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Past achievements of plant breeding

Productivity:  In the past century, yields of major field crops have risen consistently in developed countries, and also in some parts of some of the developing countries.  Most of the gains in yield have occurred during the past 50 years, or even more recently in certain countries.   Although on-farm yield gains usually have been linear, in some cases the rate of increase has been reduced in recent years.  It is not clear, whether or not such reduced rates of gain will continue.  

The gains in on-farm yield are owed in part to changes in management — to increases in application of fertilizers, pesticides, and in use of mechanical aids to planting, cultivation, and harvest.  They are owed also to genetic advances — to plant breeding that produces a continuing stream of successively improved cultivars (cultivated varieties).  Studies in several field crops indicate that about one-half of the gains in on-farm yield are owed to changes in management and one-half are owed to plant breeding.  This ratio varies widely, however, depending on crop, region of adaptation, and access of farmers to tools of management or to improved cultivars.  


Analyses of yield gains in some of the major field crops indicate that gains are owed primarily to genetic changes that provide increased tolerance to the important stresses, both abiotic and biotic, that occur in the regions for which the cultivars have been bred, and, to a lesser extent, to changes that promote efficiency of grain production.  Cultivars are improved, for example, in drought tolerance, in tolerance to low levels of soil nitrogen, and in resistance and/or tolerance to major disease and insect pests.  New cultivars are tougher than the old ones.  Conventional plant breeding has produced these changes.
Organization.  Plant breeders have worked in both the public and the private sector.  Both sectors have been active in plant breeding since the early years of the 20th century. 

Public sector breeding has been supported by national governments, by state or provincial governments, and by international research organizations (e.g., the International Rice Research Institute (IRRI)).  In earlier years, taxpayers fully supported the breeders in government employ, and donated funds (ultimately from taxpayers in developed countries) supported the international research organizations.  In recent years, open-ended government funding has been reduced in amount, and alternative sources of funding have supplemented the public sector breeding programs.  The alternative sources include short-term, targeted grants from private and public granting agencies (foundations, etc.), and also from industry.

Private sector breeding is supported by profits from sale of seed of the cultivars developed by a company’s breeders, or of cultivars obtained (usually for a fee) from other organizations both private and public.  Thus, the farmer who buys the seed supports private sector plant breeding.  Private sector breeding predominates (but not exclusively) in maize, soybeans, sorghum, cotton, and fruits and vegetables.  It is also active but to a smaller degree in wheat and alfalfa as well as in several other crops.  

Potentials for further advance


Genetic yield gains (including increased stability of performance) have been linear for the major field crops and perhaps will continue to be so for at least the next few decades.  Virtually all of today’s gains in performance are owed to conventional plant breeding and if properly supported it can continue to improve crop yield potential, stability of performance, and increased resistance and/or tolerance to disease and insect attack.  


Biotechnology has been added to the plant breeder’s toolkit during the past decade or two, and it has already made a few significant contributions, in the form of genetically engineered resistance to insects and to herbicides, with consequent increases in yield, quality, and food safety of grain products, and/or efficiency in production.  These one-time gains will be supplemented by additional transgenic contributions in years to come.  These will be intended (for example) to provide resistance to additional insect and disease pests, to improve tolerance to some kinds of abiotic stress, and to impart new kinds of herbicide tolerance.  

In the medium to long term, knowledge gained from molecular biology will enable breeders to make fundamental (and helpful) adjustments in native genomes of field crop plants (and fruits and vegetables).  The “fine tuning” of crop plant genotypes will improve tolerance to abiotic stress (e.g., heat and drought), efficiency of utilization of sunlight, water and soil nutrients, and enable development of more durable kinds of pest resistance than is offered by present form of transgenic resistance.  Plant breeding efficiency will be materially enhanced if these projected accomplishments come to pass.  This will be the most enduring and significant contribution of biotechnology to plant breeding.

