
American Association for the Advancement of Science 
Science serves 11s readers as a forum for the presentation 
and d~scuss~on of important issues related to the advance- 
ment of science, including the presentation of minor~ty or con- 
fl~cting polnts of view, rather than by publ~sh~ng only material 
on which a consensus has been reached Accord~ngly, all ar- 
ticles published in Science--1ncludlng ed~tor~als, news and 
comment, and book reviews-are s~gned and reflect the ~ndi-  
vldual views of the authors and not offlcial polnts of view 
adopted by the AA4S or the lnstitut~ons w~th which the au- 
thors are affiliated 

Publisher: Richard S Nicholson 

Editor: Daniel E. Koshland, Jr 

News Editor: Ellis Rub~nste~n 

Acting Managing Editor: Mon~ca M Bradford 

Deputy Editors: Phlllp H Abelson (Engineenng and Applied 
Sciences); John I Brauman (Physical Sciences). Thomas R 
Cech (Biological Sciences) 

EDITORIAL STAFF 
Senior Editors: Eleanore Butz, Martha Coleman, Barbara 
Jasny, Katr~na L Kelner, Phillip D. Szuromi, David F Voss 
Associate Editors: R Brooks Hanson, Pamela J. H~nes, Kelly 
LaMarco, Linda J M~ller 
Letters Editor: Christine G~lbert 
Book Reviews: Katherine Livlngston, editor, Teresa 
Fryberger 
Contributing Editor: Lawrence I Grossman 
Chief Production Editor: Ellen E. Murphy 
Editing Department: Lois Schmitt, head; Julianne Hunt, 
Patricia L Moe, Barbara P. Ordway 
Copy Desk: Joi S. Granger, Margaret E Gray, MaryBeth 
Shartle, Beverly Shields 
Production Manager: James Landry 
Assistant Production Manager: Kathleen C. Fishback 
Art Director: Yolanda M Rook 
Graphics and Production: Holly Bishop, Julie Cherry, 
Catherine S. S~skos 
Systems Analyst: William Carter 

NEWS STAFF 
Correspondent-at-Large: Barbara J Culliton 
Deputy News Editors: John M. Bend~tt, Jean Marx. 
Colin Norman 
News and CommentlResearch News: Ann Gibbons, David 
P. Ham~lton, Constance Holden, Richard A Kerr, Ellot 
Marshall, Joseph Palca, Robert Pool, Lesl~e Roberts, 
M. Mitchell Waldrop 
European Correspondent: "erem, Cnerlas 
West Coast CorresLI~ndent: Varc a Bar naaa 
Contributing correspondents: Barry A ~ i G a ,  Robert 
Crease 

BUSINESS STAFF 
Marketing Director: Beth Rosner 
Circulation Director: M~chael Sp~nella 
Fulfillment Manager: Marlene Zendell 
Business Staff Manager: Deborah Rivera-W~enhold 
Classified Advertising Supervisor: Amie Charlene K ~ n g  

ADVERTISING REPRESENTATIVES 
Director: Earl J. Scherago 
Traffic Manager: Donna Rivera 
Traffic Manager (Recruitment): Gwen Canter 
Advertising Sales Manager: Richard L Charles 
Marketing Manager: Herbert L. Burklund 
Employment Sales Manager: Edward C. Keller 
Sales: New York, NY 10036. J. Kevin Henebry, 1515 Broad- 
way (212-730-1050), Scotch Plains, NJ 07076 C. Richard 
Callis, 12 Unaml Lane (201-889-4873), Hoffman Estates, IL 
60195: Jack Ryan, 525 W H~gg~ns  Rd (708-885-8675): San 
Jose, CA 951 12: Bob Br~ndley. 310 S 16th St (408.998- 
4690), Dorset. VT 05251 Fred W Dleffenbach, Kent Hill Rd. 
(802-867-5581), Damascus, MD 20872 R~ck  Sommer, 11318 
K~ngs Valley Dr. (301-972-9270). U.K , Europe Nick Jones, 
+44(0647)52918, Telex 42513; FAX (0647) 52053. 

information for contributors appears on page XI of the 
29 June 1990 issue. Editorial correspondence, lncludlng 
requests for permlsslon to reprint and reprint orders, should 
be sent to 1333 H Street, NW, Washington, DC 20005. Tele- 
phone: 202-326-6500 Advertising correspondence should 
be sent to Tenth Flmr, 1515 Broadwav. New York. NY 10036 
Telephone 212-730-1050 or WU ~e le i968082  SCHERAGO, 
or FAX 212-382-3725 

