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FOREWORD
 
Organic farming and gardening are subjects thatgenerate much emotion ang sormemers of thegeneralpublic, recurring coverage by the media, and occasion-al attention by members of the Congress. Because thescientific information required to place the issues in

perspective is little appreciated ,and generally overlooked, the CAST 3oard of Directors authorizedthe de-velopnt'of a report to provide theneeddbackground.The mltidisciplinary task force of scientists asses-bled to address the issues met in St. Louis, October18 to 20, 1978, to prepare a first draft. The firstdraftgave only minor emphasis to organi: gardening-assuch, and this approach has been carried through tothe fnal publication. The scientific principles dis-cussed In connection with organic farming apply equal-
ly to organic gardening, however, and so organic gar-
dening, is by no means overlooked. 

The task force included 24 scientists with col-lective expertise in agricultural econoics, agricul-
tural engineering, agro-sny, animal science, dairyscience, entomlogy, food science,:horticulture, nema
tology, plant pathology, poultry jc5ence, rural sci-ology, soil science, soil testing and plant analysis,
veterinary mdicine, veterinary toxicology, and weed 
science. 

Several successive drafts of the report were pre-
pared by the chairman and were returned to verbers of 

the task force forreview and comnL.. The report wasthen edited by Jon A. Sith, with assistance from t|eCAST staff, and additional drafts were returned totask force members for review and coment before the
final draft was reproduced for publication.
 

On behalf of CAST, I thank mebers of the task
force and all the others who gave of their time and
talents to prepare, review, and coment on 
 this reportas a contribution of the scientific co mnity to public understanding. Thanks 
 are due also to the erployers of task force meibers who nade the time of theiremloyees available at no cost to CAST. And finally.thanks are due to members of CAST. The unrest Yctedcontributions they have made in support of the work ofCAST have financed the report. 

The report is being distributed to mmbers ofCongress, the U.S. Departent of Agriculture, the media, and institutional mesers of CAST. Individual 
n.,eners may receive a copy on request. 

. This report may be republished or rproduced inits entirety wthou pemission. If republished, cred
it to theauthors and CAST would be appreciated.

Charles A. Black 
Executive Vice President
Council for Agricultural
 

Science and Technology 

.. 
 -, -  -: I .... --
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SUMMARY 

ti'onventional and organic faming have much in Both conventional faming and organic faming 
commn They differ principally in the use of modem are largely powered by fossil fuels, but conventional 
chemical technology. Conventional farmers use cow- farmers use more energy per acre than do organic far*
mercial fertilizers, pesticides and animal feed addi- ers, largely because they use fertilizers and pesti
tives to increase productivity, but organic farmers cides. These products, mainly nitrogen fertilizers, 
prefer to use natiral resources. consum about 1 percent of the energy used nationally

but about 40 percent of the energy used in agricul-
Organic farming, though ancler.t in principle, was tural production. Conventional farmers use the ertra 

described as a system prior to iUorld War I by Sir energy primarily because it is econ.mically advanta-
Albert Howard, He taught that, except for 'natural' geous, 
preducts such as phosphab rock and limestone, impor
tation of plant nutrients from off the farm for appli- In conventlonal faming, extensive use is made of 
cation to the soil is to be avoided. This JuJent nutritional supplements in animal feeds. Further in
about the acceptabillty of naturally occurring chemi- creases in production efficiency are achieved by use 
cals has now been expar.ded by many in the organic of hormnally active substances. Certain drugs ap
movement to include the issue of safety. -hey regard proved by the Food ard Drug Administration are used to 
natural chemicals as safe, and chemicals that are ar- protect animal health art. to increase production ef
tificial, synthesized or processed as hazardous and ficiency. Use of these substances is generally un
therefore to be avoided. This view is scientifically acceptable to organic farmers. 
erroneous. 

If 'organic farming were widely adopted, the cur-

Sir Albert Howard regarded the return of organic rent price advantage to certain organic famers from 
matter to the soil as the basis of permanent soil fer- supplying a specia..-' mrket (made up of persons will
tility. This concept has some validity for natural ing to pay relatively high prices for foods produced 

'natural methods) would disappear.ecosystems, but it is inapplicable to the needs of by organic or 
society in which the harvested portion of crops AL the save time, there would be an increase In (a)mdern 

from the land and part of the organic mat- income to farmers in the aggregate. (b) costs of foodis remved 
ter and plant nutrients is not returned. to consumers, (c) land values, (d) demand for (and 

wages of) farn labor and (e) soil erosion. in the long 
by export of agri-The organic faming movement has expanded to en- run, the balance of payoents earned 

These effects would conpass an alternative agricultural system based upon cultural products would decrease. 
in production and the cultiless technology; mre self reliance; and opposition to flow fron the decrease 

the trend toward larger fam enterprises, displacement vation of additional Pare strongly sloping land that 
of small farmers, and the deteriora0ion of some rural is less suited to production of row crops than the 

land now cultivated.institutions. 