Complications


Several storm clouds are on the horizon, any one of which could materially reduce the potential gains to come from plant breeding in future years.


Public sector plant breeding.  Fund totals for public sector plant breeding have neither increased nor decreased significantly during the past 40 years, in contrast to continuing and large increases for private sector breeding.  Funding for public sector breeding shows a pattern of reduced funds for cultivar development per se and increased funds for molecular biology applied to crop plants.  As a result, cultivar production by the public sector has declined for some crops and/or regions.  

In some cases, private sector breeding has replaced public sector efforts, but the private sector cannot satisfy all needs for improved cultivars such as for niche growing regions or  “orphan crops”.  The private sector cannot afford to breed and produce seed for those crops where profit margins (in seed sales) are too low, or cost of breeding exceeds potential for profit because of small market size.  So at present, some growers are not served adequately, either by private or public sector plant breeding.

An unfortunate consequence of reductions in cultivar development in the public sector is that there is less and less opportunity to train plant breeders; they will be needed in both public and private sectors, and they can only be effective if they have been trained in the practice as well as the theory of plant breeding.  Some public sector breeders are working with private industry to allow students, as “interns,” to get experience in practical plant breeding, in the field as well as in the laboratory or on the computer.  But in absence of such opportunity, both private sector and public sector plant breeders worry about the future; will there be adequate numbers of well-trained plant breeders?

Private sector plant breeding.  During the past two decades, consolidations of various kinds have resulted in ownership of plant breeding companies by larger organizations that may have had no previous experience in plant breeding.  Often, several medium sized plant breeding companies have been acquired by a single parent organization.  These changes in ownership have allowed economies of scale but have also given opportunity for mistakes in management of the breeding operation by administrators without experience in the seed business, as well as the possibility for disruption of operations as a result of reorganization, downsizing, etc.  

Consolidations have also brought on fears of monopoly or near-monopoly with resulting overly-high seed prices, although data for market shares indicate that despite current dominance of a small number of companies (as with maize), a sizeable proportion of the market is held by large numbers of small regional companies and a third portion is held by a smaller number of companies of intermediate size.  This pattern has existed without major change during the past half century.  Predictions on this topic are difficult to make because of the continuing fluidity of ownership in the seed business.  Small companies appear, disappear, and are replaced by other newcomers; some grow into large companies, some are purchased and some are sold.  This pattern, also, is typical of the past half century.

Biotechnology.  Farmers have enthusiastically adopted the first genetically engineered cultivars (for example, with herbicide resistance or resistance to major insect pests), despite the higher prices for such cultivars.  But influential segments of the non-farming public have strongly opposed the use of genetic engineering for crop plants.  Reasons for opposition include concerns about food safety, environmental damage, and unacceptable power of the private sector over food production.  In addition, some sectors have essentially normative objections to any use of biotechnology in plant breeding because it is unprecedented and “unnatural”.  

These concerns, collectively, have in some cases prevented any use of genetically engineered crops or their products (as in parts of Europe), have delayed or prevented their introduction or use as food in some of the developing countries, and at the least (as in the U.S. where they are allowed) have greatly increased the cost of breeding and introducing genetically engineered cultivars because of the expense in money and time that is required to provided specified data about safety or other characteristics (and consequences) of the new cultivars.  Marketing problems and uncertainties abound as well, as various countries set up barriers to import of genetically engineered crops or products made from those crops. 

Another potential problem is the high cost of conducting applied research in biotechnology applied to plant breeding.  These expenses must be added to the ongoing expenses of conventional plant breeding.  Although some aspects of molecular biology already are giving new efficiency to plant breeding (such as use of marker-aided selection to increase speed and precision of moving conventional genes or transgenes from an exotic source to an elite cultivar) much of the science is still at the stage of building a knowledge base and developing improved techniques.  The payoff from this research will be long-range and will require consistency of application (and of funding) from either public or private sources if it is to succeed.  

