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NATIONAL ACADEMY OF SCIENCES 

0''1CE 0' TH( PACSIOC"''T 
�lOt C0NSTITUT10flll AVrNUE' 
WASHINGTON. 0 C .20418 

The President 
The White House 
Washington, D. C. 

My dear Mr. President: 

November 10, 1975 

In December 1974 you wrote "to enlist the aid of 
the National Academy of Sciences in a major effort to 
lessen the grim prospect that future generations of 
peopl es around the world will be confronted with 
chronic shortages of food and with the debilitating 
effects of malnutrition. " You requested that, " . . .  in 
cooperation with the Department of Agriculture and 
other governmental agencies you (the National Academy 
of Sciences) mak e an assessment of this problem and 
develop specific recommendations on how our research 
and devel opment capabilities can best be applied to 
meeting t�is major challenge. " 

This request was most welcome. Indeed, the Acad
emy, together with the National Science Foundation, 
had already begun to address these questions. In Sep
tember 1975, under our joint auspices, an overview was 
provided in a report entitled Population and Food: 
Crucial Issues, prepared by a committee chaired by 
Dr. Daniel G. Aldrich, Jr. of the University of Cali
fornia at Irvine. 

The terms of reference of the new undertak ing 
were established in discussions with an inter-agency 
committee; a contract signed in June 1975 between the 
National Academy of Sciences and the National Science 
Foundation provided the supporting funds for a study 
by our National Research Council, the report of which 
is to be submitted within two years. We al so agreed 
to provide in November 1975 an interim report to assist 
government agencies in the formulation of their pro
grams for FY 1977. At this time I am pl eased to trans
mit that report which c6nsists of two essentially 
independent documents. 
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The President 
November 10, 1975 
Page Two 

Last year, in a report entitled A�ricultural Pro
duction Efficiency, prepared by a comm1ttee of the 
Board on Agriculture and Renewable Resources of our 
National Research Council, attention was directed 
to the limitations now affecting further increase 
in American agricultural production. Already well 
versed in these problems and aware that, for the 
foreseeable future, the world will need and welcome 
all the food that the United States can produce, 
BARR, chaired by Professor Sylvan Wittwer of Michi
gan State University, was in excellent position to 
prepare Enhancement of Food Production for the United 
States. This thorough report provides detailed find
lngs and recommendations concerning research prior
ities for improving and increasing food production 
by American agriculture, thereby enlarging the 
world's food supply. 

To elucidate the nature and magnitude of research 
expressly designed to assist in coping with world food 
and nutrition problems, as you requested, there was 
brought into being a Steering Committee chaired by 
Professor Harrison Brown of the California Institute 
of Technology, and. administratively based in the Com
mission on International Relations of the National 
Research Council. Their work to date, addressed to 
this large and complex challenge, is summarized in 
Interim Report: World Food and Nutrition Study. 
This report identifies areas of research deemed to 
be of particularly high priority for immediate expan
sion and support and suggests some organizational 
steps that would make the research efforts more 
effective. In this case, emphasis is given to that 
research, wherever conducted, which, if successful, 
could enhance food production in the developing coun
tries themselves. Finally, this statement also 
describes the scope of concerns to be addressed in 
the final report of the Committee. 

-iv-
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The Presid ent 
November 10, 1975 
Page Three 

Attached to this Interim Report is a special 
statement on Recommend ed Actions on Nutrition 
Research and Development which was prepared by a 
committee chaired by Professor Hamish Munro of 
Massachusetts Institute of Technology, under the 
auspices of the Food and Nutrition Board of the 
Assembly of Life Sciences of the National Research 
Council. This report, prepared for consideration 
by the Steering Committee, is here presented so 
that it may receive wid er attention. 

The cooperation and assistance of various fed
eral agencies concerned with food and nutrition in 
the early stages of preparing this interim response 
to your request of last December were most helpful. 
We look forward to their continuing cooperation as 
well as to submission of a final report of this study 
in June 1977. 

Respectfully yours, 

Philip Hand ler 
President 

-v-
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PREFACE 

Thi s repor t on Enhancement o f  Food Production for the 
Uni ted States is a product of the Board on Agri culture and 
Renewabl e R esources ( BARR) whi ch provi ded the lea der ship and 
coordination for the study. BARR i s  a boa rd of the 
Commi s si on on Natural Res ources of the Nationa l Re sea rch 
Council ( NRC) . There wer e contributions from other NRC 
units . The recommendations pre sented he re a re ba sed upon 
con side ration of re search and development needs that were 
ass embl ed a t  workshop s by i nf ormed profe s s io nals f rom 
government a gencie s , academia ,  private indu s try , 
phi lanthropic foundations , a nd i nterna ti ona l ag ricul tura l 
re search cente r s .  These recommendations ref lect a beli ef 
that the world food problem is both immense and urgent,  and 
tha t understandin g of it i s  sti l l  evolving . It i s  furthe r 
bel ieved that t he process of ga ining , d i s seminating , and 
applying relevant new k nowle dge by indiv idua ls functioni ng 
in the agricultura l systems of the u.s. a nd of the world is 
our bes t hope for the futur e .  

Sylvan H .  Wittwer 
Ch airman 
Board on Agriculture and 

Renewable Re sources 

-vii-
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CHAPTER 1 

I NTRODUCTI ON 

On December 3 , 1 9 74, President Ford add re s sed a letter 
to the President of the National Academy of Sci ences and a 
memorandum to the Secreta ry of Agriculture calling f or an 
a sse ssment of the food problem.  He requeste d 
recommendations for a program of re search and development to 
insure the food supply and improve the nutrition of our 
country and that of all nation s .  He a sked that pri orities 
be set , specific programs outl ined , and n eeded resources 
determined. 

Partial re solution of food and nutr ition probl ems 
around the wor ld wi ll come f rom bo th the enhancement of 
producti on in agricultura lly developing nations and the 
improvement of the agricultural system in the u. s . The 
focus of thi s  report , however ,  is primari ly upon the 
improvement of u.s. food producing capabilitie s.  Thus , i t  
i s  a partial response to the President ' s request. A 
subsequent report wi l l  addres s  the i ssue of other nation s .  

Thi s  r eport on Enhancement o f  Food Produc tion for the 
United States consi sts of two pa rts . In Part One ,  the 
Conclusions and Recommendations point up some gross 
def iciencie s  in our current investments in agricultural and 
food research and give specific sugge sti ons f or repl enishing 
the scientif ic pool of knowledge that has been drawn upon 
heavi ly dur ing the last two decade s without being adequately 
main tained (NAS 197 5a ) . Recommendations are provided on 
management of technological innova tions in f ood systems , and 
constraints on u.s. agricultural production and research are 
dis cuss ed a long with sugge stions for improving the ways the 
science research activities of a wide range of u.s. 
ins titutions concerned with food are obs erved , reported , and 
managed . 

Part Two stress es the u. s .  need s f or an assessment o f  
land , water , and manpower resources , and for research 
concerning human nutrition , energy , weathe r ,  crop and 
livestock protection , ferti lizer , the production of crops 
and livestock , and bio logica l proce s se s  that control or 
limi t  productivity. The di scuss ion emphasiz e s  development 
of new technologies in f ood science and human nutrition . 

The attempt to treat these subjects adequately with so 
little time and manpower has been a formidable undertaking. 
It h as been necessary to limit the scope of inquiry to the 
technological (biological , physical , and che mical) research 
and development needed to enhance production of food , 
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improv e the dependabi lity of food suppli e s , con serve 
zesources , and improve nutri tional intake. Thi s  li mi ted 
scope, howe ver , re f lects a realistic view of c apabi l ities , 
not a denia l of the importa nt interre la tionshi ps between the 
production and di stribution of food and other phenomena a nd 
issues . 

Ultima tel y ,  starvat i on and ma lnutrition can only be 
alleviated by achievi ng a ba lance between world populati on 
and food production . In the short term, there i s  litt le 
this country can do to a lter the popula ti on side o f  the 
earth's popula tion- f ood equation . Some experts feel that 
the number of people in the world wi l l  a lmos t  double in the 
ne xt 2 5  yea rs. It is vi rtual ly i nevitable t hat by the end 
of the century world popu la tion wi l l  total 5 . 8 bill ion as a 
�n1mum . Reduc tion in the worl d's gros s  birth rate wi ll be 
partly o f fset by decrea sing mortal i ty. However , the dec l ine 
in the b i rth ra te itself wi l l  be retarded by the number o f  
prospective chi ld-bearing females in the current popu lation 
who were produc ed by rec ent high b i rth ra tes. There wi l l  be 
a large number of young parents i n  the devel opi ng countries 
for another SO yea rs or so.  Housi ng , c lothi ng, a nd food for 
severa l bi lli on more peopl e wi l l  be requ ired, worldwi de , 
even i f  the average number of chi ldren pe r  newly- formed 
fami ly f a l l s  immediate ly to two . 

In recent year s, many a ssessme nts a nd proj ections of 
the world food si tuati on hav e  been mad e ,  a nd priorities for 
food and nutrition re sea rch have been sugges ted , both in the 
u.s. and el s ewhere . The Wor ld Food Conference , held in Rome 
on November 5-16, 1974, and spon so red by the Uni ted Nations , 
provided one of the ma j or a s s essments . Some of the other 
ma jor e f forts which have been of great assi stance in 
preparing this report are s umma rized in the sel ecte d  
references that fol low thi s chapter . The NAS ( 1 975b)  has 
publi shed a study on Popu lation and Food: Cruci al Issues in 
whi ch the gene ral f ea tures of the problem s a re de scribed. 
I n  addi ti on , a work shop sponsored by the Agri cu lture 
Development Counci l, convened in Apri l 1 97 5 , yi elded reports 
on the trans fer of agricultura l technology to les s deve loped 
countrie s .  The Food and Agric ulture orga ni zati on o f  the 
United Na ti ons ( FAO) produces per io dic reports . Studies by 
the Nationa l Re search counci l ( NRC) a re underway on 
"Re newable Re sources for Industria l Mate rial s," "Climate and 
wea ther Fluctuat ion s a nd Ag ricul tural Production , "  and "Food 
science and Techno logy Needs . "  

Sympo si a  spon sored by profess iona l societ ies have been 
schedul ed s uch as Ma ximi zing Agricultura l  Productivity and 
Food , Population , and the Envi ronment . Entire is sue s of 
scient i f ic journal s  have recen t ly been devoted to food 
production . There are frequent edi toria l s  c oncerned with 
f ood prob l em s .  Doc ument s on food ar e ava ilab le prepared 
under c ontracts between indivi dua ls and government agencie s .  
Numerou s congre s siona l heari ng s  on f ood and agri cul ture have 
been held . A nationa l worki ng confere nc e  on Re search to 
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Meet u. s .  and World Food Needs s ponsored by the USDA- Stat e 
Uni ve rsities-Industry was he ld i n  Kansa s City , Missouri , 
Jul y 9 to 11, 1975 , at which research n eeds were rated by a 
bal loti ng system. The Michiga n Agric ultural Experi ment 
Stati on and the Charles F. Kettering Foundati on ,  with the 
financi al support of USDA , u . s .  Agency for I nternational 
Deve lopment (USAID) ,  National Science Foundation (NSF) , and 
Ene rgy Re sea rch and Dev elopment Admin istr ati on ( ERDA) , 
sponsored an Internat i ona l Symposium on crop Productivit y ,  
october 2 0  to 24 , 1 975 .  The Massachus etts Ins titute of 
Technology , with the coopera tive eff orts of indus try , 
uni versi ty , and government expert s and the support of the 
NSF , h as a s sessed Protei n Resource s and Technology: Status 
and Re sea rch Needs . 

These many reports , documents , and a ct ivit ies , as we ll 
as others ,  have been conside red and used as background for 
the recommendation s that fol low. we recognize that resea rch 
described in these recommenda tions a nd stra tegies i s  already 
i n  progre s s .  Furthermor e ,  there i s  a substanti a l  body o f  
informa tion alr eady a t  hand tha t would g o  fa r toward 
enha ncement of food production i f  it wer e mobi l ized and 
del ivered through a ppropriate channe l s  and put to u se by 
various government and pr ivate a genc ie s . 

The is sue of more ef fec tive science management sug
ge sted by the noti on of "organ izational prerequ i s ites" for 
ef fective resea rch de serves pa rtic ula r e mpha si s .  
Sig ni f i ca nt inc rea ses i n  funding for innovative and crucial 
res earch programs shou ld fol low f rom the recommenda tion s  of 
thi s report . Such i ncrea s es , however , wi l l  be di ssipated if 
certain cri tica l mana ger i al a nd organiza ti onal probl ems a re 
not a ddre ssed and resolved . Archive s are f i lled wi th 
documents , i nc l uding those f rom the NRC , tha t gi ve 
recommendation s  for futu re research , yet even the results of 
past research have not a lways been e f fe c t ive ly i mplemented. 
Wi thout cha nge in the degree of coordi nat ion within and 
between the federa l agenc ie s  i nvolved in re search on food , 
we would not e xpect a sharpened e f f i ciency in the overa l l  
food research system . New inve stme nts i n  re search and 
deve lopment a re neede d ,  but they shou ld be accompanied by 
changes in the admini stra tive procedure s and re source 
manage me nt prac tices of the concerned agencie s. A h igh 
priority should be a s s igned to ma ki ng e f f ici ent use of new 
finding s .  

Research strat egy o f  the past , in line wi th the admoni
tion of Jonathan Swift in Gu l live r ' s Tra vel s ,  was to grow 
two ear s  of corn where one grew be fore. Enhanc emen t o f  
productivity shou ld stil l rank f i r st among re sea rch 
priori ties , but there are now other important--and not 
always compl ementary- - objective s. I nc rea sed production must 
now be sought with the lowest po s s i ble input s of 
nonrenewabl e resource s of la nd , wa ter ,  e ne rgy , and 
fe rtili zer , an d wit h achievabl e minimum environmenta l 
impact s .  
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St abi lity of y ie ld at high levels for the ma jor food 
crops should become a national goa l . It is essentia l that 
the relationship between produc tion enhancement on the on e 
hand and produc tion dependabi li ty on the other be recognized 
in f uture planning .  While the two are not necessarily 
mutually exclusive,  they can become so if long- term 
dependabi lity i s  sacri ficed to short-term productivity. 

constraints on agricultura l production in the u . s .  make 
appa rent the need for research on socioeconomic factors . 
Although some reference is made to the de sirabi li ty of 
studies of the socioeconomic implications of many of the 
recommendations in thi s report, its focus is on biologica l,  
physical , and chemical research needs . This restriction is 
recognized .  It doe s not imply tha t the other concerns 
should receive low priority , or that the u . s .  research 
establ ishment i s  not capable of re sponding to them. 

The report describes innovative approaches , promising 
qui ck benefits , that could be ini tiated now. However , other 
programs are con sider ed that requi re long and continued 
effort that should also be started without delay . Speci fic 
recommendations directly relevant to the se needs are given . 
Thi s report represents the best collective judgment of a 
large array of sc ientists and re sea rch admini strators drawn 
from government , academia , foundations , and industry . It is 
our hope that it will be of immediate usefulness to federal 
and sta te agenc ie s and private inst itutions for assessing 
goals and setting prioritie s in agricultura l ,  food ,  and 
nutriti on re search . 
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CHAPTER 2 

CONCLUS IONS AND RECOMM ENDATIONS 

The immedi ate purpose of thi s  report is the identif i ca
tion of technologies which, if implemented in the u.s., 
coul d have an impact on mee ting the food need s  of a growing 
world population and the dema nds of inc re a si ngly af f luent 
societi e s .  

Th ere are a t  lea s t  three major rea sons other than 
humanitarian one s  why we should increase food production in 
the u.s. First , people worldwide a re re stle s s :  there i s  
increasing violence a nd strugg l e s  for freedom. Food mus t  be 
provided al ong with educ ation and heal th care . Second , it 
i s  i n  the best intere st of American business to increa se 
food production. Expanding export s of agricul tural 
commodi ti e s  are the on ly real hope for maintaining a ba lance 
of payments in international trade .  Th ird , i nc reased food 
production i s  i n  the best interest of the American consumer. 
If production i s  not increa sed , food prices  wi ll continue to 
ri se even fa ster than they have during the past two years . 

The rapid increase in world populati on adds its own 
urgency to the u.s. need to increa se food production . 
Neverthe less ,  were the pres ent rate o f  expans ion in 
population to be maintained ,  it would , i n  due course , 
nul lify all  ef forts to decrease hunger and malnutrition in 
the wor ld . An a ddi tional 2 5  milli on ton s of g rai n must be 
produced each year to feed the current annua l increment in 
world populati on. The research and deve lopment efforts 
recommended in thi s report are vital to gain time-- unti l the 
expansion of populati on comes at lea st partially under 
control . No other course accords with both the long- term 
self interest and the humani tarian tradi tion of the u.s. 
our recommendations must be con s idered in the context of a 
situati on made desperate by the la rge annual growth in human 
population. 

The recommendations that fol low emphasize the 
technological (biologica l ,  physica l ,  and chemical) re search 
and deve lopment needed to enhance production and improve the 
dependabi lity of u.s. f ood suppl ie s , con se rve re sources ,  and 
improve nutriti on.  Fully developed recommendations 
concern ing institutional , economic , and social change s 
required to inc rease domestic production are not provided .  

There is an urgent need for e s tab li shing national goal s 
and policies in food and nutrition research includi ng an 
improved institutiona l f ramework f or reporti ng ,  observing , 
and managing the wide range of u.s. research activities 
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related to food . A mor e coherent overvie w a nd annual 
a ssessment of the national food and nutr ition research by 
the 15 or more federal agencies, the State Agricultural 
Experiment Sta tions (SA ES), and industry is needed to 
identify priorities a nd integrate e ffectively the activities 
of public a nd pr ivate research programs . Non-agricultural 
interests (such as the environment and rural development) as 
well a s  agricultural interests s hould be reflected in this 
annual assessment. General recommenda tions on the need for 
funds for agricultural, food, and nutritional research, by 
public and private institutions, should be developed. 

we suggest that � National Agricultural Research Policy 
council representing the many fede ral and state agencies 
responsible for agricultura l and agriculturally rela ted 
resear ch be established. It should have responsibility for 
establishing national agricultura l policies and goals. (S ee 
Chapter 3. ) 

we further suggest that science and technology be 
assigned � promine nt role within the structure of the � 
Department of Agricultur e, and that re sea rch be emphasized 
� � major mission. (See C hapter 3 . )  

I ncluded in this negotiation is the appointment of a 
principal scientist and spokesman for agricultural research 
and one concerned with science and technology, equipped with 
staff and budgetary support that would make the USDA the 
focal point for food related research. 

More site-specific, mission-oriented, applied research 
is needed in the u.s. to produce technologies to increase 
the production of food and enhance the dependability of its 
supply over the next two decades. over the long interval, 
increased understanding of the biological principles 
unde rlying agricultural productivity will be the source of 
the major contributions. Both short- and long-range 
research have been substantially reduced over the pa st 
decade because the buying power of appropriations and grants 
has fallen far behind rising costs. 

we recommend � substantial increa se of support for 
research directed towar d the production, dependability, and 
quality of the food supply . (This recommendation is 
supported throughout the report. )  

Financia l support for such research should be increased 
to restore at least the 1966 buying power , and the suppor t 
should be broa dly distributed. 

State an d federa l  support--now totalling about $ 4 5 0  
million per year--for research r elated t o  agricultural 
productivity should be increased immediately by 40 percent. 
This would restore the buying power of the 1960s . T he 4 0  
percent increase could be e ffectively used by current sta ff 
and fa cilities of the USDA and the SAES, and by u.s. 
universities with support from food-re lated programs 
sponsor ed by NSF, NIH, a nd AEC-ERD A .  

Methods for funding applied research shou ld b e  flex
ible, permitting fina ncing of both the unique thrusts of the 
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individual scientist and the re la tively ma ssive concentra 
tion of resources required in multidisciplinary programs 
focusing on ma jor ,  complex agricul tura l problems . 

Biological resea rch related to food production has 
benef itted enormously from the dive rsi ty of g oal s and kinds 
of support provided by NSF, NIH, AEC-ERDA, and the USDA- SAES 
programs . NSF has , in genera l ,  supported re search 
fundamental to all livi ng things .  NIH has supported 
research with general re leva nce to medicine and human 
hea lth . AEC-ERDA h as supported programs related to energy , 
radiat ion, and nutritiona l up-take . The USDA and SAES have 
emphasi zed site-specific, mi s sion- and commodity-oriented 
applied technologies . All the se approaches are requi red , 
and their progres s  and ef ficacy should be enhanced by 
additional funding tha t wil l  maintain the current ba lance of 
the system. 

we bel ieve that responsibi lity for admi nistration of 
the bulk of regular appropriations s hould remain vested in 
the USDA-SAES complex . However, � further recommend tha t ! 
competi ti ve grants program be ini ti ated and administered BY 
the � and other agenci es to encourage res earch in 
critical area s identi f ied in  the report.  (See Chapter 3 . ) 

I nteraction among those working in the basic sci enti fic 
discipline s ,  u.s. agricultural re search institution s, the 
international agricultural research centers, and programs in 
agr iculturally developing countrie s should be encouraged in 
the grant program. 

There is a need to faci litate the movement of n ew 
technoloqi es-and-r:nformation to food production Sit� (See 
Chapter 4 . )  

More ef fective d is tr ibuti on of sc ie ntif ic and techni cal 
information concerning agriculture could have a significant 
impact on food produc tion . Much of the informati on 
contained in sc ientific reports i s  usual ly not writt en in 
language understandable by its most i mportan t poten tial 
use r ,  i . e . ,  the fa rmer . other infor mation possessed by t he 
pra ctitioners themselve s i s  not adequa te ly shared. 

Sta te-o f-the-art report s and farm management bu lletins 
in specific areas should be i ssued . Socioeconomic inputs 
mus t al so be considered in such publications , each of which 
would present in a clear and idiomatic way an analy s i s  of 
what is known and what require s furthe r local or regional 
re search . It i s  important to make speci a l  e fforts to reach 
each cultura l  group. Audiovisua l aids should be developed 
for those who cannot read. 

The u.s. cooperative extensi on organi zati ons re spon
sib le f or technology del ivery systems-- now i ncluding produc
tion , nutrition, policy ,  rura l development, related to the 
USDA-SAES-- should be broadened to make e f f ective use of the 
technology and information of othe r federal and state 
agenci e s  engage d  in agricultural, food , and nutriti on 
res ear ch . An example could be a weather advi sory sy stem , 
including seasonal and longer-term forecasts , to provide 
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weather information for more effective management of food 
producing systems. 

The federal plan which has been partially implemented 
£y NOAA for improve d weather information services should be 
expanded to include national coverage. (See Chapter 10.) 

Agricultural management systems are sensitive to 
weather. Investments in machinery a re determined by the 
climate of an area and day-to-day decisions by farmers 
require correct interpretation of short-range weather out
looks. Accurate, short-range biological forecasts based on 
the accumulation of past weather studies determine the 
design and operation of emerging pest management systems. 
The effectiveness of hydrologic systems for handling feed 
lot wastes, the availability of solar energy for grain 
drying, and the design and operation of water management 
systems all profit from accurate short-range weather 
forecasts. Changing climate and fluctuating weather add 
further complications to farming and fisheries. 

We recommend that u . s .  professional edu cational needs 
with respect to the technological aspects of food production 
be identified. (See Chapter 13 . )  

Existing programs need to be strengthened and new ones 
established. Training programs supported by USDA, NSF, NIH, 
and USAID as well as state funds are needed for those who 
will conduct the nation's food research in the future. 
While national undergraduate enrollments are up in colleges 
of agriculture, wel l- focused, food production oriented, 
graduate training programs need stimulatory action both to 
increase their output and to better tune them for the 
challenges ahead. In addition, many educational programs in 
the applied agricultural (both biophysical and social) 
sciences are separate from the biological, chemical, and 
social science departments in institutions of higher 
learning. The separating of basic and applied research is 
so sharply drawn as to exclude concern for food production
oriented basic research. 

Programs for training of young u.s. scientists and 
retraining of established investigators must be instituted 
to bring the quality of science that undergirds agricultural 
productivity to a higher level. Thus, along with the 
general additions to existing programs in colleges of 
agriculture there m ust ultimately be university affiliated 
laboratories dedicate d to specific programs of agricultural 
productivity and to the training and retraining of agricul
tural scientists in the most modern and effective methodolo
gies of the physical sciences. 

Training is needed in basic research on the biological 
processes that control or limit crop, livestock, and fish 
productivity; on the biology and ecology of rhizobia! 
technology and pest management;  and on the biological and 
behavioral sciences that underlie human nutrition, food 
science and technology, environmental scie nce, and waste 
management. Animal health scientists are critically few: 

-11-

Copyright © National Academy of Sciences. All rights reserved.

World Food and Nutrition Study: Enhancement of Food Production for the United States : a Report of the Board on Agriculture and Renewable Resources, Commission on Natural Resources, National Research Council, Prepared for the NRC Study on World Food and
http://www.nap.edu/catalog.php?record_id=18644

http://www.nap.edu/catalog.php?record_id=18644


most veterinarians treat pets and do not address the needs 
of livestock, poultry, and fish production industries. 
Expanded tr aining programs should channel substantially more 
resources toward solving pr oblems of food production, animal 
health, and infertility. The problems are multi
disciplinary; the y cannot be handled with technology alone. 
Further, there is a need for a new gene ration of plant 
scientists trained in the fundamentals of physiology, 
biochemistry, genetics, and ecology and better trained in 
the techniques of modern physics and chemistry . 

Though this report deals mainly with biological and 
physical research to enhance food production and improve 
stability of supply, the overview called for must include 
research on institutional, social, and economic aspects of 
the food problem. 

we, t herefore, recommend that conce rned agencies and 
organizations mount � e ffort to appraise re search 
contributions from the social sciences appropriate to the 
solution of problems involving food production. 

SPECIFIC RESEARCH RECOMMENDATIONS 

The specific technical research recommendations which 
follow focus on crop and livestock production and on the 
dependability of our food supply, the resources that are 
nece ssary to achieve that productivity an d dependability, 
and the requisite processing and storage technologie s and 
distribution systems necessary to insure that food w ill 
reach those in need. The r ecommendations concern the 
principal ar eas of research needed to meet short- and lon g
term food requirements. 

Fundamental research undergirding food production tech
nology has languishe d for two decades. The NSF has not 
focused on agriculturally related research, although it has 
given substantial s�pport to botany, zoology, and plant and 
animal physiology and pathology. The USDA-SAES comple x  has 
not adequately funded basic research relating to biological 
processes that control crop and live stock productivity and 
insure a greater stability of supply. 

Because of crop surpluse s, political pressures from 
commodity groups, budgetary reductions, and emphasis on 
immediately applicable re sults, a forme rly substantial basic 
research effort in the Agricultural Research service (ARS) 
and the SAES virtually disappea red. conseque ntly the 
agricultural research system now faces inadequacies in 
fundamental knowledge about photosynthesi s, nitrogen 
fixation, crop and livestock protection, water and nutrient 
e fficiencies, genetics, biochemical aspects of handling and 
processing of crop s, livestock and fish, and plant-so il
water relationships. 
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The first three of the specific recommendations which 
are considered high- priori ty resea rch areas wi l l  require 
coordinated mas sive efforts . 

Specific Recommendation I 
(See Cha pter 1 4) 

Expand res earch Qn photosynthe sis � a s ,  ultimately, to 
increase crop productivity through : 

(a )  an increa se in carbon dioxide a s si mi lation £y 
modu lation of  the f low of carbon d uring photosynthes is ; 

(b ) � increa se in net photosynthe si s £y regulation of 
the waste ful processes of dark re spirati on and light- induced 
respiration ; 

(c ) redis tr ibution of ca rbon within the pl ant to 
increa s e  the agronomic yield ; and 

(d ) adaptation of crops to utili ze f ul l  seasonal 
potential gy control of flowering and sene scence. 

Ba sic research on photosynthe sis is urgently needed to 
determine how the regulatory properties of the enzymes of 
carbon metabolism relate to the f low of carbon . Thi s  
approach could lead to an increase i n  the rate o f  carbon 
dioxide uptake and to a dimi nution of wa steful respi ratory 
losses that could result in a substantia l increase in  
pro ductivity of  some crop plants.  

The agronomic yield or harvest index is a measure of 
how the products of photosynthe si s a re pa rti tioned between 
seed and non- seed parts of the plant . Improving the 
distribution of carbon within the plant i s  an urgent goal of 
plant physiolog i sts and breeders especia lly as net 
photosynthe sis is improved . A la rge re search effort i s  
required to understand the mechanisms underlying the 
translocation of carbon within the plant . 

In many geographica l  regions there are enormous was tes 
of the photosynthetic system because the c rops g rown are 
poorly adapted to the local temperature and day- l ength 
patterns . Crop varieties should be chosen or developed 
(i . e . , through control of flowering and senescence) which 

can use the full pote ntia l of the growing condi tions by 
reta ining their maximum rat e  of photosynthesi s .  Planting 
s chedules can be designed for optimum ca pture of sol ar 
e ne rgy. 

The current level of funding f or all re search on 
photosynthe sis in the u . s .  i s  approximately $ 1 0 mil lion and 
widely dispersed among 7 5  to 1 0 0 federa l , unive r si ty ,  and 
industrial laboratories throughout the nation . The current 
investment ba se for photosynthes is is primari ly derived from 
NSF ( $ 4  million) , NIH ( $ 1 million) , AEC-EROA ( $2 mil lion) , 
and SAES ( $3 mi llion) . A twofold increas e from the several 
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federal agencie s enumerated below is r ecommended for f iscal 
19 7 7 to be distributed a s  follows : 

(a ) Two o r  three federal ly funded , university 
affiliated national institutes with a centra l  theme of 
research on photosynthe sis should be established at land
grant universities or other universitie s with streng th in 
thi s area . Clo se cooperation of plant phys iologists , plant 
biochemists , agronomi sts , and physical scienti st s  i s  a 
prerequisite to better understanding and ultimate ma stery of 
thi s complex biologica l proces s .  Support from the NSF on 
the order of an additional $4 mi l lion annually i s  urgently 
recommended for the se institutes which would also become the 
focal points of resea rch training . 

(b ) Addi tional funds should be made avai lable to the 
NSF , NIH, and AEC-ERDA e xtramural grants program and to the 
Experiment Station Program, to allow an approximate S O  
percent increase i n  their current support of re search on 
photosynthesi s .  

(c ) A competitive USDA grant program should be 
undertaken with special emphasis upon photosynthesi s and the 
regulation of photosynthetic rates in c rop plants.  An 
initia l investment of $1 mi llion i s  recommended . 

Speci fi c  Recommendation I I  
(See Chapter 1 5) 

Strengthen research 2n biologica l nitrogen fixation , 
with particular emphasis 2n improving understanding of the 
biological and chemical processes involved, and 2n i denti fi
cation of nitrogen fi xing systems applic able to major �
nomic species of cerea l c rops and forage grasses . 

Establish � publicly supported Cente r 2n Nitrogen 
Fix ation Technology to acqui re , evaluate , maintain,  and make 
available to research workers � comprehensive coll ection of 
nitrogen- fixing microorgani sms. Train technologi sts in this 
field. Provide � mechanism for monitoring i noculant 
quality.  

Ferti li z er ni trogen has become increa singly expensi ve , 
and fos si l fue l for its manufactur e  and transport wi ll con
tinue to become more scarce . Ye t ,  over the last 20 years 
scientific and techni cal ski l ls in bio logica l nitrogen 
fixation and the supply of e xperts in ni trogen f i xation 
mic robiology have not in crea sed substanti ally . 

There i s  now an urgent need to e stabli sh re search and 
extensi on teams in various climatic regions where efforts of 
microbiologists , plant breeders , genetic i sts , plant and 
microbia l  physiologists , plant nutr itioni sts , biochemists , 
agronomists , and agricultura l exte nsion speciali sts can 
e stabli sh coordinated programs for developing and field 
demonstrating increa sed biologica l nitrogen f i xation.  
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Additional mul tidisciplinary research teams of 10 to 1 2 
scientists at those institutions wi th streng th in the area 
should investigate the chemical and biochemical mechanisms 
as a basis for discovery of new chemica l  methods for 
nitrogen fixati on. Other teams are n eeded for studies of 
the genetics of nitrogen fixing organi sms so that the 
ni trogen-fixing capabi lity can be trans f erred from one 
organism to another . Research should focus on ways o f  
decreasing dependence upon chemically synthe sized nitrogen 
fertilizer , and on increasing the supply of biologically 
fixed nitrogen by forage and grain legumes and nitrogen

fixing associations of microorganisms with g rasse s ,  shrubs , 
tree s , liche ns ,  and marine organisms, and the des ign of new 
cropping systems. 

A technology center is needed to acquire, evaluate, and 
monitor the quality of inoculants sold to farmers. Such a 
center would a l so train technologists for a nitrogen-fixing 
field training program and produce professionals in the 
genetics of nitrogen fixing microorganisms and general 
rhiz obia! microbiology. 

The curren t funding level of less than $5  million fr om 
all sources in thi s nation for research on biological 
nitrogen fixation i s  gros sly inadequate. Research funding 
should be increased to $ 2 5  mi llion beginning in fiscal 1 9 77 , 
with a 25  percent annua l increment of the base for the next 
5 years . 

Specific Rec omm endation I I I  
( See Chapter 1 6 ) 

Develop techniques for genetic manipulation bevond 
those of conventional plant breeding, including in vitro 
technique s  for asexual approache s , and broad-cros ses between 
crop spec ie s .  

Programs t o  improve varieties will continue to make 
ma jor contributions to c rop production. Exploratory 
research on single cell culture and somatic cel l  genetics 
suggests that, using these methods ,  it may be pos sible to 
propaga te and to improve a wide variety of otherwis e 
genetically incompatible cul tivars.  Furthermore, the 
transfer of genetic information between species and genera 
of plants , or between bacteria and higher plants ,  though 
previously impossible by normal sexual methods , may be 
achievable by DNA recombi nation technique s. The poten tial 
for i mproved crop production and quality with these new 
genetic techniques is great . ( See the references to Section 
I I . ) 

Photosynthesis and nitrogen fixation are in terdependent 
proce sse s ,  and research on one i s  complementary to the 
other ; more carbon f low is essentia l i f  biological nitrogen 
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f ixation is to be enhanced. Moreover, since new techniques 
f or genetic manipulation have worldwide application in the 
development of new and improved plants, research in all 
three areas should be coordinated. 

Less than $ 50 0  thousand is currently invested in non
conventional plant breeding in the u. s. It is recommended 
that research funds be increased fivefold beginning with a 
doubling in fiscal 1 9 7 7. 

some of the payoffs for increased research investments 
in photosynthesis, biological n itrogen fixation, and non
convent ional plant breeding could occur within five years ; ·  
others would require ten to twenty years. The scale of the 
potential payoffs could be equivalent to the returns from 
the discovery of hybr id vigor and the more accurate use of 
chemical fertilizers. 

The 1 9 7 5  MIT report on "Protein Resources and 
Technology : Status and Research Needs" supports these 
recommendations. 

Specific Recommendati on IV 
( See Chapter 9 )  

Improve technologies for abiotic nitrogen fixation as 
alternatives to the present reliance on natural gas for 
chemica l fixation. Develop improved catalytic procedures 
with low ene rgy requirements for production of fertilizer 
ni trogen. Improve efficiency of � of fert ilizer nitrogen 
� crops. 

Increasing amounts of fertilizer nitrogen have been a 
significant factor in increa sing grain production. TVA 
estimates that in 1 9 7 2 the total world use of nitrogen was 
3 3 . 7 million tons, and that by 1 9 8 0  total use will be 
between 53 and 6 1  m illion tons. Energy shortages, 
environmental constraints , transport limitati ons , and costs 
dictate the need to discover and develop improved 
technologies for produc tion of fertili zer nitrogen. 

The current recovery of less than 5 0  percent of 
nitrogen, phosphorus, and potassium appl ied to crops 
mandates a research investment to improve efficiency of 
uptake. 

It is recommended that an additional $2 5 m illion be 
made available to develop technologies of abiotic nitrogen 
fixa ti on through the pilot plant stage. An additional $ 1 . 5 
million per year for 3 years will be required to improve 
nitrogen uptake by crops. 
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Specific Recommendation V 
(See Chapters 1 and 8)  

compl ete � inventory of the land resources of the 
United States and support the 1 9 7 5  Assessment of Water an d 
Related Land Resources effort of the u . s .  Water Resources 
council. 

Food production capacity and stability of yield are 
dependent upon land and water resources. The information 
and reporting system, here as well as abroa d ,  is inadequate. 
Estimates of the reserve land resources for crop production 
in the u . s .  alone vary from 20 to 60 mi l lion hectares. 

High priority should be given to completing a detailed 
soil mapping survey of the u . s . Such information is needed 
to identif y land and water most suitable for potential food 
production. It is required in order to designate what 
currentl y tilled land is suitable for preservation an d 
protection. Such i nformation would also provide a rationale 
for l and and water use decisions. 

A first approximation for the u. s .  could be complete d 
in 3 to 5 years through the use of mod ern technology, such 
as the " Land Sat" programs and computers. 

Water is available both as a mined, nonrenewable 
resource and as a renewable but limited resource. Un der 
rapid ly increasing demands from agriculture and other 
segments of society, we must optimize use of water 
resources. Agriculture suffers from some degree of water 
deficiency o ver the entire globe. In some instances, 
nonrenewable water resources are being mined for tem porarily 
circumscribed a gricultural production. It is thus mandatory 
that we have an inventory of water resources for 
e stablishing policies on future use, and for estimating 
sustainable agricultural production ca pacities. Drought is 
one of the ma j or factors pro ducing foo d shortages. Futur e 
dependability of food suppl ies require s the pre servation and 
protection of water resources and improved mana gement 
technologi es. 

Specific Recommendati on VI 
(See Chapter 1 2 )  

Design � concerte d program of research in pest control 
to im prove existing techniques and deve lop innovation s for 
crops and l ivestock and for food products. 

Pests ( insects , weeds, viruses , bacteria , fungi , nema
todes, vertebrates) are competitors with man for foo d and 
fiber. one- third of the annual harvest i s  destro yed by 
pests, and substant ial losses due to pests during storage 
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further reduce the productivity of u. s. agriculture. Many 
pests are also vectors of pathogens of disease in pl ants, 
livestock, fish, and humans. 

Encouraging developments in several areas suggest that 
intensified research on new pest control technologies can 
have a si gnificant effect on food production . In 
particular, attention should be focused on the development 
of research programs on ( 1 ) biologically -bas ed hormone or 
pheromone analogues that inte rfere selectively with the 
reproductive process of the pest species; (2 ) mi crobial and 
n atural biologica l agents for pest control, especia l ly the 
bacculoviruses ; and ( 3) integrated approaches to pest 
management, embodying ecologically-based strategies based on 
combinations of the above method s with cultural, gen etic, 
and conventional chemical techniques. 

I f  these measures could be transl ated into 
applications, they would achieve significant and highly 
visible increases in yield in a short time. They are also 
necessary to forestall the developing impact of genetic 
resistance in pest populations to chemical pesticides ,  and 
the decreased ava ilability of these compounds arising from 
shortages of petroc hemi ca l  feedstoc ks or environmental 
constraints on their use . 

we endorse the r ecommendations of the NAS report, Pest 
c ontrol : An Assessment of Present and Alternative 
Technologies (NAS ,  in pr ess) . 

---

Specific Recommenda tion VII 
( See Chapte r 1 1 )  

Evaluate alternative technologies for r educing the 
ene rgy used in producing agricultural commodities, a nd in 
a ssemb l ing, d istributing, an d utilizing foods an d feeds. 

T he U. S. food system (production, processing, d istribu
tion, preparation) uses 1 2 to 1 5  percent of the total energy 
consumed nationally, of which only about 3 percent is used 
in the production phase. Opportunities e xist for applying 
specific technolog ica l practices for .reduci ng energy inputs 
into agricultural production while at the same time 
conserving land a nd water (by such means a s  no plowing, slow 
release fertilizers, or crop rotations) . 

Altern ative pathways for production, processing, and 
distribution and food preparation for each ma j or food com
modi ty should be reviewed, and an a ssessment including eco
nomics made of comparable fossil fuel energy inputs. New 
technologies should be e xamined as opportunities to reduce 
energy use at each phase of food producing systems. 

The current investment base for energy research in u.s. 
agr icultural food producing systems a pproxima tes $ 1 million . 
A fivefold increase for fiscal year 1 9 7 7  is recommended. 
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This addi t iona l  funding should be inve sted i n  a n  examination 
of e xi s ti ng alternative technologies . Regiona l efforts 
through the SAES should be funded . In addi tion , a 
competiti ve grant program should b e  expanded to support thi s 
activi ty .  

Specific Recommendation VIII 
(See Chapters 18  a nd 1 9) 

Increa se product ion of dome stic food animal s ,  poultry , 
and fish BY improving fertility a nd reducing di s eas e .  

The food producing function of dome stic animal s i s  to 
convert to meat , mi lk , and eggs the nutrients from crops , 
for ages , and by- products that do not have greater value in 
other use s .  Food producing anima l s  that are residua l 
bidders a fter f ood- crop a nd i ndustrial c rop requi rements 
have been sa ti s fied , should receive priority attention . As 
a renewabl e res ource , our livestock must be produced from 
the exi s ting populati ons . Replacement of the ani ma l s  
sl aughtered i s  lea st expensive a nd most effici ent from a 
minimum number in the reproducing popu lat ion .  High 
reproductive performance and ma ximum di sea se control i s  
achieved by reducing embryo and fetal mortal ity and death of 
the young. 

u . s .  re sea rch on animal health shou ld deal with 
diseas es current not only in Ame rica , but e l sewhere . Thi s  
would enhance the supp ly of anima l protein whi le preventing 
the introduction of diseases i nto Ame rican animal 
populati ons , includ ing di seases to which humans are 
susceptible . 

Approximately $ 1 0  mi llion i s  currently invested in 
research in the u . s .  for the reduc tion of inferti li ty in 
livestock . Thi s  inve stment should be doubled a nd funded as 
a compe titi ve grant program administered by the Cooperative 
State Res earch Service of the USDA .  The prog ram should 
support i nnovative research . with contracts of 3 to 5 years.  
Additional funding is  needed for di sea se con trol re search . 

Speci f i c  Recommendation I X  
( See Chapter 1 7 ) 

Deve lop and � ef fectively forage syst ems and 
rangelands for domestic food an ima l s . 

For ages and rangelands provide more than hal f  the 
nutrien ts consumed by livestock and beef and dai ry cattl e .  
Si xty-five to seventy-f ive percent o f  the feed unit s come 
from forag e s .  Because o f  i ncrea sed use o f  f eed grains for 
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human con sumption a nd increa sed costs of gra i ns for 
live stock , feed s must come from high quality forages and by
products . Beef and dairy cattle a lone produce more than 
hal f  the nutrients consumed by Americans , but production 
wil l  be decreas ed unles s  alterna tive sources of nutrients 
are provided for livestock . A ma jor res earch effort is 
needed to improve forage yie lds , i ncrease the nutritional 
value of forage s ,  and increase the efficiency of forage use  
by anima l s .  

The total current resea rch expenditure on forage crops , 
pastures , and rangelands i s  $ 3 0  mi l lion annual ly spent by 
publicly supported state and feder al l aboratories in the 
u . s .  Because of the complex natur e of the research needed 
in a ll states and on more than 50 c rop speci e s ,  thi s 
re search effort should b e  increased to $ 6 0 mi llion annua l ly .  
New federa l funds administered by the USDA shoul d be 
provided to state and federal laborator i es t hat a re 
currently engaged in pastur e ,  forage , and gr as s l and 
res earch . 

Spec ific Recommendation X 
{See Chapter 2 1 )  

Improve the technological and scienti f i c  basi s  for 
aquacul ture . 

The potentia l for increased food production through 
aquaculture is large i f  a ppropria te re sea rch ef fort i s  
a ppli ed . Area s where urgent research is  needed inc lude the 
following :  ( 1 )  method s o f  i ncrea sing suppli e s  of seed ( eggs 
and larvae) through studi es on reproducti ve physiology to 
induce maturation and spawning in ca ptivi ty and the 
deve lopment and maintenance of brood s tocks ; {2 ) genetic 
modi f ication and selective breeding ; ( 3) nutri tion of 
cultured anima l s  and the development of ine xpensive and 
nutri ti onal l y  e ffective f eeds ; and ( 4) di sea se prevention 
and control . 

The current annual funding of r es earch and development 
of aquaculture in the u. s .  a pproxima te s  $ 2 2  mi l li on of which 
$ 1 2  mi l lion i s  f rom the f ederal government , $ 2  milli on f rom 
state sources , and $ 8  mil lion f rom i ndustry .  Among the nine 
federal agencie s in f ive departments , the Fi sh and Wi ldl i fe 
service (Department o f  the Interior ) , NOAA , and the Offic e 
of Sea Grant (both Department of comme rce)  are the most 
acti ve .  They spend , r espectively , $ 4 . 4 , $2 . 4 , and $ 3 . 8 
million annually.  A leve l of funding at 5 0  percent above 
the present level ( $ 3 3  mi llion) i s  sugge sted for expansi on 
of f ood production through aquaculture. 
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CHAPTER 3 

OPERATIONAL STRATEGIES FOR SCI ENCE IN U . S .  AGRICULTURE 

INTRODUCTION 

The u . s .  agricultura l re sea rch system is a composite of 
many federa l ,  state , and priva te insti tuti on s and 
organi zati on s  operati ng under a vari ety of institutional , 
soc ia l,  political , and profi t  structure s and i ncentive s .  
The ma j or thrust o f  food- concerned research i s  conducted by 
various federal agencies and SAES th rough prog rams 
a ssoci a ted with the USDA .  However , food-related re s earch is  
als o  conducted or sponsored by numerous colleges and 
uni versitie s ,  state ag encies , a broa d segment of private 
industry , and by at lea st 1 5  ma j or d ivi si ons of the u . s .  
Government. ( Divi sions o f  the u . s .  Government conducting or 
sponsoring f ood-rela ted re search a re :  Depar tment of 
Agriculture ; Department of the I nte rio r ;  Department of  
Hea lth , Education and Wel far e ;  Department of Defense ; 
Department of Commerce ;  Agency for Interna tiona l Deve lopment 
of the State Department ; Nationa l  Sci ence Foundation ; Ene rgy 
Res earch and Development Administra tion ; National oceanic 
and Atmospheric Admini str ation ; National Aeronautics and 
Space Administrati on ;  Tennes see Va lley Authori ty ; Department 
of Transporta tion ; Department of Housing and Urban 
Development ; Environmenta l Protec tion Age ncy ; Nation al 
Bureau of Standards ; and Federal Trade Commi ssion. Al so , 
see the Report on the Federal R& D Program FY 1 9 7 6 , Federa l 
council for Sci ence and Technology , Na ti ona l Sci ence 
Foundation , February 1 9 7 5 ,  for a discus s i on of the principal 
food resear ch activitie s in the fede ra l  e stabli shment . ) 

The success of the a gr icu ltura l i nd ustry i n  thi s 
country i ndica tes the relative e f fectivenes s with which t he 
separate components of the agricultura l  re sea rch sys tem h ave 
re sponded to the needs of the agricultur al and food 
industry . These separate components ope rati ng collectively 
have a r ri ved at approximately correct decisions through a 
complex of incentives that help the components determine 
what research s hould be don e ,  when , and by whom. This 
interaction of the diverse compone nts of the re sea rch system 
ha s developed over time as an adaptive response to the lack 
of any central means of support review a nd coordination .  

