latter parnalyses of his genetic studies clearly showed that parents
of the 19" century is not known but Hopkins (1899) useghass genes and not their genotypes to their progeny
a similar procedure, later designated as ear-to-row selecti@uring the period from 1900 to 1930, plant breeders were
to change the chemical composition of maize graiwvery active in genetic studies, particularly for traits that
Although the progeny test or ear-to-row methods wer@uld be classified on the basis of the progeny's phenotype
suggested prior to an understanding of Mendelism, the@@unn 1965). But many of the traits (e.g., productivity)
methods continue to have use, also with the modificatiotisat were of interest to plant breeders were not amenable
to increase the effectiveness of the progeny test methddsviendelian analyses. Fisher (1918) formulated concepts
(e.g., Lonnquist 1964). and analyses that established a frame work for the study
The rediscovery of Mendelism and Darvaitheory of the more complex traits. He found that the average
of natural selection certainly provided the genetic basgifects of the parers’alleles determined the genotypic
for plant improvement but other concepts developedalue of its progeny; i.e., the additive effects were
during the first 30 years of the®2@entury also had major transmitted from parents to their offspring. The breeding
impacts on developing breeding methods for planalues of the parents could be determined by the mean
improvement. The concepts were quite different in origimalue of its progeny as a deviation of the progeny from
but they were integrated with Mendelism and Darwin’the population mean (Falconer 1960). The study of the
theory of natural selection and contributed to a greatérheritance of complex traits (i.e., quantitative genetics)
understanding of the heritability of the different traitsvas accomplished by integrating the concepts of Mendel
considered in selection and how proper experimentahd Darwin, which became the foundation of plant breeding
methods can be used to determine the relative importariog the past 10 years.A basis was established for
of the genetic and environmental effects on trait expressiorheritance of quantitative traits and the concepts of
and ultimately the breeding values of individuals. Thaatural selection were used except direction of selection
importance of proper experimental design and statisticals controlled by plant breeders in the desired directions.
analyses is appreciated by all plant breeders to determine For plant breeders to be proficient in identifying
the quality of their data for making effective selectionsuperior cultivars, they have to accurately determine the
Since the introductions of the concepts of experimenteglative breeding values of the progenies that are being
design and statistical analyses by Fisher (1925), researcharaluated. This principle is equally valid in basic research
have continued to enhance and refine the conceptsstfidies to determine the relative importance of genetic
experimental design and statistical analyses to redueffects (additive and nonadditive) of progenies in recurrent
experimental error in order to increase the precision of oselection studies, and in applied breeding programs
estimates of breeding valuesfter the rediscovery of evaluating progenies developed from gopulations of
Mendelism, it was soon found that the inheritance of owlite line crosses. Hence, good experimental plot techniques
more important economical traits were not as simple ase very important to make valid comparisons. Fisher (1925)
some of traits studied by Mendel, Bateson, Devires, etieveloped the concepts of randomization, replication, and
(Provine 1971). Different methods of analyses were needexpeatability (experiments repeated across environments)
to study the cumulative effects of a larger number of genesseparate and estimate the relative importance of genetic
in trait expression. During the first half of theentury  effects, environmental ffcts, and experimental errdhe
there were two separate, but not distinct, areas of genelinsova provides a tabular form of the analyses of progeny
studies: 1) more classical genetics to study segregatidata collected over replications and environments. From
and gene expression for many major genes, and 2) areathefAnova, one can estimate of components of variance
genetics designated as quantitative genetics, biometrifal experimental errqrgenotypic variability and
genetics, and population genetics to study allelenvironmental variabilitywhich can be used to estimate
frequencies and their effects for the inheritance of compléseritability and predict genetic response to further
traits. Although classical genetics have been vergelection (predicted = DH, where D is selection differential
informative in learning how genes segregate and expremsd H is heritability). Plant breeding was probably the
themselves, knowledge of the inheritance of quantitatifest important discipline to use and realize the importance