Because of a general trend to reduced public funding for agricultural research in general (probably related to the well-fed nature of a public that is many generations removed from the farm) one could imagine that funding of public sector research in biotechnology will not be maintained at the levels needed.  One could also imagine that private industry would be unable or unwilling to devote sufficient funds to this research over the long term, thinking in particular of those firms whose management had supposed that biotechnology alone (or nearly alone) would be sufficient at this time to generate a continuing stream of improved cultivars.  

Developing countries.  On the whole, farmers in developing countries have not been as well supplied by plant breeding from either public (government) or private sector, as have farmers in the industrialized countries.  For various reasons, primarily economic and governmental, public sector breeding in many (but not all) developing countries has been under-funded and consequently not productive of improved locally adapted cultivars.  The private sector, as well, has not served farmers of developing countries (with a few notable exceptions for some crops in some sectors), because the farmers could not afford to purchase seed or such investment was not wise because of the uncertain nature of the market for the crop.  

The international research centers (loosely organized as the Consultative Group on International Agricultural Research, or “CGIAR”) have furnished a continuing stream of improved cultivars of some of the major crops for developing countries, such as rice, wheat, maize, cassava, and sorghum.  They have been funded from international sources (primarily governmental sources in the industrialized countries) since the 1970s.  Their products have had great and beneficial impact in many of the developing countries.  But in recent years the funds have been sharply reduced, and those that are granted increasingly come with restrictions that prevent or diminish their use for cultivar development per se.  

If this pattern continues, CGIAR assistance (often vital) to plant breeding for the developing countries will be severely curtailed or even stopped, and there is little indication that the developing countries as a whole can or will expand their own public sector breeding activities.  Farmers in developing countries will suffer the consequences.

Proper goals of plant breeding.  Since “scientific plant breeding” was initiated in the early years of the 20th century, the primary goal of plant breeders — in response to demands of the farmers — has been to develop cultivars that will give higher yields of a desired product and do so dependably, season after season.  Public sector and private sector breeders have been united in striving to achieve this objective.

This goal has been brought into question by some sectors, primarily in the social and environmental domains.  Rather than to aim for higher yields of staple crops grown in monoculture, one should instead breed crops that can perform well as polycultures, or as perennials (most staple grain crops are annuals), or that serve as erosion-preventing ground cover for crops (like maize or sorghum) that usually are grown with clean cultivation.  In general, the goal of plant breeding should be to assist transformation of today’s food production system into more environmentally benign systems, rather to simplistically (and harmfully) increase yield per unit area.  This new goal would give major assistance to efforts to increase sustainability of food production, both by increasing environmental health and by decreasing any undesirable effects of monoculture high yield production.

Additionally, some critics say that there is no need at all to breed for higher yields of food crops, because food production is already sufficient to feed the world.  Just and equitable distribution of food now at hand would solve problems of world hunger.  The funds spent on crop breeding could be better spent elsewhere, especially if they were spent to aid in correcting societal problems.  This argument, “the world has enough food,” also is used to show that genetic engineering to increase yield potential is not needed.   


Finally, as a corollary of certain concerns about use of biotechnology for plant breeding (biotechnology gives too much power to the private sector), some groups believe that private sector plant breeding must be curtailed or even eliminated, because of the innate inability of profit-seeking industry to strive for socially just or environmentally beneficial goals in plant breeding.  For this reason, they believe that it is wrong for industry to finance public sector plant breeding research (whether with unrestricted grants, or as targeted research, or as contract research) because this undesirably warps the direction of public sector breeding research and may even turn out false and biased results.  

They also believe it is fundamentally wrong for farmers to have to pay for seeds, because farmers have always saved their own seed and were not dependent on profit-seeking industry.  They are particularly concerned about the application of intellectual property rights (such as patents or “plant variety protection”) to seeds and breeding materials, because products of nature have always belonged to the public at large and not to individuals or corporations — it is morally indefensible to claim ownership over items that belong to the public at large.    