The nature o f  this i nt errelationshi p among a genc ies and 
their a dministrative structures is important becaus e  it is 
through thi s interaction that the res earch system selects 
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the mix of re search and at the same time minimizes costly 
dupl ication , overlap , or ine fficiencie s .  

Among the many factors contributing to a n  effective and 
efficient research system a re the review and planning of 
research programs in relati on to probl ems needing solutions 
and to the fulfillment of na tiona l and regional goal s ,  the 
allocation of resources to insure attention of resea rchers 
to important goals and problems , and the support of these by 
an admi nistrative structure that can relate and coordinate 
the diverse research system into uni ts re sponsive to· the 
agricultura l and food needs of the country . 

Any overt acti on des igned to a f fect the food produc tion 
and delivery system through the research system requires the 
mani pulation of thi s  complex set of factors in such a way as  
to enhance and certainly not to interfer e with the 
productivity of the system. To accompl i sh thi s without 
explici tly di rec ting the individua l instituti ons and 
org aniz ations of the agriculture re search system--to lend 
direction to but not direct research-- i s  the function of the 
management of science and the agricultura l re search 
management system. 

In cons idering the i s sue s a ssocia ted wi th managing 
sci ence in u. s .  agri culture , there is a basic presumpti on 
that any consideration for maki ng recommendati ons for 
improvement must be based on the exist ing agricultural 
res earch system .  

The recommendations i n  thi s section of  the report 
reflect a view of the study committee . The agri cultural 
research system i s  no longer considered to be supporting a 
pa rticular "way of l i fe "  in this country . I t  i s  supporting 
a complex system of processes which provide s the foundation 
for the very existence of future generati ons in thi s nation 
and the wor ld . The c ha nges the committee propose s in the 
u. s .  agricultura l re search management system underscore the 
belief that it i s  time to recognize ag riculture a s  a 
nati onal resource and to treat it as such . 

A NATIONAL AGRICULTURAL RESEARCH POLICY COUNCI L 

� National Agricultura l Resea rch Policy Counci l should 
be established to provide repre senta ti on from, communication 
with,  and consideration of the total agricultural res earch 
sys tem in d evi sing na tiona l policies and strategi es for 
strengthening agricultura l  re sea rc h .  

A number o f  events have indicated both a need and a 
des ire f or the kind of central focusing of res earch e f.forts 
that could be provided by a nationa l strategy for 
agri cultura l re search . The federa l-stat e research system 
has been developing a s tructure to bri ng about a degree o f  
nationa l focus on re search planning.  Both Houses o f  
congress have i ntroduced bi lls aimed at encouraging some 
centrali zation in research planning.  
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These and other planning efforts do contribute to 
improvi ng the e ffectiveness of research s election and 
mana gement . However , the effort s devi sed to date general ly 
fa l l  short of supplyi ng the total agricultural resea rch 
system with the direction required to sati sf y f uture demands 
for i ts prod ucts . Even the broader planning efforts such as 
the concurrent USOA- SAES planning ef forts , addre s s  u sually 
only one and a t  best only two of the three dimension s  of 
planning : ( 1 ) what it is fea s ib le to do , ( 2) what it is  
relevant to do , and ( 3 )  how i t  i s  to b e  done (what i s  the 
allocation of resources) • I f  the individua l  elements of the 
agricultura l re search system are to manage and operate their 
programs effective ly ,  attention must be given to all aspects 
of planning . 

There is  need for an annua lly upda ted statement of 
research pol ic y which in effect would constitute a national 
strategy for the u. s .  agricultural re sea rch system. Thi s 
sta tement--requiring i nput f rom biologica l ,  physical , and 
social  scienti sts-- should reflec t  the main thrusts of u . s .  
soci a l  and economic policies and indicate the impact of 
these on the agricultura l re sea rch system as  guidelines for 
de signing research programs . These guidelines would reflect 
the realization of what can be accompli shed wi th the 
re sources avai lable to the system , i ncluding real location of 
present resources ,  and provide guida nce to those who are 
re sponsible for committing resources to it . Such guidel ines 
should give attention to such area s as the e xtent , degree , 
and na ture of the u. s. research commitment to the world food 
bal ance ; the appropriate tra de- off s between factors related 
to the more immediate problems of food s afety and nutrition 
versus the longer term problem of mainta i ning a high rate of 
growth in f ood produc ti on ; the relative commitment to high 
levels of food produc tion with dependabi li ty of supply in 
the intermediate f uture (appli ed research) versus laying 
down a sound ba se for cons i s tent growth i n  f ood production 
over the longer te rm (ba sic or fundamental  research) ; the 
relative interaction among a lternative long-te rm goal s ,  such 
as a cl ean environment and eating ; and other areas.  

The need f or a national strategy for agricultural 
research has become particula rly c ri tica l at thi s  time for 
two princi pal rea sons : ( 1 )  the mis sion o f  agriculture ha s 
been broadened in scope a nd expanded i n  i mportance , and ( 2) 
the i mportance of agr icultural research interacting with 
nonagricultural deci sion criteria such as l and use,  
environmental protection , trade ba lance s ,  and so  on , is  
increa sing .  

Society perceives for the u.s. and u. s. ag riculture a 
dominant position in resolving world food imbalances . This  
includes an  expanded role in supplying foreign countries 
wi th the know-how to grow their own . At the same time , the 
Amer ican people , long accustomed to plenti ful suppl ies of 
quali ty products , would like the f ood producing system to 
undertake a ctivitie s to assure a r eturn t o  the levels of 
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expenditure for food as a pa rt of tota l i ncome that existed 
before the c urrent inf lation .  Both of these charges to 
agricultural research require quick re spon se . The principal 
implicati on of this is that the u. s .  agr i cultural research 
management system mus t now produce more quickly even i f  
costs are greater . 

The present agri cultural research management sy stem is 
slow to incorporate such factors as energy, environment , and 
socia l ,  political , economic , and mi litary con straint s  into 
its planning activities . When such factors are in f act 
reflected in plans , only margina l change in direction i s  
achieved rather than the substantia l  redirections cal led 
for . A recogniz ed nationa l strategy for the agricultura l 
re sea rch system might mak e possible important compromises 
among confl icti ng social goa l s .  For example , a strategic 
withdrawal of key agrichemical s might be achieved ba s ed on a 
coordinated program of  resea rch to provide substi tutes , thus 
minimi z ing loss of food production capabilit ies whi le 
achievi ng environmenta l  goa l s .  

A Nation al Agr icultural Research Pol icy Counci l (NARPC) 
is suggested as a means of communicating and de liberating 
among the diverse organi zations and groups conce rned with 
the many a spects o f  agricultura l  research . Reviews of 
prog rams , policie s , and goal s of a gricultura l research 
ag enci e s  and the agricultura l portions of programs in other 
agencie s  ha ving primary mis s ion s outside of agr i cul ture 
would be an important a ssignment of the counc i l .  NARPC 
would devote itse lf to devising a general strat egy for a l l  
agricultural re search ( socia l a s  we ll  a s  biologi cal and 
physica l) to de termine that a proper balance is reached 
between mi ssion- ori en ted appli ed re sea rc h and the long- range 
ba sic studies that must undergird future i mproved practi ces , 
ins tituti ons , and c apabilities . It woul d al so provide a 
forum for resea rch sponsoring agencies in wh ich informat i on 
on plans and programs r elated to agriculture could be 
e xchanged . I t  would be the agent for developing broad 
strategies to i nsure an efficient agricultural re search 
system using the best capabi lities of the nation . 

seve ral des irable f eature s of a NARPC can be stated . 
I ts membershi p must be broa dly constituted to provi de a 
meaning ful representa tion of the food sciences and the ma jor 
intere st groups related to food availabi lity .  It should 
have a limited staff ,  but it must be adequately supported by 
sta f f  specialists from federal agencies and the SAES to 
develop the policy and stra tegy guideline s f or the national 
agricultural re search management system. The NARPC must be 
authorit atively con stituted by a t  least the ma j or components 
of the nati onal agricultural res ea rch system to i nsure 
adequate attent ion to its guideline s .  I t  must operate at a 
high enough leve l to have an overvi ew of the tota l system 
including its technica l ,  institutional , and human components 
and of the relevant linkage s with the genera l economy and 
soci ety . It mu st a l so have at lea st the power of review 
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over agency and institutional stra tegies , but not over 
budgets or plans . It might al so control some a nci llary 
funding to faci lita te initiation o f  the national strategi es 
it designs . 

The NARPC would not direct research but wou ld lend 
direct ion to i t .  I ts principa l  function would be to 
formulate con si stent poli cy statements on agri cultural 
research which , taken together , would consti tute the 
nationa l strate gy discuss ed i n  the las t s ection .  Wi th staff 
support , the NARPC would see that nece ssa ry i nformation was 
collected and that studi es were conducted on whi ch to ba s e  
guidelines . NARPC would also conduc t reviews of 
agricultura l re search agency programs , mission s ,  and goa l s ,  
and it might have responsibi lity f or promoti ng and provid ing 
guideline s  f or special grants programs in agriculturally 
related areas.  

The NARPC should be  established in a manner ana logous 
to the currently constituted Agric ultura l Re sea rch Pol icy 
Advi sory Committee (ARPAC) in the USDA and the SAES . The 
NARPC wou ld al so have repre s enta tive s f rom othe r federal 
agencies sponsoring agriculture- re lated research .  The l i st 
of representatives contained in the Siebe rli ng Bi ll (H . R. 
6 7 3 7 )  repre sents the appropriate type of membership for 
NARPC . However , agricultura l inte re sts should predominate. 
Further , NARPC would not replace ARPAC , because the latter 
would sti ll have an important func tion withi n the USDA 
fami ly. 

A RESEARCH MISSION FOR THE U . S .  DEPARTMENT OF AGRICULTURE 

The u. s. Department of Agriculture should i nclude 
respons ibi lity for re sea rch � � di stinc t mi ssion .  

The previous discussion wa s concerned broadly with the 
agr icultural and agriculture-related research sponsored by 
some 1 5  or  more federal agencie s . Bringing these di vers e  
prog rams i nto focus s o  that they can respond more r eadi ly 
and ef fectively to na tional and state needs i s  an important 
and cha llenging a s signment. However ,  to mos t of thes e 
agencies food and agricultura l production are secondary or 
peri phera l  responsibi lities and of fluctuating interest . 
The ma jor portion of the mi s si on- oriented re sea rch di rected 
toward the immediate and medium term needs of  agriculture ,  
that which wil l influence production ove r the next 1 0  to 20 
year s ,  i s  conducted by the a f f i liated SAES. 

Many agricultura l re sea rch administrators a re of the 
opinion that USDA has not been an ef fective proponent of 
agricul tura l re search , that it does not now provide for an 
adequate consideration of the prob lems and need s of re search 
in i ts top- l eve l deli berations , and that it lack s  
administrative and budgeting arrangements that can 
effectively gui de research in re sponse to national and 
regi onal needs . 
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The ma jor agencies within the USDA responsible for 
research i nclude the Agr icultural Re search Service (ARS) , 
the Economic Re search service (ERS ) , the Forest Service ( FS )  
an d  the Cooperative Sta te Research service (CSRS) . The ARS 
conducts primar ily in-house resea rch in the biologi cal , 
engineering , and physical s ci ences . The ERS conducts in
house res earch in economics and social sciences and provi des 
policy ana l ysi s and other support for the Secretary . The FS 
has a research arm that conducts re sea rch on the management 
and improvement of the nation ' s  forests and a ssociated 
graz ing lands . The CSRS admini sters federal fund s that are 
primari ly allocated by formulas to the 5 2 SAES and the 
Colleges of 18 9 0 .  The federa lly a ppropri ated funds provide 
an average of about one-thi rd of the funds supporting the 
SAES and indivi dual s tates supply most of  the remainder . 
Closely aligned with the SAES a re the state extension 
service s that convey the results of r es earch to farmers and 
consumers . 

The total research conducted by these agencies in and 
associated with the USDA probably exceeds $700  mil lion per 
year and i nvolves over 1 0 , 0 0 0  sc ientists distributed in more 
than 1 0 0 separate locations.  It i s  thi s compl ex group of 
resear ch sc ienti sts that i s  devoting its eff orts to the 
soluti on of the many probl em s  o f  agr icultura l production , 
food processing , ma rketing,  agricultural policy , and to the 
improvement of the qua lity of life for rural people . 

Recently the USDA identified 1 1  ma j or mi s sion s  for 
prog ram planning and resource allocation , but they di d not 
include research as a mission. Re search was included on ly 
as a supporting goa l or function for such missions as 
"Agricultural P roduction Eff iciency" which a lso i ncludes 
many non-research act ivities such as the control and 
inspection work of the Anima l and Plant Health In spection 
Service . Ot her stated missions involving research in the 
social sciences include farm income , agr icultural marketing 
and distr ibution , rural development ,  and food and nutr it ion . 
Support for nonfederal governments and institutions includes 
research funds allocated to the 5 2 SAES . 

In the opinion of many concerned with representing 
research in admini strative delibera tions wi thin and above 
the USDA level , the lack of a designated mis sion for 
res earch has be en a significant impediment i n  bringing the 
role and contribution s of research prominent ly before the 
principal councils of the USDA , the OMB in the Of fi ce of the 
President , and the congress . Program and budget planning 
shou ld consider resea rch as a clea rly identi f ied 
re spon sibi lity to support the many missions of the USDA. 

The US DA should restudy its role s and mi ssi ons and 
identif y  re search as a primary departmental  responsi bility. 
The supporti ng role of research and its re la tionshi p to each 
ma jor mi ssion should be clearly identi fied.  
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A PRINCIPAL ADMINISTRATOR FOR AGRI CULTURAL RESEARCH 

The Department of Agriculture should appoint � high
level a dministrator with staff to provide le adership o f, 
coordinate, and be � spokesman for the re search agencies and 
programs in the Department. 

The USDA need s  a top- level administrator with an 
adequate staff to keep abreast of res earch in the department 
and in the SAES . Thi s administra tor should devote his ma jor 
time and intere st to agricultural research , representing 
res earch in the highe st levels of deliberati ons of 
administrators in the USDA, seeking financial and public 
support for agricultural re search , and providi ng information 
exchange and coordination among the diverse research 
programs . 

There have been suggest ions that the staff support for 
such an administrator could be provided by CSRS , but a study 
of the present assignment and future program needs of CSRS 
provides convincing evi dence that there is an important need 
and role for CSRS in helping to coordinate a nd strengthen 
resea rch i n  the SAES. Al so ,  the current staff  and budget ( 3  
percent o f  Hatch funds)  is  i nadequa te for th e  present 
a ssignment. If CSRS were to b e  the agency assigned the 
broad task of staff support for the princ i pal admini strator 
of research , the budge t ,  staff , and organizat i on of the 
agency would have to be greatly expanded.  The question 
would al so ari se of conf lict of interest for an agency 
working closely with one branch of resea rch yet having a 
broad responsibi li ty for all . In general ,  it  seems most 
des irable that staff support f or thi s of fice be independent 
of the sever al agencies reporting to the admini strator. 

The Secretary of Agriculture should des ignate and fill 
a h igh- level principal admini stra tive positi on f or 
coordinating al l research in and a ff il iated with the 
department . The admini strator should a l so be provi ded a 
sta ff of spec ialist s  to hel p the o f f ice keep abreast of the 
diverse research activi ties and the na ti on ' s  agricul tural 
re search need s .  These s pecialists should include 
biological,  phy sical , and socia l sc ientists. Thi s  position 
should be at an a s sistant secretary level or the level of a 
primary a s s i stant to an a ssi stan t secretary , and the sta f f  
should be independent o f  any of the re sea rch divi sions being 
admini stered by hi s office. 

ENHANCEMENT OF THE ROLE 
OF THE COOPERATIVE STATE RESEARCH S ERVICE 

The Cooperative State Res earch Service shou ld be 
strengthened , and its mission a nd role a sses sed and 
reoriented to better promote and serve improved management 
of agricultural re search . 
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over a period of more than 8 0  years of admini stration 
of fede ral a ssi stance to SAES , the CSRS has developed a 
res tri cted patt ern of activi tie s .  Whi le i t  wa s ori ginal l y  
i ntended to coordinate the activities o f  the SAES with the 
act ivit i es of the federa l agenc ie s ,  the ma jor curren t 
activities inc l ude the a l location of and accounting for 
federa l fund s appropriated for agricultura l  re sea rch in SAES 
and the College s of 1 8 9 0 ,  revi ews of indiv idua l proj ects 
supported in pa rt or in tota l by f edera l funds , the conduct 
of special depa rtmenta l or comprehensive reviews within 
SAES , a ssi s tance in the admi ni s tra tion of regiona l re search , 
allocati on and admini s trati on of competitive grant funds 
(primari ly provided under P . L.  8 9- 1 0 6 ) , and repre sentation 
of SAES programs within the USDA.  

There is a growing need for more po si ti ve l eadership 
role s in the operations of the federal-state re search system 
which t he sta ff of the C SRS could in pa rt fulf i l l . This 
inc l ud e s  the need for more interaction with other federa l 
agencies , s ponsoring agricultura l  re sea rch , and cri tical ly 
reviewi ng f i eld s  of  res earch and ident ifying new needs or 
opportun ities for i mproved re sea rch a ctivitie s.  The CSRS 
could a l so a ss i st SAES in i mproving their interna l resea rch 
rev iew programs . Ful f i l lment of a more vigorous rol e by 
CSRS is limited by the perception it and the SAES have of 
its role , by the fund s avai lable f or administration , and by 
the si ze , training , and capabi l ities o f  the sta f f . 

The CSRS should cri tical ly eva luate its roles , 
mis s ions ,  prog rams , and procedure s .  Repre sentatives of 
other f ederal research agencies and SAES shou ld be involved 
in evaluating present CSRS prog rams and possible future 
ac tivi ti e s  to encourage the evolution of a more effective 
and e f f icient a gric ultura l re search enterpri s e .  

Addi tional highly qua li fied sc ienti sts should be 
provided to support a revitalized ro le f or CSRS.  Some s taff 
support coul d  be provided f rom fund s  now a ppropri ated for 
fore stry re search and for the Col leges of 1 8 9 0  providing the 
same 3 percent for admini stration that i s  currently included 
in the Hatch Act fund s . Addi tiona l time for the exi sting 
staff could b e  made avai lab l e  by reducing the proj ect review 
and approval proce s s  and pla ci ng greater dependence on the 
SAES f or monitoring the qua lity of their own proposa l s  
within broad guideline s  e stabli shed b y  NARPC . Final l y , a 
more dynami c and specia li zed rol e for CSRS staf f might be 
fostered by usi ng a l arger proportion of short-term , 
temporary s taff obtained whi le on leave f rom SAES or oth er 
agricultura l re search organi zation s .  

STATE LEVEL COORDI NATION OF FEDERAL- STATE RESEARCH 

Orderly and pe riodi c means for jointly reviewing 
research pl ans , budget requests , and programs at th e  state 
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leve l shoul d be established � directors of SAES and � 
directors f or the ARS and the ERS . 

In the SAES , stronge r;-Iarger , administrative units are 
needed to help design and operate the re search programs 
executed by departments and individual s .  

The limited admini strative tie s of re search agencies at 
the upper admin istrative level s of the USDA are paral leled 
i n  many sta tes by inadequate communica ti on and pl ann ing a t  
th e state l eve l among admini stra tors of the SAES , the ARS , 
and the ERS . An order ly and periodic system of 
communication on such items as budget reque s ts and future 
pla ns woul d rel ieve many current stres s es and lead to better 
coordination of activitie s.  

The di rector of each SAES should convene regular 
con ferences with appropriate ARS and ERS admini strato rs 
re sponsib le for agency res earch in the state . In thes e  
ses s ions , research prog rams should b e  reviewed and evalua ted 
and f uture plans , budge t requests , and other matters of 
mutual interest should be di scussed . The goa l should be an 
integra ted re search program to meet the needs o f  agr iculture 
and food consumers in the sta te . 

FUNDING THE AGRICULTURAL RES EARCH SYSTEM 

An adequate bas e  of support for expanding agri cultural 
re search should be provi ded BY means of an integrated 
program consisting of inc rea sed Ha tch � f unding 12 
strengthen the federa l- s tate resea rch ba se , dedi cated 
funding for the support of mis si on- orien ted ba sic re search 
not funded under existing agency or grants programs, and � 
system of competitive grant programs ava i l able to � vari ety 
of rese archers . --

Agric ultural re search within the USDA i s  budgeted 
through the Of f ice of the secretary and i s  ass igned to the 
various agencie s within the Depa rtme nt . Fund s are provided 
through a number of dif ferent l aws and regulations that 
often create rigidities tha t make e f f ic ient and effec tive 
prog ram planning and i mplementation di f f icult . 
Appropri ations for agriculture- re la ted re sea rch to f ederal 
agenc ie s outside of the USDA is i ndependent of and o ften 
unknown to the agricultura l  mi ssion-oriented agenci e s .  

Associ ated with the diversity of the agri cultura l 
research system in the u.s. i s  a n  e qua l  divers ity in the 
sources of f und s  that fi nance the agricu ltura l research. 
These consi st of fede ral and state fund s ,  pri va te 
endowments , gr� and even self-generated fund s .  Within 
the federa l funds ,  there are many individua l sources 
sometimes f inanci ng the same or simi la r type s of re search . 
The re i s  la ck o f  coordinati on among th is mixture of funds . 
Each has sprung up to fortify or protect a pa rti cul a r  need 
and ha s  then remained locked in place in the system.  Many 
of the funding configurations a re now ob sole te and 
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impracti cal .  The functional need s of the se funds are now 
di fferent than when they were original ly devised,  yet the 
existing mixture continues to d i s tort re search programs in a 
manner that cannot be j ustified on the bas is of prioriti es. 
one can see example s of thi s in the imba lance of funding 
among type s  of research ,  in funds that are locked into fixed 
geographical patterns of expendi ture , in the "earmarking " by 
cong ress to assure the welfare o f  spec i fic interests , and so 
on. 

Undoubtedl y ,  some of the most productive support funds 
for any governmenta l program have been the Hatch funds. 
These f unds permitted a bui ldup in research capabi lities in 
SAES that contributed to the unprecedented food supplies in 
thi s country a s  wel l as other nations . Historically , muc h 
of the strength of the H atch funds came f rom the formula 
base on which they have been allocated , e sse ntially leaving 
to the SAES how these funds were to be used to best meet 
local research need s .  over a briefe r hi story , simi l ar 
deve lopments have occurred in the federal agencies engaged 
in agricultural resea rch through the allocation of general 
re search support funds . 

Several consi derations arise with re spect to such 
genera l funding . First of al l ,  the exist ing re search 
capabil ities and faci li ties in the SAES and the ARS are 
there largely because of the Hatch and other general support 
funds. Another expansion of re sea rch capabi li tie s in thi s 
c ountry would require an expans ion of Hatch or Hatch- type 
funds to augment existing re sea rch facil ities and 
capabilitie s .  

Growth in Hatch funds and othe r simi lar general support 
fund s  ha s not been as rapid a s  the increases in cost of  
doing res earch. One result has been a g radua l dete rioration 
of re search facilities throughout the agricultura l  research 
system. There is now a broa d need for an increa se in funds 
of this kind simply to bring these fac i li ties back up to 
their former productive leve l s . For many sta te s , state 
fund s have simply not be en able to compensate for the 
decreases (in real terms) of federal f und s .  

The structure of research funding i n  the national 
agricultural re sea rch system i s  de signed largely to support 
re search at either end of the appli ed- basic research 
spectrum but not in the middle . On the one hand , funding of 
missi on-ori ented agencies centers on the soluti on of 
problems . In developing it,  they conduc t a program of basi c 
as we l l  a s  appl ied research ; but the bas ic research is  
directed a long lines of  inquiry tha t a re j udged to be most 
productive to the eventual achievement of the desired 
technology . 

From time to time , research reveals ent irely new 
approaches which are a lterna tives to e xi sting lines of 
inquiry in a mi ssion-ori ented probl em. But however 
promising these insights may be , they must compete for 
f unding with more a ppli ed research with more tangible 
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potentia l a nd even wi th current lines of basic research for 
which it i s  con sidered an a l terna tive .  I n  an atmosphere of 
continuing pres sure s on budgets , funding genera l ly comes 
only after the scienti st ha s deve loped the concept on his 
own to a relatively advanced stage , however long it might 
have taken. On the othe r hand , the same type of mi s sion
oriented ba sic research cannot effectively compete for 
funding with the type of re search supported , for example , 
unde r  an NSF program which t ends to foster exploratory 
scienti f ic endeavor and at the same time takes into 
considerati on the avai labil ity of funding alternatives in 
its decisions.  

The a rea o f  re search depicted here may be poten tial ly 
the most productive to support beca use it a lready ha s di rect 
tie s  to the applied end of the research spectrum. Although 
it lies just beyond the hori zon of wha t i s  visuali zed as 
eminently usef ul , i ts parentage is most often the practicing 
scientist gaini ng an occa siona l  peek a t  wha t lie s  in that 
margina l  zone o f  the yet unknown . Whi le these areas wil l  
eventually surf ace, as  the horiz ons a re pushed farther back 
and the e stabli shment condition s  itself for their arriva l ,  a 
great deal of precious time could be saved by taking 
advantag e of these occas iona l opportunities and preventing 
them f rom s lipping away . The na tional ag ricultural re search 
management system must lock in the motivation and support to 
foster more effective re search endeavors in thi s area. 

A substantial program for competitive r esearch grant s 
for agr iculturally rela ted re search could provi de severa l 
advantages.  F ir st ,  i t  could provide a funding source for 
res ear ch talent from both i nside and outside the SAES 
drawing into agricultural research many scientists who are 
currently excluded because of lack of f inances . second,  it 
could provide a means of in suring that ba sic a s  well as 
applied re search on agr icultural questions is conducted , 
since it would enlarge the range of re sea rchers into the 
more ba sic underlying s ci ences . Third , it could provide an 
incentive for maintaining excellence in agri cultural 
Ee search because grants are awarded in competition with 
other proposals under a peer- review panel system . 
Establi shment of a grant system specif ica l ly for larger 
group efforts could s timulate needed interdi sciplina ry 
re search efforts in agricultur e. Such b lock grants have , in 
the pas t ,  provided bases for ef fective i nteracti on s  of 
researchers in different fie lds of specia liz ation who 
combin e their s ki lls to attack large r ,  more complex 
problems . One illustrati on is  the Integr ate d  P est 
Management program currently supported by the NSF ,  EPA,  
USDA , and several SAES .  Examples of  muc h larger systems 
might include s tudies of drought strategie s ,  tropical 
farming systems , and modeling of crop behavior . 
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Specific Recommenda tions f or Funding 

An e f fort should be made to br ing together the 
divers ity of funds tha t support the federa l- sta te re search 
system--in effect if not in fact . A comprehens ive study 
should be conducted of the extent of multi ple sources of 
fund s , the effect of thes e multi ple sources , and the 
practi cal possibilities for unifyi ng them .  As an 
inte rmediate step , the administrators and coordinators of 
the principal fund sources should reach some agreement with 
xe spec t to the most e ffective pattern of funding for each 
source within the context of the ove ra ll fund source s and 
need s .  

serious study shou ld a l so be given t o  a rea sses sment of 
the tota l  struc ture , method of al location , and general 
adequacy of the Hatch f unds and simi lar gene ral support 
f und s f or both the federal agenc ies and SAES .  This shou l d  
include a reexaminati on o f  the f ormula f undi ng a s  a ba se for 
alloca ting resources and the examination of a lternative 
bas es for support . As we noted ea rlie r ,  thi s report cannot 
attempt to rea s sess those parts of the agr icultural research 
structure relevant to the sociologica l ,  poli ti cal , and 
economic aspect s  of food product ion . 

A mechanism should be set up immediately to provide a 
program of fund ing for deserving mi ssion- ori ented bas ic 
res earch that i s  not funded from e xi sti ng source s .  Thes e 
f unds should be open to a ll research agencie s ,  
org ani z ations , and instituti ons a nd gra n ted to the 
organi zati on for specific research proposa ls a s  determined 
by peer and adminis trative review. Howeve r ,  the ini tia l  
criteri a  should b e  that the proposed ba s ic re search i s  
mis sion ori ented. The program coul d be admi nistered by the 
proposed NARPC or a Food Res ear ch Advi sory commit tee as 
recommended in H. R . 6 7 3 7  (S ieber ling Bi ll) . 

I n  con j unc tion with or separate from support for 
mis s ion- ori ented ba sic re sea rch , the USDA sh ould e s tabl i s h  a 
competi ti ve grants program for food related re s earch open to 
individuals , institutions , or con sortiums on an equal mer it 
ba s i s .  Likewise , f und s should be open to research proposals 
over the fu ll range of re search from e xplora tory to 
deve lopmental ,  but none to e xceed three year s .  The 
pri ncipal crite ria for selection should be the re search 
contribution to inc reasing the avai labil ity and quality o f  
food withi n the guideline s  o f  an establ i shed na tional agri
cultural re search strategy . The counci l  or the advi sory 
body a dmini stering the mission- oriented ba si c re search funds 
could a l so administer these funds .  Initi a ll y ,  funds might 
be gen erat ed by setting a si de a percen tage of total re search 
f und s .  Eventua l ly , s uch funds shoul d be earmarked by 
congress for this purpose a s  ded ica ted f und s not subj ect to 
yea r-tQ- yea r e xigencies . 

Representa tive s of the federa l- sta te agricultural 
re sea rch system shoul d endeavor to rea ch some agreement with 
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the NSF to permit greater repre sentation by the agri cultural 
sci ences in the selection of pro j ects to assure that 
expl oratory res earch is conducted that wi ll best serve the 
need s  of food research in the long term. 

RESEARCH F EVI EW AND EVALUATION 

Each aqricultura l resea rch unit should as sure adequate 
systems-ind criteria for the c ritiCal review and evaluation 
o f  res earch . --

Some government res earch agencies , ma ny SAES , and other 
ag ric ul tural re search organization s  have wel l  des igned 
systems f or the planning , review � and c ritical evaluation of 
research . However , in too many instances these functions 
are carried out inef fective ly .  S trong encouragement should 
be given for strengthening these aspects of research 
oper ations . 

Peer reviews of re search have proven ef fective for 
exploratory bas ic or long- range re sea rch . Review of applied 
research ori ented to the immedia te so lut ion of practical 
probl ems should include the opinions of those benefitted by 
the research-- farmers , industry , and consumers-- as well a s  
the scientif ic peers of the resea rchers . 

vari ous procedures have been used for resea rch reviews . 
The CSRS ha s developed specia l or comprehensi ve type s of 
review f or prog rams within SAES . Thes e reviews involve the 
selection of a panel of wel l-quali fied peers , primari ly f rom 
outside of the state and repre senting the ma jor disciplines 
or specia li ties to be reviewed. Reviews have been devoted 
to evaluating prog rams and s ta ff within a selected 
depa rtment , or they have covered the broad programs , 
dis cipli nes , and scienti sts devoted to a commodi ty ,  such as 
corn or forage crops , or to a problem area such as  
reprod uctive failures of  livestock . Such outside panel 
reviews have been well accepted and have been an ef fective 
mean s  for improving research programs . 

critical review of individua l resea rch proj ects i s  
commonl y accepted a s  the primary basis for as suring a 
qua li ty research effort and a wise investment of resourc e s .  
Di f ferent review systems are used within SAES. Some SAES 
have a pool of well  qua li fied scientists from which a panel 
of reviewer s ( f requently three) is selec ted for each 
re sea rch proposa l .  In other i nstances peer reviews are 
conducted prima rily wi thin concerned departments wi th 
f urther administra tive reviews at the director ' s of f ice 
level .  These revi ews empha size , f irst , i mprovemen t of 
quality of research plans and, second,  the r e jection of 
poorly conc eived and nonsignif icant pro jects . 

Research conducted to provi de direct he lp to the public 
on a speci fic problem usual ly ha s an intere sted clien tel e .  
Repre sentatives of these prospective user groups can be 
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effectively used in evaluating the importance and possible 
application s of appli ed resea rch.  

Experi ence in administration of agr icultural re search 
indi cates that critical research review is a n  essenti al 
a spect of effective research admini str ation.  Such 
experience indicates that a number of different type s of 
reviews are needed to provide the flexibi lity necessary to 
adequate screening of the many dive rse type s and levels o f  
re search occurring i n  the broad spectrum o f  agriculture . 

PROBLEMS OF AGRICULTURAL EXPERIMENT STATIONS 
IN STATE SY STEMS OF HIGHER EDUCATION 

A national study should be made of the changing place 
and role of agricultural research in land grant universit ies 
and in state systems of highe r educa tion . 

The Hatch Act of 1 8 8 7  provi ded for the establi shment of 
an a gricultura l experiment station in each s tate in 
as sociation with an agricultura l college . For most states 
thi s marked the beginning of the land grant col lege system. 
Agricultural colleges were establi shed or expanded to 
accommodate the agricultural experiment station that would 
receive limited federal support under the Hatch Act.  During 
the following several decades ,  the SAES were usually the 
most .

prominent part of the agricultura l college . General 
support continued to be provided by both the st ate and the 
federal government . Fol lowi ng World war I ,  the number of 
students grew , agricultural coll eges became universities , 
and in each university numerous other col lege s were 
organi zed among which agriculture became only one. In 1 9 1 4  
the Smith- Lever Bi l l  provided for agriculture and rural 
people an exten sion servi ce related to co lleges of 
agr iculture and associated with the SAES . 

Following World war II , substantial funds became 
available for research in nearly a l l  parts of each land 
grant unive rsi ty. The SAES that had hitherto been the ma jor 
or even sole research arm of most land grant universities 
we re now outstripped by research programs in engineering and 
in basic physical , biologica l ,  a nd  socia l sci ence s .  The 
number of students se emed to explode.  States created 
numerous additiona l universitie s a nd col lege s ,  and resea rch 
insti tute s  and centers were set up to manage and promote 
burgeoning research in nearly al l parts of the ma jor 
universities . 

soon the complexity and costs of  higher education 
demanded statewide admini strative organi za ti ons which dea lt , 
to va rying degrees , with such questions as def initi on of the 
mis sion and program of the individual institutions , and 
general budgetary a lloca tion s.  

The role of the SAES and the co ll eges of agricu lture 
seemed to shrink . The agricultura l experiment station 
became only one of a number of maj or res earch programs in 
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the university system. an d  the understanding and 
appreciation of agriculture often seemed re legated to 
secondary importance in the system. 

As of the 1 97 0 s  the changes and organiz ational poli c ies 
of higher education seem to have reached a crucial point. 
State s ystems of higher education are by purpose and policy 
primari ly concerned with students and with rationali zing 
educationa l programs . Academic res ear ch ,  supported largely 
by grant funds but sti ll demanding a substan tia l portion of 
fac ulty time , ha s los t  its luster. Miss i on- oriented 
research often has even grea ter di ff iculty fitting into 
the se systems , particularly when it seems to compete with 
educat iona l programs for space a nd f inancia l  support. 

Following the post World War II expans ion , 
agriculture--which had become a combination of the colleg e ,  
the agricultura l experiment station , a n d  the extension 
service-- frequently retreate d from its dominant role in the 
universi ty to what the Mayers charact eri z ed as " I s land 
Empires . " But today thi s retreat and i sola tion i s  no lon ger 
defens ible: programs of ag ricultural research can only be 
maintained i f  they receive an equi table shar e of stat� and 
federal funds and i f  agricultura l scienti sts receive 
equitable treatment and recognition in institutional meri t 
systems . 

To further augment agriculture ' s  problems , an 
increasing number of sta te legi s la ture s  are now under urban 
rather than rural domination , and a di fferent set of 
interests and backgrounds must be appea led to. In addition 
the agricultura l experiment station director in an 
increa s ing proportion of ca ses must work hi s requests for 
budgets and program authori zation through an administrative 
maz e consisting of the college dea n .  the university 
admini strati on , and boards and chancellors of statewide 
systems of higher education before -those reque sts can even 
go to the s ta te legis lature. Within t hese systems , 
dominating concerns for the student and for education of ten 
re sult in cri teria for new faculty , space in bui ldings , and 
program support bas ed almost entire ly on numbers of 
students .  

In crea sed attention by the SAES re search system to 
pre s sing social problems would j ustify increased investments 
in research on the socio- poli tico-economic a s pects o f  food 
producti on . Such research i s  now being done by federal , 
state. and private agencie s  and social scienti sts who are 
of ten not f ully conversant with agriculture and food 
problems . Some of the funds now used in thi s way and 
additiona l fund s  could be advanta geous ly used and managed in 
the univers ity land grant system whose admini stra tor s and 
scienti sts are well a cquainted with problems invo lving food . 

Agr icultural  research i n  changing s tate system s of 
higher education ca l l s  for car eful ana lysis and new 
al ternatives in administrative a rrangements . Al so . 
considerati on must be given to whether or not the point has 
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been reached where mi ssion-oriented res earch and educational 
systems are incompa tible . Zf they a re ,  what are the 
alterna tive s ?  This is a question that has received little 
national attention and ha s seldom been openly explored . 

Some sta te s  have establi shed ways in which agricultural 
res ear ch a dministrators can make direct contact wi th members 
of the state legis lature . others work around the 
educat ional system through repre sentative s of agricultura l  
industry or commodi ty organi zati on s . Various alternatives 
for strengthening the voice of agricultural research and for 
improving the effectiveness of re sea rch management are 
needed , and an independent study should be conducted to 
evaluat e those alternative s fa irly i n  re la ti on to the best 
inte re sts of  society. 

ENCOURAGING EXCELLENCE IN RESEARCH 

Agricultural resea rch organi zations should e stabl i sh 
reward systems that adequately recogni ze and encourage 
excell ence in a l l  a spects of agricultura l re search. 

I n  agricultura l re search there ar e  many types of 
endeavor not adequate ly mea sured by tradi tional , re strictive 
re search reward systems . Often the product i s  a new crop 
variety or a new prod uction or proce ssing practice more 
sui tabl e · for immediate use by farmers or other c l ients than 
for publi ca tion in referenced sc ientif ic j ourna l s .  Even 
though such type s of productivity often do not receive high 
marks in typica l peer review systems , the y a re the 
foundation that primarily j ustifies publi c  support o f  a l l  
research . Attraction and retention of th e  most abl e 
scienti sts in  a ppli ed research r equire t hat the system o f  
mer it recognition be a s  good for a pplied accompli shments as 
f or the more often acclai med bas ic res earch. 

If the previously describ ed fle xible sy stems of 
research review and evaluation are implemented , the 
remaining limitations on an equi table reward sys tem 
involvi ng a dvancement i n  rank and salary are in the internal  
criter ia and advancement system of  each organi zation . In  
many organi zation s , di scrimi nation aga inst a pplied research 
does not exist . Strenuous e ff orts must be made in a l l  cases 
to have an equi table , unbia sed evaluation and merit reward 
system. 
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CHAPTER 4 

TECHNOLOGY I NNOVATION I MPROVEMENT 
FOR THE WORLD FOOD SYSTEM 

INTRODUCTION 

The u . s .  and other developed countries cannot produce 
and e xport more than a small fraction of the f ood required 
now and in the futu re by the burgeoning populati on s  of 
agricultura l ly deve lopi ng nation s .  Furthermore , the 
economic and social welfare of these c ountri e s  seem best 
se rved where the country is sel f su f ficient in food 
resources . 

The primary focus of this report is on r ecommendations 
for agr icultura l ,  food , and nutriti on re search that , i f  
implemented , would enhance the production and stability of 
food supply i n  the u. s .  Nevertheless ,  it was felt advisable 
to make some ob servations rega rding the soluti on of food 
problem s  abroad . It is  hoped that a more comprehens ive 
study - o f  the wor ldwide situation wi l l  be undertaken. 

Produc tion of adequate food in most developing 
countries requi re s  the wi se use of avai lable land and water 
re source s and the deve lopment and adoption of improved 
techno logie s .  Thi s section of the report doe s not e xplore 
a l l  the many factor s i nvolved in maximi zing food production ,  
such as  economic incentives a nd publ ic po licies ; rather we 
are concern ed here with developi ng a nd i mple menting the 
scienti f i c  and techno logical capaci ty to enhance food 
production in each country . 

Most developing countri es have establ ished agr i cu ltural 
res ear ch programs , often inadequate ly supported a nd staff ed 
and without adequate modern faci li ties . such nations could 
be helped in developing their ca pacity f or technology 
innova ti on and management by collaboration with expe rienced 
agricultura l sc ientists from other count r i es . The u . s . , 
along with other developed countries and int ernationa l 
institution s , can provide much of this needed a s si stance , 
but i ts provi si on must be planned and i mplemented in 
cooperat ion with nationa l leaders and the ir agricul tural 
scienti sts . The u. s .  should function as a part of the 
internat iona l technical a ssi sta nce c ommuni ty c onsi sting of 
scienti fic technica l assistance groups f rom various 
developed count ries , founda tions , and international re sea rch 
centers . For e xample , international agr i cultural re search 
centers , sponsored by 29 na tions and founda tions , and 
coordinated by the CGIAR , h ave as sumed a central 
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international role in ag ri cultural research devoted to 
increasing wor ld food supplies . The se centers are 
developi ng new varieties of maj or crops suited to diverse 
world condi tions and a re solving problems of di sease , 
pa ra si te s , nutriti on , and production practices to improve 
livestock productivity . Addi tiona l programs concentrate on 
labor i n tensive innovative farming systems and related 
technologies adapted to sma ll fa rms and applicabl e to 
vari ous condi tion s  of soi l ,  water supply , and climate. Most 
of the centers are deve loping satellite re search programs 
and outreach activities that are making new seeds and other 
technologie s avai labl e on every continent and i n  many 
developing countrie s .  The goals are labor intensive 
technologie s with resultant increa sed c rop produc tivi ty .  

The capaci ty t o  invent , adapt , and diffuse technology 
has expanded at both the national and in ternational level in 
the last decade . As the f low of new tec hnology has 
accelerated , socioc ultural f actors have loomed as serious 
constraints on the growth of agricultura l produc tivity. 
Thi s places a h igh priority on the development of re search 
capacity in the severa l  social science s in developing coun
trie s and l ends urgency to soci al science re search on 
problem s of cultural and pol itical structure .  

Most of the resea rch leading to more ef fec tive insti tu
ti onal performance , includi ng policies that contribute to 
productivity growth , must be done in the country in which it 
is  to b e  used . There is , however ,  n eed for regiona l 
collaboration among rela ted socia l science researche rs and 
for a capacity to focus i nstitutional attent ion on problems 
of pres sing internationa l signif icance . Ways should be 
sought f or strengthening the u . s .  agricu ltural research 
system capa city that wi l l  make a more effective contribution 
to institutional performance . 

Techni cal assi stance programs requi re continuing 
a sse ssment and adj ustments i f  they are to benefit from 
experience and from c hanging situations a nd institutional 
characteri stic s .  The needs of the agricultura l ly developing 
countries include the following : 

1 .  improved capa city to formulate nat iona l re search 
needs , arrange them a ccording to priority , a nd organ i ze 
programs for their attainment ; 

2 .  strong in stitutions to conduct effective research 
and development programs : of parti cular importance i s  
site- speci f i c  adapt ive resea rch ; 

3 .  trained manpower to ca rry out dive rse technology 
innova tion management pr ograms ; and 

4. e ffective communications network s. 

u . s .  i nsti tuti ons managin g ef fective techni cal 
ass i stance programs should posse s s  the f ollowing 
qualifications : 

1 .  a clearly identified role in international 
technica l a ssi s tance programs (institutions often develop 
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special capabilities , such a s  production of tropi cal crop s 
or management of water on the fa rm) ; 

2 .  a strong and consistent performance record in 
internationa l technica l assistance programs a s  evidenced by 
the use of well-qua li fied staff members and capable backup 
support ; and 

3 .  adequate resources for management and support o f  
internationa l programs : only federal support on a 
cont inuing basi s can enable most educa tional institutions to 
develop and mainta in strong i nte rnationa l programs.  

The diverse international community of donor and 
recipient countries is an ever-chang ing mi xture of n eeds , 
problem s , and social and political att itudes . The ma jor 
considerati on for an effecti ve u . s .  rol e  in technology 
i nnovation management systems for improvi ng world food 
produc tion and supply i s  a program flexibility that can 
adapt to these changing needs of the reci pie nt countries ,  
each o f  which must bui ld its own capacity for t echnology 
innovation management . 

STRATEGY DEVELOPMENT FOR TECHNOLOGY INNOVATION MANAGEMENT 

� nationa l strategy shou ld be encouraged for � 
involvement in technica l coll aborat ion in agriculturally 
developing nations . 

The u. s .  does not currently have a consistent strategy 
for increasing world food production or providi ng techni cal 
a ssi sta nce in technology innovation . The nation doe s 
support a wi de range of activitie s devoted to thi s end from 
which can be derived some appropriate elements , but these 
activities are not coordina ted under a sing le strategy or 
long- te rm plan of action . A national strategy would provide 
a s et o f  expectations u seful to the nume rous insti tution s of 
the u. s .  and those of agricultural ly developing nation s  
involved i n  devi sing long- te rm programs. 

National interests of the u . s .  can be grouped under 
such headings a s  economi c ,  scienti fic , humanitarian , and , 
possibly ,  others like the na tiona l sec urity. Under economi c 
inte re sts two i ssues are signi f icant . Some data show tha t 
as growth occurs in agricultura lly deve loping nation s ,  
imports increase from the u. s . , even imports o f  agricultural 
commodities . Whether tha t si tuati on preva i l s  ove r a broad 
range of condi tions can be determined . The second i s sue 
concerns another a spect of world comme rce . With the 1 9 7 1  
devalua tion o f  the dol lar , u . s .  food became relative ly 
cheaper for other countries ,  and the u . s .  consumer was 
placed in c loser competition with the world ' s  hungry than he 
had been before . 