Organic Vmers prefer to '.se legrnous crops, a Both organic and coventlonal farmers are served 

natural resource., to supply part of the nitrogen by most current agricultural research, but research on 

needed for their cropping systems, whereas conven- comercial fertilizers and pesticides mainly benefits 

tional farmers supplement or replace the leguse nitro- conventional farmers. In earlio-.r years, cost of the 
was on subjects that are rc" considered gen with fertilizer nitrogen, which nowadays is pro- research done 

duced in factories. For conventional farmers, this is part of organic farming. 

essentially a matter of economics because they can re
place legumes with mre profitable crops. In earlier Organic gardening is considerably more attractive 
years, when nitrogea fertilizer was relatively expen- and feasible than. is organic farming. The rmasons are 
si . , conventional farmers also used lcgumes to supply (1) the ease with which. the organic matter, grown in 
nitrogen; they still do where it is economical. the garden may be supplemented with organic matter 

grown elsewhere, (2) the feasibilityLof manual weed 

Both conventional and organic farvers use various control, (3) the ability to choose those fruits, vege
mechanical. biological and other means to control tables and ornamenta Is that can be grown satisfacto
pests, including weeds, issectsdisease-causing agents rily without pesticides and (4) the aDillty to pur
and nematodes. Conventional farmers use synthetic chase the needed products without suffering a finan

or if part, of, thepesticides as needed for pest control, but organic cial disaster If the yield is poor 
farmers prefer to avoid them. produce is destroyed by pests. 
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OVER VIEW
 
and livestock production practices, con-In crop 

ventioral and organic farming have more in con than 
not. The principal divergence is in the use of modern 

chmical technology. Conventional farmers use fertil
izers, pesticides and animal feed aJdItives where they 

to avoid 0*m.seem useful, but organic farmers prefer 

The competitive, tree enterprise system encour-
ages individual conventional farmers to adopt techno-
logical innovations 'that increase their production and 
make It more efficient. In recent years a nuer of 
the innovations have involved use of chemicals. 

Many current proponents of organic farming would 
free play of market forces (whichlike to see less 

have led to larger fares), less specialization, and 
less dependence on technological inputs in farming. 
They would like to reduce the displacement of small 
A ~, what they see as a decline in seme ruralfarmers and 
institutions. 

The goal of organic farming was initially to 
formulate the best possible system for producing food 
In areas where neither transportation nor money was 
available to acquire production aids such as comer-
cial fertilizer-, from outside sources. Overlaid on 
the original objective of organic farming, however, 
was the Jud nt.that, except for "natural' products 
such as phosphate rock and limestone, i rtation of 

plant nutrients from off the farm for application to 
the soil is morally undesirable. In modern years, 
this Judent has been extended to include seofagri-
cultural chemicals in general. 

or-
ganic' as a synonym for "r.atural," and it regards or-
ganically grcn" food as superior nutritionally to 
conventionally grown food. Scientifically, natural 
substances are not necessariiy organic, and organic 
substances are not necessarily natural. As faras is 
known, conventionally grown plants are just as organic 
and just as nutritious as are organically grown plants, 
and both absorb virtually all of their supply of nu-
trients from the soil in inorganic forms. 

The organic movement cmmonly uses the word 

The Judgaent about the arceptability of natu-

rally occurrin; rheicals for use in agriculture has 

now been expanded by many in the organic moverent to 
include the issue of safety. Natural chemicals are 
regarded as safe; chemicals synthesized by h u mans are 

considered hazardous. Scientifically, if a specific 
living organism,chemical compound is synthesized in a 

It is identical to the sae compound synthesized in a 
the chemical is synthesizedlaboratory. Where or how 

is irrelevant as far as its properties and effects are 
given human exposure pro-concerned. A gi~ten use or a 

duces identical effects irrespective of the origin of 

the cheical. For exavple,!,te "natural" methanol or' 
wood alcohol that occurs in strawberries is the same 
as the 'synthetic" rethdnol produced industrially by 
combining carbon monoxide and hydrogen. Methanol from 
both sources would cause blindness if ingested in ex-
cess, but the methanol in strawberries is safe because 
it occurs only in traces and would be ingested only in 

if one 'iere to eat noMing butnontoxic aoi|nts even 

strawterries. Lplied 

Scientifically, hazard is determined by the tox
icity of a substance and the exposure to it. Mhether 
the .jubstance I of rsnatural or synthetic origin is 
irreeievant. Some natiral chemicals, including organic 
chemicals synthesized 'by liviing organisms, are ex-

trmly toxic to huwins, and sa are essentially in
ert in the human body. The s is true of chemicals 
synthesized in laboratories or factories. 