The problem of intellectual property rights becomes even more contentious and difficult to resolve with the fairly recent entry of the public sector into this area; universities and public sector plant breeders are now obtaining intellectual property rights of various sorts on their biological and intellectual products of plant breeding research, and use them as sources of income via licensing or other financial arrangements, to support the breeding programs.

Predictions/Recommendations


Mark Twain is supposed to have said that “Prophecy is a good line of business but it is full of risks.”  This statement certainly applies to the future of plant breeding.  But I will predict that plant breeding will continue to provide improved cultivars for farmers who want them, cultivars bred to satisfy their needs as nearly as possible.  Biotechnology will continue to give useful aids to existing kinds of conventional breeding in constantly increasing amount, but at a slower pace than was envisioned ten or 15 years ago, before concerns about its safety and desirability were brought to the attention of the general public.  Patience and caution will be essential, for those who wish to use it in plant breeding.


The nature of both public sector and private sector plant breeding seems to be changing, with public sector plant breeding acquiring some of the characteristics of the private sector, and the private sector performing some functions of the public sector. For example, some university crop breeding programs receive significant portions of their funding from check-off funds (as from wheat commodity organizations) or from royalties (as from seed company sales of public sector vegetable cultivars).  In a certain sense, the farmers or the seed companies employ the public sector breeders to do breeding that otherwise would not be done.  And some of the large private seed firms have made products of their genomics research available for use by the public sector, or are considering such actions.  Presumably, due consideration of the options has provided the conclusion that the firm will profit more in the long run by stimulating further wide-ranging research based on its initial work, than by sequestering the knowledge for use by only their own researchers.  Intellectual or biological products that the firm can use for cultivar improvement are more likely to come from such wide-scale basic research than from their more narrowly-based in-house research.


For developing countries, it seems likely that private sector breeding will increase in amount, sometimes coupled with the public sector research organizations.  Both small local companies and large international companies will enable this change, sometimes in collaboration with each other.  The extent and speed of such development will depend on the economic health and stability of commercial agriculture in each country. Stable markets and prices that justify input expenditures must be in place before farmers, using their own good judgment, will purchase seed as compared to growing less productive but “free” saved seed.  Hybrid seeds (such as of maize, rice or sorghum) are most likely to succeed as products of private sector breeding because their nature prevents farmers from saving seed illegally (in countries with intellectual property rights legislation).  But in some economic and environmental situations (such as where climate prevents production of sound seed for replanting even though it is salable as a commodity) private sector seed breeding and sales of self-pollinated crops will be profitable for both farmers and seed companies.  

But many farmers in many parts of the developing world will remain outside the potential private sector market, and unless society changes its attitude toward support of the CGIAR centers, or of local government public sector seed programs, these farmers will be on their own.  There is the possibility that they themselves, with help from professional breeders, can set up their own “participatory plant breeding” networks of farmer breeders, avoiding dependence on outside capital or outside funding.  Work to this end is in progress; time will show how successful it can be.  

Similarly, for “environmental plant breeding”, continuation and expansion of current efforts in this direction will be needed to show both the market demand for such products and also whether they are better than other products or other methods for solving present day problems in environmental health (erosion, nitrates in ground water, etc.).  This is long-range “public goods” research that clearly has to be done in the public domain (although it need not be restricted to that area), and public funds had ought to be appropriated to support it.

And finally, the movement to “hire plant breeding” from the public sector (check-offs, royalties) is probably a good way for underserved agricultural producers to “buy” the cultivars they need, if the private sector is not providing them.  Such research could be a useful supplement to the more fundamental research at the universities or other public institutions and can help to “keep their feet on the ground.”  It also can provide good training grounds for future plant breeders whose primary goal is development of successful cultivars.  This can help to fulfill a need that will continue to grow, with or without continuing contributions from biotechnology.  