TWo science i s sues of na tiona l inte re st can be 
identif i ed .  one invo lves the contributi on the rest of the 
world can make to our own ag ricul tural , sc ienti f i c ,  and 
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techno logica l experti se and the prog re ss we can mak e  thro ugh 
experience in the rest of the worl d. The other involves the 
nature and qual ity of trai ni ng of our student s and their 
impa ct on i nternational coll aboration . 

The humanitarian i s sue involve s Ame ri can val ue s , 
phi losophy , and traditions . Hi storica l ly ,  thi s nation ha s 
been uncomfortable wi th rea litie s of sta rva ti on , poverty , 
and di sease exi s ting anywhere in the world.  At the same 
t ime it places high va lue on educa ti on and self - reli ance . 
The deve lopment of u . s .  strategy wil l require con sideration 
and judgment with respect to the se appa rently confli cting 
nati ona l a ttitudes . Nationa l security and perhaps other 
element s in the nationa l inte re st must be an alyzed , but 
thei r  consideration requires specia lists out side the 
coverage o f  this report . 

Strategy development a l so involves ident i f i cation of 
the limitin g factors and ana lysi s of the ti me a nd re sources 
needed to reduc e or e limi nat e them . These must be 
identified and ana lyz ed at useful or managea ble leve l s  of 
gene ra li zati on .  For exampl e ,  if  the supply of trained 
manpower in the u . s .  will set limi ta ti ons , thi s i mpedimen t 
mus t  be overcome be fore other l imiting factors can be 
addres s ed .  

Final l y ,  the resources avai labl e must be eva luat ed . 
Money is only a small part . of greater , obvious 
signi f i cance is the f i nite pool of scientific manpower and 
the s cience- technology organi za tion .  Of les s  obvious 
signi f i canc e  i s  the complex of organizationa l and managerial 
ski lls in the u . s . , but thi s  resource may be of cons iderable 
usefulne s s  i f  deployed appropria�e ly . 

The area of resource identi f i cation , ev aluation , and 
all ocat ion probably invo lves the most sig ni f i cant i s sues . 
The u.s. has a ccumula ted more than 1 0 0 years o f  experienc e 
in agr icultural developme nt and techno logy innovation , both 
domestically and internationally .  S trategically , i t  woul d 
be helpf ul to evaluate the us efulness of that exper i ence to 
agr icultura l ly deveioping na ti ons a long wi th the magnitude 
of the ta sk i nvolved in harvesting and proces s ing it . 

Another resource is  manpower .  The u. s .  has a l arge 
pool of trained manpower and ext ensive manpower traini ng 
facilities , but both the pool and the faci li ti e s  have 
gla ring de fici encies which mus t be corrected .  A pro file of 
manpower expectations must be drawn as a bas i s  for rational 
inve stment in h uman resource development . The av ai labi l i ty 
of manpower and its ca pabi li tie s f or aiding agriculturally 
deve loping nati ons needs particularly critical evaluation . 

A related i s sue i s  the means of mobi li zing , organi z ing , 
and deploying human resources , which res ide in seve ra l  
f edera l  agencie s ,  more than 5 0  s tate univers ities , and ma ny 
pri vate firms . It i s  a resource tha t repre sents experien ce 
in deve lopme nt and management-programming as we ll as in 
scienti f ic and techno logica l matters . 
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The f inancial resources the u . s .  can af ford or is 
willing t o  inve st in thi s endeavor is a lso a limi ting 
factor . 

Strategica lly , ana ly si s of the following factors should 
be useful : 

1 .  inadequate supply of u . s .  manpower trained to the 
wor ldwi de task ; 

2 .  inadequate supply of trained manpower in 
agricultura lly developing nation s ; 

3 .  i nadequate organiza tion of the technology innova
tion machinery in agri cultura l ly deve loping nation s ;  

4 .  i nadequate organization and management of the 
world stock of knowledge of agri cultura l sci ence and 
technology ; 

5 .  i nadequate mobi lization, organi za ti on ,  and f inanc
ing of u . s .  human resources ; and 

6 .  i nadequate mobilization ,  organi za ti on , and financ
ing of u . s .  educational resources . 

Th e development of a na tiona l stra tegy wi ll involve 
many enti ties whose broad parti cipat ion wil l  be neces sary in 
arr iving at a nationa l consensus .  Priva te a s  well as public 
groups should be involved . Government leadership in 
initiati on and organi zation should probab ly came from the 
executive branch ,  although Congress ional committee 
leadership is an alternative . ce rtainly , the Congre ss 
should pa rti ci pate . Within the executive branch , 
respon s ibility has already been placed wi th USAI D to chai r a 
coordinating committee of f edera l agencies involved in 
development assi sta nce , a nd perha p s  thi s agency could 
organi ze the la rger effort . Another alternative could be a 
specia l presidentia l commi s sion ,  such a s  the President ' s  
Sci ence Advi sory Committee of 1 9 67 . 

The USAI D should take the initiative to improve the 
capaci ty o f  agr icultur a l ly developing na tion s in technology 
innovation . 

Guidelines are needed to make technological innovat ion 
more e fficient and e ffective . These guide li ne s must address 
the e ssential  f unction s that have to be performed and help 
management accommodate to the specific situa tion of a 
country . Given the curr ent state of the art , such 
guidelines cannot be specified in recipe f orm. However , the 
fol lowi ng a re some a spects of management that must be taken 
into account. 

1 .  Agricultura l technolog ies adapted to the s peci f ic 
natural conditions under which f a rmers opera te : the most 
important are soil characteri sti c s, climate, and the nature 
of the terrain . These technologie s requi re strong national 
resea rch institutions with suf ficient regional scope to 
encompass a l l  the sig ni f ica nt produc ing area s i n  the 
country . 

2 .  Incen tives and di sinc entive s for f a rm  producers 
and other e ntre preneur s :  government pri ce and exchange 
rat e  policies s ometime s di stort price relationships in a way 
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that di scourages farmers from adopting new technologies , or 
induces them to adopt technologies inappropriate to the 
endowment of the country (e . g. , capital intensive as opposed 
to labor in tensive technologies) . Credit policies are o f ten 
suc h that small farmers are unable to purcha se technological 
innovations , or innovati ons may be unavai lable because of 
import restriction s , insufficient domestic production 
capacity , or inadequate transport a nd storage facili ties.  

3.  The sprea d of technologica l  knowledge : farmers 
must be informed of new technologies and instructed in their 
use .  This wi ll involve such nontechnological activi ties as 
nonforma l  educa tion , extension programs , demonstration 
farms , and regional agricultura l fa irs . Suppli ers of 
agricultura l credit and input and product marketing services 
to farmers must also learn new ways . 

( 4 )  Parti cipation of agriculturally knowledgeable 
people in the public dec i sion- making process : food 
production is the leading i ndustry in most agri culturally 
developing nati ons .  Most public policie s have important 
impli ca ti on s  for ag ri culture . Yet , nat ional interest in 
development of a strong , sci entifica lly a nd technological ly 
based agriculture is frequently underr epresented in policy 
decisions . There wil l be no change without a strong 
nati ona l commi tment to modernized agricu lture. 

Understanding the process of technological innovation 
in agri culture is the f irst step in improving its 
management. once the basic elements are identif ied- - from 
development of location- speci fic technologie s to their 
diff usion throughout the farm sector--each element can be 
addressed individua lly f rom a re sea rch standpoint , and the 
management prob lem of identi fying and removing limiting 
factors can be clarified . 

Through the efforts of national and internat ional 
res earch ins titutions in  both agric ultura lly developed and 
les s  developed countri es , an ef fective beginning has been 
made on the problem of technology innova tion . In addi tion , 
the re have been signi f icant experiences in the management of 
technological innovation from which the knowledge produced 
ha s not yet been harvested , such as the Puebla experience in 
Mex ico (a program to improve corn produc tion on small rai n
fed farms) , the Mas agana 9 9  experience in the Phi lippine s (a 
national rice production program) , and various national 
experiences with high-yie lding va rietie s of rice and wheat. 
Much addi tional re search in the agri cultural ly developing 
nations i s  needed , however , to expand knowledge of 
technological innovation and improve the capacity to manage 
it . 

Immediate steps should be taken to e stabli sh !n 
organization for fund ing and coordinating activi ti es o f  
state , feder al , and priva te inst itutions in the pl anning and 
management of technology innovati on programs . Long-term 
support for u. s .  institutions involved i n  international 
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techno logy innova tion management programs shoul d be 
provided . 

Prog ram s o f  techni ca l  a s s i sta nce or coopera tion are 
cha ra ct eri zed by a vari ety of per formers ,  re sources , and 
agen ci es and in stitution s governing the ir po li c i e s  and 
di rective s .  We ll over a doz en f ederal agencies , more tha n 
5 3  univer sities and col l ege s , and a number of pri vate 
institution s are invo lved in the conduct of agr icultural 
technology tran sfer activitie s .  The ski l led re sources used 
by the se performers are wide ly s cattered and often 
org aniz ationally bound . The contractors of these 
ac tivi tie s , who se t policies and e stablish prog rams , i nc lude 
five separate bureaus in USAI D ,  va rious othe r federa l  
agencie s  through various bi l ateral agr eement s , the world 
Bank , private f oundation s , CGIAR , and others . 

I n  the pa st , coordination among the s e  many agents ha s 
occurred through a va ri ety of communicative devices.  It h as 
probably worked reasonably wel l when the st atus of 
agri cu ltural development ef fort s  a nd the envi ronments to 
which they we re appli ed are con s i der ed. Neverthe les s ,  each 
of these techno logy i nnovati on mana gemen t  insti tuti on s 
gene ra lly opera ted independently o f  the others . Thi s ha s 
led to a number of shortcoming s  i n  the u se of re source s ,  
such a s  a tendency to parti al rather than tot a l  system 
evaluation , a lack of relevant ca pabil i ties in c e rtain areas 
of a program , selec tion of programs ba s ed on resource 
av ai labi lity rather than rela tive i mportance , and ass ist ance 
that wa s not ba lanced with the need s  o f  the reci pi ent 
country . What might have been an acceptable form of 
org ani zati on under pa st conditions i s  of questionabl e 
adequacy now . In total , the curre nt organi z a ti on i s  not 
gea red to handl e the technology innovation management 
requirements wi th which it must cope now and in the future. 

Wha tever mechani sm is devi s ed for improv ing 
coordination among the various c omponents of the technology 
innovati on management system , it must at lea st me et the 
criter i a  of being a permi s sive mecha ni sm ra ther than a 
re strictive , admini s tr ative one . The divers ity of 
environments in which t echnology innova ti on managemen t 
occ urs require s  thi s ,  and the avai lable resources mu st f i t  
i n  with rather than be f i t  t o  the se envi ronment s .  Thi s  
would s uggest a mechani sm that provide s  pol icy guidance 
rath er than specific programs . Such guidance should re f l ect 
the inputs of the pri nci pal partic ipating institutions. 

The mechanisms for faci lita ting coordina tion among the 
vari ous i n s titution s  shoul d provide the opportunity for an 
enduring partnership between sta te , fede ral , and priva te 
ins titution s i n  the planning and management of technology 
innovation programs . 

Consider the example provided by the u . s .  in the 
relationshi p between federal agencie s and land g rant 
universities i n  matters of techn ical a s s i stance . Th e 
federa l agencie s have acces s to the budge ting proce s s .  They 
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provi de logisti ca l  support o f  d i ploma tic and techni cal 
mi s si ons , they gi ve the mandate to administe r  the u . s .  
foreign a s s i s tance programs , a nd they play a rol e in the 
financi ng a nd program di rection of the i nt ernat iona l 
centers .  They need re sea rch , tra ini ng , and advi sory 
service s from college s and univers ities to develop the 
manpower requir ed for both dome stic and ove rsea s  activiti es , 
involving citi ze ns i n  both the u . s .  and i n  agr i cu ltura l ly 
developi ng countri e s . The universitie s provi de e xpe rienc e 
in ba si c and applied re s earch , the train ing of native and 
foreign student s , and the tra nsfer of techno logy through the 
c oope rati ve e xten sion servi c e .  Many o f  the land gra nt 
univer sitie s have a commitment to , and e xpe rience in 
inte rna ti onal a ctivities whi le maintaining a strong domes tic 
backstopp ing ca pability .  u . s .  unive rsi tie s ,  howeve r , lack 
the adequate and re li able l ong- term funding to maintain 
continuity in their i nterna t iona l prog ram ef f orts . 

Short- term support of internat ional programs conduc ted 
by univer sities either ta ke s ca pable fac ul ty away f rom i ts 
regular a s si gnments or forces the univer sity to seek othe r  
av ai lable manpower .  I n  the first i n sta nce , uni versity 
prog rams suf fer ; in the s econd , the inter nat ional program 
may be reduced . With a s sured long- term f unding a univer sity 
can a dd qua l it y  sc ienti sts to its permanent faculty , provide 
addit iona l trai ned human re source s ,  and make the 
inte rna tional program a part of its overa l l  program .  

A simi lar si tua tion exi sts wi th USDA involvemen t in 
inte rna tional activities . The con si derabl e  capabi lit i es of 
the numerous ins titutions in the pri va te sec tor that have 
expe rti se i n  the deve lopment proce ss shou ld also be included 
in addr es s ing thi s problem .  S upport to gove rnmenta l 
agencie s could be provid ed through appropriate federal 
legis lation . Incentives fo r instituti on s  in the pri vate 
sec tor could be provi ded through contractual ar rangements .  

Ti t le XII of the Fo reign A s si stance Ac t ( H . R. 9 0 0 5 ,  
Jul y 29 , 1 9 7 5) provides a program for str engthen ing the 
capabi l ities of univer sitie s  and othe r u . s .  institutions and 
int ernational agricultura l cente rs to solve food and 
nutriti on probl em s  of deve lopi ng countrie s .  Favorabl e 
acti on on thi s or s imi la r legi s la ti on would provide an 
organi zati on and funding mechanism for a str engthened u. s .  
internationa l technica l a ssi sta nce program tha t could be 
deve loped to encompas s  the capabi lities o f  variou s  f edera l 
ag enci e s  and the private sector a s  well a s  the education al 
ins titution s .  

Conti nuing support s hou ld be provided for internationa l  
agricultura l re search center s � � coordinated � the 
Con sultati ve Group for International Agri cultural Resea rc h. 

The cooperation of a numbe r of na ti ons and 
inte rna ti ona l f oundations in the planning , development , and 
support of inte rnationa l re sea rch cente r s  i s  a recen t 
innovati on . C en ter s dedi cated to the development and 
ada pti on of technologies to improve food production in 
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agr i cultura l ly developi ng na t i on s  repre sent one of the mo st 
signi ficant i nterna tiona l programs evolved in recent year s .  
Ten have been e stabli shed wi th a n  a gg rega te budget o f  
approxi ma te ly $ 5 0 mi l l i on for f isca l  1 9 7 6 . others are i n  
the pl anning and development stage s .  The se centers have 
come to f i l l  an important ro le in agricultural developmen t 
through the per fec tion of new techno logies and thei r  release 
to agricultural ly developing na ti on s  to i n sure high level s 
of prod uction and the conservati on and e f fective use of 
natural resources .  

several unique f eatures have been helpful i n  making the 
programs of these centers e f fec tive , among them an 
i nte rnati onal diversity of scienti sts , continuing support 
assured for re latively long period s , re la tive f reedom from 
political and social pre s sures in the individual 
partici pating countrie s ,  and strong commi tme nts to the 
soluti on of specific problems . The u . s .  currently furnishes 
about one- f ourth of the financia l support for each of the se 
inte rna ti ona l c en ters . cont i nued support at approxi matel y 
thi s l evel is strongly recommended . 

It i s  r ecommended that the u . s . , in cooperation with 
other count rie s ,  promote and a ss i st the deve lopment of 
i nte rna ti onal re search and development networks for 
ass i s t ing i mprovement in agricultura lly deve loping nation s .  
National adapti ve res earch and a s sociated extens ion programs 
need guidance a nd strengthening to enab le i ndividua l 
countri e s  to ma ke e f fective use o f  informati on coming from 
internat ional a gricultural re sea rc h/ technology tran sfer 
ne twork s .  The component s o f  th i s  network include deve loped 
countri e s • res earch i n s titution s , i nte rna tiona l cen ters and 
re la te d  regiona l institutions or programs , and the national 
res earch sys tems of the developing c ount rie s .  

u . s .  prog rams of direct agri cultural a s s i stance wi l l  
nee d  ca refu l planning and a d j ustment i f  the y are to rel a te 
most e f fective l y  to international programs . A unifi ed set 
of programs that mutua l ly re inforce each other should be the 
pri mary goal . 

Th e  Uni ted Sta tes should e s tabl i s h  one or more cent ers 
to condUct research and train scientists i n  probiem areas 
i mportant to agricu lt ur a l ly developing nati ons but not of 
major i mportance in thi s country . 

An i mmediate need i s  a cente r  to s tudy agri cul tural 
production in the humid tropic s  a nd anothe r for the semi
arid tropi c s .  The centers could give attent ion t o  soi l ,  
climate , water management , a nd c rop prod uc ti on practices and 
croppi ng system s .  

The tropic s  fu rnish one o f  the grea te st po tenti a l s  f or 
enhancing world food suppli e s .  The u . s .  is providing 
t echnical help for ma ny countri e s  in the tropi cs , bu t in 
gene ral u . s .  sc ien tists a re not expe rienc ed or we l l-informed 
about the prob l ems of thi s  va st region . I n  con s equenc e ,  our 
assi stance has not been a s  wise or e f fec tive a s  nece s sary . 
I ndividua l s , through long experience , have b ecome wel l  
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informed . However , there i s  no adequa te mechani sm for 
tra nsfe rring the benef its of their exper ience to oth ers ; 
and , o f  equal i mportance ,  there a re neithe r faci liti e s  no r 
adequa te suppor t for i ntensive research i n  the u . s .  on 
technica l probl ems of tropical a gricul ture . 

The International Agricultural Deve lopment Service 
(lADS) has recent ly been formed , supported by The 

Rockefeller Foundation and incorporated in the State of New 
York .  I ts purpose is to a ss ist inte re sted developing 
countri e s ,  indiv idually a nd collec tive ly , to accelerate 
agric ul tura l produc tion and rura l pros per it y  whi l e  
strengthening their institutions to pe rmi t s ustained 
prog re s s  wi th mi ni mal extern al ass istanc e .  The service i s  
expected to complement and support the work of developing 
c ountry institution s , th e  internationa l  agricultural 
res earch institute , univer sitie s , i nte rna tional and 
bi l atera l technical assi s tance an d lending agenc ie s , and 
private qrganiz ations . 

lADS i s  an autonomous , nonpro fit,  s el f- supporting , 
apoliti cal,  technical a s s ista nce insti tuti on . I t  i s  
gove rned by a self-pe rpetuating boar d of trustees compri sing 
emminent author itie s on agriculture and rura l development . 
A techni cal advi sory board composed df s peciali sts from the 
developing countrie s wil l  be formed , and an i nterna tiona l ,  
interdi sci pli na ry career sta ff o f  highest ca liber wi ll be 
recruited .  

I MPROVI NG THE STATI STICAL GATHERING S YSTEMS 
OF DEVELOPI NG COUNTRI ES 

Programs shou ld be i nitiated to transfer and adapt to 
agricu ltura lly deve loping countrie s the � technologies 
being generated in the � a nd in other countri es for 
obtaining and analyzing agr icultural and food data. 

The tradi tiona l pri ncipa l  supplie rs of sta ti sti c s  of 
agricultura l producti on , food di stribution , and nutr itional 
status in the i nternationa l a rena a re mainly FAO , USDA , and 
the Interna tiona l Wheat Council . Screen ing the f low of 
information f rom the se and other source s i s  an overwhelming 
problem . In the same way , questionabl e rel iabi li ty , 
t imeline s s ,  usefulne s s ,  and accura cy of i nf ormati on provi de d  
by gove rnments seriou s ly impede the dec i s ion-making process , 
in both ana lysi s and planning . 

The USDA should mak e available as s i stance for manpower 
training , methodologies , and for f ie ld a ssi s tance to help 
countrie s  deve lop i mproved systems for gathe ring re liabl e 
dat a on agricultura l production , food d i stributi on , and 
nutri ti ona l sta tus of the peopl e .  Thi s a s s i stance s hou ld be 
in cooperation with the agricultura l s ta ti stical gathering 
program s  of FAO . 
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CHAPTER 5 

CONSTRAI NTS ON U. S . AGRICULTURAL PRODUCTION AND RES EARCH : 
FEDERAL REGULATIONS AND LEGISLATION 

INTRODUCTION 

Study of the technologica l opportuni tie s for the 
e xpansi on of agricultura l production shows clearly that a 
l arge contribution may be expected f rom scie nti fic re search . 
Thi s po siti ve conclusion must be tempered , however , by the 
real iz ation that a broad range of re strictions may influence 
not onl y the adoption and use of new scienti fic 
deve lopments ,  b ut the very res earch process that generates 
them . The body of thi s  report dea l s  with the potential of 
new sci enti fic find ings through research , but a cautionary 
note should be added on con stra ints that may limi t  their 
gene rati on and use . 

Emphas i s  i s  o ften given to con straints that li mi t 
agricultura l production in the agriculturally developing 
coun tries . These constra ints inc lude a host of economic , 
soc ia l ,  c ultura l , and politi cal fa ctors . Most of them are 
wel l  recogniz ed and discu�sed in the li te rature : for 
instanc e ,  arbitra ry pricing polici e s  for inputs and outputs ; 
inadequate credit and marketing instituti ons ; l ack o f  modern 
inputs ; poorly functioning teaching , res earch , and extens ion 
institutions ; and i nequi table and imprac tica l land tenure 
arrangements . 

Less wel l  understood , however ,  and somewhat para
doxica l , is the increasing chain of constraints that bear 
directly on the generation and adoption of technology in the 
u.s. Attention has been given , of course , to the effect s of 
pri ce and production control s.  Unde r pre ssure of increased 
demand for food products ,  however ,  a f ree ing up of the 
market appears to be taking place . Neverthe les s , there i s  
considerable room f or re laxa tion of re stricti on s  tha t der ive 
from imperfec tions in competition stimulated by private and 
publ ic actions . 

� comprehensive ana lysi s  should b e  made o f  the 
cumulat ive effect � total cost of fede ral regulati ons and 
legislation 2n u.s. agricultura l re sea rch and produc tion . 

Increa sed a ttention should be focused on the growing 
body of government ( sta te and f edera l) legis lati on and 
regula ti ons that have been a dopted to enhance environmental 
qua lity and a s sure huma n sa f ety which , in the proce s s ,  may 
con stra in agricultural activities . A summary i s  not eas i ly 
made, nor wi ll an a ttempt be made to ana lyze the broad range 
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of measures that are being ta ken to control ai r and water 
pol luti on r wa ste d isposa l r  chemica l res idues r and genetic 
vari ation : to protect endangered spec ie s ; to zone l and for 
agricultural use : to restrict the development and use of 
water resources for agri culture ; and to regulate the use of 
agricultural labor.  Instea d r  th e description of some u . s .  
legis lation and regulations will i ndicate th e  impact that i s  
fel t  b y  the agricultural producer and res earcher. 

PUBLIC LAW 9 1 - 5 96 
OCCUPATIONAL SAFETY AND HEALTH ACT OF 1 9 7 0  

Thi s Act r  administered by the u . s .  Department of Labor r 
includes concerns for the sa fety of a l l  agri cul tural 
workers . Attention i s  being given to s a fegu ards against 
such potenti al hazards a s  nui sance d usts r noi se r chemical s r  
animal handl ing r equipment r tool s r  an d  faciliti es . 
considerabl e re search in agricultura l and human engi neering 
wi l l  be necessary to meet the requir ements of thi s  Act. 

PUBLIC LAW 9 2- 50 0  
FEDERAL WATER POLLUTION CONTROL ACT AMENDMENTS OF 1 9 7 2  

Thi s Actr administered by EPAr i s  sti l l  i n  the process 
of implementati on . I t  include s provi sions for the contro l 
of nonpoint source po l lution of navigabl e water s resulting 
from runoff from land used for agricultura l li ve stock and 
crop produc tion . In vi ew o f  the Act ' s  broad de f inition of 
"navigable waters r "  much of the prime ag ricultura l l and of 
the u . s .  is essenti a l ly contiguous to "navigabl e wat ers r " 
and therefore sub j ect to some regula ti on .  

Good a gricultura l practice has long endorsed 
con servation of the land and the e stabli shme nt of systems to 
con strain the movement of soi l and its attending chemica l s .  
Soi l conservati on pra ctices have been employed where 
economi cal l y  and phys ica lly feasible . But to f ully 
con strain a ll movement of soi l and chemi cals essentia l  to 
crop produc tion from much of the na ti on ' s agricultural land 
by 1 9 8 5 r  a s  cal led for under the Act r  may entai l ma j or 
changes in cultural practices r land use patterns r type s o f  
crops g row.n r and in the conventional h andl ing o f  da iry and 
bee f catt le as wel l .  The achievement of the se ends could 
require a substantia l  redirection of res earch effort s by 
plant scientists r soi l scienti st s r  hydrologi sts r engineer s r  
and others i n  both the publi c and private sector s .  And the 
economic impact on farmers a s  they a ff ec t  production must 
also be considered . 

In addition r the Act define s  a s  poi nt sources of 
pol l ution return f lows from irrigation systems used in crop 
production in the ari d area s  of the we st . As such r 
irriga ti on re turn f lows wi ll be required to meet establi shed 
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limits for identified pollutants they ha ve picked up whi le 
dra ining from agricultural lands . New technology wi ll have 
to be developed before farmers will be able to comply wi th 
thi s portion of the law. 

PUBLIC LAW 9 2- 5 1 6  
FEDERAL ENVIRONMENTAL PESTICIDE CONTROL ACT OF 1 9 7 2  

This Act ,  admini ste red by EPA ,  regu lates through a 
process of regi stration the ava i labili ty and use of al l 
agricultura l pe sticides on the basis o f  benef its and risks 
to environmenta l and human sa f ety .  The agri cultural 
chemica l industry provides the scienti fic data on which the 
agency bases its deci sion whether or not to regi ster a 
product for use .  

Res earch data requi rements for regi stra ti on , a s  they 
inc rea se in number and scope and become more finite and 
structured , wil l act as economic di since ntive s  to the 
pestici de industry . u. s .  compani es will either be 
dis couraged from further ri sk taking in long-term R&D,  or 
the y wi l l  move critical portions of their R& D ef fort , as 
well as considerable produc tion , i nto foreign countries 
where they can serve an expanding wor ld market . The latt er 
development in particular should be avoided to prevent an y 
dependence of u . s .  agriculture on the i mportation of the 
pesticides and pest control technology e s senti al to 
contempora ry pe st management . 

PUBLIC LAW 9 3- 20 5 
ENDANGERED SP ECI ES ACT OF 1 9 7 3  

Thi s Act ,  administered by USDI , protects any species 
whi ch is determined to be i n  da nger of e xtincti on (other 
than economical ly des tructive insects) and includes without 
limitation any mammal , f ish , bird ,  amphi bian , reptile , 
mol lusk , crustacean , arthropod , or other invertebrate and 
any member of the pla nt kingdom. USDI has named 1 0 8 
endangered animals and ha s under review a proposal for 
listi ng as endangered species 42 genera of butterfli es , 6 7  
fresh water crustaceans , 6 1  mollusks , and 7 fresh water 
sponge s .  The Smithsonian Institution recent ly compl eted and 
submitt ed for consideration a list of some 2 , 00 0  plant 
species it cons iders endangered . The above speci es are 
widely di spersed throughout the u . s .  once a species is 
named on the endangered list , i t s  "cri tica l  habi tat" wil l  be 
determined according to vital need s ,  inc luding space for 
normal growth , movement or territorial behavior , and 
condi tions to sa ti s fy other biological , phys ical , or 
behaviora l requirements .  Ac tions USDI may i mpl ement to 
protect the "critical habitat" include the development of 
regu lations , a cquisition of land and wa ter leasing 

- 50-

Copyright © National Academy of Sciences. All rights reserved.

World Food and Nutrition Study: Enhancement of Food Production for the United States : a Report of the Board on Agriculture and Renewable Resources, Commission on Natural Resources, National Research Council, Prepared for the NRC Study on World Food and
http://www.nap.edu/catalog.php?record_id=18644

http://www.nap.edu/catalog.php?record_id=18644


arrangements , and other administrative and management plans 
and activit ies . 

Con sidering the diversity of endangered species already 
named and under considera tion a nd their di stribution across 
the na tion , i t  is i ndeed likely that " cr itical habitats" 
wil l  be identif ied on and in the vicinity of ag ricultural 
land s now in use and on potential agricultura l lands , such 
as open ranges . Therefore , under the ad mini stration of this 
Act the protection of a " criti cal habitat" for each 
endangered spec ies could have the force of withd rawing land 
from c ommercial use , qui te pos sibly without purchas e or up
kee p re sponsibi lity , and future expa nsi on of agri cul ture to 
new lands might be ef fect ively blocked by prior 
i denti f ication of an " endange red specie s "  in the area of 
proj ected expan sion . 

FDA , GRAS REGUlATIONS 
TITLE 2 1  - FOOD AND DRUG, CHAPTER 1 , SUBCHAPTER B ,  

PART 1 2 1  - FOOD ADDITIVES , SECTION 1 2 1 . 3  (b) ( 2) ( i i )  

These regul ati ons , administered by the Food an d  Drug 
Administration (FDA) , require that the FDA be notified of 
the introduction of new varietie s and strains of food crops 
for which the nutri tiona l or toxico log i cal constituents , or 
both , are si gni ficant ly a ltered by b reed ing or selection . 

The ma jor nutri tional consti tuents of most food crops,  
especially those considered importa nt in the dai ly di et , are 
eval uated i n  new varieties , and such eva luation should be 
continued . However , it has not been routine practic e to 
analyz e  for naturally occurring toxi cants . Although the 
occ urrence of toxicants in many common food crops has been 
known for many year s , little i s  known about the hazard they 
pose to human health at levels normally f ound in commercial 
varieties . The NAS ha s since identi fied a broad spectrum of 
toxi cants occurring naturally in food , but the possibilit ies 
of introducing new toxi ca nts through genetic mani pulation 
aimed at developing new vari eties to repe l ,  inhibi t ,  or 
ki l l  pe sts have not been considered . If such toxic 
constituents occur in the edible portion of the food crop , 
the FDA reg ulati ons must be observed and toxicological 
studies undertaken to determine the ha za rd to human heal th . 

SELECTED REFERENCES 

Federal Regi ster ( 1 9 7 5a ) EPA Pesticide Programs . Gu ideli nes 
for Registeri ng Pe sticides in the u . s .  4 0  
( 1 2 3 ) : 26 802- 26 92 8 .  Jun e 2 5 .  

Federal Register ( 1 97 5b) EPA Pesti cide Programs . 
Registration , Regulations ,  and Cla s si f ications 
Procedures . 40 ( 1 2 9 ) : 2 8 2 4 2- 2 8 2 86 . July 3 .  
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SECTION I :  HUMAN NUTRITION 

INTRODUCTION 

Providing adequa te nutrition for people is the basic 
purpose of food production. People need nutrients for their 
physiologica l well-being r and to meet thi s need they consume 
food . The di ff iculty f requently experie nced in under
standi ng and resolving nutritional problems involves thi s 
relationship .  Agricultura l production provi de s r  for most of 
the world ' s  cul tures r the foods which ar e the carri ers of 
the ess entia l nutrients .  The amount a nd variety of food 
that i s  ava ilable r its cost r acceptability r and nutrient 
composition determine the abi lity of indi vid ual s  and a 
populati on a s  a whole to fil l  their nutri tional need s .  As 
we contemplate change s in food produc tion to provide better 
nutri ents for people r it is  important to con si der the 
inf luence of food preference s a nd ea ting habi ts on the 
actual intake of nutri ents . 

The nutritional sta tus of individ ua l s  a nd populations 
may be reveal ed in a variety of ways . Acute di seas e may 
result in humans directly f rom nutri tional def i cienci es r 
parti cularly during periods of food shortage . Chroni c 
def ici encies r f requently characterized by poor growth and 
development r may a l so exist where the specific nutri tional 
def ici ency is not well defined . Excesses of particular 
nutrients may also cause chronic or le ss commonly acute 
di seases . Rnowledge of nutrient requirements and their 
interre lationships under the varied envi ronments of human 
exi s tence i s  of fundamental importance . There is a lso a 
need fo r improving our abili ty to tran sfer i nformati on 
conc erning nutri tiona l need s  to the foods people consume r 
and converse ly to eval uate nutri tional status from 
information about the f ood consumed by individua ls and 
populati on s .  There is a need for evaluat ing in a cost
effective manner the nutritiona l status of human 
populati on s . With thi s  information--knowl edge of food 
consumption and food composition--i t  wi l l  be possible to 
a ssess more adequatel y the nutritional status of individuals 
and populations and to deve lop prog rams to mai ntain or 
improve thei r  status . 

Greatly increa sed support for resea rch on nutri tion and 
food science i s  needed to determine the nutrient require
ments r nutritional sta tus r a nd food consumption patterns of 
people as well a s the nutri ent composition of raw foods r the 
effects of food processing r  storage r and pre paration and the 
cost--in ene rgy and materials--of alternativ e ways to 
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improve the nutritional status of popu la ti on s .  The 
following chapter discusses spec i fic recommendation s  
concerning such re search . 
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CHAPTER 6 

NUTRITION RES EARCH 

RECOMMENDATIONS 

1 :  Nutri tion Survei l lance . Efficient and inexpens ive 
methods are required for dete rmining the nutrit iona l 
status of  individua l s  and population s. 

2 :  Food con sumption . Since people require nutrients but 
ea t f oods , it is essential that proper methodologi es be 
developed to determine what i ndividua ls and populati ons 
eat and what f actors influence their choices . 

3 :  Food Composition . 
nutrient inta ke it 
timel y  inf ormati on 
foods , compiled in 
updati ng and rapid 
of thi s capability 
n utriti on prog ram . 

To translate food consumption to 
i s  essentia l to have accurate and 
on the nutrient composition of 
a ma nner that pe rmits continued 
retrieva l .  Cont inued development 
i s  a n  e s sentia l part of a national 

4 :  Nutrient Requirements of Man .  Research is cri tically 
needed to more accurately define the nutrient 
requirements of man and those fac tors i n  hi s  environ
ment tha t  inte ract with or inf luence the need for 
essent ial nutrients . 

5 : Food Intervention . Methods should be deve loped to 
eval ua te the potential impact of int ervention programs 
on the nutritiona l sta tus of the ta rget group so that 
the cost- e ffectiveness of the program can be eva luat ed 
on a timely basi s .  

6 :  Con straints . Various factors that pote ntia l ly 
c ontribute to the problem of improper nutrition i n  the 
u . s .  s hould be ana lyzed to dete rmine the ma jor 
constraints involved.  

- 5 7-

Copyright © National Academy of Sciences. All rights reserved.

World Food and Nutrition Study: Enhancement of Food Production for the United States : a Report of the Board on Agriculture and Renewable Resources, Commission on Natural Resources, National Research Council, Prepared for the NRC Study on World Food and
http://www.nap.edu/catalog.php?record_id=18644

http://www.nap.edu/catalog.php?record_id=18644


NUTRITION SURVEILLANCE 

Ra tiona le 

A prerequi site for the introduction of intervention 
programs to improve the nutritiona l well-being of a popul a
tion i s  sound knowledge of the magnitude and extent of 
nutritional defici encies by geogra phical area s ,  income 
levels , a ge groups , and other identifiable segments . A 
properly des igned nutrition survey can provide thi s base 
line i nformation and guide programs des i gned to a l leviate 
the particular nutrit iona l problem identified , such a s  
protei n ca lorie malnutri tion , iron defic i ency , o r  vitamin A 
deficiency . Repetition of the nutri tiona l survei llance a t  
predetermined i nterva l s  is es sential t o  a ssess the impact of 
an intervention program tha t ha s  been insti tuted. I t  is 
pa rticularly importan t that survei l lance be maint ai ned on 
vulnerabl e  groups in soci ety , such a s  chi ldren or lactating 
mothers . 

Properly fashioned , the se surveys can provide an ear ly 
wa rning system to alert governments to potential nutritiona l  
probl em areas a nd prevent prob lems f rom e volving into 
di sasters . 

To be most useful , methodolog ie s for de termining nutri 
tional sta tus must be r eliable,  ef ficient , inexpensi ve , 
readily implemented , and capable of being ca rried out by 
non profess ional but wel l- tra ined pe rsonne l.  Method s for 
a ssessi ng nutri tional status in us e today range f rom simple 
anthropometric mea surements to e laborate use of clinical 
mea surements a s  in the Interdepartmental Committee on 
Nutrition f or Nationa l Defen se ( ICNND) surveys . we need a 
careful eva luation of existing technique s and development of 
a uni form methodology that can provide accurate and 
comparable nutrition information on a wor ldwide basi s .  
Whatever methodologie s a re used , i t  i s  e ssential that the 
mea surements reveal accurately the nutritional status of the 
individual and/or papulat ion group surveyed . 

FOOD CONSUMPTION 

Rationa le 

Since peopl e require nutrients but ea t food s to obtain 
the se nutri ents , it is essential that we have sound 
information on what people eat .  A course of action to meet 
food production and nutrition needs must be bas ed on the 
composition of the food s that are consumed . It i s  u rgen t 
tha t we get thi s information now to guide ot her facets of an 
overall food and nutr ition program. 

Food consumpti on practi ces di f fer among individua ls and 
among different income and population groups. To pl an for 
the nutri ent food needs of those individuals or groups 
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potenti ally at nutritiona l risk ,  inf ormati on must be 
developed on the types and amounts of food consumed. 
continued survei llance of food consumption habi ts wi ll 
de scri be the current food intake and, over time , wi ll alert 
agencies to changes in food consumption that may be alter ing 
nutriti onal status . 

The food consumption pra ctices of the i nfant , the 
pregnant and lactating woman , and the rapidly growing 
adolesc ent must be known if ma lnutri ti on or other health 
problems re lated to nutriti on are to be avoi ded , or i f  
effective food intervention programs are to be mounted. FOr 
other population groups beyond the so- cal led " target 
groups , "  howeve r ,  food consumption survei llance may also be 
needed sinc e  diet has clear impl ications for serious hea lth 
problems , such as heart di sea se , goi te r , and anemia. 

Research is needed on the development of less expens ive 
methodology for deriving informati on on the safety of foods . 
Food contaminants or microbiologica l  metabolites may pose 
haz ards to particular popula ti on groups c onsuming large 
amoun ts of a suspect food .  Some food additives when 
consumed excess ively may crea te ri sk of toxi ci ty or 
inte rfere with the consumer ' s  benefit from certai n key 
nutrients . 

Numerous food intervention programs are now being 
funded by Congress but little or no da ta i s  being 
accumulated on how these programs are in f luencing food 
consumption or nutritional status . 

FOOD COMPOSITION 

Rationa le 

To i nterpret the nutritional signif icance of food 
consumption pattern s ,  diets need to be a na lyzed for the 
variety and quantity of nutrients they contain . The 
biologica l or metabolic usefulne s s  of the f orm of the 
pa rticula r  nutrient as it exists in a food must be known , 
since some nutrients in certain food s ma y  be rela tively 
unavai lable for us e by man. The many steps that a food must 
go through from production to consumer may have marked 
effects on the ultimate nutrient compos ition of the diet. 
current programs in nutriti onal labeling of f oods require 
tha t thi s knowl edge be generated . Up- to- date reference 
tabl es on the nutrient composition of foods a s con sumed are 
needed for the vari ou s  regions and nations of the world . As 
new food products are developed and accepted into the diet,  
da ta about their nutri ent composition must be compi led. 
LOss es and wastage that may be encountered i n  
transporta tion , storag e , process ing , and preparation also 
need to be known. 

Breeding programs oriented toward nutritiona lly 
improved varieties of f ood c rops must be based on knowledge 
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of the nutrient composition of foods and of natural 
toxi cants and the genetic re se rvoi r that i s  availabl e .  
Breeding for nutritional improvement should also be related 
to the significance of the food c rop a s  an economic source 
of key nutrients in the diet . Production practi ces n eed to 
be monitored for thei r implica ti ons for nutri ent 
composition , since both i mprovement and r eduction of such 
nutrients as protein and va rious mine ral e lements are known 
to be possible with a lteration of some production practices .  

Res earch programs t o  meet our va ri ous need s for data on 
food composition should be undertaken to gui de our action s  
and commitment s during the years ahead . 

NUTRIENT REQUIREMENTS OF MAN 

Rationale 

The requirement of man for essentia l nutrients i s  the 
basis for e stablishing recommended leve l s  of nutrien t 
intake . The knowledge base for determination of recommended 
dietary allowances is surpri sing ly wea k .  To a considerable 
degree , the values for nutri ent al lowances curr ently used 
represent extrapolati on s to all ages from limited studi es o f  
healthy young adults .  The numbers studied have gene ral ly 
been too small to provi de a reasonable estimate of 
i ndividual variation even for hea l thy young adults , and they 
make no adequate allowance for the specia l  needs of 
individua ls sub j ect to stress from nume rous factors of 
envi ronment or diseas e , such as parasitic and other acute 
and chronic infections , extreme s of tempe rature , acti vity , 
and such l os ses of es sential nutrients as may occur through 
sweat from heavy phys ica l work or high environmental 
temperatures . 

There is an acute n eed for cente rs of nutrition 
re search for evaluating the nutrient requi rements of the 
healthy man . Empha sis should be placed , not only on 
soc ietie s prone to undernutrition , but a lso on the highly 
developed industria l soci ety whe re qua li ta ti ve changes 
relate d  to sources of calori es in the diet and general 
overcon sumption can lead to wi des pread morbi di ty and 
mortali ty, as seen in heart di sease , obes ity , and s imilar 
conditions . 

Empha si s should be placed on def ining the minimum and 
opt imum nutrient requirements for growth , pregnancy,  and 
lac tation in healthy and stres sful s ituations , and on 
nutrient interactions and the e ffects of nutri en t excess es . 

Nutrient requirements must be defined and translated 
into terms that permi t thei r use by those conce rned wi th the 
food suppl y as wel l  as those concerned with the hea l th ca re 
of people . 
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FOOD INTERVENTION 

Ra t iona le 

Food intervention programs s hould be de signed to 
improve the nutritiona l  status of the ta rget population .  
Effective programs wi l l  b e  the outgrowth o f  data obt ained 
from nutritional surveillance studie s which have iden ti f i ed 
a potentia l nut ritional risk to the target group . In 
addit ion , informati on c oncerning the food habi ts and food 
c on sumpti on pattern s  of the target group and factors which 
have an impact on the ta rget g roup ' s  behavior should be part 
of the ana l ysi s  conce rning the proposed method of 
intervention . 

Seve ra l  method s  of nutritional intervention are in u se 
today . Programs on f ood forti f icati on , nutri ti onal 
labe ling , nutri tion education , and supplemental feeding 
(such as food s tamps , surplus f ood di stributi on , school 
lunche s ,  and women and i nfant chi ldr en feedi ng) are now 
bei ng funded in exces s of $6 billion annuall y .  Little o r  no 
effective eval uation of the i mpa ct o f  these programs on the 
nutritional we l l- being of the ta rget g roups ha s been car ried 
out . The cost- effectiveness of th es e progra ms versus other 
means of expand ing purcha sing powe r ha s not been eva luat ed 
for their re lative i mpa ct on nutritiona l goa l s . As a 
cons equence there i s  little i nforma tion wi th which to a s s es s  
the c ontinui ng va lue of these programs .  The deve lopment of 
effective technology i n  a rea s of nutri ti onal surveil l ance , 
food con sumption , and food compos ition i s  a pre requi site to 
dev eloping accu rate evaluati ons of intervention prog rams. 
Si mi lar con sideration s  apply to internat iona l f ood aid 
programs carried out by the u . s . , the Europe an coun tri es , 
and other deve loped countri es . Li ttle i f  any eva luation has 
been made of the nutritional impact on populat i ons in 
developing countri es . 

Ef fective evaluation s hould be a bui lt- in requirement 
of nutritional inte rvention prog rams . While many program s 
toda y  spec i f y  that eva l uations should be mad e, the support 
has not been provid ed for developing the nece ssary 
technology and for integrating the eva luation of the many 
current i nterve ntion prog rams . Are curre ntly authorized 
food forti f i ca tion programs e f fective ?  Shou ld standards of 
identity or oth er regulation s  be changed to pe rmi t broader 
forti f i cati on of prod ucts which are s i gni ficant sources o f  
nutr ients in the diet? Answers to the se que stions should 
guide governmen t po licies i n  food forti f i cat i on programs . 

Nutrition education prog rams today a re f ragmented and 
appea r for the mos t  part to be inef fective . Little effort 
has been devoted to determini ng the most e f fective period in 
the educati on of the individua l to introduce sound 
nutrit i onal concept s .  I s  thi s best done a t  pre school or 
elementa ry leve l s ,  or later in the educational cycle? What 
kind of tra in ing i s  required for nutri ti on e ducation 
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pe rsonn el ? Be fore we can expect improvement in people ' s  
understanding of what constitute s sound nutri tion , it i s  
nece ssary t o  know more about ef fective e ducational 
int erv ention . 

How e f f ective in i mproving the nutritional standard of 
the recipients are food s tamp and othe r f ood supplement 
programs or the international food aid programs? Thi s 
informa tion is woe fully la cking . we ma y , in fact , f ind that 
current e lig ibi lity requirements or other factors are not 
properly establ i shed . Do the se prog rams rea lly provi de 
nutriti onal bene f i ts , or are they mere ly programs for income 
supplementation , with only random impact on the nutri tional 
hea lth of the individual ? Technology for proper eva luation 
of these programs must be developed so that policy makers 
can use it in choosing between true nutritional 
supplementation and income s upport . 

CONSTRAI NTS 

Rationa le 

Many factors have contributed to the persistence o f  
malnutrition i n  the u . s . , a n d  constraints o n  th e  goal of 
aboli shing ma lnutrition in the developing countries of the 
wor l d  are formidable. I n  both ca ses , ma lnutri tion i s  mo st 
of ten due to ma ldi stribution of existing food suppl i es , 
although famine s continue to occur in limi ted populati on s  
due to loca l  or reg iona l crop failures .  Inadequate 
purchas ing power of low- income g roups a nd inadequate 
knowledge of the e s senti als of a good diet are the 
limitations most o f te n  cited , but the se in turn reflect 
ec onomic and socia l polic ies whi ch are not eas i ly a lt ered . 
some speci f ic con straints a re di sc ussed be low. 