The judnt that importAtion of plant nutrients 

in the form of natural substances such as phosphate 
rock and limestone is a desirable practice, whereas 

orimportation of nutrients in the form of comrcial 
as"artificial" fertilizers is not, is to he regarded 

an arbitrary disttnction,,not a scientific distinc
tion. Both organic and ventional farmers uv.,e lime

stone on their soils when,;..eded; organfc faners and 
some conventional farmerSruse phosphate" rock. 

The foumder of organic farming, Sir Albert How
ard, considered that the basis of permanent soil fer
tility is the return of organic matter to the soil. 
This is a concept with some validity for natural eco
system, but it is inapplicable totheneeds of moder 
society in which the harvested portion of crops is re
moved from the land and part of the organic matter and 
plant nutrients is not returned. Under current prac
tices, the amount of organic matter returned to the 
soil is frequently greater in conventional faing 
than in organic faring be:ause of the greater yield , 

Organic farmers prefer to use phosphate rock and 
potassium salts as mined to provide suppleental phos
phorus and potassium, whereas conventional farmers use 

.ostlyforms in commercial fertilizers. Co.processed 
werci l phosphorus fertilizers have greater solubility 
and availability to plants than does phosphate rock, 
and they often contain phosphorus in higher concentra
tion. Commrcial potasslium fertilizerscontain potas
sium in higher concentration than do potassium salts 
as mined, but both are relatively soluble and avail
able to plants. 

To meet nitrogen needs, organic farmers prefer 
to use leguminous crops, which have the capability to 
remve nitrogen gas fro the atmosphere and convert it 
to nitrogenous compounds useful to the crop. The
 
nitrogen left behind by leguminous crops supplies part
 
of the needs of the succeeding nonleguminous crops,
 
and the cropping s3;tem is built around the legumes as
 
a source of nitrogen. Conventional farmers used to
 

follow the same practice because commercial nitrogen
 
fertilizer was too expensive to compete with legum 
nitrogen. After World iar 11, frtilizer nitrogen be
came available in increasing quantities at relatively
 
lcw prices. To meet the nitrogen requirements of
 

crops, many conventional farmers
their nonlegulinous 


for a part or all
then substituted fertilizer nitrogen 
of the legume nitrogen and added extrafertilizer ni
trogen to the extent that seemed economically advanta

has been a more than tenfold ingeous. Jhe result 
crease in amount of nitrogen fertilizer used per year 

and a decrease in use of legmes to supply nitrogen. 

are returned to the 
soil-in animal manure in both conventionaland organic 
farming, but mnure returns only a part of i nutri

liltrooenand other nutrients 

ents re0ved by crops. The total amounts of nitrogen, 
phosphorus and potassium added in manure are srall in 

amounts these nutrientscomparison with the of sup

in coimercial fertilizers. 

Synthetic pesticides were of little significance 
in agriculture in Sir AlbertHoward's timebut they 

farmare of great significance today in conventional 
Ing. Organic farmers, 'however, prefer not Lto use them. 

r 
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on most farm the principal agricultural pests 
are weeds. Both conventional and organic farmers use a 
variety of weed-control practices, and conventional 
farmers make extensive use of herbicides. Herbicides 
are applied both to irevent weeds from emerging and to 
kill those that have already eerged. Herbicides are 
Rost useful for controlling weeds that cannot be 
killed by mechanical cultivation--weeds that grow in 
crop rows and in crops that are not cultivated. Weed 
control by herbicides is especially important for 
saall-seeded crops that would otherwise require hand 
labor to remove the weedJ growing in the rows. 

va.-
Both conventional and organic farmers use a vari-

ety of methods to control insects. Insecticides are 
usually used by conventional. but not organic, farmers 
to control insect infestations that have, ¢Ireadydevel
oped. The desirable pra:tice is to make applications 
only when the infestatioris ate sufficient to cause 
significant economic losses ifnot checked. The cr-
rent trend toward Integrated pest management or IP, 
which attempts to put together the optimum combination 
of practices for insect control, is a trend away from 
reliance on chemicals. Insecticides are used when 

not acceptable to organic farmers who avoid their use. 