Crop Breeding and Applied Biotechnology 11: 197-206, 2011 201



AR Hallauer

of good experimental data and to determine estimatessaflection. During the millennia that included domestication,
experimental error to statistically determine if differencephenotypic selection, evaluation of breeding values, and
among progenies are significanalid comparisons presently when molecular genetics are employed in the
between progenies are essential if plant breeders ai®ice of parental genotypes, and development of genetically
successful to develop genetically superior cultivarsiodified oganisms (GMG8) the genotypes of individuals
compared with those currently grown. Plant breeders hakemains the unit of selection. How effective genotypic
always eagerly accepted newer suggestions offereddelection is depends, of course, on the heritability of the
experimental designs (e.g., Latin squares, lattices, alptiait, which is determined by how the environment affects
beta, etc.) and analyses (e.g., stability analyses) to incregs@otype expression. During the early part of th& 20
their effectiveness of identifying superior genotypes. century plant breeders and geneticist were able to study
One other item that has impacted and stimulateehd map locations on the chromosomes for mutant genes
extensive plant research during thé"2@ntury was the that could be classified on the basis of their segregation
suggestion of use hybrids as crop cultivars, particularlyf their phenotypes. These traits were considered to be
in cross-pollinating crop species. Shull (1910) elegantlylendelian type traits in their inheritance and included
described the concept for producing maize hybrids: develepdosperm types, leaf orientation, awns vs awnless, plant
inbred lines vie self-pollination; produce F1 crossesize, ear shape, etc. These genetic studies were informative
between inbred lines; evaluate F1 crosses to determiioe determination of chromosome organization, but they
the relative yield of the crosses; and select the best crag not contribute directly to developing new cultivars.
for distribution to the producers. Initial response to th&he kernel mutants of opaque and floury in maize are an
inbred-hybrid concept was slpwut during the 1938’ example. Both mutants enhanced protein levels and protein
and 19405 the inbred-hybrid concept was extensivelyuality, but the correlated ffcts of lower yield, poorer
tested and hybrids rapidly accepted by the producegrain quality for harvest, storage and transport, greater
Today nearly all the maize cultivars grown in majorgrain moisture, and greater susceptibility to plant and ear
production areas are hybrids. The interest in hybrids alpests negated the advantages of protein levels and quality
stimulated tremendous interest in the genetic basis kbfwas only by long-term breeding programs that the
heterosis and how genetic systems can be enhancedé¢gative effects of the opaque and floury mutants were
increase the expression of heterosis (Coors and Panadegrcome to develop useful inbred lines and hybrids
1999, Tracy and Chandler 2006, Pixley 2006). Since tifgassel 2001). In nearly all instances major mutant alleles
concept of hybrid maize was introduced by Shull (1910) itave had a negative impact on productjvitgd it was
has been tested and commercially used in other plaonly after major breeding efforts were conducted that
species (Coors and Pandey 1999). useable products were developed that included the mutant
The concept of determining the breeding values dllele (Hallauer 2001). The experiences with mutant alleles
parents vie progeny testing was one of the major factdisat have major effects on specific traits usually have not
for productivity advances made during thé"2entury had a major impact on plant breeding: mutant alleles have
Most studies suggest that 50 to 60 % of the advancgsnerally had deleterious effects on other important economic
made in maize grain yields were because genetic improvemengsts; and it was not until plant breeders were able to
made in the inbred lines and hybridof&naar 1989, select for other modifying alleles to reduce the deleterious
Eyerhabide and Damilano 2001, Duvick 20@)hough  effects of the mutant alleles did they have some use.
not as great in other crop species, significant advanc8accessful breeding methods, therefore, depended on
have been made for productivity and tolerance to pestggnes and alleles that have consistent performance across
drought, acid soils, etc (Frey 1996). Breeding values withe taget environment#lthough the use of major mutant
continue to be an important component in future plarleles have had minimum impact on cultivar development,
breeding programs in choice of parents considered genetic studies were very useful for developing the
developing breeding populations. chromosome arrangement of genes for most major crop
plant species. But the gene and chromosome structure
and their chemical composition were not known. Geneticists
Indirectly, genotypes have always been the basi&nd chemists had determined that genes produced specific
unit of selection, whether by either natural or humaproteins, but the nature of the gene and how specific
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proteins were produced were intensively studied the lattdirect support in many instances decreased, both in
part of the 28 century financial support and positions: the funds and personnel
Similar to the rediscovery of Mendsllaws of positions were diverted to support the expensive molecular
inheritance in 1900, a significant change in the study gfenetic research. It was not realized until lateat if the
genetics occurred wh&satson and Crick (1953) reportedbenefits of the information derived from molecular genetic
on the structure and chemical composition of the hereditasiudies were to be utilized, that plant breeding became a
materials byWatson in 1968. Extensive studies bynecessary component of the matrix for the potential use of
geneticists and plant breeders from 1900-1930 had verifiedormation and products derived from the molecular
the particulate nature for the segregation of alleles ag@netics.
used the same principles for the study the inheritance of Initially, and similar to the early studies of Mendel’
guantitative traitsWith the combination of Mendelian laws of inheritance, the molecular geneticists focused on
genetics, Darwiig concepts of natural selection, developmera few genes that had majofesfts. It seems, howevehat
of experimental design and statistical analyses, platite insertion of specific DNAegments into plard’
breeders had made significant progress in developing agehome and their desired expression was more difficult
implementing breeding systems to develop geneticaltiran originally envisioned. Progress, howewas eventually
improved cultivars by 1950. There was nearly a 50-yeagealized for traits that contributed either resistance or
lag time until all the different sources of genetic informatiotolerance to some of the important pests for maize production.
were integrated for effective use by plant breeders durit8pme examples include resistance to specific herbicides
the decades of 1930-19%nother factor that stimulated for weed control and to infestations by specific groups of
extensive theoretical and basic research was the inbréuasects. Both of these traits have had widespread use for
hybrid concept, which by 1950 double-cross hybrids wasome of the major crop species (Gepts 2002). Similar to
planted, on nearly 100 % of the maize production areasMendelian genetic studies, the molecular geneticists also
the United $ates.Although there were vigorous andrealized that if molecular genetics were to contribute to
extensive genetic studies, the basic unit of selection weee long-term improvement of crop species that they