1 .  Lack o f  education and train ing in nutri tion 

In the u . s . , physic ian s ,  denti sts , and other medica l 
and public heal th workers , school teache rs , and the gene ral 
publ ic receive litt le or no spe cific education or training 
in nutrition , and thi s  pattern i s  replicated in the 
developing countries . At present nutrition informat ion i s  
most often provided by a dvertising and other commercial 
activitie s and oriented to the promotion of s peci fic 
products or cla sses of produc t s . Lack of knowledge as to 
the mos t  effective per iod i n  a per son' s educat ional cyc le to 
provide nutritional informa tion and the quali f ication s of 
personne l requi red to provide this input repres ent a ma jor 
cons traint on our abi lity to make de si red progre s s  in the 
nutri ti onal l i teracy o f  people. 
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2 .  Lack of opportunity for economic progres s 

In most developing c ountrie s ,  the lower soci oeconomic 
groups are at an extreme di sadvantage an d often see little 
hope of economic progre s s .  In the u.s. , mal nutri tion sti ll 
occ urs most commonly among underprivileged groups , such a s  
migrant laborers , Ame rican I ndian s ,  Chicanos , and urban 
blacks . 

3 .  Lack o f  economic support 

Federal an d state support of nutr ition education , 
training, and resea rch i s  meager ,  a nd f und s f or adequate 
nutri ti onal an d  dietary survey s  on a nationa l  s ca le for 
nutrient surveillance have simply not been forthcoming . The 
USDA should have a strong intramural and extramura l program 
in human nutrit ion . A t  pre se nt , only mi nor re source s are 
alloca ted to thi s  purpose . Res ear ch on food compos it ion , 
the eff ect s of food proc e ssing , and food safety are 
simi la rly gro s s ly undersupported . Whi le many current 
i ntervention prog rams requi re eva l ua ti on , support for the 
nec e s sary t echnology to e ffectively accompl i s h  thi s  and to 
int egrate the evaluation of the many supplementa l  programs 
now establi shed i s  wholly i nadequate . 

4 .  Government pol icies 

In the u.s. , at local , state , or national level s ,  
policy deci sion s ar e often ma de whic h have unrecogni zed or 
disregarded repercussions for human nutr ition, and in 
developing countrie s nutri tiona l con side rations sel dom en ter 
into policy planning although food and nutrition can be 
shown to be es s entia l  a spect s  of na tiona l , social , and 
economic development .  

For exampl e ,  the sometime s a rbi tra ry and i nconsi sten t 
e ligibi li ty standards that may be establ ished by the variou s  
governmental agencie s involved f or participati on i n  
supplemental f ood programs often re sult in denial of support 
to those in rea l need . 

Si mi la rly , priority should be given to the production 
of legumes , whi ch are an es sentia l supplemental part of the 
the diet of lower income peopl e o f  the country , rath er than 
to arti f icia l s upport of the price of a ba si c crop like r ice 
or suga r ,  where the net result woul d  be a poorer diet . 

In other instances envi ronmenta l or safety regulations 
may xequi re la rge expenditures of money f or arbi trary levels 
of compliance where benefit re la ti ve to ri sk is mi ni mal . 
The concept of zero tolerances for many chemica l s  places 
regulat ions on the ba s i s  of chemi ca l a na ly si s rather than on 
evaluati on of potenti al ri sk s versus benef it s .  
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5 .  Poli ti cal con sider ations 

Much ca n b e  done to improve nutritional status where 
the political i nte re st or wi l l  e xi sts to do so. conversely, 
dec i sions are often ma de for pol iti cal rea sons which have 
adverse repercu ssions on nutri tional status . These may 
range f rom overly large foreign purchases or export s which 
raise domestic reta il pri ce s  to ineffective and costl y 
interventi on programs continued for political reason s . 
Frequently artif ici al price supports f or produc tion of crops 
for export wi ll generate foreign exchange without 
con s idering its impac t on the diet of lowe r socioeconomic 
groups i n  the population . we n eed more analysis of and 
inf ormation about the trade- of f s  betwee n production of food 
for dome stic con sumpti on and for export to enabl e decision 
makers to make regional agriculture policy deci sion s .  

Food s tamp eligibi lity rule s may b e  changed t o  permit 
broader partici pation a s  a mean s  of increa si ng ef fec tive 
income , not as a mean s  of n ecessari ly improving nutritional 
status . Once implemented , such programs are ha rd to change 
because of the politi cal pres sures ass ociated with them. 

6 .  Regulatory policies 

Regulating agencies oft en se t up unnece ssary barriers 
to the deve lopment of more nutritious or lower cost foods 
becaus e of their nove lty , competition wi th tradi tional 
sources ,  c ulturally bi ased aesthetic judgments , techno
logica lly outmoded standards of identi ty , or si mply f ailure 
to change anachronistic ruli ngs to allow for advances in 
nutrition , food science , and tec hnology . 

Standards of identit y for many foods ar e di fficult to 
change even though improved nutritiona l conten t may resul t .  
The development of a high-protein macaroni , fil led mi lks , 
res trictions on marga rine wh ich existed for years in many 
juris dict ion s ,  and vitamin c forti fication of f ruit j uice s 
under s tanda rds of identity as a means o f  standardi z ing 
vitami n  content are repre senta tive e xample s. 

A ca refully stated food and nutrition policy could 
provide a framework withi n which many of the se con straints 
could be evaluated and , it is  hoped , e limi nated . 
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SECTION I I : NATURAL RESOURC ES BASE 
I NPUT MANAGEMENT, AND THE ENVIRONMENT 

I NTRODUCTION 

The immedi ate cha llenge for thi s na ti on--a nd i n deed the 
world - - i s  to optimi ze agr i cultural and other renewable re
sou rc e productivity per uni t of la nd a rea ; per i ncremen t of 
wate r ; per unit of energy , pe stici de , and fert i l i zer input ; 
and per uni t of time . Not only i s  agric ulture heavi ly 
dependent on c limate and short-term vari ations i n  weather 
pattern s ,  but the abi lity to produce more food i s  sh arpl y 
inf luenced by natural resources o f  s oi l  and water , and input 
management of energy , pe sticide s ,  and fe rti li z ers.  The 
mana gement of these resources and inputs wi l l  have a ma j or 
effect not only on food production but a l so on the quali t y  
o f  the envi ronment . 

Some e s timates indicate that twice a s  much l and may be 
physica l l y  avai lable upon thi s earth for crop production 
than the 1 . 5 bi llion hectare s currently used ( Univ. of Ca l .  
Ta s k  Forc e  1 9 7 4 ) . In a ddition ,  there ar e  about 3 . 6 bi l l i on 
hect ares of potenti a l  g ra z ing lan d .  Br inging new land into 
production requires expendi ture s of ze source s a nd labor , and 
some of the potentially arable land wi l l  be expensive to 
bring into production . we must ca rry out re sea rch on so i l  
inventori e s , soi l ferti lity tes t s , conservat ion o f  soi l and 
water resource s , and cropping sy stems if we i ntend to 
inc rea se agricultura l production with mi ni ma l  damage to the 
env i ronment .  I t  i s  essentia l tha t we have a n  i nventory o f  
our soi l re source s so that w e  know how many hectares we have 
of l an d  with high , medium , or low poten tia l  f or producing 
c rop and forage plants . Thi s i nventory is needed to prov ide 
the bas ic data for al l future food and f iber produc tion 
prog rams . 

Be s i des land , wa ter i s  a nothe r critical na tural re
source . Where it can be developed , irrigati on offers a 
ma j or opportuni ty to in c rea se prod uc ti on .  of the 3 4 4  
mi l l i on hectare s i n  the worl d that could b e  irrigated, only 
2 0 0  mi l l ion a re curren tly i rriga ted (Univ . of Cal . Ta sk 
Force 1 9 7 4 ) . I n  the u . s . , 1 5  mi l l i on hec tare s of l and ar e 
irrigated . Are a s  of rese ar ch concerned with u s e  of the 
wat er resource for inc rea sed agric ultura l produc tion i nclude 
harve s ting , reuse of wat er , water management , and wat er 
conservation practi ces . 

Ne xt to land an d water , the bas ic and perhaps most 
fundamenta l determinant of agri c ultura l prod uction i s  the 
inf luence of wea ther and climate . The most effi cient use of 
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the weather and cli mate resource through wea ther data and 
foreca sts and weather modi f ication techniques should be a 
ma jor goal of the agricultura l science s .  

Since agri culture i n  its most productive form i n  the 
developed nation s  depends upon la rge qua nti ti e s  of energy , a 
ma j or cha llenge i s  to reduce energy inputs into food produc
tion sy stems without j e opardizing product ivity or en ergy 
output . Re search areas include the quanti f ication o f  energy 
require ments in the food an d fiber syste m, l ow- en ergy 
substitutes for high- energy fe rti li zer , and conservation of 
ene rgy on the farm , pri mari ly from alternative crop 
production techniques . 

Fe rti li zer s h ave been a ma jor factor in increasing 
yi elds over the pa st few yea rs . Recent ferti li ze r shortages 
have intensi fied di ff icultie s of expanding crop production , 
especia l ly in developing countrie s .  Anothe r ma j or factor in 
i nc rea s ing yields i s  the wide vari ety of chemical s that has 
been u s ed to protect plants and anima l s .  Th e development o f  
new nonpoll uting chemical s which can b e  appl ied e ffic iently 
and in concert with biologica l and management control 
prog rams i s  of ma jor i mportance for the protection of crops 
and livestock. 

Even though there are great di f fer ences among nation s  
i n  av ai labl e resource s ,  the ba sic techno logi cal data exi s t  
wi th which t o  make more e ffective u s e  o f  res ources to 
increase agricu ltural produc tivi ty . To do thi s ,  however , 
wi l l  re quire a thorough ana lysi s a nd synthesi s of what i s  
already known about a speci f ic natural resource and i t s  
managemen t .  Such s tate-of-the-art (or s tate-o f-the- science ) 
studi es wil l  need to be ca re ful ly planned and coordi nated , 
and the y should be supported with a dequate funds and 
adminis trative commitment to insure thei r  succe s s ful 
completion and implementati on . Such studi es should identify 
critical gaps in knowledge and point out re sea rch needs ; 
they should al so provide the knowl edge basic to putting new 
or old agricultural management technique s into practi ce . 
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CHAPTER 1 

LAND RESOURCE 

RECOMMENDATIONS 

1 : Soi l Resource s Inventory. The soi l re s ource invento ry 
should be completed and shou ld inc lude laboratory 
characteri zation of key soi l  properti es . 

2 :  I nterpretation and Use of Soi l  Resource Data . Studi es 
should be undertaken on land sui tabi li ty f or di ffering 
type s of a gric ultura l production , irr igati on potentia l ,  
and fertilizat ion need s ,  incl uding forage manag ement . 

3 : Soi l  Ferti lity Eva luation . S tudie s should be made o f  
soi l  ferti lity and fert ilizer need s for ma j or c rops on 
main soil type s .  

4 : Con servation of Soi l Resource s .  Re search s houl d be 
intensified on ero sion control mea sure s .  

5 : Farming Low Precipitation Are a s  for Maximum Producti on .  
Exi sti ng informa tion on dryla nd fa rming systems should 
be mobili zed , and research s hould b e  di rected toward 
developing food c rops and land management practices on 
lands where avai labi lity of water is the l imiting 
facto r .  

6 :  � and Management of Range la nd s .  A rangeland re source 
inventory should be made with suffi cient detail to 
determine the potential carrying capacity of th e 
di ffer ent soi ls and to pe rmit development of management 
strategies . 

SOI L  RESOURCES I NVENTORY 

Rationa le 

E s ti mates regarding the avai lability of land for future 
food production have been made by va rious sc ienti sts based 
on limi ted sources of data . To improve thes e basic data 
there i s  need f or a sys tema tic soi l re source inventory to 
provide more speci fic information on the location an d extent 
of the ma jor kind s of soi l and the i r  potential to produce 
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food an d fiber .  such data must be supplemented by analyses 
of costs , ma rkets , pri ce s , and farm income s .  Wi th such data 
and analy se s , more accura te predic tions can be made 
rega rding the productive capacity of t he differ ent land 
areas of the u. s .  to produce food and f ibe r .  
Interpre tati on s  ba sed on th e  interaction o f  soi l properties , 
soi l s lope ,  and c li ma te provide the ba s ic data needed in 
det ermining plant sui tabi li ty ,  potential pla nt yi elds under 
alterna tive management systems , and the kinds of soi l 
prob l em s  that l imit yield s . The se data and analyse s  are 
essentia l for making realistic policy ju dgments regarding 
di f f erent ways of ac hievi ng needed produc tion. They are 
a l so needed in loca ting tho s e  ar eas having the greatest 
potential for plant production a nd i n  de termini ng priorities 
for deve lopment . 

Modern soi l surveys are availab le f or a bout one-hal f o f  
the u . s .  There i s  need t o  s ynthesize al l available data and 
to prepa re basic soil ma ps of priori ty a reas as a ba s i s  for 
deve loping prog ram s f or food and f iber production . 

I mplementation 

A u . s .  soi l re source inventory shou ld be complemented 
with soi l maps and re ports , and labo ta tory cha racterization 
of key soi l prope rti es . High prio rity a reas shou ld be 
updated wher e i nf orma tion i s  now obsolete . 

Techno logy i s  known an d  ava ilable t o  carry out this 
ta sk . The soi l res ourc e  inventory can be implemented in a 
re la tively short time through the employment of addi t iona l 
soi l scientists and the use of remote sensing device s ,  
compute r s , and other modern techniques . The USDA in 
cooperation with univer siti e s  ha s  the abi lity to do thi s  
work in th e  u. s .  

INTERPRETATION AND USE OF SOIL RESOURCE DATA 

Ra t iona le 

Wi th a soi l  re source inventory , which would incl ude 
soi l  maps , soil description s , a nd selec ted laboratory data , 
predictions could be made for best land u se includi ng 
var ious kinds o f  crop s . By rec ord ing i n  an orde rly manner 
type s of soi l , and yi elds and re sponses to management 
practi ces , it i s  pos sible to identif y a rea s having high ,  
mode rate , and l ow potential f or producing food and forage . 
These are s ome of the basic data n eeded f or determin ing 
prioritie s f or land development and appl icat ion of s peci fic 
soi l and water management practi c e s  inc luding drainage , 
irrigati on , and range and pastur e improvement . An 
a s s e s sment can then be ma de rega rd ing fe rti l i ze r ,  i r riga tion 
and dra ina ge need s , and cropping systems bes t  s uited for 
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variou s levels of manage ment .  I nf orma ti on wil l  be needed on 
laboratory ana l yse s  (chemi ca l ,  phy s ica l ,  and minera logica l) 
of selected sample s  f rom benchma rk soi l s  and on field 
mea surements to determine irrigation and drainage potenti al. 
we also need initia l plot t ria l s  and field eva luati on s of 
fe rtili ze r re spon se by s elected crops accompanied by 
gre enhouse studies of nutrie nt deficienci e s • re spon s e .  

Th e se acti vities a r e  given high pri ority because of the 
the i r  potential for most efficiently inc rea sing 
prod uc tivi t y .  Pre-deve lopme nt charact er i z ation of pres ently 
unti lled la nds shou ld optima lly re qui re 2 to 10 percen t  o f  
the tota l cost o f  bri ngi ng the land into crop production . 
Avo i ding irr igati on or drainage pro jec t failure and 
achieving high re sponse f rom appl i ed fertilizers and proper 
pl ant selection often re sul t in avoi ded lo sse s or increa s ed 
re turn s  seve ral hundred times the cost of the res earch and 
development act ivities . 

Implementation 

Analys i s  and interpretation of e xi sti ng soi l maps an d 
rela ted re sourc e data shoul d be ma de to dete rmi ne th e 
suitabi lity of land to type s of fa rm ,  pa sture , and range 
crops , i rrigati on and drainage potential , and ferti lizat i on 
need s .  Thi s analy s i s  should i nclude potenti al uti l i ty ,  pro
duc tivi ty , economi c and energy costs , and envir onmental 
impacts of bringing into production land s no t now cultivated 
but cl a s s ed a s  potentia l cropl an ds . Irr igat ion need s , 
potenti al water re sources , a nd ene rgy costs of potential 
irriga ti on and drainage pro j ects s hou ld be considered along 
with soil fertility- capability interpre ta tions ba sed on soi l 
properti es and pro jections of potentia l respons ivenes s  to 
soi l and water management practice s ,  inc l udi ng added pl an t  
nut ri e nt s  a n d  lime . Attent ion s houl d b e  given to lands now 
being f armed a s  we l l  as to new l and s .  S oi l  maps and 
appropriate resource data a lso should be inte rpre ted to s how 
the pote ntia l f or forag e production under di fferent level s 
o f  management, inc lud i ng  re s eeding , fe rti li zati on , brush 
control , and improved livestock ma nagement . In the u . s . , 
soi l maps should be interpreted to ide ntif y location s wi th 
greate s t  potentia l fo r  agricultura l production ; and mea n s  
( such as agr icultura l zoni ng) should be devi sed for 
retaining this land for agri culture . In the u . s . , land 
resource data are now available i n  various f orm s . Thes e 
data shoul d be related t o  current land u se  and yi el ds to 
determine the potential capacity o f  the u . s . to produce food 
and f i bers . 
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SOIL FERTILITY EVALUATION 

Rationale 

More effic ient and environmenta l ly sound use of 
ferti li zer is needed in vi ew of fertili z e r  cost s , en ergy 
requir ements for its produc tion , and potential "leaka ge "  of 
ni tra te s f rom f ert i li zed fie ld s .  Stri ct fertilizer need s 
should be determined for currently c ropped land s and for 
land s ea rmarked f or new crop production . Soi l ferti lity 
evaluat ion sy stems , employing the deve lopment of uni form 
method s for the same kind s of soi l s  and ca librated by field 
plot and greenhouse experime nts , determine opti mum plant 
nutrient requi rements and fertil ization procedures . 

I mplementa tion 

Soi l ferti lity evaluation should be made that includes 
an R& D program for reevaluation of soi l te sts for as ses sing 
plant nutrien t  need s ( "s oi l  te sting " )  for ma j or crops on 
pri nci pal soi ls so that ferti lize r s  may be used more 
economi ca l ly and with les s  env ironmental impact (especia l ly 
through reduction o f  exces sive use of ni trogen) . 

CONS ERVATION OF SOIL RESOURCES 

Rationale 

As increas ed emphas i s  i s  placed on i ncrea sed crop 
produc tion to meet food needs , present cropland i s  likely to 
be cultivated more intensive ly , a nd new land s brought into 
crop prod uction wi l l  f requently b e  more s us ceptible to 
wat er and wind/ eros ion than prese nt cropland . As new lan ds 
are brought into production in the tropics , in moderate to 
high rainfall a reas , soi l erosion may be of inc reasing 
concern be cause of fa rmers • lack of knowledge about 
appropri ate technology f or e rosion control . 

I mplementat ion 

SO i l  conserva tion re search i n  the u.s. should i nclud e  
ref inements in wind a n d  water erosion control mea sures t o  
reduce sedimentati on and to protec t land s brought under 
cul tiva tion with increased empha s i s  on crop production .  
Env i ronmenta l protection con side ra tion s should include 
acce lerated re s earch in the u. s .  on watershe d  modeling to 
protect water resources through c ontrol of nonpoi nt 
pol luti on f rom ag ri cultural chemicals . 
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FARMING LOW PRECIP ITATION AREAS FOR MAXIMUM PRODUCTION 

Rational e 

Insufficient rainfall on much of the c ropl and limits 
production .  A maj or portion of such land cannot be 
irrigated because of inadequa te wa te r  suppli e s , economic 
con siderati ons , or other reason s .  These soi ls pres ent 
unique problems of management for sustai ned production . 
The se soi l s  are fragile and subject to wi nd and water 
eros ion : and economic margins are smal l .  Techno logical 
developments for application in rainfed agricu lture in semi
arid area s are behi nd technology for production in more 
humid clima tes . Although the se semi-a rid area s pre sently 
support relatively sparse populations , population pressure 
may increase ,  and the productivity must be maintaine d and 
inc rea sed where pos sible.  It is  essentia l that increased 
effort be directed toward applica tion of e xi sti ng knowledge 
as  well a s  deve lopment of new techniques and innovations in 
dry- land farming.  

Impl ementation 

Existi ng knowledge should be collec ted , synthe si zed , 
and mobi li z ed to he lp increase food production in semi-arid 
areas . This should be a team effort of produce rs , re search 
and exten sion workers , and government agencies backed by 
specific funds and administra tive support. A ma jor research 
eff ort should be directed toward developing adapted food 
crops and land management practice s to i mprove and sustain 
production on land where wat er is the limiting factor and 
where irrigation is not pos sibl e .  The se studies should b e  
conducted b y  teams o f  sc ientists representing many 
dis ciplines and designed to deve lop systems of land and crop 
mana gement tha t  wi l l optimi ze food production from the land 
resource.  

USE AND MANAGEMENT OF RANGELANDS 

Rationa le 

soil and climatic condition s  in many areas of the u. s. 
dictate that much o f  the land be used for growing forage 
plants without cultivati on .  The a rea of nonarable but 
potentia l gra zing lands i s  greater than t he potentia l ly 
arable land , because of restrictions imposed by topography.  
climate , or soi l characteri stics . The rangelands are both 
public ly and privately owned . The f orage produced on these 
lands , most of which i s  harvested by gra z ing animals ,  
constitutes an important part of the feed ba se for ruminant 
animal s .  
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Rangelands are usual ly so fra gi le t hat mi s management 
can qu i ckly re sult in permanent damage to the re source an d 
i ts productivi t y .  A decrea s e  in forage production on 
rangelands will dec rea se ruminant ani ma l  producti on or 
inc rea se the need f or feed grain s for animal feed . Use o f  
ran gel an ds i s  somet ime s re stricted , beca use some range 
f orage s are de f ici ent in minera l s  requir ed by graz ing 
animal s and , in a f ew ca ses , leve l s  of e lement s , such as 
selenium and molybdenum ,  may be so high as to be toxic to 
animals . Management me thod s should be developed to prevent 
problem s  caused by these and other det errent s to ful l use of 
range re sources . 

Implementat ion 

Rang eland resource inventorie s and managemen t 
strategie s for rangel ands are es sentia l for use and 
mai nten ance of rangelands . The inve ntory sh ould inc l ude al l 
important physical featur es of the areas inc luding the 
characteristics of the vege tation , a nd in suff ici ent deta i l  
for th e  determination of the potential c arry ing capacity of 
the di ffere nt soi l s  and for deve loping manag emen t 
stra teg ie s .  Management plan s  s hould b e  made and implemented 
on public and priva te range land s to mai ntai n  the 
prod uc tivit y of forag e for graz ing animal s .  
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CHAPTER 8 

WATER RESOURCE 

RECOMMENDATIONS 

1 :  croppinq svstems . Emphasis  should be given to research 
on cropping sy stems to optimi ze productivi ty with 
regar d  to water use . 

2 :  Soi l  Water Management svste ms.  on-farm water 
management techno logy and systems should be devised 
that maintain optimal soi l  moi sture in re lation to 
other envi ronmental fa ctors for c rops in a ll climati c 
zone s.  

3 :  Water Use in Non-Optimal cropping Systems . The 
e f fectiveness of use of wa ter in systems that are non
optima l  for crop produc tion should be improved . 

4 :  Techno logy and Management for Wate r Suppli e s . 
Technology and management pra ctic es to increase and 
con serve water supplies for agr icultura l production 
should be devised. 

5 : Constraint s  on water Management .  Laws and regulations 
for management of water resources for agricu ltural 
production should be reviewed . 

I NTRODUCTION 

Wa ter i s  a basic renewabl e but limited resource.  For 
the world as a who le it is a limi ting factor in food 
producti on on more than 1 . 4  bill ion hectares of nonir rigated 
agricu ltural land and the ma jor re source i nput that sustains 
production on a pproximately 0 . 1 6  bi l lion hectares of 
irrigat ed cropland . Photosynthe si s and tran spiration are 
c losely linked processes in the green plant- food production 
system . For a given crop , produc ti vity vari e s  di rectly with 
transpira ti on ,  other thi ngs being equa l .  

The u. s .  water re source faces not only rapi dly 
inc rea sing demands from agriculture , but eve n  more rapidly 
increa sing demands from other s ectors such as urbanization , 
industrializati on ,  recreation , and envi ronme nta l management. 
Inc reased ef ficiency of water use in agri culture suggests 
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two ki nds of strategies : ( 1 ) to provide and maintain an 
optimal supply to the crop root zon e ,  and ( 2 )  to use the 
most effective cropping system avai lable f or productivity 
with a minimum of water use .  

water resource management strategie s should be appli ed 
to all  cropped areas . There are few if  any places where 
water in the root z one i s  opti ma l  (not too much or too 
li ttle ) at a l l  time s .  Increasing the productivity of a unit 
of water is as important in the humid zone s as in the ari d 
regions . A uni t of soi l moi sture from direct precipitati on 
on a farm i s  potentially a s  important to agriculture as a 
uni t suppl i ed by irrigation . 

systematic research on crop systems i n  relation to 
water availabi lity has not been done in any comprehensive 
sen se .  Sys tematic and comprehensive re sea rch at benchmark 
site s u si ng indicator cultivar vari eti es cou ld expand 
knowledge of crop systems and the i r  interacti on with water 
and reduce , or make more e f f icient , adaptive f ield trial s .  

Physical management t o  optimize soi l moi sture involves 
a cluster of management practices and techno logy. Depending 
on clima te ,  wea ther , soi l ,  and other factors , thi s may 
include a mix of irrigati on , drainage, l and farming , 
planti ng and ti lling practices , and timi ng . Some new 
technological approaches as well as management practices 
offer promis ing prospect s for mainta ining optimal soil
moi sture all or most of the time for many farming 
situati ons . Payoff from the se a pproache s could be great. 

Much of the ti me farmers must live with physical 
environments that are less than idea l but which cannot be 
corrected with reasonable economic measures .  Example s  
are :  sha llow and sandy soi l s , poor mac ro-drainag e ,  and 
inadequate water supply . There i s  a need to insure 
effi cient u se of water under the se circumstance s .  

Precipitation around the globe var ies widely both in 
total quantity and in sea sona l di s tribution. Even the mo st 
humid regions suffer from moisture def iciencies during part 
of the growing sea son .  Variabi lity ma y  pose a more 
dif f icult management problem than tota l supply . Agriculture 
suf fers from some k inds of wa ter def iciencie s in all part s 
of the u . s .  Improving water supply includes : (a ) s toring 
water otherwise wasted i n  runoff to the sea , (b) using 
groundwater to increa se tota l supply or to provide suppli es 
congruent with crop need s ,  (c)  providing macro- drainage so 
that excess water can readi ly be removed , (d ) conserving 
rainfal l on the farm , and (e) harvesting water by watershed 
management techniques . Qua lity is an  i mportant and 
neglected element of water supply ; whi ch i s  rea lly measured 
by t he amount of water of usable qua lity available a t  a 
given time . Water supply improvement beyond the limits of 
the farm requires collective action , and the ref ore social 
and poli ti cal considerations become important . 

As mentioned earlier,  institution s  have important 
effects on agricultural water management . Pri nci pal 
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instituti on s  which both enhance and constrain efficient 
water management include law � organi zations for managing and 
di stributing water supplies � state and federal agencies � and 
marketing systems . 

There i s  a great store o f  knowl edge and information 
about agricultural wa ter management that i s  not being used . 
In the f inal ana lys i s  good water management systems and 
practices are site- specific . Be side s vigorous re search � 
every effort needs to be made to bring the current state of 
knowledge to bear on at lea st the c ri tica l problems . 

Perva sive as it i s  in  occurrence � fresh water i s  
nevertheles s a scarce resource which i s growing scarcer . 
Its quantity is general ly renewable � but its qua li ty may not 
be . About 4 � 20 0  bi llion gal lons of water per day fall on 
the conterminous United States : 3 � 00 0  bi l li on gallon s  per 
day evaporate or transpire�  mostly by crops or forests. 
Grain crops alone probably transpi re nea rly 1 0 0 bi l l ion 
gal lon s per day . Bradley ( 1 9 6 2 )  points out that a pound of 
bread and a pound of meat per day requi re 3 � 0 0 0  gal lons per 
capita per day � or � f or 2 0 0  million people � 6 0 0  bil lion 
gal lon s  of fre s h  water dai ly . The water budget rather than 
land may really place the more limiting constraint on food 
supply .  wa ter cons umption by irrigated agri culture was 
estimated to be about 7 5  bil li on ga llons per day � or 8 9  
percent o f  a ll consumptive u s e  and about 5 9  percent of the 
total water withdrawn in 1 97 0 .  Acco�ing to the u. s .  Water 
Re sourc e s  Counci l ( 1 9 6 8) � irr igation will consti tute only 
about 1 9  percen t of withdrawal s by the year 200 0 �  but wi l l  
account for about 7 0  perc ent of consumpti ve use . 

CROPPI NG SYSTEMS 

If a cropping system i s  to be optimi zed with regard to 
water supply � more need s to be known about productivity of 
crops as related to their water regime s .  Gi ven desirable 
cultivars � comprehens ive experiments in which more complete 
and relevant sets of produc tion fac tors a re control led or 
mea sured should be conducted . Few � if any � such experiment s  
have been made .  Ma jor benchma rk cultiva rs should be used 
and experiment s  de signed and instrumented to insure 
comprehensive intimat e envi ronmenta l info rma ti on � including 
weather . The variance due to water stre s s ing at various 
moi sture levels should be evalua ted . To achieve the desired 
re sults � a comprehensive and sy stemati c experimental 
approach is needed rather than j ust adaptive field testing . 

This wi ll signi ficantly reduce the time requi red to get 
re sults . Even 5 to 1 0  year s of adaptive testing at a single 
site doe s  not give a good c limatic sample . Repeating a 
comprehensive s tudy at several benchmark sites can add 
significantly to the tota l c lima tic informati on and provide 
for better selection of cultivars and other production 
inputs . A serious deficiency in pa st cultivar and variety 
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te sting i s  that phenological history has not been re corded. 
There i s  a strong interactive rela tionshi p between 
phenologi cal stage and soil moi sture and temperatur e. 

The experimental approach should a l so i ncl ude pro

ductivity re spon se of various cultivars t o production 
factors a t  optimum soi l moi sture conditions in addition to 
measurement and evaluation of the prevai ling specific site 
moi sture regime . 

Benchmark genetic cultivars can be used so that the 
large number of comme rcia lly available strains need not be 
individually te sted . Relati ng known ge ne tic makeup of 
cultivars to pe rtinent environmental variabl es wi l l markedly 
improve the eas e with which technology can be transferred 
from one region or country to another . 

SOIL WATER MANAGEMENT SYSTEMS 

Empha si s should be pla ced on developing technologi es 
that involve total agricultural wa ter management aimed at 
providing delivery of water to the crop root zone when it is 
n eeded by the c rop , or in removing water f rom the root zone 
when it i s  in e xces s .  

I n  the pa s t ,  t he practice s of irriga tion and drainage 
have been large ly considered separately . water management 
for opti mal moi sture conditions f or c rop g rowth requi res 
that they be consi dered together . 

Land surfa ce modi f icati on i s  an important consideration 
in both removing exces s  water and attaining eff icient 
irrigation . Timeline s s  i s  pe rha ps one of the most c ri tical 
i tems in the produc tion process from the standpoint of both 
drought and exc ess water on the land . 

Schedul ing of irr igati on ba sed on environmental factors 
ho lds great promise in de te rmining the f requency and amounts 
of applica tion to meet crop need s quite independent of the 
irr igation method. compute rized technique s provide the 
capabi li ty for rapid evaluation of crop needs and rapid mass 
di stribution of manag ement deci sions re lative to both water 
and fertili zer appli cations . 

combined i rrigation and dra inage sys tems coupled wi th 
i nstrumenta tion for moi sture- sen sing feedback of fers rea l  
potential for high frequency optima l soi l moi sture control . 

Optimi zing with respect to soi l moi sture for di f ferent 
soil s, cli mates ,  topog ra phie s , a nd simi l ar f ac tors shows 
gre a t  promi se f or expanding the land resource bas e  for 
cert ain crops a s  we ll as increa sing yie lds . 

Energy requirements as wel l a s  cost wi l l  be an in
crea singly important considera tion in the de ve lopment of 
effective water management s ystems throughout the world . 

A maj or problem of wet soil i s  it s re si stance to 
tra f f ic and the con straints thi s p laces on planting and 
other f arming operati ons on the land .  Strategies should be 
researched which wi l l  reduce the need to ti l l  or get on the 
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land with heavy equipment . These wi ll not only improve 
operati on effic iency,  but wi l l  reduce both s heet erosion and 
costs . SOi ls are often overdrained in order to permi t 
traffic in the wet season , and valuabl e water needed at 
later criti cal times is lost . 

Another ob j ective of water management on the farm i s  to 
con s erve nutri ents in the soi l a nd reduce the return of 
sa lts and the erosi on of soi l an d s ediment to river s �  
streams � and lakes . This ob j ec tive is  important in part 
because of spec ific quality and emiss ion standards enforc ed 
or to be en forced under the Na tional Envi ronmental 
Protec tion Act .  

Irrigation and drainage pra ctices � e specially under 
ari d  condi tions � have a dire ct bearing on the sa lini ty and 
sodium of agricultura l land s . C rop production is serious ly 
limi ted in many areas of the u . s .  as el s ewhere in the wor ld 
by excess salts or high sodium soi ls .  I n  addi tion to the 
re la ti on of water qua lit y  and soi l salinity to crop yield s , 
the water management re gion has an important effect on the 
qua l i ty of return f lows and the amount of sa lt s returned to 
river systems . 

There i s  s trong experimental and theoretical bas i s  for 
the pos sibility of precipita ting salts i n  the soi l profile 
and thus rendering them harmless to crops . Salts thus 
precipitated are immobi lized a nd kept f rom returning to the 
water supply of the river system . The key to thi s process 
appears to lie with the abi l i ty to adequa tely control 
irrigati on and reduce the leaching fraction to a low leve l .  
The potential for conserving water through i mproved 
practi ces and the benefits to be der ived from reducing the 
sal inity haz ard de serve s evaluation in various arid regions . 

Implement ation 

The technology for vari ou s  irriga ti on and drainage 
systems ha s reached a relat ively a dvanced stage. New 
developments have been made i n  surface i rri gation , sprinkler 
irr igation , trickle irrigation a nd open di tche s ,  and in tile 
and corrugated plasti c drain tubes and we l l  drainage . There 
are many promi sing avenue s that should be re searched under a 
wide va riety of site conditions . In order to achieve 
eff i ciency and coordination of effort , new or exi sting 
centers of excellence in s everal geographical areas should 
be giv en adequate support . 

WATER UTI LIZATION I N  NON-OPTIMAL CROPPING SYSTEMS 

Agriculture wi ll a lways be faced with physi cal 
condi tions that are not optimal--and in some cases 
substantially les s than optimal- - a s  fa r as water management 
is concerned . The following deals with some of the most 
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pervasive and di fficult condi tions unde r  the assumption that 
it wi ll be desirable to keep some of the land characteri zed 
by such conditions under production and to i nsure some 
reasonable economic return to the farmers . 

Low Quality Supplie s 

Sa lini ty may inhibit plant growth at levels as low as 
several hundred parts per mi llion (ppm) in the water supply 
unde r poor management condit ions . On the other hand � with 
optimal conditions � economic c rops may be grown with water 
supply concen trations as high as s . o o o  to 6 . 0 0 0  ppm. As 
river systems are used � sa linity concentrati on will incre ase 
upstream to downstream. Large reserves of groundwater are 
also saline. Both situation s exist . not onl y in the u . s . � 
but all over the world � and effective use shou ld be made of 
them . Two approaches are needed . One i s  to develop 
cul tivars that a re increasingly sa lt tol erant. This 
approach has been touched only ba rely and de serves increased 
effort� possibly at a nationa l or inte rnati onal center. The 
other approach is through management on the farm involving 
irr igation and drainage practices that reduce or control 
osmotic stress � prevent advers e ion adsorptions � and involve 
appropriate ti llage and other cultural practices to reduce 
sa l t  crusting and insure germinati on .  Much is  already known 
about management of low quality wa ters so that thi s  may 
largely involve adaptation to spec ific s ites . Some 
exp erimentation needs to be continued on management 
practices � however . 

S evere Irr igation wa ter Shortage 

C limate and weather variation is great�  especially in 
ari d lan ds � and strategi es need to be devised which take 
into account ri sks and benefits . Thi s i s  an a rea where 
improved weather forecasting and and mor e drought resistant 
crop varieties wou ld be useful . ( See Cha pter 1 0 �  The 
Cli mate and Weather Resource. ) 

Soi l s  with Low Water-Holding Capacity 

Soi l s  with low water-hold ing ca pacity i nclude extremely 
sandy soi ls and sha llow soi l s . In most case s � frequent 
irrigation i s  the obvious solution � and some special i zed 
irrigation technology has al ready been developed that i s  
use f ul for maintaining a sati s factory soi l-water regime . 
Most cases may simply require a pplica tion of availabl e 
tec hno logy � but con sideration shoul d  be given to the need 
for res earch on thi s topic .  
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Drought Haz ard 

Drought is  a major haz a rd to agriculture . Ability to 
predict c li mate and weather on a long-range basis would be 
extr emely useful in managing drought- prone areas.  Many o f  
the se area s  are gra zed � and information on c limate and 
weather variability is needed to de sign managemen t 
strategies for grazing . 

TEC HNOLOGY AND MANAGEMENT FOR WATER SUPPLI ES 

Efficient water management on the farm may often be 
impai red or rendered useles s because of conditions beyond 
the f arm bounda ry .  This i s  pa rticularly true where 
irriga ti on and drainage are required . In  these cas es the 
system is beyond the control of the farmer and dependent 
upon common action at s ome level of socie ty. Farmer s  may � 
however � be abl e  to con serve moi sture on their own 
cultivated lands or on water sheds unde r thei r control . 

Storage o f  surface water in reservoirs is  the principal 
approach to insuring supplie s  duri ng dry periods whether the 
farms lie in the arid western u . s .  or the humid regions of 
monsoon Asia . Engineering technology f or providing such 
storage is we ll advanced � but primarily in ari d lands . 
In creas ed attention needs to be given to i mproved technology 
and management practi ces for storage res ervoirs � 
particularly for smaller reservoirs in sub-h umid and humid 
regions . Thi s  i s  both an engineering problem (adequate and 
sa fe structures ) and a hydrologica l one (opti ma l amount o f  
storage under conditions o f  stochastic and s patia l  
variation) . 

Groundwater reservoirs contain a vast amount of water 
in storage. These may be used to stabi li ze supplie s  from 
othe r sources in much the same way as sur face reservoirs � 
but they may al so be withdrawn at  grea te r  ra tes than they 
are repleni shed. The H igh P lains of Texa s  i s  a primary 
example of groundwater mining . Wel l  technology and methods 
for ass es sment of aqui fer potential and for recharge should 
be improved .  

Perhaps one of the major rea son s for inefficien cy o f  
irrigation i s  inadequate systems f or di s tribution of water 
to f armers in the right amount at the right time . Thi s 
problem i s  often partly social and �  in regions that are 
highly developed and where units a re sma l l �  poses serious 
right-of-way problems . Res earch i s  needed to produce more 
effective arrangements and design � control and measuring 
structures and use of new material s �  particularly 
inexpensive enclosed conduit s .  

A nati on ' s  or region ' s  water supply is rea lly measured 
by the amount of water of adequa te quali ty available to meet 
needs at any given time . Increa sing or enhancing our supply 
through improvement or safegua rd ing its quali ty can pay 
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large dividends . Reuse of muni cipal and industrial waters 
has not been practiced extensive ly in agriculture becaus e of 
uncertainty regarding the fate of bacteria and viruses and 
the long- term impact of various heavy metals and nutrien ts 
on soi l s . Research s hou ld be di rected toward reenhancing 
these waters and reus ing them eithe r directly or through 
groundwa ter recharge. 

conservation of water supplie s i n  surface reservoir s , 
i n  the soi l ,  or through water harves ting is  of great 
importance. Little practica l progre ss has been made in 
reducing surface evaporation from reservoirs . The use of 
monomolecular layers or some other surface cove ring , 
e specia lly on smal l  reservoi rs , needs further explorati on 
(Hughes et a l .  1 9 7 4 ) . Recent pre limina ry computations 

indica te that turning over the stratif ied leve ls of deep 
res ervoirs using ai r or some other means to bring thi s  cool 
wate r  to the reservoir surface could s ubstantia l ly r educe 
evaporation . More emphasi s need s to be given to con serving 
soi l moi sture by ti llage,  by ground covering ,  or by 
modi fication of micrometeorology usi ng windb reaks or 
she l ter s ,  e specially in semi-ari d plains region s . 
Intercropping appears to be one of the more effective ways 
to modi f y  mi crometeorology. Thi s approach has had very 
little attention . 

water harvesting , i . e . , increasing runoff by changing 
the surface infi ltrati on or plant cove r ,  i s  a promi sing 
means for i ncreasing s ur face supplies . Runoff farmi ng , a 
process that accumulates sufficient wa te r from a large area 
onto a contiguous small one , has been pra cti ced for 
centuries . Inc rea sing attention needs to be given to 
i mproved ma terials and methods o f  water h arvesting . There 
are a number of relative ly simple ways to con serve water 
that could be eas ily i mplemented in arid lands around the 
worl d (NAS 1 9 7 4 ) . Fina l ly ,  weather modi f icati on by cloud 
seeding to enhance precipitation cou ld enhance water 
supplie s  by a dding soi l  moi sture and increa sing runof f .  
(See Chapter 1 0 , The Climate and weather Resource . )  

The wa ter regime of rangeland s is  a maj or elemen t in 
live stock production. There i s  potential for signi f icant 
improvement in the avai lability of d rinking wa te r for 
ani ma l s .  wa ter harvesting research shou ld be aimed at cap
turing and conc entrating wa ter to a l low animal s to secure 
water but spatia l ly di stributed so a s  to minimi z e  both 
animal travel and the exce s sive trampling of feed near the 
water hole . 

A second area of increa sed produc tion potential on 
rangelands i s  in the selection and/or breeding of both 
grasses and shrubs that a re pala tab le , nutri ti ve , and wa ter 
efficient for the water regimes typi ca l of range lands . 
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CONSTRAINTS ON WATER MANAGEMENT 

Improving efficiency of irriga tion water use may be 
limited by inst itutiona l  a rrangements , i nc luding water 
rights l aws and the ir admini stration . In most of the 
western sta tes public wa ters may be a ppropri ated as priva te 
use rights i f  diligence i s  exercised in cons tructing works 
and the waters are used beneficia l ly .  Pri ori ty of rights is 
ba sed on time o f  fi ling ,  but great leni ency has been 
exercis ed in proof of diligence a nd in rega rd to efficient 
use . Normally wa ter rights may be trans ferred by purcha s e  
an d  sale i f  the pub li c  i nte re st i s  not i mpai red . Even so , 
water- rights laws and their administration are highly 
complex , and research is  needed to c on side r what changes 
should be made to fos ter greater e f f iciency. Thi s  i s  
especia l ly true considering i ncrea sed competi ti on by energy 
deve lopment and urbani zation for water supplies . Laws 
governing groundwater are o ften inconsis tent wi th surface 
water laws . A different , and o ften poor ly rel ated , lega l 
approach i s  being taken to wa ter qua li ty.  The lega l  basi s 
for i rrigation water rights in the s ub-humid and humid 
states is at a les s  developed sta ge than in the ari d  west . 
Attenti on need s to be given to how laws and regu lati ons 
might be improved to encourage e fficient use of water and 
in sure i ts avai labi lity for agriculture insofar a s  possib le. 
Laws relati ng to wate r qua li ty need to be formulated 
rea li stica l ly so that e f fici ent agricu ltural practices are 
not constrained more tha n is soc ia l ly de sirable . 

Laws are only one e lement in the in stitutional 
arrangements concerned with water. Organi za tion s for 
de l iveri ng wa ter and their rules , regu lations , and pricing 
arrangements represent a nother ma j or c la s s  of institution s 
whose opera tion s have si gni f icant bearing on efficient 
management of water supplie s .  Othe r important examples 
i nc lude the proce ss of public planning and deci sion making 
with r egar d to water systems and related land us e ,  the 
structure and role of federal and state a genc ies , and the 
water marke t .  W e  need grea ter unde rsta nding of how these 
institutiona l process es and laws and regu lat i ons can be 
improved . 
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CHAPTER 9 

FERTZLI Z ER RESOURCE 

RECOMMENDATIONS 

1 :  Ef f icient Fertilizer Use .  S tudie s should be 
i mplemented on improving the e fficiency of fertili zer 
nutrient use. 

2 :  Programs for Heavi ly Fertiliz ed Soi l s .  Phosphate and 
potash fertilizer programs should be developed for . 
hea vi ly fe rti li zed soi l s . 

3 : Ammoni a.  Technology to produce ammonia from coa l  
should be deve loped . 

4 :  Phosphate Rock . Studi es should be made of more 
efficient e xtraction of phosphates for fertiliz ers . 

Z NTRODUCTION 

Ferti l i zer is essentia l in ma inta ini ng or i nc rea sing 
f ood produc tion . Ferti l i zer is needed to he lp deve loping 
countries in their strugg le for food se lf- suff ici ency. And 
it i s  needed in increasing quantities in developed nation s 
to sustain production and to produce surplus food which can 
be shared ( Nelson ,  in press ) . 

worldwide intere st in fertilize r  ha s i nte nsi fi ed as its 
role in food production has become better understood . 
Estimates generally i ndicate tha t 30 to 4 0  percen t of the 
increased a gricultura l production in this country during 
recent years i s di rec tly attributable to increased use of 
fertilizer . Zn developing countrie s ,  where soi l s  are less 
ferti l e ,  fe rti lizer s  can be even more important , expecia l ly 
on crop s of high yield potentia l .  On the average , 1 
ki logram (kg) of nutri ents increa s es rice yi elds 1 0  kg and 
wheat 8 kg in developing countrie s .  I mproved varieties give 
even g reater return s .  