Dialog on the Future of Agriculture 

M ost of the future-oriented discussion of prospects for world food have been 
conducted either by rosy optimists or  gloom and doomsayers. An exception has 
been a series of dialogs organized by Vernon Ruttan of the University of 

Minnesota and supported by The Rockefeller Foundation. In this series an interdisciplinary 
group of experts has presented a substantial body of information and conducted lively 
discussions. Reports from two of the sessions have been printed by the University's Institute 
of Agriculture, Forestry and Home Economics. A third report is in press. 

The discussions have centered around the factors that will determine that level of 
sustainable growth of agricultural production. These include biological, technological, and 
societal constraints. Of these, the most fundamental and enduring is biological. Plant 
breeders have devoted an enormous and successful effort over many years to improve yields 
of major crops. Much progress has been made in the breeding for pathogen resistance. 
However, new pests or variants of older ones keep appearing. As a result, a large fraction of 
plant research now must be devoted to maintenance research. 

A secure food supply requires eternal vigilance. In the United States, the annual rate of 
improvements for yields of corn now is about 1%. In parts of Southeast Asia where much 
of the world's population lives, the rate for rice on experimental plots is now zero or slightly 
negative. During the Green Revolution, annual rates of increase of more than 4% were 
common on farmers' fields. In the discussions, it was pointed out that the big increases in 
yield did not come from an enhanced production of photosynthate. Rather they came from 
a redistribution of it in which seeds received more and stalks less. 

In the United States, solar energy is not used very efficiently. About 12% of it could be 
devoted to photosynthesis. On average, the net amount captured is 0.5%. In part, the low 
rate reflects the fact that plant coverage of ground is partial during the growing season 
which, in turn, is only part of the year. A major challenge is to bio-engineer plants with a 
higher photosynthate efficiency of carbon capture and retention. That will not be easy. 

Water pollution is now one of the major public concerns. Targets include fertilizers and 
eroded soil. It is not possible to attain zero pollution. Nature will not allow it. Soils will 
erode. Fertilizers must be used if people are to have food. When grain is harvested, it carries 
with it fixed nitrogen, phosphate, potassium, and other elements. If production is to be 
maintained, the amount withdrawn must be replaced. If not, yields could drop to as little as 
one fourth. Part of the fertilizer could be supplied by animal and green manures but not 
enough is available. However, excessive amounts of fertilizer can be applied. This is 
particularly true of fixed nitrogen compounds which are soluble and hence leak into ground 
water. The typical farmer attempts to optimize gains from a larger yield against costs of 
fertilizer. In Europe, where crop subsidies are high, the applications of fertilizers are about 
2 to 4 times those of the United States. Pollution problems there are correspondingly acute. 

Computers applied to agriculture may help alleviate the tendency toward inappropriate 
use of fertilizers. Soils differ in their yield potential and hence in the proper levels of input 
to them. A soil expert cited a 54-acre field on which there were seven mappable units. The 
field is typical of the glaciated agricultural soils of North America. The yield potential of the 
units varied from 112 to 162 bushels of corn per acre. Correspondingly, the recommended 
amount of nitrogen fertilizer ranges from 88 to 132 pounds per acre per year. Farmers 
usually fertilize their farms at levels corresponding to their best soils. Thus part of the land 
would receive excessive inputs. The phosphorus need based on soil tests ranged from 10 to 
35 pounds of P205 per year. Soil surveys and production data are becoming available on 
floppy disks. A new model of a fertilizer spreader is equipped with a microprocessor that 
controls the appropriate distribution of fertilizer as the machine proceeds across a field. The 
technology and the machinery are only in their infancy, but it is likely that the technology 
will have a substantial future role in reducing pollution. 

Low-value crop residues constitute about half of the agricultural yield. Their conversion 
into animal products is an important goal worldwide. In this effort, ability to genetically 
engineer animals will be important. Already, disease-resistant animals have been created, and 
there is optimism about achieving more efficient animals for use of farm residues. 

The above presentation merely samples a few of the topics discussed in the dialog. The 
reports make good and informative reading. -P~1~1~ H .  ABELSON 
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