at the phenotypic level. Selection at the phenotypic levekeded to focus on the improvement of quantitative traits.
based on breeding values became more effective becatlibe inheritance of quantitative traits at the molecular level
experimental design and statistical analyses permitted tvas as difficult as the Mendelian geneticists confronted
estimation of the relative importance of the environmentdl00 years ago. But with the sequencing of the genomes of
and genetic effects (i.e., inheritance) and the breedinggjor crop species, improved techniques to identify genes,
values of the parents. Extensive phenotypic data weaad reduction in costs, theory and experimental data have
collected and analyzed, based on replicated progeny triiksen suggested and used to identify quantitative traits loci
repeated across the target environments (locations a@TL's) and to incorporate the information in breeding
years). and selection programs (Johnson 2004). Molecular
A similar pattern has evolved since the report bgenetics will continue to impact plant breeding and selection.
Watson and Crick (1953). Extensive genetic studies wefenew generation of plant breeders with education and
conducted at the molecular level to determine gertgining in molecular genetics will have greater participation
organization, functions, products, transmission, etc., birt the breeding methods, particularly for the improvement
there was one dérenceAfter the rediscovergf Mendelism  of complex traits. Marker assisted selection (MAS) will
in 1900, plant breeders were actively involved in the geneimhance selection for more complex traits (e.g., yield,
studies, both independently and in combinatiith  drought tolerance, tolerance to acid soils, disease resistance,
geneticists. For the detailed molecular genetic studies, theality, etc), but the one major €idulty will be the
techniques and knowledge required were usually nagsolution of gene interactions and their interactions with
available to plant breeders. Because of potential predictedvironments; these are the same problems that have
by the molecular geneticists from the detailed informatioompacted plant breeding throughout its long history
derived at the molecular level, plant breeders playedlaformation from molecular genetics has enhanced plant
minor role in the genetic studies. Whereas support foreeding by identifying the appropriate parents to include
plant breeding had rapidly increased (particularly aften breeding crosses, assignment of genotypes to appropriate
WWII) with the understanding of Mendelian geneticsheterotic groups, and major alleles that will enhance
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selection for complex traits. The volume of geneti&.47 times compared with a population increase of 3.37
information to the plant breeder is several times greatduring the 10-year span @ble 2). Several factors have
than in the past. Computer software and hardware advancestributed to the increased grain yields. Duvick (2005),
have made possible the greater incorporation of genetar example, reported that 50 to 60 % of the increased U.S.
information that can be used in selection. The increasgdain yields were because of improved genetics of the
information available has dramatically increased theultivars; similar results of 2.6 to 2.9 % gain per year have
relative importance of science, compared with art, in plabeen reported in other maize production arealidfiaar
breeding. Although plant breeders have greater genetit989, Eyerhabide and Damilano 20@igng et al. 201L).
information compared with 50, 100, or 1,000 years ago, ti@ptimistically, it seems further genetic progress can be
plant phenotypes are still an important, and will remain ssustained because as greater genetic information at the
in the future (Lee 2006). molecular level is understood and integrated with phenotypic
selection, it will increase our effectiveness of selection. It
will be essential that increased crop yields on a per unit
Plantbreedingefforts,startingwith the domestication area be continued in the future.
of wild plant species to the present, have played a significant  The human and financial resource allocated to plant
(although generally unrecognized) role in providing thereeding research has had significant changes during the
food, feed, fuel, and fiber needs for the development &fst half of the 20 century (Frey 1996)Vith the rediscovery
human civilizations to sustaining more than 6 billiorof Mendelian genetics in 1900, publicly supported
humans presently living in the worM/e need to sustain researchers were in the forefront conducting basic research
these efforts if the predicted 9 billion humans are inhabitinon the inheritance of traits and application of this information
the earth by 2050 or nearly 37 % more inhabitants in 2050y cultivar development. By year 2000, significant changes
compared with 2010. From the time of Malthus at the start human and financial resources for plant breeding had
of the 19" century there have been some who havéeen transposed from primarily the public sector to the
predicted that the rate of growth of the human populatigerivate sectarinterest in the commercial potential of
would overwhelm their ability to provide for their food products derived from molecular studies delivered in plant
needs. The landscape for plant breeding has changadtivars dramatically increased the interests of private
dramatically even during the past 100 ye¥islds of our enterprise. Hence, private support for plant breeding
major crop species have gradually increased during tivereased very rapidiyBy contrast resources dedicated
past 100 years. Genetic information has increasea plant breeding in the public sector either significantly
exponentionally during the past 30 years and will enhandecreased or were transferred to the study of molecular
selection at the phenotype level. The world has a finigenetics. This dichotomy of resources for public and private
land area for crop production. The increases in crop yieldssearch has transposed during th& @ntury because
have sustained human needs, particularly for food. In mast the advances made in genetics and their value
instances, crop yields on a per unit basis have increasgmnmercially It seems this trend will continue in the future.
during the past century (Frey 1996). Because of politicdhe competitive nature of private enterprises will ensure
situations, infrastructures, and distribution problemshat resources are made available to compete in the
millions of humans today still do not have either adequatearketplaceAlthough the level of financial resources
or nutritional diets to sustain healthy lives, but in severallocated to plant breeding has rapidly increased during
cases adequate food supplies are available if properly uséek past 30 years, the investments have had favorable
One example that illustrates how increased crop yieldsturns (Crosbie et al. 2006). Rapid progress also has been
can contribute to increased populations will be given fonade in many nongenetic areas, such as plot equipment,
U.S. maize production @ble 2). Population of the United computer systems for recording field data, field designs,
States increased from approximately 90 million citizens istatistical analyses, defining target environments, etc, have
1900 to more than 303 million in 2010, i.e., populatioontributed significantly to increasing the efficiency of
increased 3.37 times. During the same time-frame, averggant and progeny selection, or determining the breeding
U.S. maize yields have increased from 1.71 todg#a.4 values for data taken at the phenotypic level (Hallauer
bu acre!) for 1901-1910to0 9.31 tons#él48.9 bu acré)  and Pandey 2006). Based on the past successes of plant
for 2001-2010; i.e., average U.S. maize yields have increadeéeders, it is my opinion that plant breeders will continue