However , fertili zer s al one--wi thout use of improved 
cultural practices-- can i ncrea se production only modestly , 
if at all . There seems to be little doubt that our abi l i ty 
to feed ourselves depends in considerable pa rt on how 
abundan tl y  we can make more efficient and rea sonab ly pri ced 
fertili zers avai lable to the world ' s  f armers . 
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Fert i liz er tec hno logy re sea rch and deve lopment in the 
u. s .  i s  conduc ted large ly by the Tennes see Va lley Authori ty 
(TVA ) at i t s  Nationa l Fe rti liz er Development cente r .  The 

u. s . f e rti li zer industry conducts very little research on 
its own . R ecently , an I nternationa l Fe rti li zer Development 
cente r (a nonpro f i t  organi zation ent irely separate f rom TVA) 
has been set up a t  Mu scl e  Shoa ls ,  Alabama , to develop 
technology speci fic to the need s of deve lopi ng coun tri e s .  
The USDA and the l and grant univer siti es tradi tional ly have 
con ducted r e s earch on ferti l i z e r  use , soi l te sting , and 
si mi la r  studie s ,  but in recent years t he ir res earch effort 
on f erti li z er s  has decrea sed . 

I n  general , the leve l o f  fertilizer technology in the 
u . s .  is high , pos si bly leading the world . New probl ems of 
ma j or i mportance , however , have ri sen in the last coupl e of 
years which demand immediate a ttention and a re incl uded in 
the above recommendati ons . Firs t ,  unti l  very recent ly 
fert iliz er s have been in short supply and a re h igh in pri ce 
in the u . s .  and worldwi de ,  indica ting the need for 
developing way s to u se ferti l i ze r s  more e f f i ciently. 
Rec ommenda tion s  1 and 2 deal speci fica l ly with thi s . 
Second , shortages of raw ma te ria l s  needed in f ertili z er 
man u facture have developed , pa rticularly na tural ga s  for 
ammonia synthe s i s  ( see Recommen dations 3 and 4 ) . Third , a 
gr eat concern ha s deve loped about food shortage s  in 
deve lopi ng countrie s ,  coupled wi th the fact that the ma j o r  
input , fertili z er ,  has been deve loped sole ly to meet the 
need s of temperate zone soi l and crops . The se problems a re 
critica l ,  and to solve them wi l l  requi re f unding the R& D 
eff ort at a hi gher leve l than in the pas t .  

EFFICIENT FERTILI Z ER  USE 

Rat ionale 

A worl dwide problem i s  the low recove ry of ferti li z e r  
n ut ri ents by pl ants--usua l ly averaging only about 5 0  perc ent 
of the a pplied nitrogen and 3 0  pe rcent or le s s  of the 
a pplied phospha te .  Los ses may be even great er on certa in 
tropica l and subtropi ca l  soi l s . There i s  strong evi denc e 
suggested by TVA tha t recove ry a nd e ff icienc y  can be 
improved by coa ting ni trogen ferti l i zers to i mpart s low
rel ease pro perties ( s uch a s  sulf ur-coa ted urea) and by u sing 
improved application methods and timing. 

There i s  a rea l need to deve lop a nd i ns ta l l  methods and 
soi l managemen t pra ctices involving a l te rnati ve s to 
inorgani c sources o f  nitroge n such as l egumes in crop 
sequences or as cover c rops a nd orga nic source s such a s  
ani ma l and human wa stes . ( See Chapt er 1 1 ,  Energy Resourc e. ) 

Thi s  i s  a high pri ority problem. A 1 0  pe rcent increase 
in ni trogen eff icienc y ,  which might be easily ac hieved , 
would save the world nearly 4 mill ion tons of nitrogen-- the 
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nitrogen input for 4 0  mil lion tons of cerea l s .  In  addi tion , 
more e fficient use means les s  ni trogen los t  through leaching 
into g roundwaters thus i mproving the environment. 

I mplementa tion 

A concerted , i mmedi ate research e ffort is  called for . 
Stabl e nitrogen isotope s and ra dioacti ve pho sphorus , both 
availab l e ,  should be used . Field and laboratory 
investigations and ,  probably , cons truc ti on o f  pilot plants 
to produce new fer ti liz ers would be requi red . 

PROGRAMS FOR HEAVILY FERTILIZ ED SO ILS 

Ra tiona le 

La rge residua l  reserves of phosphorus and pota ssium 
bui ld up in soi ls that have been heavi ly ferti li zed .  u. s .  
farmers tend t o  conti nue he avy fertilization , presumably 
resulting in inefficient ferti lizer use . Field experiments , 
coordina ted with soi l  tests , need to be conducted to 
determine whether phosphate and pota sh use can be safely 
re duced without endangering crop yi elds and, if so, how much 
and under what condition s .  Considerable fertili zer might be 
saved for use e l sewhere , besides decreasing ferti liz er costs 
to the f armer . 

Thi s  i s  a maj or probl em in the u . s .  and industria l 
countries . In  the u. s . , for exa mple , about 4 0  percen t of 
soi l te sts indi cate that high fertil ity conditions exi st. 
However , there is  some reason to doubt whether soi l te sts 
adequa tel y  mea sure the nutrients avai lable to p lants unde r 
today • s  high ferti lity agriculture . 

The u. s .  uses about 4 . 6 mil lion me tric ton s of P 2 05 in 
phosphate ferti lizer , and 4 . 5  mi llion of K2 o in pota ssium 
ferti li ze r .  Po s sibly 2 0  percent o f  this fertiliz er is used 
on soils where it  i s  not needed . saving this amount of 
cost ly ferti li z er would be of considerab le monetary benef it 
to the u . s .  farmer and would rel ease u . s .  produced phosph ate 
to world trade and improve the balance o f  payments ( the u . s .  
is a large net import er of K2o ) • 

Implementa tion 

A research effor t  involving f ield res earch on this 
problem has alr eady been sta rted b y  TVA a nd the land grant 
uni versi tie s ,  and i t  should be quickly expanded .  
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AMMONIA 

Rationale 

Essentially al l u . s .  ammonia produc tion i s  based on 
natural gas as a feedstock. The u . s .  does not now produc e 
sufficient natural gas to meet demand , and the proj ection is  
tha t the shortage wil l  increase .  Fuel oi l or naphtha can be 
used to produce ammonia instead of natura l  gas , but the u . s . 
i s  a l so short of thes e .  

Obtaining hydrogen or methane from coal i s  an 
alternative process . severa l developmental proj ects related 
to coal gasi fication are underway in the u . s . ; however , 
these proj ects will  not produce a gas suitable for ammoni a 
production .  Proprietary German technology i s  available that 
will permit ammonia production , but the processes need 
considerable improvement and are extreme ly costly to install 
and operate . New, modern technology availab le to the u. s .  
and developing countries i s  badl y  needed. 

Since u . s .  coa l reserve s are abundan t ,  the development 
of an e fficient means for producing ammonia feedstock from 
coal is seen as a practica l nece ssity.  The development , 
optimi zation , and demonstration of thi s technology for u . s .  
coal s  i s  expected to b e  expensive and may require u p  to 1 0  
years . 

With the current and pending situation on natural gas 
and petroleum- derived feedstocks worldwide , there i s  no 
choi ce but to go to coa l .  In fact , the future of the wor ld 
food s ituation may hinge upon developing low cost and 
adequa te technology using coal a s  a feedstock for ammonia 
synthes i s .  

Implementat ion 

The problem would have to be attacked by a large , 
chemical and engineering oriented organi zation such a s  TVA . 

PHOSPHATE ROCR 

Rat ionale 

Phosphate rock is the sole source of phosphate s for 
fertili zers .  currently , the re a re only a few major 
phospha te ore re serves in the world which are mineable. New 
deposit s ,  mostly low grade and margina l  in nature , are being 
found around the world , many in developing countries . 
Essenti ally there are two problems with the use of phosphate 
rock . 
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1 .  Mining Recovery 

currently , only 4 0  to 6 0  perc ent o f  the phosphate in 
ore is recovered in mining opera ti on s. Phosphate in slimes 
di scarded in the washing operations probably i s  
irr etrievably lost , and in addi tion sli me s  presen t a 
diff icult e nvi ronmenta l problem. 

Res ear ch is needed to identify the c hemi cal and miner
alogica l  composition of s limes , to determine how to recover 
more phosphate during wa shi ng , a nd to determi ne ways to 
dehydra te remaining residues so that they wi ll solidify and 
not cause environmental diff iculti e s .  

2 .  Marginal and Low-gr ade Ores 

High- grade ore s in F lori da a re being e xhausted 
rapidly : their li fe i s  expected to be only around 3 0  more 
years . Many countrie s ,  i nc luding developing countri es , have 
deposits of low- grade ores not now con sidered mi neable 
beca use of their low phos phate content and unde sirable 
mine ral properties . Ways need to be found by which these 
lower g rade ore s can be us ed either through benefici ation or 
chemical processes .  

Implementation 

There is some re sea rch in thi s area contemplated by TVA 
and the Interna tional Fertiliz er Development center. Thi s 
is a high priority problem , and chance s for i ts solution are 
good . 

solving the problem would extend the li fe of the 
Flori da deposit pos si bly for another 2 0  years and would be 
of great value to many developing countrie s in that they 
could use their own lower grade ore s  rather than buy high
priced ore s on the world market. Research s trategy would 
involve laboratory studies of deposits , benef iciation tests , 
and a pi lot plant . 
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CHAPTER 1 0  

THE CLIMATIC AND WEATHER RESOURCE 

RECOMMENDATIONS 

1 :  wea th er Information . A weather advisory system shou ld 
be established to provide wea ther informati on , 
including seasonal and longer term fore casts , for the 
ef fici ent management of the agricultura l enterpris e .  

2 :  Impacts of weather Var iabi l i ty and Climat i c  
Fluctuations .  F ie ld studi es and s tati sti cal studie s  
should be initia ted on the impact o f  weather and 
climate fluctuations on food , wate r , and energy 
supplies.  

3 :  Weather Modi f ication . Re search should be intensi fied 
to determine the necessary a tmosphe ric properti e s  for 
rainfa l l  a ugmentation and hai l suppr ess ion on 
agricu ltural and forest lands . 

INTRODUCTION 

The atmosphere ' s  re servoi r of oxyge n ,  carbon dioxide , 
and ga seous wa ter provi des l i fe support to bio logica l 
systems . The motion or ci rc ulation of air provides the 
mechanisms f or cyc ling and tra nsporting the water vapo r ,  
carbon dioxide , and other gases . The bio logical sy stems are 
driven by the solar radia tion pene trating the atmosphere.  

Many a tmospheric properties are i mportant elements i n  
food produc tion . Temperature controls the s peed of 
bio logica l reaction s .  High humidities f avor crop di seases 
and ins ect s :  for example , in 1 9 7 1  a se rious leaf bl ight 
att ack ed the corn crop as a resul t of high humi diti es 
throughout the centra l u . s .  Atmospheric moi sture a l so 
affects the quality o f  g rain during ha rve st and s torage. 
Atmosphe ric turbidi ty and cloudines s dete rmine the amount of 
sol ar energy reaching the plant ca nopy . Perhaps the mo st 
important contribution of weather to food production is i ts 
effect on the balance of  water b etween the supply f rom ra in 
and the demand from evapotranspiration . The droughts of the 
thirties and f i fties and more rece ntly i n  1 9 74  brought 
wide spread dama ge to ma j or food producing regions of the 
Midwest .  Although exce s s  wa ter at planti ng and harve s ting 
time s ha s an a dverse ef f ect on field operation s , for most 
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agric ultura l sy stems the avai labil ity o f  wat er during 
cr itica l pe riod s of the growing season increases the chances 
of an abundant harvest . 

WEATHER INFORMATION 

Ra tiona le 

The s ystem fo r agri cultural production in Ameri ca and 
other ma j or granary regions ha s bec ome more compl ex wi th 
i mproved agric ultural technology . The incre ased use of 
fert iliz ers , high potentia l genetic stoc k s , and 
mechan i za ti on ha s produced management systems requi r i ng more 
sophi sticated s trat egies for ope ra ti ng the f a rm. The se 
managemen t systems are more sen sitive to weather events than 
the simpler sch emes of othe r area s .  The f arm i nve s tment in 
mec hani zed a gri cul ture must f it the cl imat ic conditi ons o f 
the ar ea .  Day-to- day deci sions by farm managers requi re 
cor rec t i nterpretation of short- range weather outlooks . 

Changing c l imate and f luc tua ting wea the r add a furth er 
complica ti on to the i mpa ct o f  weather on the farm 
enterpr i s e .  The se lection o f  a l te rna tive s  i n  l ong- term 
inve stments ( 20 to 30 years payo f f )  shou ld include 
evaluation s  of climatic t rend s ,  the possibi l ity o f  the 
nonrandom cha rac ter of weath er events (s uch as drought ) , and 
var iab i l i ties in weathe r ( such a s  rainfa l l  and tempe rature) . 

Some of these farm operation s i nvo lve environmental 
i s s ue s .  Exampl es o f  ma jor fa rm dec i sions se nsi ti ve to 
wea ther can be cite d. 

1 .  Day- to- day operationa l deci sion s by fa rm managers 
for immediate management of pl anti ng ( soi l tempe ratures ) ,  
ha rvesting (grai n moi sture content) , othe r c rop and animal 
prod uc ti on , and the mar keting an d stor age of f arm products 
require cr itical and ti me ly wea the r informa ti on . 
spec ia li z ed se rvice s  providi ng "real time" weather 
inf orma ti on and forecasts a re requi red through out the year . 

2 .  Th e  design and operation o f  e f f ic ie nt pe st manage
ment sy stem s re l y  on accurate interpretation of the micro
meteoro log i cal conditions favoring weed , spore , or in sect 
deve lopment and the di spers i on of pe sticides into a 
turbul ent atmosphere . 

3 .  Hydrologic systems for handl in g  feedlot wa ste a re 
bas ed on the c l imatic expectance of inten se rai nfal l . 

4 .  The avai labi lity of solar ener gy for the drying of 
fie l ds , drying hay or grain , a nd human or anima l  protecti on 
i s  rela ted to weather conditions . Energy from wind i s  a l so 
an attractive a lternate ene rgy source on f arm s .  

5 . Th e  design an d operation o f  water management 
systems depends on proper in terpre tation s of short- range 
weathe r outl ook s .  capacity and operation of a n  e f f ective 
irrigation system depend on the c l i ma te a sse s sment and 
short- range weather forecast s .  
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6 .  The design and operations of hay and grain drying 
fac i li ties require informati on concerning humidity ,  tempera
ture , and other weather events . 

The nationwide program providing weather information to 
agr iculture both increa ses production , conse rve s  energy , and 
reduce s crop and livestock losses . In June 1 9 7 5 a specia l 
panel of the Agricultural Research Institute reaf firmed an 
earlier position that c rop and live stock los ses could be 
minimi zed by incre asing and improving weather forecasting 
services to farmers . The program would reduce the ha zards 
of pollution by promoting a proper design of pest management 
and hy drologic systems.  

Implementation 

A system for specialized wea ther service s for 
agriculture is  required to increase production ,  improve 
efficiency , and limit environmental hazards . The sy stem 
would draw on the res ervoir of knowledge , current research,  
avai lable climatic data , and wea ther forecasts.  

Thi s program should include imp lementation of the pro
visions of the current federa l pla n for i mproved wea ther 
servic es to agriculture , with immediate expansion to na
tionwide coverage of the agricultura l foreca sting program of 
the National weather service . Respons ibility for 
information di s semina ti on and adul t educa tion for farmers 
re side s in the USDA and i ts state cooperators . The 
Cooperative Extension S ervice is the bes t  information 
distributi on agency for agri culture . Thi s  extension program 
wil l  provide liaison support with the service office s of the 
Nationa l wea ther service . Although the extension program 
wi l l  support the Agricultura l Me teorological Service 
off ice s , where they exi st , the implementation cou ld proceed 
prior to the completi on of the na tionwide agricultural 
prog ram by the National weather service. 

IMPACTS OF WEATHER VAR IABILITY AND CLIMATIC FLUCTUATIONS 

Ra tiona le 

Much has been said about the recent trends in climate . 
There i s  we ll documented evidence that wa rming of the pol ar 
and mid- latitud e s  occurr ed durin g the first half  of  this 
century , and these same areas ha ve been cooling sinc e the 
ea rly 1 94 0 s .  As sociated with these recent trends , many of 
the northern agricultural area s  have experienced coo l er 
summers , shorter growing sea sons , and lowe r moi sture demand. 
I t  i s  not c erta in that the decl ine in temperatures wi ll  
continue ; the decline may ha lt or  reve rse itse l f .  However,  
one of  the ri sk s in food production is  the vari able and 
fluctuating cha racter of climate .  Addi tiona l evidence 

- 9 0-

Copyright © National Academy of Sciences. All rights reserved.

World Food and Nutrition Study: Enhancement of Food Production for the United States : a Report of the Board on Agriculture and Renewable Resources, Commission on Natural Resources, National Research Council, Prepared for the NRC Study on World Food and
http://www.nap.edu/catalog.php?record_id=18644

http://www.nap.edu/catalog.php?record_id=18644


indicates that seasonal rain ha s  dec rea sed in many tropical 
area s .  In other regions of the world , a more favorable 
rainfall pattern may have occurred . The year-to-yea r and 
seasonal variations in rainfal l provide a ma jor impact on 
plant growth and development . 

Implem entation 

The effects of f luctua ting clima te and weather on 
agricultura l produc tion should be determined . The current 
evaluation technique involves corre lation be tween hi stori cal 
yie lds and concurrent weather events . These stati stical 
studies are providing a genera l rela ti on ship f or predicting 
the effects of weather on the yi elds . To estimat e the 
impact of the variable c lima te a nd wea ther on food 
production , con tingency studies us ing the climati c  
information from the histori cal da ta bank wi l l  be necessary .  

To f urther sharpen the estimates o f  yields from weather 
informa tion, field experiments desdgned to speci fical ly 
study weather/crop yield relationships must be undertaken . 
Since these experiments must foc us on the wa ter balance at 
critica l sta ge s o f  p lant development , the exper imental 
design must provide varying wa ter stre ss duri ng the se 
periods f or crops grown under curr ent techno logical 
deve lopment . 

The use of earth resource satel lites for asses s ing 
worldwi de crop conditions i s  being studied through the Large 
Area Crop Inventory Experiment ( LACIE) . LACI E wi ll provi de 
a c ritical a ssessment of the potential for us ing satel lites 
in evaluating the wor ld ' s  food production .  

WEATHER MODIFICATION 

Rationale 

Weathe r modif ication for the purpose of augmenting 
natural rainfall has been practiced in the we stern u . s . , the 
Great Plain s ,  and the U . s . s . R.  for more than 2 5  years (NAS 
1 97 3 ) . Results from the cloud seeding a ctivit ie s have been 
both promi sing and di sappointi ng . some expe riments have 
reported increa ses of 10 to 20 percent above the natural 
r ainfa ll . Many modification programs have not provided a 
demonstrabl e change i n  r ainfal l ;  whi le others ,  notably the 
Whitetop Experiment in Missouri in the early 1 9 6 0 s , have 
experienced le s s  rain i n  the s eeded area s . There have be en 
several reports of signi fica nt inc rease in snow pack s from 
winter seeding in mountain regions . 

The reduction of the intensity , s ize , and frequency of 
hai l storms through c loud seeding offe rs an addi tional com
pone nt to weather modification . In selected agricultura l 
areas reduction of hai l dama ge to c rops i s  a signifi cant 
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economic goal.  Many cloud phy sici sts and expe rimentalists 
are confident that weather modif ication technology for hail 
abatement i s  either currently ava ilable or wi l l  become 
usable within the pre sent decade . The re turn f rom the 
deve lopment of a dependable cloud seeding technology for 
rain augmentation and/or hai l  abatemen t wi ll be great. The 
benefits were enumerated in the report on "A Nationa l 
Program of  Re sea rch for Weather Modi fica tion " of the joi nt 
Task Force of the USDA and sta te Universitie s a nd Land Gr ant 
Col lege s re lea sed in 1 9 6 8 .  The gain t o  agri culture wi ll be 
from the prospect of stabi li zing the water supply for 
agriculture and the promi se of hai l  abat ement.  Since the 
cost of seeding cloud s i s  sma ll compared to other inputs to 
the agr icultura l enterpri se , the economic importance of  a 
dependable system could be extremely va luable .  I t  appears 
that not enough is now known about the optimum microphys ical  
conditions of  the c loud or  of  the stabi li ty properti e s  of  
the atmosphere in which the cloud is imbedde d to proj ect 
success or failure of a seeding operation . 

Implementation 

In some l imited applica tions impleme ntati on of the 
technology of weather modification can responsibly start 
now . For most uses , additiona l  re search in c loud physi cs 
and cumulus dynamic s i s  requir ed before the ful l  potentia l  
o f  weather modi fication wi l l  b e  rea l i zed . I n  addition to 
laboratory experiments , maj or field trials are sti l l  
requir ed. High priority should b e  given to field 
expe ri ments in the High Plai ns (rain augmentati on and ha i l  
suppression ) and in the midwe ste rn a nd southeastern u. s .  for 
convecti ve c louds in summer . Exis ting research groups , such 
as the Nationa l cente r f or Atmospheric Res earch , the Bureau 
of Reclamation , and the atmosphe ric sc ience laboratori es of 
the ma j or universities , should be assign ed respon sibility 
for thi s  research . 
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CHAPTER 1 1  

ENERGY RESOURCE 

RECOMMENDATIONS 

1 :  Energy Flows . Studi es should be undertaken to 
determine and characterize the types of energy f lows 
throughout the system of production ,  proce s sing and 
di stributi on , and utilizati on of our food and feeds . 

2 :  Substi tute s for Nitrogen Fertilizers . Re s earch i s  
needed for developing e ffective and economical 
substitute s f or commercia l ni trogen ferti li zers , such 
as animal wa stes , legumes and green manures , and sewage 
sludge . 

3 : Con servation of Energy. Management programs should be 
developed to conserve energy on the farm. 

INTRODUCTION 

Energy--like land an d water--i s  a vital re source in 
food production . The u . s .  food system ( production , 
processing , distribution , and preparation )  uses from 12 to 
15 percent of our annual energy budget .  With the 
availabi lity of an abundant supply of re lative ly low cost 
ene rgy , the u . s .  food system has become ener gy inten s ive . 
The application of energy ha s focused on i nc rea sed unit pro
ductivi ty on our f arms and ranches , the supply of a wide 
spectrum of wholesome and nutritious consume r products , and 
the release of a ma jor porti on of our population from 
menial , tedious , and economica lly unEewa rding ta sks . 

Of the energy currently being used in the u . s .  food 
system , it i s  estimated that one- third i s  used for 
produc tion ,  one-third for processing , and one- thi rd for 
preparation and dis tribution . The quan ti f icati on of the 
forms of energy used by the maj or operations of the system 
would permit identi f icatio� of the substi tutabi lity of more 
abundant forms of energy for the nonrenewable short supply 
energy forms cu rrently being used . The characteri zation of 
the ene rgy use would he lp to i dentify re lation ships between 
energy inputs and the quanti ty and nutriti ve values of the 
outputs , thereby providing opportunities to conserve energy 
and develop alternative practice s .  
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The pres sure of human population on land.  energy . and 
water resources is now grea ter than it ha s e ver been before. 
Man ' s  use of energy to mani pulate and manage his environment 
is probably the most significant factor in the rapid growth 
of the human populati on. The exponential increa se o f  human 
numbers direct ly coincides with the use of f ossi l  energy . 
In parti cula r .  energy has been used to reduce human death 
rates by effective public hea lth mea sure s and to supply the 
food needed by an increasing population. 

Energy and food are in short supply today primarily for 
the same rea son--the growing number of human beings . It is 
interesting as well as signif icant tha t ene rgy use has been 
increa sing fa ster than world population. The u . s .  
population doubled in the pa st 6 0  years . but our energy 
consumption doubled in the past 20 years : the world 
population doubled in the pa st 3 0  years ,  but the world ' s  
ene rgy c onsumption doubled in the past decade . 

Because most of the energy i s  being suppli ed by non
renewable resources , fossil energy reserves are rapidly 
disappearing (Figure 1) . Known world re serves of petroleum 
and natural gas are expected to be more than half depleted 
in the next 25 years (year 2 0 0 0) • and more than hal f of the 
coal re serve s  a re estimated to be depleted about the year 
210 0-- shortly before the world reaches i ts proj ec ted maximum 
populati on den sity in the year 2 1 3 5. 

Whi le the recent ly expanded e fforts to find new 
reserve s of petroleum fuels and to develop new energy 
technologies to permit use of more abundant f orms of energy 
wil l  he lp to al leviate the s hort supply of energy , 
opportunities exist f or obtaining information to provide a 
basi s for:  a s sessing the impact of nationa l policies on 
the f ood  produc tion system : determining the effects of 
conservation and/or a lterna tive practice s on energy use : and 
establishing long-range research priorit ies with the 
greatest potential for increa sing the effective use of 
ene rgy re source s for food production . 

ENERGY FLOWS 

Rationale 

Production . processing , di stribution . and consumption 
of food for the sustenance of the people of the u . s .  require 
high levels of energy subsidy . Improved specie s .  varieties , 
cultural practices , and management have been contributing 
factors to our succes sful production system:  however , all 
are dependent on the ever increasing energy applied to the 
total system . 

The dependence of the nationa l food system on abundant , 
low- cost sources of  energy ha s c rea ted a high level of vul
ne rabi li ty to severe disruptions when energy suppli es are 
curtai l ed and there are sharp increa se s in the price s .  Fuel 
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shortag es may be  catastrophic to the system as was 
demonstrated in Iowa in 1 97 3  when insu ff icient LP gas for 
drying the crop caused delay of ha rvest a nd a loss that at 
one time wa s es tima ted to be as much as 1 0  mil lion bushel s. 

Although the national system ha s become high ly depen d
ent on abundant , low- priced sources of energy , the consump
tion pa tterns within each s egment of the system , whi le ex
tremely critica l ,  are not we ll  known. Even the total 
magni tude of energy utili zation is not well- defined as 
indi cat ed by va rying quanti tie s  being re ported in the 
nume rous documents discussing the u . s. energy budget . 

Knowl edge about the ene rgy uti lizati on characteri stics 
for speci fic operation s is essentia l to ascertain substi
tutabi lity of current ly avai lable energy forms and to permit 
orderly transfer of new energy technology under deve lopment . 
Inf ormation about the interre la tionships among the ma jor 
energy consumption operation s wi l l  also aid in modi ficati ons 
of current practices and/or development of a l ternative 
methodology (i . e . , the condi tion of grain at harvest--moi s
ture conten t ,  cleanness , and so on) • 

Implementation 

A two-pha se study s hould be conducted under the 
direction of a nationa l research organi za tion .  Phase I 
would be devoted to assessing the energy characteri stics 
(magnitude, forms , ti me and spa tia l di stributions , and the 

interdependence of ma jor operation s )  of the u . s .  food 
system . Phase II would involve detailed ana lyse s  of the 
informati on obtained in Phase I and the deve lopment of 
alternative strategies for the system with changes of 
inputs . The analyses should inc lude the asse s sment of the 
impact of nati onal policies on the total sys tem and the 
ass es sment of research prioritie s f or uti li zi ng new energy 
tec hnologie s  and the energy potentials in agricultur e 
products and by- product s .  

SUBSTITUTES FOR NITROGEN FERTIL I Z ERS 

Rationa le 

The si ngle largest input in corn production and second 
in other crops is ferti l i zer ; nitrogen requires the largest 
quanti ty of ene rgy to produce (Tabl e  1 ) .  A potential 
fert ilizer source is  the sma ll percen tage (about 1 0  percent) 
of livestock manure that is not now being used in crop 
production . Also a s ignifica nt amount ( a s  much as 5 0 
percent) of nitrogen i s  lost from animal was tes that are 
stored and/or applied improperly . 

Che mi cal fertilizer is applied to corn at an annual 
rate of 1 1 2  pounds of ni trogen , 3 1  pound s of phosphorus ,  and 
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Table 1 - Energy inputs in corn production ( fu l ly mechani z ed in the 
USA) ( revi sed af ter P imente l � a l . , 1 9 7 3 ) . 

Input 

Labor 

Machinery 

Fue l 

Nitrogen 

Phosphorus 

Potass ium 

Seed s  

Irrigation 

Insecticides 

Herbicides 

Drying 

Electr i c i ty 

Transportation 

Total 

Corn yield 

Kcal return/kcal 

Quanti ty/ha 

22 hrs 

1 , 0 3 7 , 4 0 0  kcal 

2 06 l i ters 

125 kg 

35 kg 

67 kg 

2 1  kg 

18 7 , 72 0 kcal 

1 . 12 kg 

1 . 12 kg 

2 96 , 4 0 0  kcal 

3 8 0 , 0 0 0  kcal 

1 72 , 9 0 0  kcal 

5 , 0 8 0  kg 

input 457 

- 9 8 -

kcal/ha 

1 , 0 3 7 , 4 0 0  

2 , 060 , 0 0 0  

1 , 8 9 7 , 50 0  

1 11 , 650 

14 7 , 4 0 0  

1 4 7 , 8 4 0  

18 7 , 72 0  

82 , 4 0 0  

82 , 4 0 0  

2 96 , 4 0 0  

3 8 0 , 0 0 0  

1 7 2 , 9 0 0  

6 , 6 0 3 , 61 0  

1 7 , 88 1 , 60 0  

2 . 7 1 
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60  pounds of  potassium (Table 1) . A like amount of nitrogen 
is avai lable from manure produced during one year by either 
one dairy cow, two young fattening beef cattle , nine hogs , 
or eighty- four chic kens .  I n  addition to the nutrients 
manure adds to the soi l ,  it adds organic matter which 
increas es the number of beneficial bac teria and fungi in the 
soi l ,  makes plowing easier , improves the water- holding and 
percolation capacity of soil , reduce s soi l  erosion , and 
improve s the ra tio of carbon to nitrogen in the soi l .  

The ma jor costs of using manure f or c rop produc tion are 
hau li ng and spreading . Hauling and spreading manure within 
a ra dius of 11 2  to 1 mi le ( 1  mile = 1 . 6 kilometers) is  
e stimated to require 1 . 1  gal lons of gasoline per ton . If  
the average manure application i s  10 tons pe r  acre ( produced 
by one cow for one year) , an estimated 3 9 8 , 4 75 kcal (11 
gallons of gaso line ) per acre is necessary to apply the 
manure and hence to ferti lize c orn with manure . Producing 
chemical ferti l i zer ( 1 1 2  pounds of nitrogen , 3 1 pounds o f  
phosphorus , 6 0  pounds o f  pota ssium) f o r  one acre requires a 
total of 1 , 415, 2 0 0  kcal . One ga l lon of gaso li ne i s  used for 
tractor application , therefore a total of 1 , 45 1 , 4 2 5  kcal for 
chemi cal fertiliz er a pplica tion i s  used . Hence , if manure 
were substi tuted for chemical ferti lizer , the savings in 
energy would be a substantia l 1 . 1 mi llion kcal ( about 28 
gallons of fue l )  per acre.  

current u . s .  livestock manure production i s  estimated 
to be 1 . 7  billion tons per yea r , ove r 5 0  percent of which is 
produced in feedlots and confinement rearing situati ons . I f  
2 0  perc ent o f  the manure produced i n  feedlots and confine
ment rearing situations were available for use in crop 
production , about 17 0 million tons of ani mal waste would be 
availabl e for crop production . 

Ni trogen ferti lizer inputs can be r educed by planting 
legumes in rotation with corn and othe r c rops . For example , 
it i s  possible to plant legumes between corn rows in late 
August and to plow this green ma nure unde r in early spring.  
In  the Northeas t ,  s eeding corn acreage to wint er vetch in 
late August and plowing the vetch unde r in late Apri l 
yie lded about 1 3 3  pounds of nitrogen per acre . A cover crop 
also protects the soi l  f rom wind a nd water e rosi on during 
the winter and has the s ame advantages as manure in adding 
organi c matter to the soi l .  

Th e energy cost o f  s eeding a legume wou ld requi re about 
9 0 , 000 kcal per acre ( fuel and seed s) . For the commercial 
produc tion of 1 33 pounds of nitrogen , 9 1 7 , 00 0  kcal are 
needed; thus the energy saved by plant ing a legume for green 
manure would be substantial or 8 2 7 , 00 0  kcal/acre (about 3 7 
gal l on s  of fuel ) . 

Instead of inter- planting a legume with corn , another 
possibi lity would be to inter- plant corn in a perennial 
legume field . Pre limi nary experiments have been made with 
inter- planting corn in permanent stands of c rown vetch.  In 
the ea rly spring the crown vetch is partially ki lled with an 
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he rbicide . The corn i s  then planted in the vetch fi eld 
using " no- ti l l" planting technology. La te in the sea son the 
vetch recovers a fter the corn has made its growth uti li z i ng 
the nit rogen stored by the vetch during the previous fall 
and spring . The ni trogen yi eld i s  assumed to be simi lar to 
that o f  winter vetch. 

Although the inter-planting technology can be applied 
to a relatively few crops , i t  doe s have grea t potential i n  
red uci ng ni trogen inputs and reducing soi l  e rosion with 
several important crop s .  

La rge quantities o f  N,  P ,  and K are available in sewage 
s ludge and effluents , but severa l  problems e xi st before 
the se materials can be ef fectively used. These problems 
include : 

(a ) heavy metal contamination in s ome sewage ; 
(b) pos sible plant and ani ma l  di sea se organi sms being 

transmi tted to the treated crops ; and 
(c ) removal of moi sture in the ma terial so that i t  can 

be transported more economically . 
Th e new sewage treatment plants that ha ve instal l ed 

treatment procedures for the remova l of N and P off er the 
potential o f  returning these two va luable fertiliz er 
element s to agri culture . 

Impl ementation 

Steps for implementing research on subs titutes for 
ni trogen fe rti lizers i nclude : 

(a ) comparative studie s of the va lue of animal was tes 
used direc tly f or fertili zer versus the use for genera tion 
of methane ga s for the manufacture of fe rtili ze r ; 

(b ) re search on solvi ng the problems a s sociated wi th 
the use of sewage s ludge a s  ferti li ze r : and 

(c)  re search on methodology for us ing legumes as a 
means of supplying part of nitrogen requi rements for other 
crop s .  

CONSERVATION OF ENERGY 

Rat iona le 

In addition to the ene rgy used for manufactured input 
products , such as ferti li zer , machinery and packaging 
mat erials , energy in the form of sola r ,  e lec tri ci ty ,  
petroleum f uel s ,  natural , and L P  gas compr ise a large input 
into the u . s .  food system . Various kind s of conversion 
processes are i nvolved in  the appl i cation of these energy 
forms . In the pas t ,  pri mary con side rati on wa s di rected 
towards the effective appli cability of the energy without 
opt imiz ing its use. 
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Agriculture through the ages has be en involved in the 
convers ion of the sun ' s elec tromagnetic energy into chemi cal 
ene rgy through the important biochemical proces s known as  
photosynthesi s .  The mani pula tion of plants and their 
environment to maxi mi ze the conversion process  has been an 
important factor in the increa sed produc tion of organic 
ma tter by u . s .  agricultur e. However , the re lationship 
between organic matter production and solar energy 
avai labil ity indicate s a very low rate of uti liz ation or 
conversion .  Increased ef ficiency of solar energy 
uti li zati on would produce a greater retu rn for other forms 
of energy input s into plant prod uc tion . 

Machinery and fuel compri s e  a large energy input in 
u . s .  agricultura l production . A viable alternative for 
reduci ng the f uel con sumption woul d be to us e machin ery 
precisely scaled for a given j ob and ope ra te i t  at e ffic ient 
speeds . The la rger tractors and other machinery have been 
des igned to do more work per unit time , but the inc rease in 
capaci ty an d the better fuel eff iciency at rated loa ds wi l l  
be off set i f  uti liz ed on loa ds requi ring onl y part o f  the 
rate d capaci ty or part-throttle conditions . In gene ral , 
farmers pu rcha se larger machinery than may be necessary as  
insurance against i nc lement weathe r and to enhance c rop 
yie ld related to time li ness of operations .  The ma jor 
til lag e  operations wi l l  normally be the gove rning f actor in 
the size of tractor purchased .  Therefor e , opportunities 
exist to re duce the power re·qui red f or pri ma ry tillage as 
we l l  as the si ze of machi nery neces sary for ti l lage 
oper ations . 

Energy inputs i n  crop drying have increased dra stica l ly 
the pas t  few years . Since 1 9 4 5 , a 3 0- f old inc re a se in 
energy inputs f or corn drying has occurred.  The trade-of f 
of reducing yields some , but advantage s  of harvesting a 
drier corn should be examined . Also the trade-o f f  o f  
harvesting corn on the cob vs . corn grain should be 
analyz ed . With other g rains ,  such a s  whea t ,  there i s  le s s  
of a probl em with dr yi ng but there are also fewer 
alternative s .  

Si nce most grai ns produced in the u . s .  are fed to live
stock , greater quantities  of g rains are going i nto "wet
storage . "  Thi s provi des some opportunities for stor ing 
gra in without drying for about three months .  The cos ts and 
benef its of th i s  system n eed i nve stigati on. 

Opportuni ties exi st to improve the drying technology 
its elf . Ai r temperature , a i r  movement , a nd time are al l 
factors in determining the most ef fici ent means of r educing 
mois ture in grain whi le a l so reduc ing the ene rgy inputs. 

Opportunities also exi st for breeding grai ns that have 
a lower moi sture level at ha rvest . The se should be pursued . 

I rrigation requires a h igh input of energy . Water i s  
heavy ( 8 . 3 lbs/ gal) and large qua nti tie s  ( up to 4 acre 
feet/acre) are needed for irrigation . The energy 
requirement to lif t  thi s qua ntity of wa ter 3 0 0  feet and 
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sprink le irriga te is about 2 2 0  ga l lons of fue l .  Thi s is 
about 20 times the energy required for field operations for 
the crop . More eff ic ient irrigation practices (e. g. , 
trickle irrigation) can substantial ly reduce water 
requirements an d energy inputs. I nves tigati ons on energy 
con serving irrigation practices should be increased. 

Implementation 

Steps for implementing resea rch on conservation of 
energy incl ude : 

(a) greater emphasis on the bioche mica l proce s s  of 
converting the sun • s  el ectromagnet ic energy into chemical 
energy ; 

( b) accel eration of studies on methods to reduce power 
requirements for primary ti l lage ; 

(c )  development of more efficient gr ain drying 
equipment ; 

(d)  improvement of storage of  high moisture grain ; and 
(e)  more eff icient means of irriga ti on . 
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CHAPTER 1 2  

CROP AND LIVESTOCK PROTECTION 

RECOMMENDATIONS 

1 :  Pe sticide Deve lopment , Formul ation , and Appl ication 
Technology . I ncreas ed ef fort i s  es s ential to develop 
new pe sti cide s and the t echno logy for thei r efficient 
an d s a f e  use i n  order to in sure continui ng avai labi l i ty 
of thi s  tec hno logy f or crop and livestock protection 
and for in c lu sion i n  I ntegrated Pe st Ma nagement ( I PM) 
systems . 

2 : Pe s t  Management Systems . Interdi scip linary teams 
should be developed of c rop protection , plant , and 
anima l  scienti sts to set up c rop and li vestock 
produc tion systems which include integr ated pes t  
management . 

3 :  Pest Resista nt crops and Livestock.  Re sea rch e f forts 
should be increased toward the deve lopment of pest 
res i stant crops and live stoc k .  

4 : Bi ological Control .  Research and development e f fort s 
should be increased to grea tly enhance the rol e of 
bi ological control agents in reducing pest los s e s .  

5 : I nnova tive Methods . Re search shou l d  be initiat ed for 
innova ti ve methods to regulat e  behavior , development 
genetics ,  and reproduc tion of pe st s .  

INTRODUCTION 

The term " pe st" as used here refers to a ll noxious 
organi sms , inc l uding weeds , plant di sease organi sms ,  nema
todes ,  rodents , insects , bird s ,  a nd othe r pe sts . Similarly , 
the term,  " pe sticides " includes he rb icide s ,  fungi cide s ,  
nema tocides , rodenti ci de s , insecticide s , avaci de s ,  predator 
contro l agents , and others . 

Pe sts take a heavy tol l of man ' s food and fiber . P l ant 
and anima l protecti on prob lems have become i nc re a si ngly 
di f f icult to solve a s  agricultural production has 
intensi fied . S ome pe st species se rve a s  vec tors of disease 
produci ng pathogen s whi ch can be de structive to plants and 
anima l s .  Conti nuou s cropping ,  monoc ul ture , i ncreased 
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ferti li ty , i rrigati on , narrow genetic ba s e  crop and 
live stock type s , and centra li zed feedlot s  of te n  i nc rease the 
vulnerabi li ty of crops and livestock to pest attack . 

Estimates of losses of potentia l c rop produc tion in 
North a nd cen tral Ameri ca due to pests are 2 8 . 7 percent (FAO 
1 9 7 0) . I f  we were to a dd l o s se s  that would occur wi thout 
pe sticide s  and other pest management inputs , tota l  losses 
would be muc h  grea ter . In fact , c otton and se veral 
hortic ultura l c rops c annot be produced c ommerci a l ly without 
such inputs ,  and live stock produc tion would be i mpracti cal 
in many area s becaus e of such pes t s  as the screwworm and 
vector- borne di seases . 

Los ses to pests in the warm tropics are more severe 
than in the tempera te z one s .  Th e tsetse f ly prevent s cattl e  
produc tion i n  vast area s o f  Afr i ca . Arthropod and disea s e  
organis ms must be contro l led t o  pe rmit u seful and e ffici ent 
live stock production in most warm climates . A signi ficant 
portion of the " Green Revoluti on" poten tia l  for i nc reased 
f ood produc tion has been lost to the ravages o f  weeds ,  
diseas es , i nsect s ,  rodents , and othe r pe s ts . 

In addi tion to field losses caused by pests , we must 
add po stharvest los se s .  In the u . s .  the se h ave been 
reasonably we ll control l ed by pest management practices in 
storage and rapid proce s s ing procedure s .  In developing 
countrie s postharve st losses are stagg er ing. Mi croorgani sms 
can qui ckly des troy most frui t s ,  vegetab les , me at , a nd mi lk 
and prevent proper di stribution . Af latoxins produced by 
microo rgani sms in such commodi tie s  a s  cotton seed and peanuts 
can be toxic to man and animals . Insects and rodents 
destroy grains . Stored gra i n  los se s due to pe st s  i n  Indi a 
are at l ea st 4 0 percent . 

The prevention of even a sma l l  pa rt o f  the worl dwide 
esti mated annua l loss of 3 3 . 8 perc ent of potentia l  
prod uc tivi ty due to pests of fers a s igni f icant opportunity 
for increa ses in the supply of food (FAO 1 97 0) . Res earc h ,  
impleme nta ti on , and e ducational inputs required to r educe 
pest losses in the u . s .  shou ld be made a vailable qui ckly. 

Attempts to prevent pest damage have resu lted in the 
ever- increa sing use of pe sticide s .  Although the se are 
genera l l y  used e f fect ively i n  modern agr i culture , there a re 
exception s .  The re a re prob lems involving pe sticide 
re s i stance and misuse , destructi on of natural controls , 
env i ronmenta l contamina tion , los se s  of nonta rget spe cies , 
and con f licting recommendati ons and ac tions by state , 
federa l , and priva te sectors . Pes ticide misuse and 
appli cator intoxicati on a re se rious problem s .  Neverthe l e ss , 
the sa f e  use of pe s tici des rema in s essentia l to e f f ective 
plant and anima l protec tion a nd i s  an importa nt componen t of 
integrated pe st management systems . 

The need for a systems mana gement a pproach to c rop and 
live stock prod uction , i ncluding protection f rom pest s , ba sed 
on sound economi c ,  ecologica l ,  technical , and societa l  con
sidera ti ons i s  crit ically needed . Simpli sti c  approaches to 
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crop and li vestock protection have often been shortlived 
and , in many instances , have had unwanted side e f fects . The 
integrated pest management a pproach offe rs the g reate st 
promi se for effective , safe , and continuing solution s  to 
pest problems .  

Integrated pest management ( I PM) has been defined a s  a 

pest management sys tem tha t ,  in the context of the 
a s soci ated environment and the popu lati on dynamics 
and etiolog y  of the pest species , uti li z es all 
suitabl e techniques and method s in a s  compatibl e  a 
manne r as possible and maintains pest popu lation 
levels below those causing economic inj ury (Gl a s s  
1 97 5 ) . 

IPM tactics include resistant va rie tie s ,  pesticides , 
cultura l control s ,  biological controls , autocida l control , 
attractants and repel lents , quarantine , and eradicat ion . 
The proper employment of the se i s  de te rmi ned and supported 
by basic background biologica l information ,  economic thre sh
olds , modeling ,  and agroecosystem analysi s. 

The recommendations for resea rch included in this ch ap
te r have been selected becaus e they are readily implement
able and o f fer high probabili ty for signi ficantl y  increas ing 
available f ood .  

I t  should be noted that pests a re of worldwide 
importance . Much of value to pe st control in the u . s .  ha s 
come f rom scientists and experience abroad.  Internationa l 
cooperation in reduci ng pest movement i s  ess enti al .  
Valuable pe sticides u sed in American agriculture and public 
health fi eld s  were deve loped in laboratories in other 
countries . Food and fiber products in international trade 
require specia l con sideration for pest control and/or levels 
of res idues from pe st fragments or chemica ls . Worldwide 
control of vec tors of di seas e  is  o f  great signi f icance to 
the u . s .  

Training o f  scientists re sponsible f or pre sent and 
f uture pe st control poli ci es and programs has as sumed 
internationa l i mportance . All pa rts of the world commun i ty 
need to be aware of the e fforts in other areas that may 
rel ated to pest management activities.  

I t  i s  not the purpose of this discussion to detai l the 
highlight s  of internationa l  pest ma nagement , but these 
rema rks wi ll indicate that fai lure to review it in more 
detail i s  by design and not an over s ight . 

More comprehensive analy ses of defi ciencies in crop 
protection and recommendations for improved integrated pe st 
management procedures can be found in the NRC/NAS report , 
" Pest Control : An Asse s sment of Pre sent and Al te rnative 
Technolog ies" ( NAS ,  in pre s s )  and in other studi es on 
integrated pest management . 
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PESTICI DE DEVELOPMENT, FORMULATI ON ,  AND APPLICATION TECHNOLOGY 

Rat iona le 

Pesticides provide rapi d ,  effective , de pendable , and 
economi cal means of control ling complexes of ma j or 
agricultura l pe sts . In many situa tion s  thei r use i s  known 
to be ef fective and without serious eco l ogical effect s .  The 
maj or disadvantages a ssociated wi th the use of pe sti cides 
are adverse effects on nontarget organisms and the 
deve lopment of resistant pest populati on s .  Repeated use of 
sele ctive herbicide s causes a shift in s peci es composition 
of the treat ed weed communi ty and al lows tolerant specie s to 
bec ome dominant . Thi s ecologi ca l shi ft requires rotation of 
herbici des . There i s  a grea t need for e xpanded re search to 
deve lop wa ys to reduce or eliminat e the inherent haz ards of 
present ly avai lable pe sticides a nd to di scover new compounds 
free of these weaknesses . 

The problems of pe s t  res ista nce to pe stici de s contin ue 
to e xpand and intensify.  They are more prevalent and acute 
among arthropod pests , but a f ew ca ses of re si stance to 
herbicides and fungic ide s  have been reported . In th e pa s t ,  
res i stance probl ems have been overc ome b y  substituting di f
ferent chemical s in the control program. However , becaus e 
of the development by single pe s t  spec ie s of multi pl e 
re si stances to several pesti cides and a reduction in efforts 
devoted to the development of new compound s in recen t years , 
ef fective substi tute chemicals are not avai l able for control 
of some pests . Probl ems of pestic ide re si stance and shi f ts 
in the species compositi on of weed population must be met , 
at least for the present , by i ntroducing effec tive new 
pesticides as sUbs titutes for obsolete pesticide s .  
Therefore, eff orts to di scover a nd devel op new pesticides 
must be expanded . Also , costly regu latory constraints in 
regi stration and use of pesticides must be kept at the 
absolute minimum required to protec t man and the 
envi ronment. ( see Chapter 5 ,  Con straint s  on u . s .  
Agr icultural Production and Resea rch . )  Othe rwi se ,  food 
product ion may be disa s trously disrupted as has happened 
many times in hi story prior to the deve lopme nt of modern 
protection technology. very substantial improvement s in the 
efficiency , eff icacy , and environmenta l safe ty of pe stici de 
use can be accompl i shed through re search on formu lation and 
an application technology . I mproved f ormula ti on and 
pla cemen t of he rbicides can reduc e environme ntal 
cont amination and improve the contac t wi th target organi sms. 
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I mplementation 

Imp lementation of this recommenda ti on i s  important for 
j us t  maintaining the pre sent level of pest protection in the 
u . s .  and for improved protection on a number of c rops and 
ani ma l s  now suffer ing consi derabl e pest- induced los s es.  The 
results wi ll be highly complementa ry to deve lopi ng countries 
beca use the patterns of pesticide use and avai labi li ty in 
thes e countries often fol low those i n  the u . s .  

1 .  Accel erate res earch on mor e narrow ly selective 
pesticides by i dentifying pe sts for which avai labili ty of 
narrow spec trum pesti ci des is mo st urgent . Strengthen 
nat iona l programs for developi ng u se pa ttern s of chemical s 
submi tted by industry with procedures to safeguard 
proprietary rights and the pub lic i nte re st. Determine 
economic thre shold densiti es of pe sts so that pesticides can 
be used on ly a s  needed rather than a s  prophylacti cs. 

2 .  Encourage res earch on safe appl ication procedures , 
for mulations , and equipment required f or more preci se 
delive ry and confinement of  pesticides t o  target sites.  
This s hou ld inc lude development of protec tion f or 
applica tion in the tropi cs . 

3 .  Establish protoco ls for re gi strati on of n ew types 
of pe sticides , such a s  microbial pathogens , hormone s , 
phe romone s ,  hormone-mimicki ng compounds , and chemosteri lants 
for use in IPM prog rams . 

4 .  Provi de support and dev elop expeditiou s  procedures 
for the rapid registrati on of pe sticides for use on minor 
c rops and for minor us es on maj or crops . 

5 .  Initi ate a worldwide study of the hazards of 
pe s ticide use and work toward the development of uni form and 
coordinated regula tions for pe sticide regi strati on , u se ,  and 
re sidue tolerances . Al so , the uni form inter pretation of 
toxico logical data should be sough t. 

6 . Make a co st/benef it ana lysi s of regulation s for 
pe sti ci de and other pest management tacti cs , such a s  res i st
ant crop variet ies and quara ntine s .  

7 .  Accelerate res ear ch on bio logically active mol ecu
lar structur es , such a s  pyreth roid s ,  natura l l y  occurring 
growth inhibitors to deve lop new classes of pesticides .  

8 .  Support res earch o n  the phenomenon of acquired 
re si sta nce to pe stici des and procedures for its prevention. 

PEST MANAGEMENT SYSTEMS 

Rationa le 

Agricultura l sci entists have been d eve loping the 
various components of produc tion of c rops and livestock with 
at best a minimum of interaction between them. The 
integration of the s e  se parate components mus t u sual l y  be 
accompli shed by farmers . Unfortunately , the components are 
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sometimes i ncompatible or even counterproduc tive .  Weed 
control and ferti l i zer pract i ces may aggravate or reduce 
insectw diseas e , and rodent prob lems . crop rotation s or 
lack of them i nf luence crop protection probl ems . Some pest 
management practi ces may adverse ly a ff ec t  producti on or be 
inc ompa tible with e xi sting production systems . Thus r the re 
i s  a great need to deve lop a tota l systems approach to 
mana gement of c rop and livestock a groecos ystems which 
include compatible and ef fective i ntegra ted pe st management 
components . Regional systems for detecting , assessing ,  and 
predicting pest infes tations a nd pest los ses should al so 
receive strong emphas i s .  

I mplementation 

Teams composed of weed scienti sts r plant patho logi s t s r 
nematologists , entomo logi sts (and othe r protection spe
cia li sts a s  needed ) , agronomi sts , p lant breeders , animal 
scientists r food s c ientists , and economi sts shoul d be estab
li sh ed at l and grant institu tions a nd USDA uni ts to develop 
tota l  s ystems o f  production of crops and livestock . The 
crop protection scienti sts using a systems a pproach shoul d 
deve lop sui tab le pe st management tacti cs , such as  host 
res istance , cul tura l practice s r  a nd pe sticide s ,  and work 
with production scien ti sts to incorporate thes e into 
effective tota l farm manageme nt practices.  

PEST RESI STANT CROPS AND LIVESTOCK 

Ra tiona le 

crop c ulti vars (vari eties )  resistant to pests 
cons titute one of the most economica lly i mportant and 
e nvi ronmental l y  sound crop protection tools avai labl e .  Good 
progre s s  has been made through p la nt b reeding i n  the con trol 
of plant pa thogen s , and some species o f  destructive insects. 
Vari eties of potatoes re si sta nt to the late blight pathogen , 
cerea l crops re si stant to s pecies o f  rust fungi w and corn 
re sistant to the southern leaf  bl ight pathog en are fami liar 
examples . Newer va ri etie s of a lfalfa have res i stance to the 
alfa lfa aphi d ;  severa l i ntroduced ri ce cu ltivars from the 
Int erna tion a l  Rice Resea rch I nstitute ( I RRI) in the 
Phi lippi ne s  are res i s tant to des tructive s pecies of leaf 
hoppers and stem borers . weed sc ienti sts are f ol lowing 
re search evidence to determine t he poss ibi lity of breeding 
crop varieties resi stant to compe ting weed species.  
Breeding s  f or pe st re s i s tance an d to lerance in lives tock 
have shown promi se and should be encouraged.  

The use of pe st re s i stant cultivars may reduce pest 
populati ons , and it is compatib l e  with vi rtually al l other 
control tactic s .  It i s  also inexpensive . one ma jor 

- 1 09-

Copyright © National Academy of Sciences. All rights reserved.

World Food and Nutrition Study: Enhancement of Food Production for the United States : a Report of the Board on Agriculture and Renewable Resources, Commission on Natural Resources, National Research Council, Prepared for the NRC Study on World Food and
http://www.nap.edu/catalog.php?record_id=18644

http://www.nap.edu/catalog.php?record_id=18644


di sadvantage associated with it i s  the development of pe s t  
race s o r  biotypes able t o  overcome the resistance . Much 
effort must be expended in the deve lopment and use of pest 
re si sta nt cultivars i n  integrated pest management. 

I mplementa tion 

Th e  steps described bel ow  are among those neces sary for 
implementing thi s  resea rch.  

(a ) Gene tic improvement programs for crops and live
stock must be directed more specifically toward pest re
si stance obj ectives . 

(b)  A sys tem for coordina ting and for enhancing 
communicati on between plant resistance programs should be 
developed on a national and internationa l scale . A national 
data bank on re si stance and general improvement o f  germplasm 
resourc es s hould be established . 

(c ) Programs for the systematic explor ati on and cha r
acteriz ation of useful source s  of pe st re sis ta nce should be 
strengthened and expanded. 

(d) Permanent nationa l and/or inte rnational systems 
for mai ntaining potentially useful germ plasm should be 
strengthened. 

(e ) Research on new techniques for hybridi z ing 
taxonomica l ly diverse plants must be intensi fied to enhance 
the use of new sources of plant resistance . 

BIOLOGICAL CONTROL 

Rationale 

Regulation of pe st organisms by thei r  natural enemie s  
i s  of ma jor importance i n  pest management . Increased 
funding r improved coordinati on of personnel and faci lities 
at the exportation r i mportation-propagation and 
coloniz ation- evalua tion levels r and biological control 
approaches must be expanded to inc lude pests other than 
insects and weeds ( for example r plant pa thogens) . 

Many indigenous pest s pecie s maintain low population 
leve ls r because they are controlled by natural enemie s  in 
the envi ronment. Field experience since the 1 9 4 0 s  with the 
appl ication of synthe tic organic insec tic ide s has 
demonstrated that the natural enemie s  ar e often destroyed as 
wel l  as the pest spec ies .  Frequently r  the de struction of 
the natura l enemie s by synthetic organic insecticides 
results in the resurgence of des truc tive populati on s  of the 
target pe st specie s . The proces s  may also trigger the 
emergence of a minor pest spec ie s  into the status of a major 
pe st th rough de struction of its ef fect ive natural control . 
The pres ervation and augmenta tion of natura lly occurring 
bi ologica l  control agents i s  essenti al.  The ef fectiveness 
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of such agents may be increa sed through the use of 
supplementary food sources and kairomones .  The mas s  
production and programmed relea se of natural enemie s  of 
pe sts deserve s  a special research and development ef fort . 

P athogens have been used ef fectively i n  control 
programs against weeds , insects , and rodents . Microbial 
agents are idea lly suited to integra ted pe st management 
programs . They are host-specific and o ften highly 
virulent. They cause minima l ecological damage and are 
high ly c ompa tible with other forms of control. 

Implementation 

Steps in i mpl ementation of thi s research area include : 
(a)  The national e ffort to i mport , produce , 

distribute , and evaluate natural enemies of pests , including 
para sites , predators and pathogens of insect s , other 
invertebrates , and weeds should be sub stanti ally increa sed. 
Also , re sea rch on programmed rel ea s e  of beneficia l i nsects 
and on kairomones should be acce lerated . 

(b ) Since biologi ca l  control of pests i s  a complex 
undertaking in view of the ecologica l and bio logical 
knowledge requi red if it i s  to be succes s ful , it mus t  be 
undertaken and supported financial ly by the government , a t  
all leve l s , i n  constrast t o  di rect pest control mea sures 
that can be applied by individua ls . 

(c)  In addition to an increased e f fort to import new 
pathogens , screening of avai lable pa thogens and the i r  
strains and serotypes against a wide spectrum of pests 
should be accelerated . 

INNOVATIVE METHODS 

Rationa le 

Opportunities for improved integrated pest management 
have been enhanced by recent identif ication of several 
powe rf ul natural and synthetic attractants . The ma j or us es 
o f  insect attractants inc lude detec tion , monitoring for 
populati on densitie s , direct control by poison baits , ma s s
tra pping or inhibition of premating behavior . The potential 
for using attractants offers opportuni tie s  for considerable 
red uction i n  the quantiti es of conventional insecticides 
employed .  Attractants may b e  useful i n  concentrating 
para si te s and predators in areas where pests ex ist.  But 
these too w i l l  have the ir limitation . The feasibili ty of 
attracting or repelli ng nematodes s hould be explored . 

Many organic herbicide s act a s  selective plant 
regula tors or synthetic hormones . They are used at 
concentrations which inhibit weed growth , but have little or 
no effect on crops . Plant growth regu lators may have 
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potential for s timulati ng germination of weed propagules 
(such as seed s , rhi zomes , an d  bulbs) at a ti me when the 

phy s ical enviro nment i s  too harsh for them to survive . 
converse l y ,  chemica l regulators might be used to prevent 
germination of weed propagules .  More re search i s  needed to 
e lucidate the proce sses in dormancy of plant propagules . 
The potential use of plant hormone s for modi f yi ng crops to 
red uce their suscepti bi liti e s  to attacks by pest organisms 
shou ld also be inve stiga ted . 

In sect growth and d evelopment ar e a l so regu lated by 
hormones ,  and insect growth regula to rs a re a lready in com
mercial use . New and structural ly s impl e molecu lar mode l s  
of hormonal pe sticides ,  such a s  anti-hormone s and inhibi tors 
of hormone biosynthesis and metabo lism are needed . 
Additional hormones and neurohormone s which regulate life 
proce sses unique to pe sts should be eluci dated in order to 
deve lop models for interrupting such proce sse s wi thout 
haza rd to highe r anima l s  and economic plants . 

Mos t  serious insect pests reproduce sexua l ly .  
Gene ti ci sts have di scovered o r  invented a numb er of mech
ani sms which may be useful in suppre s si ng important pests . 
These mechanisms include compound chromo some s , cytoplasmi c 
inc ompa tibi lity , hybrid sterility ,  i mbal anced s ex determi n
i ng factors , inherited partia l ste ri li ty , ch romosomal trans
loca ti on s ,  sex ratio di stortion , dominant letha l mutations , 
conditional letha l muta tion s , a nd meiotic drive .  Domi nan t 
lethal muta tion s are us ed operationally to suppress 
screwwo rms , tropical fruit f lies , and the pi nk bollworm .  
The ma j o r  di f f iculty in using genetic techniques to manage 
i nsect popu lati on l ie �  i n  the behaviora l changes that the 
pe sts undergo when they are coloniz ed and ma s s  reared . 
Expe rience with a few insect s has shown that th e fi eld per
formance o f  mas s  reared insects i s  a ff ec ted by their 
heredity, nutri tion , and physical condition dur i ng rearing 
and releas e .  

Impl ementation 

The fol lowing steps a re sugge sted f or i mplementing the 
re sea rch area . 

1 .  Establish and/ or support e xi sting re search teams 
to i nvestigate the identity and role o f  pheromones ,  
kai romones ,  a llomone s , hormone s ,  and o the r  bio-regulatory 
sub stances .  

2 .  Support research to dete rmine the usefulness o f  
such regula tory substan ce s for crops and livestock 
protection . 

3 .  E stabl ish inter disciplinary teams of specialists 
to develop and demons tra te princ iple s  f or as suring the 
behaviora l a dequacy of mas s reared insects used to suppress 
pest popu lations by genetic method s or by para si ti sm.  
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CHAPTER 1 3  

MANPOWER EDUCATION AND TRAINING PROGRAMS 

RECOMMENDATIONS 

1 :  Educa tion Needs . Studi es should be instigated on 
identi fication and evaluation of u . s .  professional and 
technical education need s to provide adequate human 
resources for the food system .  

2 :  Fellowship and Res earch Tra ining Programs in the Bas ic 
Sci ences of Agriculture . Fellowshi p and research 
training programs should be establi shed in the area s of 
agriculture , f ood science , and nutrition. 

EDUCATION NEEDS 

Rationa le 

Trained manpower is e s sentia l if the u . s .  i s  to respond 
to nati onal and internat ional concerns to he lp solve the 
world food problem . The qua ntity of trai ned manpower 
required wi l l  i ncrease , and the kind of training necessary 
wi ll be di fferent than in the pa st.  A manpower training 
prog ram should be a part of an expanded research investment 
in food production capacity . Resea rch in ag ricultural 
produc tion depends on manpower trained in agriculture , but 
with heavy emphasis on the biologica l and physical sciences . 
There has been a decreas e in the training programs sponsored 
by NSF, the Atomic Energy commi s sion (AEC) , and the National 
Insti tute s of Health (NIH) resulting in a decrease in 
tra ining of ba sic scientists for research in agriculture .  
The Commission on Human Resource s of the NRC ha s several on
going studie s  of training programs for res earch . Training 
in biological and phy sical sciences as we ll as in 
agricultura l production techniques is required for 
technicians in agricultura l produc tion . Whi le there are 
seve ra l  exce llent exampl es of curricular and course changes 
in agri culture and renewable re source s ,  a systematic revi ew 
at the national level of the educational resource bas e  and 
approaches to meet the needs is urgently requi red. 

During the pa st few years , many changes have occurred 
in agricultural production , processing , and distribution 
systems in their rural and urban settings ,  and in their 
academic and theoretica l underpinning s  and interactions.  A 
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ma j or correlate of these changes is the growth of colleges 
of agriculture and renewable re sourc e s ,  both in number of 
students and faculty and in the importance of the findings 
they generate in re solving many critic a l  problems facing 
society. These trends are producing an opportunity in 
agr iculture and renewable resource educa tion to anticipate 
need s  a nd i ntroduce educational program changes which wi l l  
prepare the kinds of professiona ls a nd  technicians required 
for f uture chal lenges . 

Undergraduate enrollment in agriculture in the state 
universities and land grant col lege s more than doubled f rom 
1 9 6 3  to 1 97 4 ,  an increase of 1 3 4 percent. I n  1 9 7 4 ,  
enrollment for baccalaureate degree programs in agriculture 
increased 1 3 . 6 percent over 1 9 73 . women in agriculture 
programs i ncrea sed 23 percent . Enrollment in techni cal 
schools also showed an increa se ,  but enrollment in graduate 
school s ha s not increased signif icantly . Guidelines for 
educat ional policy development for the b roade r academic 
communi ty in undergraduate and graduat e education in 
agriculture and renewable re source s are cri tical need s .  

Implementation 

A study commi s sion should be e stabli shed to compile an 
inventory of manpower resources and proj ect needs , and to 
assess the ma jor i s sue s and priorities f or the development 
of education i n  agriculture and renewable resources . 
COmpetencies must be identified which professional and tech
nical personnel must posses s in order to further proj ect 
national and internationa l goa ls i n  food production . 

Ca reer directed education and training to be considered 
in this study should be conducted at three levels.  

1 .  Post High School Technical Training 

Thi s includes vocationa l and technician training at 
community and j unior col leges .  It als o  includes sub
pro fess iona l train ing provided by four-year colleges through 
the medium of short courses , conference s ,  semi na rs ,  and 
internshi ps. 

2 .  Academic Education a t  Degree Granti ng Institutions 

Thi s  includes education at the bacca laureate level , the 
sci ence and profess ional ma sters leve l , and the doctoral 
leve l .  I t  includes education at the degree level whether or 
not at recogniz ed schools  and college s of agriculture and 
renewable resources if such education pur ports to prepare 
students f or profe ss ional ca reers in the se field s .  
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3 .  Mid-career Education 

This i ncludes education for profe ssiona ls in 
agriculture and renewable resources and for pro fessionals 
whose education is in other field s  but whose ca reers are or 
may be in agriculture and renewabl e resources .  

FELLOWSlUP AN D  RES EARCH TRAINI NG PROGRAMS 
IN THE BASIC SCI ENCES OF AGRICULTURE 

Rationa le 

To meet the need for increa sed re search in the basic 
sci ence a rea s of agri culture , food sci ence , and nutr ition , 
highly trai ned research scienti sts a re urgen tly requi red . 
Profe ssiona lly and technological ly trained manpower must 
increase in the areas of plant physiology , plant pa thology , 

entomology , microbiology , plant and an imal genetics , animal 
nutriti on , veterinary medicine , agricultural enginee ring , 
food chemi stry , nutri tion , soil sci ence ,  and agronomy . This 
can be most rea dily accompli shed b y implementa tion of a 
long- te rm prog ram of support for graduate education in the 
sci ences that are bas ic to agric ul tura l prod uction . Not 
only would such programs hel p the u . s.  to better meet it s  
food production and nutrition need s , b ut it would al so help 
train peopl e from developing countri es to bett er cope with 
their probl ems . 

Implementation 

A board fo r international agricultura l manpower 
development should be established to ass i st in 
administration of progra ms to deve lop traini ng institutions 
and manpower to meet th e present and pro j ected needs for 
manpower in the u. s .  and to a ss i st in deve lopi ng trained 
manpower to work abroad .  The board shoul d  have a n  a dequate 
budget and authority to awa rd and moni tor fe llowship s and 
tra ining prog rams in the agricultural s ci ences . Fel lowships 
shou ld be made ava i lable to u . s . a nd fore ign nationa l s  on a 
compe ti ti ve ba s i s .  Training grants should be made ava i lable 
to u . s .  institutions for both u . s .  and fore ign national s .  
The boa rd shoul d be authorized to foster co l laborative 
rel ationshi ps between a gr ic ultura l manpowe r trai ning 
institution s in the u . s .  and agr icultur al in stitutions 
abroa d where scienti s t s  a re working or have the potential to 
work on signi f icant programs des igne d to increase food 
product ion . 
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SECTION III : 
PRODUCTION OF FOOD AND FEED CROPS 

I NTRODUCTION 

The world ' s  food supply begin s with crops harve sted 
from the land. However , the ba sic requirements and research 
need s for crops grown for human consumpt ion are simi lar to 
those for f eed , f iber , a nd fue l .  Plants are a renewable 
resource and an increas e in productivity wi l l  benefi t  food , 
feed, and bioma ss u se s .  But pla nts xequire , and may compete 
for , the nonrenewable resources of lan d ,  wat er , energy , 
fertilizer , and chemicals . Many plants (e . g . , feed grain s 
and gra in legumes) can be routed as  either food for man or 
f eed for livestock . Others , such a s  the grasses and 
forage s ,  are useful only to live stock . Biomass production 
of p lants i s  al rea dy widely used for f ibe r and may again be 
more extensively used for fuels .  

The s ignificance of food a nd feed c rops i s  that they 
provide , direc tly or indi rectly ,  about 9 0  percent of the 
worl d ' s food supply. Chief among the ma j or food crops are 
rice , wheat , ma i ze ,  sorghum , mi lle t ,  barley , rye , oats , 
soybean s ,  field beans , chick peas , pigeon peas ,  peanuts ,  
cassava , sweet potatoes , pota toe s , suga r beets , sugarcane , 
coconuts , a nd bananas . A variety of fruits and vegetabl es , 
processed and fresh , a dds pe rsonal enrichment a nd plea sure 
in eating and provides es sential dietary nutrients . Hay and 
pastures (graz ing crops) provide most of the feed units for 
cattle and sheep .  Current rates o f  popu lati on growth and 
changes in dietary habi ts wi ll  double the need for these 
crops d uri ng the f ina l quarter of the twentieth century . 
our forests and tree plantations provide f iber , a s  do some 
feed and food crops . New fast-growing ,  h igh-yie lding crops 
wil l  have to be deve loped for biomass production of fuel , as 
well as food and feed . 

crop production is  a central issue . Globa l production 
of grain must be increased a t  the ra te of 2 5  mi llion metric 
ton s per year j ust to keep pace with popu lat ion increases 
and ris ing demands .  Fue l produc tion wi l l  became cri tical as 
we e xha ust our oil and gas reserves . Chemists , 
microbio logists , and engineers wi l l  have to conve rt massive 
amounts of organic plant materia l to basi c  chemica ls for 
industry and fue l .  Nature did this  s lowly in the past from 
pla nts . Now man wi ll have to do it quickly as he 
incr easingly uses plant s  for food , f eed , f iber , and fue l .  

There are ma jor uncertai nties involving future 
agricultural need s ,  including adequacy of la nd , wate r , 
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ene rgy , fertili zer , and pesticide r esources. There are 
environmental , socia l ,  politica l ,  legal , and economic 
constraints , and numerous di sincentives in agricultural food 
production . Weather and changing climatic patterns conti nue 
to play a predominant but unpredictabl e role in dictating 
the selection of crops tolerant to change . 

A nati onal program for greater food production and 
improved nutrition must focus on the ma jor food and feed 
crops.  Re search investments are n eeded to maximi z e  or 
optimi ze the production of food crops pe r  unit of time , with 
the lea st expenditure or commitment of land, water, fuel , 
and fertilizer.  The two most important processes that use 
solar energy are photosynthesis and biological nitrogen 
fixati on ; research on the se processe s can be e xpected to 
lead to greater producti on of carbohydrates ,  proteins , 
fiber , and energy . 
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CHAPTER 1 4  

PHOTOSYNTHETIC PRODUCTIVITY 

RECOMMENDATIONS 

1 :  Efficiencv of the Photosynthetic Proces s .  The 
impres sive yield increa ses of the pa st 25  years have 
come from a combination of new va rietie s ,  high rates of 
fertili zation , high plant population s , disease 
res i stance , and control of insects and weeds .  Further 
signi ficant yield i ncreases wi ll require greater 
photosynthetic efficiency . The refore , need is great to 
expand research on the factors which control the 
photosynthetic process,  e specia lly in four area s : ( 1 )  
control by source-sink relationships ; ( 2 )  control of 
photorespiration ; ( 3) control of plant senescence ; and 
( 4 )  carbon dioxide enrichment and other improvements of 
f ield techniques f or crop production. 

2 :  � of the Seasonal Potentia l .  I n  much of the u . s .  
there i s  a waste o f  potentia l photosynthetic production 
because the photosynth etic system in the crops grown is 
poorly adapted to either wa rm or cool weather or l ength 
of growing sea sons ; whereas other species may have 
their most rapid growth during those time s .  The 
potential need s to be evaluated for developing crop 
variet ies which can produce rapidly in both cool and 
warm weather and in variable growing seasons . P lanting 
de signs and multiple cropping should be developed to 
ca pture ma ximum solar ener gy. 

INTRODUCTION 

It i s  estimated that world food product ion must double 
by the year 20 0 0 .  Adoption of c urrently availabl e 
agricultura l technology could alter yi elds in the 
agr icultura lly developing nations by a signi ficant amount ;  
but for yie lds to double in the u . s. or other developed 
countries ,  which produce much of the total and all of  
exportable food , wi ll require a marked incre ase in photosyn
thet ic productivity over the leve l s  achieved in current 
agricultural practice . 

we often hear fa ith expressed in the ingenuity of 
Ame rican agriculture.  Many knowledgeable people suggest ,  on 
the basi s of pa st performance , tha t the percentage gains in 
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crop yi e lds over the past 2 5  years wi ll  be r epeated in the 
25 ye ar s  ahead.  Such pro jections need ca reful analysi s .  

one of the better examples o f  success i n  agriculture is  
the yield increase that ha s occurred i n  corn production in 
the u. s .  I n  1 9 50 , average yields were 5 7  bushels per acre 
(bu/A) . The estimated yield for 1 9 7 5  i s  9 3 bu/A . That 

impres sive inc rease has been due to new dise ase resi stant 
var i eties which a re re sponsi ve to narrow row spa cing and 
high fertility as now practiced . Extreme ly effective 
chemica ls f or c ontrolling weeds are now almost universal l y 
in use .  Thi s combination of va riety , spacing , high 
ferti li ty , and freedom from weeds has result ed in the 
current hi9h yields . It is that tec hnology whi ch could 
c ontribute to yie ld increases in the agr icultural ly 
developing countrie s .  

could corn yie lds be increa sed in the u . s .  by the year 
20 0 0 ?  With the high price of g ra i n  and the removal of 
acreage controls , a l l  crop l and r ea dily and presently 
available is being farmed . Increa ses in c rop a c reage wi l l  
come slowly and at cons iderable cost . Thus , about the on ly 
pos sibi lity for exploitation of f urthe r  yield i ncrea ses on 
our most highly productive land i s  to deve lop higher 
yielding variet ies . 

Where can the varieta l input to yi e l d  come from in a 
crop such a s  corn? considerable progre s s  ha s been made in 
recent years by developi ng vari eties which put more of the 
photosynthetic yield into grain.  Today , about one ha lf of 
the total plan t weight at corn harvest is  gr ain , the 
rema inder being stalks , leaves ,  a nd root s .  The root s ,  
sta lks , and leaves are absolutely essential t o  the plant . 
Pos s ibly thi s proporti on can b e  somewha t further reduced , 
but in order for grain yi eld of corn to doubl e ,  an i ncrea se 
in the photosynthetic yi eld of the c rop a l so must be 
attained . Thus , the future of the world ' s  food supply may 
lie squarely at the door of photosynthe si s a nd i t s  
partitioning into the harves ted part . 

What has been the history of photosynthe tic yi elds 
whi le the se remarkabl e success es in grain yi eld have been 
obtained in corn? They have inc rea sed , but the startling 
fac t  is tha t the biochemical capacity o f  corn for 
photosynthesis has not changed at a l l .  The photosyntheti c  
yie ld increase ha s been achieved b y  more dense plantings , 
ear lier planti ngs , later harvests , stead i ly inc rea sing rates 
of ferti li ze r appl ication , and the relative freedom of the 
crop from pests and di sea se . Whi le we a re faced wi th need 
in the future to drastica lly al ter the capacity of crop 
var ieties for photosynthe si s ,  we have made no progre s s  in 
i nc rea sing the e ff iciency of the process in the past 2 5  
years , and w e  a re nea ring the limi t of e xploitati on through 
technology . To mak e further progress we mus t  improve the 
photosynthet ic process itse lf ,  yet we ha ve currently only a 
token re search effort on photosyntheti c  productivity . 
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The photosynthetic yi eld of an acre is derived from the 
photosynthetic rate per unit a rea and time of individual 
leave s multi pli ed by the area of those leaves contained on 
an a cr e  (the leaf area index or LAI )  and the length of time 
the system f unction s .  The entir e  syst em i s  driven by solar 
energy. Although the preceding statements seem obvious , 
each of these points becomes important when we consider 
potential research on photosynthes i s .  

EFFICIENCY O F  THE PHOTOS YNTHETIC PROCESS 

Rationa le 

As indicated above ,  the biochemica l efficiency of the 
pho tosynthetic process in ma j or crops has not changed in the 
last 2 5  years . Yet great di fference s i n  effici ency exist 
between crops . In the warmth of midsummer , corn and sorghum 
and sugar cane a re highly eff icient , grea tly surpa ssing such 
summer cro ps a s  soybeans or potatoes .  In cool spring 
weather , howeve r , photosynthe si s in wheat ,  barley ,  or rye 
greatly surpa sses that in the warm s eason crops . 

In the past decade it ha s been di scovered that corn , 
sugarcane , and some other crops have photosynthetic systems 
that consist of a sequence of b ioc he mica l events strikingly 
different from that which occurs in wheat or barley .  The 
enzymes involved have high optimum tempe rature s and f unction 
very ef fective l y in high tempe ratures and intens e sunlight. 
The relation shi p with sea son i s  not c learcut , however ; 
soybean s do be s t  in warm weather , a lthough they possess the 
same biochemica l system for photosynthes i s as wheat or 
tar ley .  

Since striking di fferences ex ist among crop spec ies in 
eff i ciency or photosynthe si s  a nd in the adaptability of the 
photosynthetic enzyme systems to seasons , the potential to 
alter the photosynthetic process in ways useful to man seems 
great indeed . Yet progres s has been n i l  in breeding crop 
var ieties which have superior photosynthe tic yie ld capaci ty . 
The photosynthetic rate in crop species has proven to be 
highly vari abl e in time and sub j ec t to e normous 
envi ronmenta l  i nf luence .  Progres s in vital areas i s  
unlikely until the factors that control photosynthe s i s  ar e 
understood . 

I mplementa tion 

Re search on f actors that contro l photosynthesis is 
sorely needed in four dif fe rent area s.  
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1 .  control by source-sink re lation ships 

New growth or the development of f ruit or grain 
enhances lea f photosynthetic rates . On the other hand, 
ampl e photo synthesi s i s  nece ssary to produce the potenti al 
for a large fruit or grain yi eld. The s ignals that pass 
between leaves and other orga ns whic h tell the leaf to 
inc rea se or dec rea se its photosynthesis are not understood. 
The factors that control the fa te of photosynthate--whether 
it g oe s  to storage in grain or f ruit , become s part of the 
pla nt struc ture as new leaves or roots , or is respired, 
wastefu lly or to provide plant energy--are largely unknown. 
It i s  cri ti cal that res earch efforts be greatly expanded in 
thi s area. 

2 .  control of photorespiration 

In plants such as  wheat or soybeans the enzyme 
re sponsible for f i xing carbon dioxide and forming 
carbohy drates can also react with oxygen .  When thi s 
happens , ca rbohydrates are destroyed--not produced-- and a s  
far as i s  known , wa stefully so . When thi s  des truction of 
carbohydrates occurs , the process is cal l ed photo
respiration . corn , sugarcane , and severa l other highly 
productive c rop specie s have evolved a photosynthetic system 
which protects its carboxylating enzyme f rom photo
respi rati on .  I t  i s  estimated that the photosynthetic yi eld 
of wheat , rice , soybeans , and many other crops could be 
increased by up to 1 0 0  percent i f  a genetic or chemical 
inhibition of photorespirati on could be attained. Re search 
on thi s topic needs much more emphasi s than it is now 
getting . 

3 .  control of senescence 

The photosynthetic capacity of all  the grain crops 
(inc luding soybeans and other legumes )  decreases 

precipitous ly during the gra in- fi l ling period , exactly at 
the time when the need for photosynthesis is greate st. I t  
appears that , i n  selecting crops for uni form ripening so 
that they are amenable to ma chine ha rvesting ,  va ri etie s  of 
many crops have been developed which are now li mited in 
the ir y i eld because their photosynthetic factories c lose 
down too soon . we must understand the control mechanisms 
within plants that tell it to mature and die . The potential 
seems great to markedly alter yi elds s imply by keeping the 
photosynthetic factor going for a longer period of time . 
Thi s area a l so needs research effort. 
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4 .  carbon Dioxide Enrichment 

The carbon dioxide concentration available to plant 
foliage i s  the most important variable determining the rate 
of photosyn the sis . For example ,  a s ixfo ld increase in N 
fixation for soybeans has been achieved by a threefold 2 
increa se in atmospheric carbon dioxide ( Evans 1 9 7 5 ) . 
Experimental an d commercia l  results confi rm that major 
growth i ncrea se s ,  often exceeding 1 0 0 percent , can occur 
with increases in the carbon dioxide concentrati ons in the 
atmosphere .  Heretofore , textbooks on c rop ferti l i zation , 
with f ew  exceptions , have ignored carbon diox ide as a pla nt 
nutrient from which growth response s may be derived . Thi s 
blind spot in management for food producing systems need s 
serious rea ppra i sa l .  Although the knowledge of carbon 
dioxide benefit by crops grown i n  greenhouse s has been known 
for half a century ,  and was put to use to a limited extent 
during world War II in Germany , it has not been pursued as a 
researchable means of maximi zing the productiv ity of field 
food crops . Mas sive supplie s of carbon dioxide are dumped 
into the a tmosphere and could potentia lly be used for 
enhancing crop production . There a re a l so large geological 
re sources of carbon dioxide adjacent to major food producing 
areas in Texas and the Missi ssippi De l ta . 

USE OF THE SEASONAL POTENTIAL 

Rationa le 

Since photosynthetic yield is a product of rate and 
time , one obvious way to increase biomass production is to 
increase the proportion of the time that a c rop occupi es the 
soi l .  The practice of mu ltiple cropping which i s  practi ced 
intens ively in some subtropical area s ha s  the potential for 
much wider application in the world . If  var ieties of summer 
crops could be developed which had a cool se ason capability 
for photosynthe si s ,  p lant ing s could be ea rlier and season s 
extended on many mi llions o f  acres . 

Research in thi s area is  a lmost none xi stent in 
temperate c lima tes.  Yet crops such as winter wheat or rye 
are capable of producing tons of bioma ss per acre each 
spri ng before corn is even planted in the Corn Belt . 
Obviously , such crops do not mature grai n before corn is 
planted , but the point to be made is that large amounts of 
solar ener gy go unharnes sed beca use the summe r c rops lack a 
cool sea son photosynthetic capacity . The potentia l needs to . 

be evaluated for using the sea sons more f ully. 
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CHAPTER 1 5  

B IOLOGICAL NITROGEN FIXATION 

RECOMMENDATIONS 

1 :  Re s earch T eams in Nitrogen Fi xation . Re search teams 
should be e stablished for the purpose of conduc ting 
coordi nated ef forts toward obtaining in- depth knowledge 
of the nit rogen f ixa tion proc e s s  and its a pplica tion in 
produc tion of food , feed , and f iber ; control of soi l 
erosion ; and mainte nance of ecological bal ance. 

2 : Rhiz obi a! Technical center. A rhi zobia! center should 
be e stabli shed to provide leadershi p and experti se in 
the technology ess entia l  to e ffective legume 
inoculation . 

INTRODUCTION 

The ma jor portion of all nitrogen requi red for the 
prod uction of food , fiber , and other plant products is 
derived from the atmospheric reservoir through biological 
ni trogen f i xati on and industria l  chemica l  fixation. The 
biologi ca l fixation proce ss i s  indi rectly dependent upon 
sola r energy that is stored by plants in products of photo
synthesis . Org ani sms capable of using a tmospheric nitrogen 
ord ina ri ly are not dependent upon another source , but tho se 
lacking this capability requi re ni trogen f rom fe rtil i zer or 
f rom soi l  re serves . 

The chemical synthesis of compound s of ni trogen and 
the ir di stribution for f ertilizer require enormous quanti
ties of hydrogen f rom natural ga s plus addi tional energy 
expendi ture to maintain the temperature and pr es sure for 
synthes i s  and to transport the products to thei r 
de stinati on .  I n  1 9 7 2 ,  4 6 5  bil lion cubic feet of natural ga s 
or 2 percent of all  the natura l ga s used in that year was 
con s umed for the production of anhydrous ammoni a .  

New method s have reveal ed that biological nitrogen 
fixation is more widespread than origina l ly imagined . In 
the u. s .  alone , the quantity of nitrogen fixed by agri
cultural and nonagricultura l specie s ha s been e stimated to 
exceed 2 3  mi lli on u . s. tons annually (Evans 1 9 7 5 ) . I n  
addition to agricultura l legume s ,  biological ni trogen fixa
ti on al so i s  of ma jor importance in fore sts , woodlands , arid 
regions ,  and in fre sh water and marine habitats whe r e  the 
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quanti ty f i xed per year may approach that fixed annually by 
agricu ltura l legume s .  Since ni trogen i s  th e  ma j or plant 
nutrien t limiti ng the production of food , fiber , and other 
products for an expanding population , it i s  e ssential to 
exert maximum effort to increase the supply of a usable form 
of this element by both biological a nd chemical means .  An 
inc rea sed supply of bio logically fixed nitrogen may be 
accompl i shed without excessive use of our energy resources.  
Furthe rmore , biological nitrogen f ixation take s place in the 
fields ,  forests , and other environments where i t  i s  used . 
Tran sportation is  not a maj o r  f actor , and most importantly 
the capital investment for the construction of factories for 
nitrogen f i xation i s  unnece s sa ry .  Expansion of biological 
nitrogen f i xati on capabi lities in  the agricu lturally 
deve loping coun trie s is now bei ng and should continue to be 
vigorously encouraged . 

RES EARCH TEAMS IN NITROGEN FIXATION 

Rationale 

During the past 3 0 years ,  a griculturi st s have used 
relatively i nexpensive fertili zer nitrogen for their crops , 
and research on such practica l problems as  legume ino
cula ti on ,  rhizobium strain e ffectiveness ,  and use of legume 
cover and green manure crops ha s declined . Re sponsibility 
for th e  manufac ture , testing , and maintenance of the qua lity 
of rhizobium inoculants has been delega ted to commercial 
manufac turers . Many of our wel l  known experts in rhizobium 
bact eriology have retired , and the supply of well-trained 
young scientists in the field is at a low leve l .  During the 
pas t  two year s the price of ferti l i zer ni trogen has more 
than quadrupled , and the current cost to farmers of nitrogen 
as anhydrous ammonia is $ 2 5 0  per ton . Fossi l fuels 
repre sent 50 percen t of the current cost of ammonia 
manufacture , and fo ssi l  fuel s  are becoming scarce and more 
expensive. 

Whi le there has been a declining intere st in the more 
app li ed areas of  biologica l nitrogen f i xa ti on , re search on 
the detaile d  biochemica l properties of the n itrogen- fixing 
complex and related enzyme s  ha s proc eeded at a rapi d rate , 
and new methodology for the investigation of broad a spects 
of the process is now available . The acetylene reduction 
techni que for mea suring nitrogenase activity and relative ly 
new methods for trans ferring ni trogen- fi xi ng gene s f rom one 
bacteri um to another, for example , provide an opportunity 
for some ma jor advance s in the f ield . The se opportuniti e s  
inc l ude : (a ) the i mprovement of nitrogen f ixation by 
leguminous crop plants , (b) extension of the ni trogen- fixing 
capabi lity to addi tional plants , (c ) discove ry of new and 
use of existing nitrogen- fixing organi sms in nature , and (d) 
di scovery of new chemica l mechani sms of ni trogen f i xation 
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based on the chemical process that occurs in nitrogen- fixing 
microorgani sms or on the development of the chemi stry of 
nitrogen fi xation under mi ld conditions (of temperature and 
pres sure) by homogenous cata lysts.  In order to take 
advantage o f  these opportunities , training programs in some 
areas need to be encouraged and interdisciplinary research 
teams need to be organized . A rhi zobium techni cal center is 
needed as  a service to research workers in thi s and other 
countrie s ,  to manufacturers of i noculants ,  and to farmers .  

Implementation 

Federal and state agencies already have a substantial 
inve stment in faci lities and personnel now conducting 
research in several a spects of nitrogen fixa tion. 
The refore , research teams of 10 to 1 2  scient ists should be 
organiz ed by supplementation , where possible , of sta f f  and 
facilitie s that are already in operation in laboratories and 
fie ld stations wi th strengths in areas such as microbial 
genetics . In some area s new teams wi l l  need to be organi zed 
while in others , additional staff  appointments and/or 
additional faci lities could crea te dynamic resea rch units . 
Success wi l l  require coordination of efforts by several 
agencies such as CSRS , ARS , OSAI D ,  and NSF. 

1 .  Teams Assigned to Forag e and Grain Legumes 

A team con sisting of agronomi sts , soil scientists , 
plant nutritionists , bacteriologists , bac terial genetici s ts ,  
plant gene tici s ts , plant physiologists , biochemists , and 
extens ion specia li sts (the number to be dete rmined by the 
need) should be loca ted in each particular region of the 
country where grain and forage legume s are of maj or 
importance .  The primary goal o f  each group should be to 
develop new and/or use exi sting bacteria l strai ns and hos t  
c ul tivars and the most e fficient agronomic practices for the 
production of maxi mum quantity of high quality food and 
feed. 

Since many of our legume cultivars have been developed 
in areas where high populations of indigenous rhi zobia of 
unknown e ffectiveness were present , plant geneticists , bac
teriologists , and agronomists must reeva luate e fficiency of 
nitrogen fi xation by leguminous crops in order to determine 
whether or not the most e ffective combinations of rhi zobium 
strains and leguminous host s are being used .  Also they must 
determine the factors that i nfluence the survival and 
competi ti venes s of rhi zobium strains in di ff erent 
environments and whether pre sent inocula ti on techniques are 
adequate to insure that applied inoculum i s  capable of com
peting with exi sting popu lati ons of indigenous rh i zobia. 
P lant physiologists , p lant nutritionists , and biochemists , 
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for example,  should contribute to the team e ffort to enhance 
nitrogen-fi xing capabi lity by identificat ion of those 
phys io logical,  nutritional , and environmental factors that 
limit the proce ss and by a s earch for methods for the 
allevi ation of limitati ons . These endeavors wi l l  include 
the identi f ication of the products of photosynthesi s that 
are tran s ferred to nodules a s  sources of ene rgy for the 
support of nitrogen fixation and the def init ion of 
environmental and physio logica l cond itions that limi t  nodule 
photosynthate supply under both laboratory and field 
conditions . Also the metabolic systems that pa rticipate in 
the transfer of products of nitrogen f ixation out of nodules 
and the control mechani sms tha t influence the nitrogen
fixing process and closely related proce sses need to be 
characteriz ed. The biochemical ba si s  for the speci fici ty of 
the infection of legumes by rhizobium species and strains 
needs to be understood . The informa ti on obtained may then 
be used in attaining the primary goal listed under 
Recommen dation 1 .  

2 .  Teams for Grain and FOrage Grasses 

A team located in the subtropica l region of the u . s .  should 
be organi zed to determine the magnitude and potentia l 
importance of biologi ca l ni trogen fixation on the roots of 
grasses and other s pecies of agricultura l i mportance . This 
team should include p lant genetici sts , microbiologi sts , 
agronomists , and pl ant physiologi sts who should di rect their 
efforts toward such goa ls as determination of the magnitude 
of nitrogen fixation on the root s of c orn , sugar cane , and 
subtropi cal forage grasses . Mi croorganisms responsi ble for 
fixation should be identi fied , compatibi lity of gra s s  
cultivars and bacteria l strains should be te sted , and the 
optimum environmental and other cond itions for ni trogen 
f ixati on on or within grass roots should be defined. These 
investigations are pa rticula rly pe rtinent si nce Dobereiner 
in Bra zi l  (Evan s  1 9 7 5) recently has described associations 
of bacteria on roots of Paspalum notatum and Oigitaria 
decumb ens that are claimed to fix ni trogen at rates up to 
1 0 0  kg of N per year . Measurements of f ield i ncreases , 
however , have not been reported . Nitroge n f ixation i s  known 
to occur on roots of gra sse s in tempera te zone s , but rates 
reported are relatively low. 

3 . Teams for Forests , Woodla nd s ,  Aquati c ,  and o ther 
Habitats 

Res earch teams consisting of phycologi sts , 
mic robi ologi sts , physio logi sts , mycologi sts , ecologi sts , 
foresters , and statisti cians should be organi zed for the 
purpose of eva l uating in quantative terms the contribution 
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of fixed ni trog en to our non-arable land s .  forests . aquatic. 
and other environments by the vari ety of non- leguminous 
nitrogen- fixing sy stems that are now known to exi st. Thi s  
i s  nece ssary in order to evaluate their contri bution to 
food . feed , and fiber produc tion a nd the i r  role in 
con trolling soi l erosion and maintaining of ecologica l 
bal ance . Some of these systems i nclude : free-li ving blue
green algae; nitrogen-f i xi ng bac teri a ;  as sociations of 
nitrogen- fixing bacteria with roots of herbaceous species 
and with fungi in rotting wood ; as sociat ions of blue- green 
algae with fungi ,  liverwort s .  mosse s , and ferns ; and 
symbiotic a ssociations between uni denti fied microorganisms 
and woody speci es , such as Alnus , ceanot hus , Purshi a ,  
Myri ca, and Drya s . I f  the basic biological characteri stic s 
of the se ni trogen-f ixing systems were understood , 
intelligent managemen t a nd the refore maximum use of them 
could b e  made. A ma jor obj ective , for example , woul d be to 
obtain pure cultures in labora tory media of the nitrogen
fixing endophy tes of Alnus , ceanothus, Myrica ,  Pursh i a ,  
Dryas , and comptoni a .  None o f  the endophyte s i n  nodul es of 
nitrogen- fixing woody speci e s  can be c ultured at present , 
and as a consequence ,  method s f or preparation of inocula 
that could be used to i ncrease the extent of nodulation of 
these s peci e s  have not been perfec ted . Al so a search should 
be made for new naturally occurr ing nitrogen- fixing systems 
that are closely a s socia ted wi th plants . 