FUTURE
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Table 2. Relative changes in maize production and human populations in the United States from 1901 to 2010

Years Acreage harvested Yielcli Total produced U. S. Population
(ha x 1000) (tha’) (tx 1000) (x 1000)

1901-1910 39,077 1.70 65,807.4 2010: ~ 90,000

2001-2010 30,530 9.31 281.684.5 2010: ~ 203,000

Changes -21.87 % x 5.48 x 4.28 x 3.37

2010

Winners (n=15)+ 18.04

Average USA 9.55

+ Winners for 2010 National Corn Growers Association Maize Contests conducted throughout the United States.

to have an important role to provide adequate and good  The great 1% century French philosopher Rene
quality field cultivars to meet our future needs. Becaudeescartes made an interesting observation that applies to
greater genetic information has become available the atant breeding: “emphasis on the application of scientific
vs science of plant breeding has increased the relatipenciples to practical everyday use.”

importance to science. But, the phenotypes of the newer

cultivars developed with greater emphasis on science will

remain an important component of plant breeding.

Evolugdo do melhoramento de plantas

RESUMO - Melhoramento de plantas é considerado uma das mais longas atividades continuas realizadas por humanos, os
quais selecionam plantas mais produtivas e Uteis as necessidades proprias e animais, ha pelo menos 10.000 anos atras. A
evolucdo das civilizagdes ocorreu em paralelo com o sucesso do melhoramento, embora este ndo tenha recebido o devido
reconhecimento do publico. A razéo talvez seja a falta de entendimento do que seja o melhoramento. O préprio conceito de
melhoramento evoluiu, dependendo do tempo em que foi formulado, sem, contudo, perder a esséncia de ser a arte e a ciéncia
de manipular plantas em favor do homem. Nessa reviséo é discutida a evolugéo do conceito de melhoramento e dos seus
métodos, aqui divididos arbitrariamente em selecdo baseada em fenotipos, valores de melhoramento e genétipos. Por maior
que seja o acervo de informacdes genéticas dos Ultimos anos, o fendtipo continuara a ser importante no presente e no futuro.

Palavras-chaveconceitos de melhoramento; fenétipos; valor genético; genétipos.
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