4 .  Ba sic Gene ti cs Teams 

Teams should be organiz ed for the purpose of us ing 
genetic and cell-f usi on techniques in extens ion of the 
range, extent , and usef ulne s s  of biologica l ni trogen- fixing 
capabi l i ty .  For example , geneti c techniques should be 
employed to attempt to transfer n i trogen- f ix ing genes into 
addit iona l bact eria of economic i mportanc e and to enhance 
biolog ica l nitrogen-fi xing capabi l i ty of organi sms already 
known to fix nitrogen . by genetica l ly alte ri ng control 
mechani sms tha t influence ni trogenase synthe si s . Ef forts 
should be directed toward the deve lopment of mutant strains 
of rhi zobi um wi th advantag eous alterat ions in their 
specificity toward hosts . As a long- te rm obj ec ti ve thi s  
team al so should attempt t o  incorporat e n itrogen- fixing 
capabi l ity into ti s sues of c rop plants , such a s  corn , whe at, 
or sorghum , and to deve lop strains of ni trogen- f ixing 
cacteri a with a capabi l i ty of inva ding or a s soci ating 
themse lve s  wi th roots of grass species and establ i shing 
effective nitrogen- fixing a s socia tion s .  
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5 .  Ba sic Bioc hemical and Chemica l Rese arch Teams 

Re sea rch teams should be organized for the purpose o f  
continued improveme nt of understandi ng o f  th e  chemi s try and 
biochemi stry of bio logi ca l  nitrogen fi xation by e lucidation 
of deta i led chemi ca l changes tha t ta ke place during the 
reduction of ni trogen g as to ammon ia by nitrogenase and by 
chemical model sy ste m s .  Thi s  ob j ective requi res 
co llabora ti on of ph ysi ca l ch emists , inorganic chemis ts with 
experti s e  i n  meta l complexe s, protein c he mi st s ,  and 
enzymologi sts who are f ami li ar w ith the detailed properti es 
of nitrogenase . In addi tion to provid ing a ba si c 
unde rstanding o f  the biological ni trogen- fixing proces s ,  
thi s research o ffe rs the poss ib l i ty for di scove ry o f  new 
chemica l mechani sms of r educing nitrogen . 

6 .  Nitrogen Fixation i n  con j unction wi th the Micro
biologica l Degradation of wa ste Carbohydrates 

A team cons isting of microbiolog i s t s . mic robi al genetici s ts ,  
physiologi sts , biochemi sts , and en gineer s sh ould be 
organiz ed for the purpose of inc rea sing the avai labi l i ty of 
f i xed nitrogen by uti li zation of th e energy in wa ste 
materia ls , such as corn sta lks , gra ss straws , and wood 
products as sub strate s for the support of mi croorgani sms , 
including thos e capable of ni troge n f i xati on .  Preceden t  for 
thi s res earch a lready has be en provi ded by the discovery of 
large populati ons of ni troge n- fixi ng bac teri a  in the 
decaying heartwood of f orest tree s ( Evans 1 9 75 ) . The 
economic feas ibili ty of the se principle s in the use of 
ce l lulo se and other components of wa ste materia ls needs to 
be evaluat ed. The magnitude of ope ration s could range from 
tho se de signed to use large- scal e industr ial and farm by
products to s ma l l  compo st units f or home ga rdens .  

RH IZ OBIAL TECHNICAL CENTER 

Function s of a rhizobi a !  technica l center should 
inc lud e :  (a ) acquisition and stora ge o f  a wor ld col lection 
of rhizobia to insure the ava i labi l ity of a va luabl e 
col lection o f  diverse types of rhiz obi a to res earchers in 
thi s country and othe r  countrie s ;  ( b) collecti on of new 
rhi zobia ! i sola te s  to enabl e improved strain selecti on ; (c)  
eva luati on of rhizobia ! acc e s sion s ; (d ) trai ning of 
technologists to work on the many a s pect s o f  selection , 
production , tes ting , and di s trib ution of rhi z obi a ; and ( e )  
aid to the respon si b l e  government agency i n  the control of 
the quality of commerc ia l inoculants .  Thi s  cente r  would 
provide technica l s ervice to the r e s earch teams li sted above 
(1 through 5) a nd al so services concerned wi th the u se of 

mic roorgani sms for th e i nocu lation of non- leguminous s pec ies 
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if justi fication for thi s  i s  provided by current and future 
research. 
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CHAPTER 1 6  

CROP IMPROVEMENT 

RECOMMENDATIONS 

1 :  Plant Gene tic Resource Management . An immediate 
program of sy stematic a s semb ly , mai ntenance , 
evalua ti on , and use of plant genetic re sources should 
be undertaken , including the development of improved 
techniques for exploiting pla nt gene tic resources.  

2 :  I n  Vitro Techniques .  Studi es should be supported on 
technology for genetic tran sfer in plants through in 
vitro techniques f or c rop improvement , with emphasis at 
centers where interdisciplina ry teams a lready exi st or 
can be formed . 

3 :  Chemical C ontrol . Eff icient and practi cal methods for 
the chemical control of pla nt growth should be 
deve loped . 

4 :  Mi cronutri ent Element s .  The pos si bility that food and 
feed crops require additiona l mic ronutri ent elements 
should be inve s tigat ed. 

5 : Protein Quality and Quantity and Nutritional 
Availabi lity.  Re search should be intensi fi ed on the 
genetic improvement of prote i n  qua li ty and quan tity in 
cerea l s  and cereal legumes , and on the biological 
verif icati on of the nutri tional val ue of the modified 
protein . 

6 :  Protein f rom Oi l seeds. Re sea rch should be intensifi ed 
on increas ing the protein in oi l see d s  by i mproving 
g os sypol-f ree variet ies of cotton , on yields and 
changes in types of fatty acid s i n  sunf lower , and on 
new varieties of soybeans to incr ease thei r range and 
yi eld.  
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PLANT GENETIC RESOURCE MANAGEMENT 

Rat iona le 

The important food crops grown in the u . s .  ori ginated 
outside the u. s .  and have been importe d .  The genetic lin es 
of these crops are becoming increa sing ly uni f orm . 

An important a spect in maintaining the genetic 
variabi lity upon which man de�end s f or f uture breeding 
programs i s  the preservation of a maxi ma l  range of genetic 
stocks . It wi l l  be important to provi de adequa te steps for 
pre serving gene tic materi als . 

The Agricultural Re s ea rch Pol icy Ad vi sory commi ttee 
(ARPAC) of the Agricultural Research Service (ARS/USDA) has 

recommended a genetic resource s board to devi se a na tional 
�la n and program of genetic res ource management . It i s  
important that such a plan be impl emented i n  order that germ 
plasm from centers of diversity wi ll not be lost. 

Crop productivity at the genetic level is li mited by 
the genetical ly- controlled growth re spon se s  to envi ronmental 
re source s and stres ses . SU fficient informat ion is available 
to support the e xpectation of high sustained yi elds i f  the 
physiologic genetic processes regulati ng the vigor of pl ant 
growth could be understood and b rought under agronomic 
control . 

Most f requently , specif ic useful characte rs or combina
tion s of characters occur in only a small  fraction of a 
population of ba sic stocks or endemic strains of a spec i e s .  
Way s  need to b e  found to simplify and expedite the identi fi
cation o f  characteri stics useful for mee ting given obj ec
tives . 

Envi ronmental stres ses on crop plants are a fact of  
li fe that must be faced a s  we seek knowledge and develop 
tec hnology f or mee ting our basic needs for sustenance . The 
gen etic approach i s  ecologica l ly nonpolluti ng a nd energy 
con serving . sustained , debi litating drought may occur again 
over ma jor parts of our most important c rop producti on 
are a s .  Air pol lution i s  limiting crop product ion in some 
areas ( Benedict et al . 1 9 7 3 ) . Wide spread culture of 
gene tica l ly similar vari etie s may result in greater losses 
from environmental stre sses than would otherwi se be the 
ca se , parti cularly if  the varieti es have not been se lecte d 
for stress tolerance.  Rather than a dd chemica ls to change 
the soi l to fi t the p lant , it now appear s wi ser i n  s ome use s  
to change the plant t o  f it the soi l .  Se lecting or breeding 
pla nts more tolerant to salinity is a case in poi nt . Better 
understanding must be sought of (a ) di fferences among 
strain s  and vari eties in thei r ability to withstand 
stresses , and ( b) the al ternative s tha t are available for 
con tinuing to produce adequate supplies of food , feed,  and 
fiber in situations of ex treme envi ronmental stre ss . 

we need to strengthen current eff orts to tran sfer 
gene tic materia l from one species (or genus ) to another by 
mean s of conventional cros s ing procedure s .  Dramatic 
examples of success ful transfe r can be cited : leaf rust 
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res ist ance from wi ld Aegi lops species into wheat and gol den 
nematode res istance f rom wi ld S ola num specie s into potato es . 
Related wil d  spec ie s of our c rop plants represent a source 
of genetic materia l that ha s ha rdly been tapped. 

I N  VITRO TECHNI QUES 

Rationa le 

G reat stri des have been made in what is being called 
the " new botany . "  that i s .  the production of new types o f  
plants wi thout recourse to sexua l r eproducti on by us ing the 
in vitro techni ques of ce ll and ti ssue culture. The 
approaches afforded by these recent advance s have great 
potentia l f or pl ant breeder s . 

New techni ques a re now fea sible because of the prog res s 
made in plant cell culture during the past deca de (Chelle£ 
and car lson 1 9 7 4 ) . The se inc lude : (1)  meri s tem cul ture for 
the propagation of plant s  di f f ic ult to multi ply and to fr ee 
infected plants of vira l .  bacteria l .  a nd/or f ungal 
contami nants ; ( 2 )  embryo culture for growth of pl ant s which 
natura l ly abort be fore or soon a f te r  germina ti on (because of 
i nc ompa tibi lity with maternal ti s sue or because of the 
product ion of toxi c  materia ls by the mate rna l ti s sue ) ; and 
(3 ) the long time storage under liquid nitrogen of germpl asm 

of vegetatively propagated plant s .  such as f rui t tree s .  
shrubs . and potatoes . I n  a ddition . there ar e t echniques 
whi ch can be used at the ce l lu la r  leve l f or the mani pulation 
of pla nt systems incl udi ng : ( 1 )  exploitat i on o f  
spontaneous va riation i n  ce ll an d  ti ssue culture .  
polyploidy . aneuploidy . a nd ch romosoma l mosa ic s ;  ( 2) induced 
muta ti on s ; (3 ) i nduced polyp loidy (parti cular ly doubl i ng of 
chromosome s through the use of the a lkaloi d  colchicine) ; ( 4 )  
ha ploid s ( i ndi vidua ls with only one s e t  of chromosomes i n  
the vegetative state . a condi tion i n  h ighe r plants u sua lly 
re served for sex c e l l s )  plant s  from po l l en or from anthe r s ;  
( 5 )  fusion of protoplas ts produced f rom vege tati ve cell s ; 
( 6) trans formation ( to c ha nge the he ri ta ge o f  one s trai n by 

i ntroducing the chemi ca l carrier o f  heredity from another 
strain) ; an d ( 7 ) e fficient s elec tion a nd screening 
procedures to recover desired cel l or plant type s from l a rge 
popu lat ions . 

New plants have already been obtained using these 
approaches . S ucce s s  ha s been achieved in obtai ning mutan ts 
re s i s tant to se veral di s eases an d to environmenta l s tres s es .  
Fusion of protoplasts f rom vegeta tive ce l l s  f rom di f feren t 
spec ies of Nicotiana to produc e a hybr id plant ha s be en 
demon strated. T he hybrids are simi lar to those produced by 
sexu al methods . demonstrating tha t the approach i s  
theoretica l ly sound . Trans f ormation i n  higher plant s i s  in 
inf ancy . but some inve stiga tors believe thi s approach to be 
the most e f fec tive because it shou ld a l l ow  more dire cted 
change with bet ter control and definition of the de sired 
modi f icati on . 
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The most e ffective use of these new techni ques will be 
realized when selection can be coupled with directed change. 
support i s  needed for studi e s  of selection methods at the 
ce l lular level . The agricultural implication s appear to be 
significant : possibi lities inc lude not only new plants not 
pos sible through the sexual process , but also higher 
yielding lines , increa sed di sea se re si stance , and even 
production of desirable products in more than one part o f  
the plant . 

CHEMICAL CONTROL 

Rationa le 

Compounds that control crop maturity could have an 
important economic impact in the foreseeable future. The se 
chemical s  can increase yields by ef fecting metaboli sm,  
preventing los ses due to fai lure to achieve maturity or to 
the de lay of the timi ng of maturity , limiting fruit set ,  and 
delaying fruit drop . 

An excellent e xample of the positive results achieved 
in the recent past is the use of chemica l ri pening compounds 
in suga rcane resulting in a 10 to 1 5  percent increase in 
yield of the economic produc t, in thi s ca se sucrose ( Nickell 
1 97 4 ) . There is every reason to believe that changes in 
cultural practices to adjust to thi s new approach wil l  give 
addi tiona l yield increases . Similar ly , the use of a 
naturally occurring growth sti mulant nea rly doubles both 
yield and sugar content of s eedl ess grapes (Weaver 1 9 72 ) . 

The succes s in sugarcane and grapes strongly suggests 
the de sirabi lity of studying other systems in increasing 
metaboli c products in the vegeta tive stage of crop 
production , and it is not unreal istic to propose 
inaugurating similar approaches to sexually produced crops .  
Recent studies have shown that the inhibition (or delay)  o f  
senescence i n  small grains substantially inc reases yield 
(Weaver 1 97 2) . It has al so been found that legume nodules 

cea s e  fixing nitrogen and start to disin tegrate when thei r 
carbohydrate supply dec rease s from the shoot . 

In addi tion to these direct effects on yield increa ses , 
there are other indirect way s  to improve yi elds or to pre
vent losse s .  One i s  to delay or speed up the flowering time 
in crops , such as cotton , so tha t there are no developing 
young f rui t to serve as hosts for the insect pests.  Another 
i s  to control the germination , growth , and development of 
plant vegetation to synchronize with the rai nfall 
distribution pattern for semi-arid areas . 

A combination of chemica l  control over plant growth 
with development of new plants through in vi tro techniques 
may enhance the potential of both approaches to crop 
improvement .  Development of specif ic chemicals to adj ust 
the physiological mechani sms of new plants should be moved 
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ahead c oncurrently and with close liaison among the 
res earchers involved in both activi tie s .  

MICRONUTRIEm' ELEMENTS 

Rationa le 

The f i rst step in meeting the mineral nutri ent 
requirements of man and anima l s  i s  the ab sorption of the 
required mi nera l s  by plants growing on soi l .  In  many 
i nstances , the conc entrations and ra tios of the mine rals in 
the pla nt are not thos e  most desirable in human and anima l 
di et s .  The problem i s  most cri ti ca l  with some o f  the so
called " trace elements 11--iron ,  z in c ,  selenium, copper ,  
iodine , cobalt,  an d  others.  Recogni tion and correction of 
some mineral deficiencies in anima l s  tha t stem f rom 
deficiency in soi ls and are reflected in plant compositi on 
have increased food production and pe rmi tted animal 
agriculture to expand into new areas (Al laway 1 97 5 ) . But 
mineral deficienc ies in humans and anima ls stil l persi st as 
. evidenced by widespread i ron def iciency or by the recent ly 
establi shed z inc deficiency in people . correction o f  these 
deficiencie s by di rect suppl ementation of people and animals 
has met with mixed success in the developed countrie s and 
wil l  f ace additiona l di ff icultie s  in developing countries 
where food technology is not advanced . In addi tion ,  the 
people of many developing countries must depend primari ly on 
direct consumption of plants to meet ca lorie requi rements ,  
wi thout the ani mal acting as an intermediate collector of 
ess ential mine rals and a ba rrier to the transfer of toxic 
mine ral s and antimetabolites . Several elements-- silicon , 
chromium, vanadium, nickel,  and others--have recently been 
added to the list of those essential or probably essentia l ,  
for man and animals , but rela tively little i s  known about 
how these elements move through food chains . other elements 
wil l  undoubtably be added to the li st of tho se essentia l for 
plants or animals.  

It i s  now appropriate to try to i mprove plants as 
sources of dietary trace elements for people and animal s ,  to 
identify and correct malfunction s  of the trace element food 
chain that are unique to certain geographic region s ,  and to 
develop plants that wi ll be better sources of minera l s  than 
any o f  thos e grown up to now . The re sea rch should i nclude 
efforts to control the concentration of minerals in food and 
feed crops plus efforts to i m�rove the d igestibi lity and 
nutriti ona l va lue of mineral s in plants . 
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I mplement ation 

Nutritiona l re sea rchers should attempt to control 
movement of essenti a l  and toxic minerals from soi ls to 
plants to anima ls. The approach should i nc lude studies o f  
the che mi stry o f  these e l ement s i n  soi l s  dir ected toward 
development of soi l te sts that can be used to predi ct the 
concentration of speci f i c  el ements in the edible par ts of 
plants , and to predic t how thi s concentra tion wi l l  chang e 
under di fferent ferti li zer a ddit ions or soi l ma nagement 
practi ces . The processes of upta ke and tran s location of 
the se e le me nt s  in plants should be invest igated along wi th 
the factors affecti ng the chemical combi na ti on s  of these 
elements in the plant . Plant breeders should be as s i gned to 
develop food and feed crops tha t a re adapted to s peci f ic 
trace e lement envi ronments or may be e fficient accumulators 
o f  di f f erent mi ne ra l s .  The work of the se sc ienti sts should 
be supplemented by nutritioni sts who investi gat e the 
digesti bi li ty and nutritiona l func t ion of e lement s  contained 
in di fferent plants and who establish pl ant composi tion 
goals bas ed on human and ani ma l  requi rements f or di f feren t 
elements , or on criti ca l  concentra tions to prevent toxic i ty 
from others . 

PROTEI N QUALITY AND QUANTITY AND NUTR ITIONAL AVAILABILITY 

Rationa le 

In a world in which a ni ma l protein wi ll become 
inc rea sing l y  co stl y .  plant prote ins wi l l  have to provi de a 
greater share of the prote i n  i nta ke of people everywhere. 
Thi s requi re s that plant proteins be of a dequate nut r itional 
value when i nge sted in diet s of adequa te ca lori c value . In 
cla s si c  ca se s ,  particu l ar amino acids have been shown to be 
nutr itiona l ly limi ting , and genetic muta nt s  have been found 
which a l ter the ir levels in seeds .  Th e  di f f erent cerea l s  of 
economi c import ance all have one cha rac te ri stic in common-
they a re l ow in the essential amino ac id , ly s i ne .  B ecaus e 
of the lack of adequa te lysi ne , ce re a l  prote ins are inferior 
nutri ti ona l l y  to the protei ns found in mi lk , mea t,  eggs . and 
grain l egumes . 

Wi th th e di scovery 1 0  years a go that the maiz e mutan t 
opaque- 2 ha d nearly twi ce a s  much ly sine a s  ordi nary mai z e ,  
sc ienti sts rea l i zed that c erea l  grain protei n s  could be im
proved in qua li ty by genetic mani pu lation . The recent 
di scove ry of high lysi ne mutants o f  bar l ey and sorghum 
ra i ses the hope that a l l  cereal s of economic importance may 
eventua l ly be improved in prote in qua li ty by genetic 
selec ti on . 

Grain legumes , i nc ludi ng dry bea n s , d ry  pea s . pigeon 
pea s .  chick pea s . a nd mung beans , have high protein contents 
and are rich s ources of protein to large seg ments of the 
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wor ld ' s  population . These proteins in gener al suppl ement 
those in cerea l grains beca u se they are re la ti vely high i n  
lysine content , with the result that when the edible legumes 
are con sumed in con junction with the cereal grain s ,  a far 
better ba lanced prote in diet is attained . A greater 
res earch e ffort is needed to i mprove the protein qua li ty and 
quanti ty in food legumes . 

Other plant prote in sources a re not fully exploi ted . 
For exa mple , mutant types of pumpkins ar e known which 
contain seeds without a see d  coa t .  These seed s contai n over 
3 0  perc ent protein and over 4 0  p ercent oi l cont ent . The 
qual ity of both oil a nd prote in surpa s s e s  that from peanuts 
and soyb ean s .  cucurbi ts such as pumpkin s requ i re less water 
per unit of production and are a da pted to a ri d  area s . 

Pl ant s el ection programs wh ich ignore grain yi eld or 
ami no acid balance and are di rec ted sole ly at pro tein 
c ontent of cere a l s  an d  grain legumes cou ld be 
counterproductive . I nc rea se d prote in content at the expense 
of an e s se ntial amino acid bearing fracti on may lower the 
overall biologi ca l  value of the protei n .  In like manner the 
dige stibi li ty of the protein and its avai labil ity when u s ed 
in the normal di eta ry pattern i s  a n  equa lly importan t 
con si deration in product improvement ; but overa ll yi eld o f  
calories and ba lanced protei n  i s  the most i mportant 
ob j ective . 

The biolog i ca l  va lue of a prote in i s  the ul timate mea
sure of i t s  wor th in human and animal di ets . Protein i s  
often . not fully avai lable , a n d  th e  rea son s f or thi s are i n  
mos t  cases not understood . The eva lua tion of protei n 
avai labi lity in the se systems must be an integr a l  part of 
any plant breed ing program designed to a f fect protein 
qua li ty and/or quantity. To date , biologica l eva luations 
hav e  been limited largely to the te sting of products from a 
re search program at a t ime they we re ne a ring commercial 
prod uc tion . Biological testing capabi lit ies in the early 
stages of a breeding and selec ti on prog ram must rece ive 
renewed attention . 

I mplementa tion 

succes sful genetic modi ficati on of protein qua l ity 
and/or quantity can be ma ximized by inte ractions between the 
di sc ipli nes of plant geneti c s , biochemistry , human and 
ani mal phy s io logy , human and a nima l nutri tion, and agrono mic 
production when members of each di sc iplinary area are aware 
of a nd a ppreciate problems of the interactin g  group . 
Progres s in the successful deve lopme nt of nutri tionally 
s upe rior varieties of ba sic food crops could be acce lerat ed. 
Integrated res earc h  in thi s area can be deve loped by the 
e stabli shment o f  f unded core pro jects wh ich can , in turn , 
fund research in su pporti ng proj ec t a rea s wi th each pro j ect 
area pa rticipating in the evaluation of the overa l l  proj ect. 
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Biological a s  contra sted to c hemical evaluation of 
plant products used for food is a neces sary step in any im
provement program. The dige stive proce s s  can be af f ected by 
c omposi tion , quanti ty , and competitive i nteractions with the 
various components of the heterogenous f ood source . Whi l e  
th e  qual i ty of the human di et is the ultimate factor to b e  
evaluat ed , anima l experimenta tion must provi de the bulk of 
the inf orma tion . Plant breeding improvement s in nutritional 
quality are dif f icult to detect un le s s  they are a ssociated 
with an ea s i ly detected chemical change. Becaus e  of the 
quantities of materia l s  requi red f or early te sting of plant 
materia ls , nutri tional data from exist ing animal systems are 
too cos t ly to collect . Rapid , low feed requi ri ng animal 
systems need to be developed to support and ver i fy p lant 
modi f ication s tudi e s .  

PROTEIN FROM OILSEEDS 

Ra tionale 

The potential protein supply for human use from pre sent 
production of oi lseed s i s  high . H oweve r ,  only a smal l 
f ra c ti on of the se proteins i s  now consumed directly by 
humans . The ma jor oi lseeds in terms of tota l protein are 
soybean s ,  c ottonseed , and peanuts . Other oi lseed plants 
include sunf lower , sa f f lower , ra pe seed , se same , oliv e oil , 
palm oi l ,  and copr a . 

Cotton seed oi l ar.counts for about 1 0 percent of the 
wor ld ' s edible vegetable oi l produc tion . Cotton seed mea l is 
a largel y untapped source of prote in f or humans ; it 
current ly goes into livestock feed s .  Gossypol , a pheno l i c  
pigment tha t i s  toxic t o  man an d  some animal s ,  i s  a prob l em  
i n  both cottonseed oi l and mea l .  Techni que s f or removal of 
g os sypol and the deve lopment of gossypol- free variet ies o f  
cotton wi l l  i nc rease the usefulnes s o f  c ottonseed oi l and 
mea l .  

Sunf lower seed ha s become the world ' s  second mo st im
portant source of edible vegetable oil a nd must rank high in 
any priority li st for re sea rch a ttention . Sunf lowers have a 
la rge unexplored genetic var iabi l i ty ,  whi ch wi l l  al low 
br eeders the chance to breed for pa rticular clima ti c  zon es 
and envi ronment s .  

Soy bean oi l accounts f o r  one- f if th  o f  tota l edi ble veg
etable oi l production , whi le soybean mea l account s for ap
proximately one- ha l f  of tota l world oi l seed mea l produc tion . 
The mea l in terms of amino acid balance is o f  the best of 
the vegetable protein f a mily. Even so , soy protein i s  
def icient i n  sulfur ami no acids . A mode st i mprovement in 
the concentration of methioni ne an d cystine in soybeans 
would enhance the va lue of these prote ins , mi ni mi ze the 
amount of protein that must be eaten in order to meet 
essential amino acid requirements , and decrease the 
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potential hazards o f  overcon sumpti on of tota l  protein . I ts 
use is primari ly for feed of live s tock and poultry .  Any 
signi ficant breakthrough to increa se pro duction could 
profound ly affect the food a nd feed industry of thi s coun try 
and the worl d .  

I mplementation 

Proce s sing technology n eeds to be i mplemented which 
wou l d  provide f or g reater and more flexib le use of the by
prod ucts of oil seed s .  Thes e efforts s hou ld be coordinated 
with plant breeding a nd selec tion which would provide not 
only the ma ximum yie ld of oi l but would a ls o  contain the 
lowe st possible leve l s  of unde s i rable , natura lly occurring 
c onsti tuents . 
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CHAPTER 1 7  

FORAGE AND RANGELAND I MPROVEMENT , 
HARVEST AND PROCESS I NG TECHNOLOGY 

RECOMMENDATIONS 

1 :  Geneti c Improvement . Res ea rc h  shou ld be i nt en s i f ied on 
the genetic under standi ng a s  well a s  the genetic 
improvemen t of f orage yie ld , qua li ty , adaptabi l ity,  and 
pe st re sistance of important forage and range specie s .  

2 :  Germpla sm and Seeding Technology. Germpl asm and 
s e eding tec hno logy should be deve loped to improve 
rangel and productivity . 

3 : Produc tion Systems . Forage and l ivestock sy stem s 
sh ould be deve loped that ut i l iz e the fu ll potentia l s  of 
forag e ,  ra nge , and live stoc k ma na ge me nt capabi l i ties to 
mee t  most economical ly the various nutritional 
requirements of ani ma ls f or va rious physiological 
f unc tion s .  

4 :  Harves t  and Proces s i ng Techno logy .  Harvest and 
proces sing tec hnology should be deve loped that ( 1 ) i n
cr eas es the eff ic iency of u se of labor and/or en ergy ; 
( 2 ) minimi z es losses of bio logica lly f i xed nutrien ts ; 
(3 ) i s  independent of weather haz ar ds ; and (4 ) 

in crea s es for age output qua ntity and quali ty .  

GENETIC IMPROVEMENT 

Rat iona le 

Fo rag es ( harvested forages , pa sture s ,  rangeland s ,  
si lage s ,  an d crop res i dues)  are ma j or crops i n  t erms of 
tot al v alue of production and acreage . Some 2 4 5  mil l ion 
hecta res in the u . s. are used for s i lage , hay , or graz ing . 
More than 5 0  pe rcent of a l l  feed un its (corn equiva l ent ) 
con sumed by all u . s. live stock a re derive d  f rom forage s . 
Beef cattle and dair y  cattle obt ain about 73 and 6 3  perc ent , 
res pect ive ly , of thei r feed unit s f rom range and forages ,  
whi le shee p obtai n  about 8 9 percent f rom the se sources 
(H odg son 1 9 6 8 ) . In most other countries of the world , 

ruminant live s tock i s  e ven more heavi l y  depe nden t on range 
and forag es--in s ome countries a lmost complet ely so . 
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In recent years , there has been a rapid increa se in the 
worl d ' s demand for the meat and milk of rumi nant live stock. 
correspondi ngly , the number s  of such anima l s  have increa sed 
dramatically to supply those demand s .  Plentiful , cheap 
gra i n  suppl ie s were used to partia l ly sustai n anima l  
populat ion i ncrease s ;  but , in the u . s . , tha t population 
i ncrea sed to more than our grass l ands coul d support . 
Pro jections are that wor ld demand for me a t  and mi lk wi ll 
continue to grow. Increasin g pr ices have re duced the 
amounts of grai n available for feed ing ca ttle i n  the u. s. , 
and the same situa tion prevai ls to a degr ee in other 
countries . Such pre s sures may we l l  conti nue into the future 
with only occa s ional f luctuation s .  

Thus , the high dependency of rumi nant a nima l s  o n  range 
and forages , the incr ea s i ng demand for the meat and milk of 
the s e  anima l s ,  and the current a nd pro jec ted reduced ava i l
abi lity of cereal grains to f eed them a ll poi nt clea rly to 
the urgent need to increa se the ca paci ty of forage l ands 
th roughout the worl d .  There i s  a need for higher level s  of 
product ivity and bette r qua lity of forage crops . 

current ani ma l  popu lations wi l l  experience a sh arp de
cline unles s this i nc reased range and forage capacity is 
achieved . Whi le the anima l  popu la tion reduc tion i s  
occ urri ng , mea t supplies wi l l  b e  plent ifu l and con sumer 
prices rela tively c heap .  But a f te r  the reduction ha s run 
its course , mea t and milk suppl i e s  are l i ke ly to be reduc ed 
to leve l s  below needs ; a nd i n  a ma rket of scarci ty , con sumer 
prices wi ll esca late substanti ally with cons equentia l  
ser ious i mpacts on the nutri tion of ma jo r  segments o f  our 
popula tion . 

There are two princ ipa l  method s of f orage and range 
improvemen t :  ( 1 )  genet ic improvement a nd ( 2 )  seeding 
improved specie s  i nto pe rmanent gr asslands . The br eeding 
and gen etic ef f ort on f orage a nd ra nge spec i e s  i s  gene ral l y  
low . There i s  n o  e f f ort on s om e  spec ies o f  maj or 
importance; on others the e ffort ma y be on ly a very few 
sci enti st man years - - we l l be low the neces sary critical ma ss 
required for reasonable prog re s s .  on few , i f  any,  i s  the 
eff ort a dequate to approach captur in g the potenti al of the 
species . O n ly limi ted ba sic gene tic i nf o rma ti on (con sidered 
so e ssentia l for grai n crops)  is available for any forage 
spec ies . Wh i le it shou ld not be c on strued that other 
potenti a l s  for improvement are not pres ent or of 
con s ide rable ma gni tude , the pote ntia l for ge neti c  
improvement o f  forage a n d  range species i s  great a n d  centers 
around four mai n thrusts . 

1 .  Increa sing the genetic poten tia l for yield of 
he rbage wil l  be a bas ic c omponent in i ncreas ing tota l 
product ion . S election c riteria for he rbage yie l d  are 
di f ferent from tho se for seed yi eld and not we l l  understood. 
The perenni a l  and polyploid na ture of many f orage and range 
species complic ates the se lection proc es s .  
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2 .  Improving the quality of forage and range has 
potentia l  for increa s ing performance per ani mal on high 
forage rations . Opportunitie s e xi st i n  such areas as (a ) 
improving d ry matter digestibility , (b) i ncreasing anima l  
intake potenti a l by increa si ng pa latab il i ty ,  ( c )  reducing 
lignin a nd silicon content , and (d) eliminating or r educ i ng 
antimetabolite s  in some spec ie s .  The potential from such 
efforts is indicate d  by one exampl e .  An i mproved cultiva r 
of bermudagrass with about 10 pe rcent increa sed 
dige stibi lity produced a 30 percent in crease in weight ga in 
of graz ing animals �urton et al . 1 9 6 7 ) . consi derabl e 
re search i s  needed to develop methodologies and genetic data 
for use in breeding fo r i mproved yield a nd quali ty. 

3 .  Forages usual ly a re grown on infer ior sites and 
wit h a lower order of envi ronmenta l control than are mo st 
annu al cultivated c rops . Thi s require s a wi de adaptabil i ty 
potentia l in useful cultivars and a large number of 
c ul tiva rs .  Forage crop improvement efforts must accommodate 
thes e needs. 

4 .  Pest res istanc e  also offers great potentia l  for 
success because of the large number of pe sts that attack the 
wide ra nge of forage and range spec ies and cause serious 
los ses . In addition , perennia l plants provi de a yea r- round 
host f or many pests and can make pest impact more 
debi lit ating. 

GERMPLASM AND SEEDING TECHNOLOGY 

Rationa le 

overuse of many of the worl d ' s gras s l an ds ha s resul ted 
in deteriora ti on of plan t cover an d  productivity . 
Res toration of much of thi s importa nt re source wi ll requi re 
or be enhanced by improved s eeding or superior natural 
for age and range specie s .  The bene f ic ia l  re sults could come 
ra pidly , but the task i s  immense and shou ld proceed wi thout 
del ay on the most re s ponsive sites whe reve r  ownershi p ,  
soci a l , o r  politica l  constraints permit . 

PRODUCTION SYSTEMS 

Rationa le 

O f  particular importance is the def i ni ti on and 
appl i ca tion of optimum improvement and management strategies 
f or permanent gras s lands that wil l  permit i ncre a sed anima l 
production whi le preventi ng deteriorat ion of the resourc e 
or , in many ca s e s ,  even improving it . such activi ti e s  
shou ld recei ve high priority for prompt and siz eable 
attent ion . 
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A weal th  of forage and graz ing management technology i s  
avai lable . Yet , certain cul tural a nd use re f i nement s  wi ll 
be needed a s  better c ultivars are available and a s  
dependence o n  herbage increa se s .  S pecial empha si s i s  needed 
now to ca pi tali ze on the potential of innovative forage and 
range and livestoc k ma nagement practice s to develop highly 
sophisti cated production systems . These pot entials should 
match herba ge avai labi lity a nd qua lity on a yea r- round basis 
to the nutri tional needs of anima ls for the various 
physiological function s of ma intenance , reproduction , 
growth , and mi lk production . Similarly , there is 
opportunity to develop and a pply animal management 
strategie s to better use forage a nd range potential i n  
di f ferent environment s , type s of produc tion systems , and so 

on . 

HARVEST AND PROCESSING TECHNOLOGY 

Rat iona le 

Large volumes of forage s are ha rve s ted annually in 
humid or irriga ted area s o f  the world. Harv est pract ices 
are generally labor and ene rgy i nte nsive , ti me  consuming , 
and in humi d areas s ub j ect to physical and chemica l crop 
losses during the harves t  proce s s . It ha s been e stimated 
that annual protein los ses i n  harvesting the u . s .  a l falfa 
crop may be equivalent to ha lf the yea rly protei n  i n take 
requirement of the u . s .  human population . Los s e s  of solubl e 
carbohy drates are a ls o  large . 

Such losses mean high risk potential for harves ted 
forages with re sultant decrea ses i n  produc tion input s and 
thus lower than potenti a l  yi elds . Harvest techno log ies a re 
needed that : ( 1 )  mini mi z e  time , labor , a nd ene rgy i nput s ; 
( 2 )  reduce losses of bio logica l ly f ixed prot eins , 

carbohydrat es , and othe r nutriti ona l factors ; ( 3) ar e 
re si stant to stresses from wea ther ;  and (d)  inc rease the 
quanti ty and quality of forage output. 

One approach that o f f ers grea t pote n ti a l  but which re
qui re s more re sear ch and development is t hat of mechanica l 
removal of wat er from the ha rvested forage. The process not 
only promi ses to accompl ish the above aims , but also 
produc es , from the expre s sed juice s ,  a low f i ber , hi gh 
protein product of e xc eptiona l bio logi ca l va lue that can be 
used as feed for ce rtain high produc ing rumi nants or 
monoga s tric animal s or as a valuable new source of protein 
for humans .  Thi s concept offe rs g reat promi se for 
simpli f i cation in technology and s ca l e  and , for that rea son , 
for rapi d a daptation to many developing nati on s .  
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SECTION IV : 
LIVESTOCR, POULTRY , AND FISH PRODUCTION 

I NTRODUCTION 

Ani ma l  products comprise s i gn i f icant porti on s  o f  the 
food supply in the u. s . , supplyi ng two- thi rd s  of the protein 
consumed , one- third of th e energy , one-half of the f at , 
four- fifths of the calcium , nearly two-thi rd s  of the 
phosphorus , and signi ficant quantiti es o f  es senti al min
era ls , micronutrients , a nd vitamin s .  The ami no acid 
c ompositi on of anima l  prote ins is of high biologica l va lue 
to man . In some countrie s ,  ani ma l produc ts supply much 
sma ller proporti on s  of th e  di et ; in othe rs , the dependency 
on ani ma l  products , e s pec ia l ly f i sh ,  is much greater than in 
the u . s . Further , a high proporti on of peop le prefer to eat 
ani mal products . The produc tion , proce ssing , 
tra n sporta tion , and marketing of these products provides 
employment for a large segment of the populati on of the u . s . 
Thus , the viabi lity o f  the l ivesto ck i ndustry i s  of 
significant economic importa nce to the c ount ry .  

Rumi na nts can conve rt cellulo s i c  o r  concentrated feeds 
to food , whi le monoga stric s  requi re concentrated fee d s  for 
the mos t pa rt. For most of man ' s history , and even today in 
much of the world , dome s ti ca ted animals have consumed 
feedstu f f s  not u sable by man-- f ibrous plant material s and 
the wa s tes . In recent times a few countr ies , i ncluding the 
u . s . , have achi eved the capac ity to prod uce cereal grai n s , 
especia lly mai ze and sorghum , in quant it ies i n  excess of 
food ne eds . L ive stoc k  ha s pla yed a sign i f icant role a s  a 
re s idua l  user o f  surp lus feeds . Prices have been low enough 
to make such grains important a nima l feed s ,  and animal 
prod uc ti vi ty ha s increa sed . But within the pa st few year s 
wor ld deman d for a l l  g rai n s ,  both a s  food and feed ( toge ther 
wi th changes in world ma rket structure s ) , h ave resul ted i n  
price increa ses . As a r esult , a new look is bei ng taken at 
the use of g rai n ,  i mproved forages , c rop re s idue s and by
prod uc ts a s  ration constituents.  

A l arge part of the ea rth ' s  la nd surf ace can on l y  
inf requentl y produce cultivated crops direct ly usabl e by 
man , but it can produce high cel lulose plant materi a l  tha t  
can be converted economi cal ly to food on ly b y  anima l s .  
Other l and , that could r egu la rly produce food c rops , find s 
i ts g reate st economic value in produc ing f or ages . A l so ,  
most plant food c rops produce large vo lume s of cellulosic 
re sidue s usabl e  by ruminant anima l s . Rangelands are one of 
the worl d ' s g reates t untapped sourc e s  of fee d  for li vestock , 
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an d improved range land management could g rea tly enhance food 
produc ti on .  (See Cha pter 1 7 ,  FOrage and Rangeland 
Improv ement , Harvest and Processing Technology . )  

The world livestock popu lation exceeds the human popu
lation by two to th ree time s . The number of ruminan ts 
( cattle ,  bu f fa lo ,  s heep , goat s ,  and came l s) alone 

approxi ma tes the human population of 3 . 5 bi l lion,  an d there 
are about 0 . 6 b i l lion swi ne and 5 . 3 bi llion poultry .  
Live stock constitutes a storehouse of food avai lable to 
man , reduci ng his vulnerabi lity to pe ri od s  of poor c rop 
prod uction .  

I t  i s  important to empha size that incre a sing livestock 
prod uc t ivit y i s  dependent upon i mproving the tota l food 
product ion system. 
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CHAPTER 1 8  

REPRODUCTIVE EFFICIENCY 

RECOMMENDATIONS 

1 :  Reprod uctive Dis ease s .  Research i s  needed on r educi ng 
los ses and controlling di seases d uring gestati on or 
incubation . 

2 :  Number and Sex o f  Progeny .  Studies are needed on 
increa si ng the number of progeny per breeding female as 
we ll as on the sex control of the progeny. 

3 :  Geneti cal ly Superio r  Ani ma l s .  Re sea rch i s  needed on 
i ncrea sing the reproductive capac ity of se lected 
genetical ly super ior mamma l i an animals and on estrus 
synchroniz ation of f ema les for insemi na ti on .  

REPRODUCT IVE DI SEAS ES 

Rationale 

The f irst ste p  is to control di sea se s c ausing abortion 
i n  mammal s ,  hatching fai lure in poultry , and ma l e  or fema le 
sterility .  Much o f  the technology to de tect such di sease s 
and substances that cause . abortions or i n ferti lity and to 
control them wi thi n economic leve ls is avai l abl e , but much 
ba si c  re sea rch i s  sti l l  neces sary to ga i n  su f f icient 
understandi ng f or the i r  cont rol . The second step i s  
management for reproduction and providing br eeding f emales 
with essential nutrients . For example , it i s  well 
doc umented that in some area s o f  the tropics , provision of 
the minimum essent ial level s of the phos phorus i n  
supplementa l feed to cattle on de fi cient pas ture s ha s rai sed 
the ca lving levels . 

Con straint s  on the reproductive e ff iciency o f  animals 
result from imprope r breeding ma na gement , infection s , toxic 
di sea se s , and n utr itive de f i cienci es . Procedures s hould be 
developed for e arly a nd ra pid diag nosi s  of i nci pi ent 
inf erti lity, and for the determina ti on of th e  e ti ology , 
inci dence , and contro l o f  di s eases , toxins , and deficienc ies 
which i nduce ma le or fema le i nfe rti li ty and cause abortion 
or sti l lbi rth , or the bi rth o f  defective off spr ing. 
In fectious diseas es inc lude b ruc ellosi s ,  vibri os i s ,  
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le ptospi rosi s ,  foot a nd mouth di seas e ,  and many others ;  
tox i ns invo lved include the mycotoxi ns of mo ldy feed . Many 
nutri ti ve defic iencies a f fect reproduct i on , of which 
insu ff ici ent phosphor us i nta ke , for e xample , i s  wel l known . 
some control mea sures are already known and others shou l d  be 
developed for a l l  of these.  

NUMBER AND SEX OF PROGENY 

Rat ionale 

Techni que s for i ncrea sing the numbe r of progeny 
produced by each f ema le r educe t he cost of mai ntaining the 
breedi ng herd o r  f loc k ,  but technica l ski lls and ma teri a l s  
required ma y  not decreas e the basic cost o f  each progeny . 
Thu s ,  economic studies are needed . Are a s  of re search shoul d 
inc lude : 

( a )  increa sing the number of young produced from 
each gestation :  for e xampl e ,  increas ing litte r size i n  
swi ne , the i nci dence o f  twi nni ng i n  cattle , and o f  twins and 
tri ple t s  i n  sheep and goats ; amd 

(b) shortening the ge sta tion i nte rva l by 
te rmina ti ng ge station at opt i mum periods and sti l l  a l lowi nq 
s at i s factory o f f spr ing survi va l :  the ob jective i s  to 
inc rea se the number of gestations per l i fet i me of each 
f emal e .  

For some purpo ses cont rol o f  the s ex of the progeny 
wou ld be economica l ly a nd gene tica l ly ad vantageous .  
conf lic ti ng re sults are r eported for t he techni ques 
employ e d ,  but much more re sea rch i s  nece s sa ry to mak e the 
process fea sib l e .  

GENETI CALLY S UPERIOR ANI MALS 

Rat iona l e  

Studie s  ar e needed o n  how t o  ra pi d l y  i ncrea se the 
number of g enetica l ly super ior ani mal s  by (a ) hormone 
treatments to i nduce multiple ovulation , (b) arti fici al 
ferti li za ti on , (c)  removal of embryos to " i n cubator fema l es" 
for gestation,  and (d)  reduction of pe ri od s  of reproducti ve 
qui e scenc e i n  g enetical ly super ior females . 

Arti f icial i n s emination , wh ich i s  a long e stabli shed 
and viable technique f or i nc rea s ing the number of progeny 
from geneti ca l l y  supe r ior ma les , i s  an expen s ive technica l 
service . The costs could b e  reduced i n  thi s  procedure an d 
i n  managemen t o f  parturition an d o f  resu lting newborn i f  
opt imum numb ers o f  fe ma les a t  eac h  farm uni t could b e  bred 
in one short interval . 
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CHAPTER 1 9 

IMPROVED EFFI CI ENCY OF LIVESTOCK PRODUCT ION 

RECOMMENDATION S 

1 :  Genetic Improvement . Re search i s  needed on genet ic 
s election of ani ma l s  with d e s i rable produc tion trai t s  
i nclud ing rapid growth . eff ic i ent feed conversi on , h igh 
production per a ni mal . and di sease resi stance. 

2 : Nutrition Eff iciency .  Resea rch o n  nutri ti on ef fici ency 
sh ould be carried out on nutritiona l requ i rements ,  use 
of nonprotein nitrogen . rumen bypa s s , g reater u se of 
f orag e .  and unconventi onal feedstuf fs . 

3 : Di seas e Prevention a nd Control . Re s earch shou l d  be 
increa s ed on disea s e  preventi on a nd contro l , such as 
system s to reduce preval ence of dis ease . detection a nd 
e l imination o f  car ri ers , na ture of defen se mechan i s m s ,  
an d drugs and chemi ca l s  for control of di seases . 

GENETIC I MPROVEMENT 

Rat iona l e  

Arti ficial insem ina tion in da i ry ca ttle has pe rmitted 
high ly e f fective se lection on ma l e s  (from on e ma l e  per five 
to twenty fema l es ,  to one ma le per three thousa nd or more 
fema le s ) . Thi s , coupled with pr ec i s e  ma themati ca l  s tud i e s  
of records of related f ema l e s , ha s permi t ted ma rked 
i mprovement in mi lk production ( doubling of the average milk 
yie ld of American dairy cattle in f ive generations) and 
reduct ion of the na tiona l breeding herd f rom about 2 5  
mi l li on to about 1 1  mi l lion mi lk cows . For poultry the t ime 
required to produce a broi le r ha s been reduced from 1 4  weeks 
to 8 weeks , with f eed e f f iciency being i ncreased two fold (4 
kg feed/kg broi ler to 2 kg fee d/ kg broil er) . 

cros sbreeding ha s wide pote ntial applicabi l i ty for 
improvi ng produc tion . cros s ing o f  widely diver gent lines 
often leads to increa sed surviva l and vigorous growth of the 
progeny and i nc rea sed feed e f f i c iency , which r esu lt s  in 
increa s ed production of huma n food f rom a f i xed b reed ing 
popula ti on . But to achi eve thi s ,  an investment i s  r equi red 
in a sc ient i f ically oriented syste m of provi ding the 
nece ssary i nput s to manage. feed , an d garner the harvest 
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from the improved progeny . It is a ls o  nece s sa ry to maintain 
breeding herds with resi stance to diseas e , para sites , and 
stresses of cli mate and environment. 

The necessary steps involve : (a) description o f  the 
characteristics desired ; ( b) mea surements of such 
characteri stic s in a standard manner , to reduce variation 
due to environment ; ( c )  dete rmina ti on of the heri tabi li ty of 
the desired character istic ; ( d) generation of means for 
rigorous selection for the c ha racteristic s ;  and (e) 
i mplementation of the operation on a broad s ca l e . 

NUTRI TION EFFI CI ENCY 

Rationa le 

Quanti tation o f  nutri ent requirements i s  a complex a rea 
of research , becaus e  of the va ri ety of f ac tors that 
inf luence requi rements , the criter ia for nut ritive a dequacy , 
and the variabi lity with i n  and a mong a nimal speci es . 

Conti nued changes in breeding , management , and i ntroducti on 
of n ew  feedstu f f s  and method s of f eed proce s si ng bri ng wi th 
the m new factor s or i ntroduce extreme s ituat ions that 
influence nutrient metaboli sm and requirements ; hence , there 
i s  a continuing need for reevaluat ion . For example ,  
del i berate alteration o f  the gene pool of a mea t-producing 
anima l spec i e s to attain greater production and more 
des irable carca s s  characteri sti c s  may inf lue nce speci fic 
nutrien t requi rements in as yet un known ways .  This fact is 
wel l  recogniz ed in pou ltry , in which stra i n  di f ference s are 
known to inf luence argini ne , zinc , mangan ese , and riboflavin 
requir ements .  What i s  the extent of vari ati on in specif i c  
tequi rements wi thin other anima l  speci es? I s  i t  fea s ib l e  to 
empl oy selection tech niques to deve l op s trai ns wi th lower 
nutrient requi rements ? Many probl em ar eas where res earch 
should be implemented were identi fied by the NRC committee 
on Ani ma l  Nutri tion (NAS 1 9 7 4 ) . Four o f  the most i mporta nt 
ar e  di scuss ed below. 

1 .  Def ine Nutritiona l Requireme nts f or Opti ma l Production 
and Optima l Use of Feedstu f f s  

I n  our knowl edge of nutriti ona l requi rement s o f  animals 
there a re many gaps that must be e l imi nat ed be fore optima l 
use o f  feedstu f f s  and optima l a ni ma l  production can occur . 
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2 .  Improve Use o f  Nonprot ei n Nitrogen (NPN) sources 

Rumi na nts , through thei r rumina ! mi croorgan i s ms , can 
us e NPN compounds to synthe si ze body protei ns and convert 
the se prote i ns to mi lk , meat , and fiber . Ba sic res earch on 
the biochemi stry and physiology of NPN u se i s  needed to 
improve the e f f ic iency of NPN use by ruminant s , and to a 
les ser extent , by non- rumina nt s .  

3 .  Deve l op Rumen Bypa s s  Technology to Improve Amino Ac id 
Use 

Thi s  i s  an a rea o f  res earch that cou ld i ncrease the 
e f f i ciency of f eed use by rumina nt s .  Pre l imi na ry studi e s  
ind ica te tha t certain ami no a c i d s  may ben efit ruminants , 
parti cu la rly at h igh level s of productivity , i f  they are 
tr eated so that they by pa s s  the rume n ( preve nti ng bac teri a l  
de gradati on) a n d  become avai labl e in the fou rth s tomach and 
lower in testina l tract. 

4 .  Develop Systems f or Greater Forage Use 

Rumi nants can di ges t f i brous feeds which humans do not 
eat and cannot digest . Most of the forage rumi nant s con s ume 
i s  g rown i n  land areas where the best and sometimes only use 
of them is in forage produc tion . Approxi ma tely one- h a l f  of 
the land area in the u . s .  produces for age . Therefor e ,  
rumi nant s are importa nt i n  conve rt ing inedib le forage i nto 
ani ma l protein . 

As grai ns and other fee ds a re i nc rea sing ly con sumed 
direct l y  by humans , more forage s and unconvent iona l  
feedstuffs wi l l  b e  used i n  the rati ons of a l l  ani mal s .  
Re sea rch i s  needed to deve lop rations , a s we l l  as management 
and product ion programs , which ma ke use of d i f f e rent forages 
a t  varyi ng leve l s  of i ntak e .  

S pecial emphasis s hould be given t o  the f o l l owi ng : 
(a ) Deve lop i mproved fo rage pre se rva ti on  me tho ds 

and del ivery syste ms. Devel opment of organi c acids by 
bacter i a l  brea kdown of carbohydra tes i s  a clas s i c  method of 
feed preservat i on .  D i rect addi tion of orga nic acids i s  
bei ng u sed t o  prese rve f orages , of fe r ing pos sibi liti e s  for 
e l i minati ng molds a nd for inc rea si ng the feedi ng va lue of 
fora ge s .  Othe r addi tives and treatments have a l so been u sed 
to decr ease ens i l i ng losse s  and to improve s i lage qual ity. 
Improved method s of ens i l ing , dehydration , and other method s 
of han dl i ng forage s  wi l l  inc rea se thei r feed ing value and 
use and dec rea s e  nutr i ent losses . 

(b) Improve crop res i due uti l i z ation £y chemica l ,  
physica l ,  � other treatments .  The feed ing va lue of high 
fiber c rop resi dues (e . g . , straws , corn s ta l ks , and low 
qua l ity forages ) can be increa sed by che mica l treatments , 
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such as the proces s deve loped in Germa ny involving the us e 
of sodi um hydro xide . Thes e treatments would i ncreas e the 
digest ibi l i ty of cellulos e ,  hemice l lulose , and other 
nutrien ts , thereby enhancing their value . Physi cal 
tr eatments ,  such as pe lleting , a re e spec ia l l y  helpful in in
crea sing the pa latabi l ity , i ntak e , and feeding va lu e  of l ow 
qua lity , high f iber f eed s .  

DI SEAS E PREVENTION AND CONTROL 

Ra tiona le 

Di sea s es retard maturity , decrease f eed e f f i ciency , 
i ncrea s e  overhead cos t s ,  and re sult i n  wa stage f rom 
condemna ti on . Thi s results in the los s of at least one out 
o f  every ten ani ma l s  each year i n  the u . s .  An unantici pated 
tempora ry impact o f  t he high ly e f fective contro l of one 
dis ea s e  of pou l try , Marek ' s  di s ea s e ,  wit h the i ntroduction 
of a vaccine wa s the depre s si on of the ma rke t price caus ed 
by rapi d ove rproduc tion re sulting fr om i ncre ased surviva l .  
Thi s situation has deve loped i nto dec rea sed cos ts of poul try 
producti on to the benefit of both producer and consumer. 
Many o f  the dis coverie s of method s f or c ontrol l ing di sea s es 
of live stock an d poultry have been appli ed t o  the contro l of 
diseas e  in humans . 

I mpl ement ation 

Res earch e mpha si s should be given to the followi ng 
area s : 

A.  Er adicable Di s ea ses 

Some preve ntable d i s ea s es have been eradi cated in ma ny 
nations , but th ey remain a s  pri ma ry c onstrai n ts on l ive stock 
prod uctivi t y  in many agr icu ltura l ly developing countries . 
Cons equently , they have led to the imposi ti on of quarantines 
tha t seriously re stri ct i nternat iona l commerce . A report by 
th e Ame rican Veterina ry Medica l counc i l  ( AVMC) i n  1 9 7 4  
sh owed tha t systems that wer e  success fu l  in ridding the u . s .  
of foot and mouth d i s ea se , babe sio sis ( Te xas cattle fever ) , 
ves i cu lar ex anthema , a nd exotic Newcastle di sea s e , and i n  
reducing bruce l losi s ,  tuberculo s i s , screwworm, a n d  hog 
cho lera to rare in fect ions ca n be a pplied to developi ng 
na ti on s . To protect the u . s .  aqa inst reestabli shmen t o f  
thes e plague s , to a ssi st other nations in elimi nating the se 
di s e as e s , and to make pos sib l e  the e radicati on of other 
infection s  en zootic to the u . s. , three res ea rch ob j ectiv e s  
shou l d  b e  sati s fied : 
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1 .  identi fication o f  d i seases an d their epi de
miologies ; 

2 .  creation o f  systems that r educ e the preva l ence of 
di seas e to a leve l tha t make s era dica tion fe a sible , such as 
the deve lopment of ef fect ive vaccines and methods of 
environmental management ; and 

3 .  devel opment of methods that wi l l  detect and 
eli mi nate carriers and vectors of d i sea se so that e f fecti ve 
quaranti ne can be establ ished and maint ained . 

Before the us efu l nes s of a me thod can be fully 
eva lua ted , the f indings from the fundamenta l studi es 
required to achi eve the three re sea rch ob j ec tive s  mu st be 
a ppli ed to speci fic di seases in speci fic hosts , first under 
controlled conditio ns and la ter wi th f ie ld condi tion s under 
adequate supervi sion. 

The primary c riterion for se lec tion of subj ect s for ap
pli ed resea rch s hou ld be the identi f icat ion o f  a specific 
di s eas e for an offici a l  control prog ra m. The e stabl i shment 
of an o f fic ia l program should be made only a f ter the above 
re search ob j ec tives have been sati s fied. 

B .  Di seases with complex Etiology 

The ma j or un so l ved di s eas e probl ems in i ntensively reared 
livestock a re the result of inte rac tion of one or mo re 
pa thogens wi th the stres sor ef fects o f  e nvir onment or 
crowding on ho st anima l s . I n  thi s  g roup we f ind man y of the 
neonata l di sease s , al l  of t he di seas es a s sociated wi th 
ani mal tran spor t , and ma ny of those found in large dense 
population s . 

Fundamenta l research i s  neede d  on : ( 1) the nature and 
inhe ritance of inn ate de fen se mechanis ms of l ive stock and 
poultry specie s , ( 2) methods of e f fective ly sti mulating 
specific immuni ty , and ( 3 )  the contr ibut i ons of 
environmental and behaviora l stre s sors on the susceptibi l ity 
of anima l s  to di seas e . Thi s re sea rch wi l l  requi re federa l 
fund s not now available for staf f and ma teri a ls , and for 
sophisti cated and expens ive e nvironmenta l faci l i ti es , such 
a s  high temperature and controlled humidity chambers . 

Applied research i s  needed on neona ta l di sea se s o f  
swine and cattl e and on respiratory and enteric diseases of 
swine , cattl e ,  and poult ry .  

c .  Di sea se s  Controll abl e  by Drugs and Chemica l s  

Di seases i n  this group , cau sed by pa rasi tes and certain 
bac teria ,  c ontribute in a ma jor way to the l os s  o f  
effici ency in f eed conversion a n d  t o  le sions tha t  are a 
signif i ca nt ca use o f  condemnation . Drugs and chemica l s ,  
whi l e  o ften ef f ective , a re e xpens ive i f  used a t  high level s  
and may leave unde s irable re s idues in meat , mi lk , or eggs i f  
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improperly used . Resear ch i s  needed that wi l l : (a ) reduce 
the requirement for high level use of chemothera peuti c 
subs tances by deve loping management sy stems that reduce the 
exposure to parasites ; (b) breed for i nc rea sed re si s tance of 
the ani ma l  to para s ites ; and (c) develop drug regimes tha t 
wi l l  provid e  adequa te protec tion aga inst para si ti sm wi thout 
leaving drug residues . 

The second of thes e  ob j ec tive s  would re qui re the 
sys tematic study of the potentia l for breeding anima ls for 
dis eas e resistance . I t  may nece s sitate the a s sembly , 
pre servation , and inventory of gene pools of food animal 
species for factors tha t dete rmine re s i s ta nce to di seas e .  
The long-te rm costs o f  control ling disea s e  i n  terms o f  
l a bo r ,  drugs , and food sa fe ty justif y se rious con siderati on 
of breeding for ani ma l s res i stant to dis eas e. 
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CHAPTER 2 0  

PRODUCT QUALITY AND CONSUMER ACCEPTABI LITY 

RECOMMENDATIONS 

1 : Human Health .  More empha si s s hou ld be pl aced on 
studies on the e f fect o f  anima l prod uc t s  on human 
hea lth . 

2 :  Fat i n  Bee f and Pork .  Feed ing , management , an d 
product ion progra ms should be deve loped f or dec reasing 
e xces s , tr immable fat in beef and pork. 

3 : Sa fetv in Foods . Criteri a  should be developed for 
determining biological sa fety in food s .  

HUMAN HEALTH 

Rat iona le 

Much i s  sti l l  to be l earn ed about the re lat i onshi p o f  
ani mal products , saturated f a t s ,  a nd cho le s te rol t o  heart 
di sea se . I t  is sti l l  unc lear whether di etary change s ,  such 
as substituti ng unsatura ted fa ts f or saturated fats , can 
significantly reduce cardi ovascu l a r  prob lems . Feeding di ets 
high i n  saturated fatty acid s  to exper ime nta l a ni mal s ove r a 
long period of time i ndi cates that s er iou s probl ems may 
deve lop . I t  has be en demon stra ted tha t the li nolei c aci d 
(unsaturated) conte nt of mi l k ,  eggs , and body fat can be 

increa sed by d iet ary control of farm ani ma l s .  But be fore 
thi s i s  recommended to the farmer it s hou ld f irst be 
demonstrated that it i s  advantageou s to h uman hea lth to do 
so . Moreover , scie nt i s t s  need to det ermine whether anima l 
product s  conta ining unsatura ted fats wi l l  be accepted by th e 
pub lic a s  readi l y  a s  those with saturated fats . 

Studi es are n eeded on the e f fects of feeding produc t s  
a t  va rying leve l s  and for varyin g per iod s o f  time to 
experimen ta l anima l s ,  a nd on the a ppli ca tion of the se to 
human hea l th .  
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FAT IN BEEF AND PORK 

Rat iona l e  

Mu ch of th e beef and pork produced in the u. s .  i s  
fatter tha n the con sumer wants . Thus , grai n  an d other 
energy feeds are being wasted by ove rf in i shi ng ca ttle an d 
swi ne . 

Approx i ma t ely 2 0  percent of exc e s s  fat i s  trimmed i n  
choi ce beef ca rcas s es . I n  1 9 7 3 ,  the resu ltant wa ste 
amounted to a $ 1 . 1 5  bil lion los s which wa s ulti ma tely 
absorbed by the con sumer (NAS, in pre s s ) . 

Si mi la rly , nearly 9 0  perc en t of the barrows an d gilts 
ma rketed in the u . s .  have more sepa rable fat than l e an in 
thei r carca s ses , le aving only 1 0  percent to grade US DA 
number 1-- the only g rade with more lea n than f a t .  
Si mi la rly , the waste fat content o f  the approximately 1 4 
bil l ion pounds o f  carca ss pork produce d annua l l y  in the u . s . 
c ould be reduced by 5 percent . An increa s e  in the l ean and 
decr eas e in the wa ste fat by 5 percent would result in a 
saving of $ 0 . 5 bi l l ion per yea r i n  lowe r  f ee d  costs . 

SAFETY IN FOODS 

Ra tiona le 

As new fee d  additives , animal wastes , by- product feeds , 
and alternat ive feed source s are used , the pos sibi l i ty of 
ha rmful re sidue s occurri ng in anima l  products needs to be 
gu arded agai nst . 

Re sea rch i s  required on procedures that could sa fely 
salvage for human c on sumption ani ma l prote in that would 
othe rwi se be de stroyed to eradi cat e  anima l disea s e s . 

It i s  recommended that more adequa te me thods be deve l
oped for determin ing the biologica l sa fety o f  foods for 
human con sumption . A concept of biologi c a l  z e ro should be 
e s tabli shed with regard to res idues in food . Thi s would be 
def ined as the level which a pa nel of compe tent sci enti st s ,  
a f ter e xami ning adequate data , wou ld determine a s  having no 
harmfu l  effect on humans . 
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CHAPTER 2 1 

F I SH PRODUCTI ON 

R ECOMMENDATIONS 

1 : Wi ld Stock s .  A res earch program shou ld be i mpl emented 
to increase food production f rom wi ld s tock s of fis h , 
including the inc rea sed harve st and eff ici ency of 
underuti li zed spec i es . The creat ion of a nationa l 
f i sheries management regime should al so be undertaken . 

2 :  Aqua cu lture . Support shoul d be given t o  the 
development of technologica l a nd sc ienti f i c  base s  fo r 
aquacul ture , and pi lot pl ants and cu ltu re systems 
shou ld be dev e loped in con j unction with i ndustry .  

WILD STOCKS 

Rationa le 

concern that soc i ety ha s genera l ly failed to conserve 
and allocate f isheries resource s in an e f fec tive manne r 
under e xi sting institutions (both domest ic and 
internationa l )  ref lects a la ck of centra li zed pol icy for 
f i sheri e s  management in the u . s .  and a lack of coordi nated , 
e f fect ive management. I n  the u . s .  thi s  i s a con s equ ence of 
hi s tori ca l  pract i c e  whereby the sta te s we re gi ven 
re spon sibi l i ty for and authority over fi sher ies managemen t 
out to the limit of territoria l wa te rs ,  whi le the f edera l 
government had no authority except where inte�nationa l 
fisher i es were invo lved . The f ragmenta tion of a uthority and 
management a nd the ge neral lack of cooper at i on among stat es 
for the regu lati on of f ish stock s that c ro ss state borders 
have made i t  di f f ic ult to impl ement workable mana gement 
programs wi thi n  state wa ters . 

I t  ha s a l so be en a tradit ion in this country that 
resources of ma rine f i sh are a va i lab le to a l l , with the 
re s ult tha t no limi t cou ld be pl aced on th� number of boa ts 
a l l owed to engage in a f ishe ry .  The outcome has been 
exp loita ti on and overcapitalization , i n  ma ny ca ses seriously 
damaging the stock s b io logi cally and wast ing labor and 
fin anci a l  resources . Other na tura l re so urce s have not faced 
thi s ha ndi cap i n  the u . s . , nor i s  this pract i ce common t o  
many o f the ot he r  pri nc i pa l  f i shing na ti ons.  I t  wi l l  be 
nece ssary to a l ter the s ystem even tual ly , and an opportunity 
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is offered to make the change � when the u . s .  i s  being 
obl iged by international events , including the Law of the 
Sea Confere nce , to make significant changes in its national 
fishery policies.  

In the field of international fisheries cons ervation , 
the u. s .  ha s rel ied on internationa l commi ssions and 
bilatera l a greements to control f ishing and to protect 
stocks . To varying degrees ,  none of the se a rrangemen ts has 
been f ul ly sati sfactory , principal ly because insufficient 
authority has been given to the management bodi es . As a 
con sequence , some international fisher ies stocks have been 
damaged-- in some ca ses perha ps i rreparab ly . 

Implementation 

There are three ways to inc rea se the production of pro
te in f rom wi ld stocks : ( 1 )  use species not being used,  or 
only partia l ly used ; ( 2 )  deve lop more eff ici ent systems of 
recovery of protein in harvesting and proces sing ; and ( 3 ) 
develop effective management.  These three ways are 
dis cuss ed below. 

1 . Underuti l i zed Species 

The present world catch of ma rine f i sh and shellfi sh is 
about 6 0  mi l lion metri c tons per year , according to data 
supplied by the Food and Agriculture Organization ( FAO) . 
FAO estimates of the potential world catch of conventiona l 
species are from 1 0 0  to 1 1 5 mil lion me tric ton s .  If  
unconventiona l  spec ies such as  kri l l  and lantern fish are 
included , the potentia l is much la rger . In u. s. coa stal 
wa ters the current annual harvest by u . s . and foreign f leets 
is 5 . 5 mi llion metric tons , f rom s ta ti stic s  provided by the 
u. s .  National Marine Fisheri es s ervice (NMFS ) . NMFS 
estimat es that thi s  could be increa sed to a t  lea st 8 . 6 
mi l lion metric tons . 

2 .  More Effic ient Recovery 

Greater use of f ish could be achieved through more 
eff icient recovery from current harvests . For example , 
flesh- separating machines which squeeze the flesh from th e 
ski n and bones of f ish and pass it  through perforati ons on 
stainle s s  stee l  plates may increase the useable yield by as 
much as  4 0  to 50 percent . Fully automa ted mechani zed 
methods would also ma ximi ze cost ef fectiveness . 
Information dis semination and research can he lp to greatly 
reduce the present waste of f i sh protein through spoi lage . 
Preservation techniques should be taught to fi shermen and 
others i n  the coastal commun ities . 
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Other gains can be achieved through inc rea sed human 
consumption of f ish now used for industri al products 
(principa l ly f i sh meal)  and through the use of species that 
are di scarded a t  sea by deve loping new products , such as  
minced fish , and alterna tive method s of  shi pboard 
pre servation . 

3 .  Ff fective Management 

Better management i s  required to prevent the 
ove rf ishing or the economic extinction of tr adi tiona l stocks 
of fis h .  S omet ime in 1 9 7 6 ,  the u . s .  wi ll probably assume 
some f orm of extended j uri sdiction over the coastal 
f isher i es resources out to 2 0 0  nautica l mi le s f rom i ts 
shore s .  Thi s  wil l  give us the first opportunity in our 
history to create coordinate d  and e f fective con serva tion 
mea sure s in both domesti c and international f isheries . The 
enormou sly increased areas over which the u . s .  wi ll e xerc isP. 
e xc lusive fi sherie s j uri s di ction (approximately 2 , 2 2 2 , 0 0 0  
square nautical mi les of continenta l she lf and the overlying 
water) conta in the largest f i sherie s re source s of any nation 
in the world . Thi s area has an annua l potenti a l  product ion 
of at least 8 . 6 mil lion metric ton s of f i sh for f ood  and 
recreation , more than 1 0  percent of the current world 
produc ti on .  Other coastal n ations wil l  b e  of fered the 
opportunity to apply con servation management to large areas 
of ocean off their coasts . 

The u . s .  i s  thus ob liga ted to reexami ne its national 
policy beca use for the f irst time it wou ld be responsible 
for managing the f isheries resource s within a 1 2  to 200 mi le 
zone . Thi s obl igation is  a cons equence o f  events that have 
taken place in thi s country and around the world in recen t 
yea r s  al tering domestic and foreign attitude s toward the 
rights to f isheries re source s a nd thei r  conservation . Many 
othe r countrie s wi l l a l so be reexamini ng their fisheries 
management poli cies . 

AQUACULTURE 

Rat ional e 

world aquaculture production i s  6 mi l li on metri c tons 
( 8 . 6  pe rcen t of seafood supplies ) . In the past five yea r s  

production f rom aquacu lture worldwide ha s doubled , a n d  the 
proportion i t  produces may be as much as 10 percent of the 
world ' s  aqua ti c-derived foods . In the u . s .  the 19 7 3  
product ion of f ish wa s 2 , 1 3 6 , 0 0 0  met ric tons , o f  which 
7 3 , 0 0 0 me tric tons were produced by aquaculture ; tota l u . s .  
consumption of f i sh eries produc ts i s  about 3 . 2  mi llion 
me tric tons . Thus , aquaculture produc es about 3 . 4 percent 
of u . s .  produc tion and a li ttle over 2 percent of the 
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supply . Because o f  the existence of very extensive area s of 
suitable aquatic habitat and the a vailab i lity of proven 
technologie s  for severa l  species . the potent ial exists for 
s igni f i cant increases in f ish prod uc ti on by cul ture . 
especia lly in the estuarine and marine environments . 

Although aquacul ture ha s been s low i n  developing . f ish 
fa rming on a small scale has existed for a long time ; and 
the des irabi lity of expanding its scope and production ha s 
been recogni zed . both by those engaged in the cultur e of  
such species as  oyste rs . ca tf ish . and trout . and by tho se 
attempting to develop i ndustries for s hrimp.  mussels . and 
their products . In recent years in pa rti cula r .  there has 
been high i nterest in aquaculture an d increased activity . 
during which government .  academic . a nd i ndustri a l  groups 
have engaged in aquaculture research and development . In 
many cas es results were encourag ing .  but in others they fel l  
short o f  e xpectations . Moreover . many o f  the probl ems . some 
of which had seemed near soluti on . proved intractabl e .  often 
for economi c reasons .  

· 

Aquaculture deve lopment in the u. s .  ha s therefore 
stagna ted . Whi le b iological and technolog ical informati on 
and culture methods a re ava i lable to inc rea se production of 
sa lmon . trout . catfish . oysters . and some species of clam s .  
deve lopment o f  viable aquaculture of mo s t  other spec i es will 
require re searc h  to provi de adequate bio logical and 
technological bases and to deve lop and te st cul ture systems 
on a pi lot sca l e . Only then wi l l  private capita l be 
attracted that wil l  lead to the e s tabli shment of an 
industry . Much of thi s  research . becaus e of its nature and 
cost . shou l d  be performed by the government or by other 
re search groups with government funds . 

Ex panded aquaculture a l so requi re s  unpol luted coasta l 
or e stuarine a reas or suppl i e s  of high quality fresh water.  
but other users also want the se limited re source s .  Where 
such probl ems cannot be resolved . closed systems wi l l  need 
to be developed . thereby re lea sing aquaculture f rom 
dependence on natural water supplies and expensive 
wat erfront property . 

Urgent re s earch areas on f i sh culture include: 
( a) Res earch on method s of inc rea sing suppl ies  of 

seed (eggs and larvae) . Thi s  research should i nc lude 
reproductive physio logy to deve lop the abi li ty to induce 
ma turation and spawn ing in captivi ty and for the development 
and maintenance of brood stoc k s .  Thi s  i s  al so a necessary 
pre lude to genetic modi f i cation and selective breeding . 

(b) Resea rch on nutri ti on of cul tured animal s 
inc l uding larva l stages . and on the deve lopment of 
inexpensive and nutritiona l ly e f fective feed s .  

(c )  Resear ch on disea s e  contro l of hatchery fi sh 
and she l lf i sh produc tion . With the high density population s  
tha t re sult f rom inte nsive culture . di se ase inci dence and 
severity i ncrea se marked ly. Information on di s ease 
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prevention a nd control i s  presen tly insu f ficient for 
cultured species . 

(d)  Res earch on the n ature of institutiona l and 
rel ated constraints on aqua culture developme nt and on 
method s of technology transfer .  

I mplementation 

The federa l government has an essential role to play in 
encouraging expansion of aquaculture . Private a quaculture 
in the u . s .  i s  based primarily on systems developed and 
res earch conducted or sponsored by the federa l government .  
Comme rci al salmon and trout culture became pos sib le 
fol lowing government research and deve lopment for public 
hatchery programs , which solved problems such as  nutrition 
and dis ease control . In 1 9 5 4 , 1 . 4  mil lion pounds of trout 
we re produced in private fish farms ; in 1 9 7 3 , production was 
about 6 0  mi l lion pounds . Technique s f or commercial rearing 
of salmon , recently developed in government programs , ha s 
started a new industry and about 1 0  compa nies are engaged in 
commercia l  salmon farming . In recent years the oyster 
culture industry has been strengthened by re search i n  
government laboratories on hatch ery production o f  young. 

The importance of the federa l government role i n  
aquacul ture i s  greater now than it wi l l  b e  i n  future yea r s ,  
since much basic a n d  essentia l i nforma ti on i s  curren tly 
lacking and the industry i s  smal l .  The appropri ate rol e of 
the governme nt now would appear to be to conduct long- term 
re search , much of which is highly techni cal , requiring spe
ci alized equipment and the multidi sc ipli nary approach of  
highly trained scientists , engineers ,  and economists.  These 
kinds o f  expertise are unava ilab le to industry at the 
pre sent stage of aquaculture development . Later , when a 
larger and better organized industry e xi sts , i t  can assume 
much of the government ' s  responsibi l ity . 
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SECTION V: FOOD SCIENCE AND TECHNOLOGY 

INTRODUCTION 

Pri mi ti ve man had to forage for food in his natural en
vironment , feas ting in  time s  of plenty a nd s tarving in lean 
time s .  G radual l y  he learned the technology of food 
preservation and improved hi s abi lity to save plenti ful 
food s  fo r l a ter use in ti me of shortage.  In developed 
countries , food science and tec hnology have done much to 
rel ieve the impact of hunger and ma lnutr itio n ,  but many 
developing countries do not enjoy such benef i t s .  The re the 
sea son s  sti l l  a lternate f rom wet to dry or cold to warm , 
bringing the same stre sses on ma n ' s food supply a s  in pre 
hi stori c time s .  

The ma jor goa l s  o f  the food system other than food pro
d uction can be l isted as fol lows : 

1 .  to maximi z e  the avai labi lity of high qual i ty ,  
sa fe , nutri tious foods a t  the least cost to consumers ;  

2 .  to improve the eff ici ency and depe ndabi li ty of 
food de l ivery s ystems ; 

3 .  to re duce f ood losses in di stribution and storage ; 
4 .  to reduce resources needed in protect ion ,  s torage , 

and distribut ion of food ; and 
5 . to determine the comparative advantages of food 

production and distribution sy stems to mi nimi ze total inputs 
and ma ximi ze total outputs .  

Becau se of consumer concerns and government actions , 
food proce s sors must be concerned , not only with the 
production of who lesome , sa fe food s ,  b ut also wi th pol lution 
a spects of the i r  process , with nutr itiona l value , and wit h 
shelf  l i fe of the produc t .  Pol luti on concerns not j ust 
ind ustrial wa ste , but packaging as wel l  and its e f fect on 
eventua l so lid waste di sposa l .  connec ted to thi s  i s  the 
ecolog ica l prob lem of power and water us e .  

Proce s sing and pre servati on t echnology i s  aimed at 
sto rage stability of food stuffs  inc lud ing pa ckaging . The 
ma j o r  i ssue s involved are the sa fety o f  the food supply f rom 
pathogens , the mai ntena nce of qua li ty ( i . e . , no chemical or 
mic robi a l  deca y) , the prevention of loss es from insects , and 
the mai ntenance o f  nutrit iona l va lue .  

The pri mary princip les of process ing include the 
des truction of ha rmful microorgani sms by steri l ization ,  
pas t eurization ,  or blanching ; se pa rati on proce sses , s uch as 
membrane proce s se s , extraction and immobi liz ed enzymes ;  
env ironmenta l ,  tempe rature , a nd ga seous a tmo spheric control ; 
chemica l preservatives , fermentation ,  and/or alkali 
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pre servatives and additives ; and control of water
dehydrat ion , intermediate moi sture food s , and free zing . 

The prime generic function of a commercial ly viable 
package is protection of the contents.  Conside rations in 
packaging re search are energy and resource cons ervation 
needs , such a s  prevention of los s  of foodstu f f ,  quantity of 
packaging material , energy to crea te packaging material , and 
di sposa l or secondary us e of used pa ckag ing material s .  
Other considera tions include consumer acceptance , cost to 
the consumer , and the re lati onship of packaging technology 
to a large system of processing and pre se rvi ng food s .  

Flexible pouches and thin-walled drawn containers wi th 
heat sealed lids for heat stabi lized food s a re being 
developed and show promi se . They eliminate refrigeration ; 
costs of ma teri a l  compare favorab ly with metal cans and 
thei r  we ight i s  about 1 0  percent that of can s ;  empty
container storage needs a re fewe r ;  a nd i n  the opini on of 
many food technolog is ts , the products surpa s s  frozen and 
canned foods .  However , pouch output i s  slow and l abor 
intensi ve , capi tal investment is high , and pouched products 
containing meat or poultry have not received USDA approva l .  

The eva luation of new potential  sources of food i s  
particular ly important i n  future development .  Some 
important critieria are : increased growth potentia l , 
greater biological va lue in huma n nutrition, freedom from 
vici ssitudes of weather , higher yi eld s per uni t a rea , 
uti lity i n  food formulation ,  and economy . 
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CHAPTER 2 2  

LOSSES IN THE FOOD SYSTEM 

RECOMMENDATIONS 

1 :  Losses of Raw Product. Resea rch must be increa sed to 
reduce losses dur i ng harvest or s laughter , handl ing , 
and storage of raw product . 

2 :  Losses of Prepared Product. Re search must be increased 
to minimi z e  losses due to stre s s  in packaging , storage , 
transporta tion , and di stribution of proces s ed foods .  

LOSSES OF RAW PRODUCT 

Rational e 

Rapi d and large increa ses  in avai lab le food sup plie s 
can be achieved by reduc ing loss es incurred dur ing harvest , 
slaughter , handling , and storage of the raw product.  In 
addition , an ef fective reduction in losses and consequent ly 
an inc rease in yields repre sents a maj or con se rvation in 
ene rgy . Inherent in the increased availabi l ity is a lso the 
potentia l f or enhanced nutrient ava i labi l i ty and con sumer 
acceptabili ty of the product . 

I mplementation 

To reduce losses during harvest , s laughter , handling , 
and storage of the raw product, the following are 
recommended as ma jor steps : 

1 .  improve harvesting , s la ughte r ,  and handling 
systems ; 

2 .  expand knowledge of postharve s t  and postsl aughter 
physiology ; 

3 .  i ncrease knowledge of microbiologica l growth and 
control of toxicity ; 

4 .  improve pest control ; a nd 
5 .  eva l uate the s igni ficance o f  the chemi ca l activity 

of water in storage . 
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LOSSES OF PREPARED PRODUCT 

Rationale 

Th e  segments of  packaging , storage ,  transportat ion , and 
dis tribution compose another area of our food s ystem in 
which signi f icant i nc reases in avai labil ity of food supplies 
can be achieved through reduc tions in lo s s. S tre ss ,  the 
ma j o r  ca use of these losses , consists of primary and 
seconda ry fa ctors which in most i nstance s are additive . 
Stre s s , which occurs i n  each s egment o f  this area , i s  
usually init iated by mechanica l or envi ronme nta l effects 
(pri ma ry facto r s )  whi ch then induce chemical , biochemica l ,  

and bio logical ef fects ( seconda ry fac tors) . For exampl e ,  
mec han i ca l  stre s s  can result in broken g rai n , bruised fr uits 
and vegetab les , or ruptured packag es . Mechanical stress 
breaks down the protective ba rrier , be it na tural or 
artif ic ial , and a l l ows chemi cal or biochemica l  reactions or 
microbi al and pe st i nva s i on to d e stroy nutri ents and 
con sequentl y lower quality and acceptabi lity . Environmental 
stress , such as signi fica nt cha nge s in te mpe ra ture , l ight , 
or a tmosphe ric conditions , can induce chemica l  and 
biochemi ca l reactions (e . g . , enz yma tic or nonenzymatic 
browning s) which destroy the qual i ty o f  the product with or 
without permeating the protec tive ba rrie r s . Envi ronmenta l 
stre ss can a l so produce phys i ca l , chemica l ,  and 
phys io logi ca l  changes wh ich c rea te optimum condi tion s for 
los s due to microbiologica l prol i fe ration and development of 
toxi ns.  

In additio n ,  s tre s s  in one segment of the packaging , 
storaqe , tran sportation , and di stribution ar ea may induc e 
los s i n  another segment . Stress , the ref ore , mu st be 
critica l ly eval uate d  in a total sy stem , r ang ing from harvest 
to con sumption .  I n  thi s  way ,  the purpose of increa sed 
ava i labi lity of supplies through r eductions in loss can be 
ach i eved with a minimum of e ffort i n  each segment . 
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CHAPTER 2 3  

FOOD PRESERVATION AND PROCESS I NG  

RECOMM ENDATIONS 

1 :  Food Composition and Chemistry .  Res ear ch must be 
expanded to increa se our f undamenta l knowl edge of food 
compos ition and chemi stry. 

2 :  Food C omposition a nd Qua lity As surance . Research and 
deve lopment are needed on rapid and quantitative 
method s of detection of food compone nts and hazards 
a s soci a ted with foods and their toxicologica l 
signi f i cance. 

FOOD COMPOSITION AND CH EM I STRY 

Rationa le 

The development of the techno logy of food preservat ion 
and proces s i ng has evolved s lowly. Signif icant improvement 
in the efficiency of current operations and the safety and 
qual ity of products cannot be achieved without a signif i c ant 
inc rea se in our knowle dge of f ood compos ition and chemistry ,  
and wi thout attention to type s o f  wa ste and proper u s e  o f  
wa s te withi n the total f arm-to-processor sys tem .  

This knowl edge ba se i s  a lso e ssentia l to the further 
deve lopment of food fabr i cation process ing , i . e . ,  the 
convers ion of f ood components--ca rbohyd rates , l i pids , 
protein s ,  vitami ns ,  a nd mine ra l s-- into products for the 
con sume r .  The process may become essentia l i n  meeting the 
wor ld ' s  need fo r food . But only with the proce s sor ' s  
adequa te knowledge of the compo s it ion and chemistry involved 
can the qua lity and sa fety of the prod uc t s  be a ssured for 
the con sume r .  

I mplementa tion 

Prima ry empha s i s  for research on f ood compos iti on and 
chemis t ry  shou ld be placed on the f ollowi ng area s :  

1 .  knowl edge o f  the native structure and composition 
of plant a nd anima l materi a l s  and the physica l- ch emi ca l 
i nteraction s  of food components ;  
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2 .  knowl edge of the effects of preservation and 
processing on the nutrients and physica l-chemi cal 
inte racti on s of food components ; and 

3 . ways to minimi ze generati on of wa s te and maximi ze 
use of waste. 

FOOD COMPOSITION AND QUALITY ASSURANCE 

Rationale 

Food compo sition and quality assurance are tangible 
terms which can be measured and re lated to set standards for 
various foods . FOod safety i s  an abstract term and cannot 
be measured : it i s  the absence of hazard . The most 
fundamenta l problem in the area of food safety i s  that of 
quanti fying haz ards a ssocia ted with food s .  The cri ti cal 
problem a rea lie s  in det ermining , in a raw or proces s ed 
food ,  the presence and extent of haza rd which i s  either 
natura l l y  present in the food or a by- product of processing .  
The second ma jor problem i n  the a rea of food safety i s  th at 
of establi shing permi ssi ble leve l s  of hazardous substances 
on the bas i s  of sc ientif ica l ly defensible criteria. 
Extrapolation of toxico logi ca l , terato logica l ,  and/or 
oncologi ca l  data from anima l s  to humans i s  subj ect to 
debate . Exposure to zero levels  of carcinogenic or toxic 
substances is  scientif ica l ly untenable , thus scienti fic 
cri teria for these substances must be establ ished . 

There are six ma jor c la sses of haza rd i n  foods : 
( 1 )  food borne diseases of microbiological origin ; 
(2 ) malnutrition ; 
( 3 ) environmental contaminants ; 
(4 ) naturally occurring toxicants in food s ; 
( 5) pesticide residue s ;  and 
(6 ) food additives . 

Haz ards 1 ,  3 ,  4, 5 ,  and 6 . can occur wi th a high rate of fre
quency ; therefore , rapi d ,  quantitative methods of detecti ng 
these haz ards and their toxicologica l signi f ica nce are 
needed , and the ir deve lopment should be given priority.  

Food compo sition and quality a ssurance of raw and 
process ed foods are dependent on mea suring the consti tuents 
of food s  and their nutritional value chemica l ly or 
microbi ological ly. The most i mportant need in thi s area is 
the deve lopment of rapi d ,  quantitative methods for the 
determination of protei n , f a t ,  carbohydra te , moi sture 
conten t , wa ter activity , vitami n and minera l content , 
diet ary fiber , protein qua li ty ,  heavy and trace mineral 
content , and the presence of intent iona l or unintentiona l 
foo d additives . 

I t  i s  a l so important to support res earch which wi l l  de
termine the bio logica l availability of the nutrients in raw 
and proce ssed foods , as well as identification of proces s ing 
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conditions whi ch a ff ect their bi ol ogica l ava i labi li ty dur ing 
proc e s s ing , di stribution , and storage . 

Fin ally , s uch an encompa s si ng re sea rch eff ort wi l l  
crea te a problem un l e s s  computer technology (both hardware 
and sof tware) is developed to provide analytical systems to 
col late , ca lculate , interpret , and eva luat e the res earch 
dat a .  

Implementation 

The feas ib i lity of deve lopi ng a prog ram to measure 
composi ti on ,  quali ty as suran ce , and safety of our food 
supply from harvest or s laughte r through con sumer use is 
dependent upon three ma j or points :  ( 1 ) deve lopment of a 
useful compute r  storage and retrieva l  system for current and 
future scienti f ic data ; ( 2)  federal support of resea rch on 
food s c i ence an d huma n  nutri ti on in gove rnme ntal agenc ies 
and uni ver si tie s ; and ( 3 ) commun ication o f  thi s informat i on 
to the public . This program wi l l  requi re a si zeabl e 
commi tment of federal dol lars . 
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CHAPTER 2 4  

DISTR IBUTION AND TRANSPORTATION 

RECOMMENDATIONS 

1 :  The Packaging Sys tem . Res ea rch and deve lopment i s  
urgently n eeded on standardiz ation o f  our packaging 
system to improve handling in d i s tribution .  

2 :  Nat iona l T ransportation Pla n .  Re sea rch i s  needed for 
the deve lopment of a more det a i led nati ona l 
t ransporta tion plan as i t  a f f ects agricu lture.  

THE PACKAGING SYSTEM 

Rat iona le 

The cost of di stributing f ood a nd f ood product s 
repre sents about ha l f  of the total cos t of most food 
products . Many of  the ine f f iciencies  in ma te ri a l s  handl ing 
can be traced to an i ndustry pattern in which product 
var i ety was del ibera te ly crea ted to appea l to specia l 
buyers . More than 1 , 4 0 0  di fferent container sizes are u sed 
by the f rui t and vegetable i ndustry a l one . Apple s a re now 
packaged in 40 different shape s  and siz es , none of which 
wi l l  fit the standa rd grocery shippi ng pa l le t. The lack of 
sta ndardi zation in packag ing is a serious obstacle to 
eff icient materia l s  handl ing and d i stribution.  I n  certai n 
insta nces , however , for the conven ience of  the consumer the 
packaging of th e same produc t i n  a size tha t i s  enough for 
two se rvings ,  f or one serving , or for a f ami ly of six , may 
serve a valuabl e purpose . 

Ideal l y ,  goods shou ld be packed i n  cart ons of s tanda rd 
dimens ions that fit on a si ngle- si zed pa l let , which i n  turn 
f i t s  i nto standardi zed contai ners , rai lroad cars , and 
trai lers . 

Impl ementat ion 

Th ere should be a comp le te review of the pos sible si zes 
and sha pe s of a l l  the various containers , packages , pa l l ets , 
and transportation vehic les to dete rmine the changes tha t 
would optimize d i stribut i on economic s .  The be nefits and 
di sadvantages o f  each pattern of standar dization need to be 
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care ful ly weighed . I ndustry pa rtic ipation i n  thi s e ndeavor 
i s  e s sentia l .  

NATIONAL TRANS PORTATION PLAN 

Rational e 

Tran sporta tion i s  a li mi ting factor i n  eve ry pa rt of 
our food system .  Agr i culture i s  pursued where the land i s 
productive , but thi s produc tivi ty ha s no nece ssary 
re la ti on shi p to the location o f  the ultimat e consume r .  The 
food system , therefore , is more depe ndent on tran sportation 
than most othe r parts of our economy . 

The rural rai l roa d  network ha s di sin teg ra ted a s  
rai l roa d s  have abandoned tracks that wer e not profitable .  
The rural highway system ha s not been i mproved suffi c ient ly 
to take the heavy loads that were previou s ly ha ndled by 
rai l . The prob lem is agg ra vated b y  tra n sporta ti on regul a 
ti ons , such a s  " ta r if f s " that def ine a s et o f  condit ions 
under which a s hippe r ca n ship good s ,  a nd the rates that 
wi l l  a pply to those shi pments .  Thi s  a l lows on ly a portion 
o f  this already inadequate t ransporta tion sy stem to b e  used 
in movi ng good s into the rural communiti es . 

From a long- range viewpoi nt , the food sys tem canno t 
ignore the grea ter fuel effici enci es of movi ng food s by 
wat er and ra i l  rather tha n  by truck . we need to deve lop a 
tran sporta ti on  system that optimi z es the f low of goods with 
a mi ni mal expenditure o f  pe trole um . Thi s wi l l  requi re 
coordina ti on of th e regu l atory powers of var i ou s  ag enci e s  
toward the common goa l of a more e ff icient system. 

In the nea r  f uture , however , improvements must be 
effected within thi s tra n sporta ti on sy ste m a s  i t  now exi s ts .  
Such i mprovements wi l l ,  o f  neces s ity , be mad e  within one 
mode of transporta tion a t  a ti me . I n  vi ew of the overal l 
tran sporta tion plan , any a ct ion that i s  taken to increa se 
the ef f i ci ency of rai lroads must b e  coor d inated with 
correspondi ng nece s sa ry I CC regula tions conc e rning chang e s  
i n  our truck system t o  reali z e  the great est overa ll gain in 
tran sportation effici ency ( Mi les 1 9 7 4 ) . 

Impl ement at ion 

TO des ign a more detai led na tiona l tran sportation p l an 
a s  i t  a f fects agr iculture , i t  i s  ess enti a l  to know wha t 
commoditi es are bei ng moved , i n  what qua n ti ti e s , between 
wha t poi nts , and at what cos t .  It is import ant to know the 
relati on ship of the f low of agric ultura l products to the 
f low of othe r t ype s  of commodi ties and the way in wh ich t hi s  
interaction r el ates t o  the a ggrega te ca pac i ty of barge , 
rai l ,  a nd truck transportation . 
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