The most important biologicalis means of control-inginect, diease.arndnematodepsts developm~ent
flinginsect, opseasetan ne oe pes sc neveopmen 

of resistant crp varietres.in This technque hashad 
great-stsuccess:in ontrolling: diseases. land it is 
used by both conventional and organic farmers. hSm 
vegetable crops are susceptible to diseases for which 
there is no feasible control except fungicidal sprays, 
and only conventional farmers can grow these crops 
successfully. Also, treating seed with a smallson 
of an appropriate fungicide improves seedling estab-
lishment, especially in years when the soil is cool 
and wet at planting time. At present there isno 
effective substitute for such seed treatment. 

liemtodes that attick crop roots can be con-
trolled to some degree by crop rotation and suitable 
tillage (resistant varieties are available for a few 
crops), but use of nemticides often results in in 
creased crop yields that could not have been achieved 

by any alternative method. 

In conventional faming, chemical sprays are 
sometimes used near harvest to cause plants to dry out 
or to drop their leaves. Wi1th a number of crops, in-
cluding cotton, potatoes, beans and sorghum, this 

practic, has several economic iind biological advan-
tages. Cheicals are jsed also to protect fruits and 
vegetables from diseases 'that cause decay; this per-
mits shimnt of fresh produce from one section of te 
country to another for year-around availability, 

The produce from organic growers is often sold 
at relatively high prices to persons who are illing 
totolerate imperfections in return for assurance that 
commrcial fertilizers, pesticides and additives have 
not been used. Although analyses of uorganic pr 
ducts for pesticide residues indicate tat the faith 
of consumers in the claims is not well placed, the 
residues, which are monitored by the Food and Druc.id-
ministration, have been found in only very small quan-
tities and present no significant hazard to public
health. 

As energy tecame a natioal issue, so also it 
becam a basis for debate of conventional vs. organic 
farming. Both conventional. and organic farming are 
largely Powered by fossil fuels, but conventional 
farmers use more energy per acre than do orgaiic farm-

ers. Of principal concer in the debate is the energy 
used for fertilizers and pesticides because organic 
farmers prefer not to use these products. Fertilizers 
acvtunted for an estimated 33 percent of the total 
energy input in production agriculture in the United 
States in 1974, and the production of pesticides ac
counted for 5 percent. Agricultural production con
suned 3 percent of the total auntof energyused in 
the United States, which means that fertilizers and 
pesticides accounted for about 1 percent of the energy 
used. As may be inZrred from the next paragraph, 
however, adopting ornanic famingmethods would not 

:decrease the national energy utilization by 1 percent 
If:additional landt yielding capability were 
farmed to make up for te lower yields obtalned with 
organic faming. 

Adoption of organtc methods by farms now using a 
mixed grain-livestock system would result in decreases 
in crop yield estimated at 15 to 25 percent per acre 
if there were little or no change in cropping pattern. 
Ifnonlivestock farms were to adopt organic methods 
there would be a considerably greater decrease in 
total U.S. yield of the high-value crops because the 

is, acreage,of these would be reduced by introduction ofneeded, however, and so integrated pest management 
legues into the crop rotation to supply nitrogen. To 
offset a 15 percent decline in production on present 

land from, adoption of organic farming methods would 
require 18 percent more of the same kind of land to 
produce the output obtained by conventional methods. 

sam
 Because currently this amount of the e kind of 
land is not available, the additional land would be 
less productive, and more of itwould be needed. If 
legumes were to become part of the cropping sequence 
on intensively cropped, nearly level land, mor row 
crops would have to be planted on the sloping land to 
maintain the output; 
sion . t 

thiswould 
thi w 

mean increased 
n irs 

ero-ount 
ero

". 
In conventional faming, extensive use is made 

of nitritional supplements in animal feeds. Mineral 
and other nutritional supplements increase animal pro
ductivity, and they are of greatest Importance in 
feeds for poultry and swine. In cattle feeding, con
siderable use ismade of urea as an economical, nonpro
tein source of nitrogen. The minerals and nonprotein 
nitrogen used to improve the nutritional quality of 
animal diets inconventional faming improve also the 
qualit of the manure as fertilizer because much of 
the quantity of the nutrient eiements supplied In the 
feed is excreted in the manure. 

Frhricessi rdcinefcec r 
F ices..... i e are
 

ahee n ~encnetoa nmlarclueb 
use hof ormonally activesubstances. Sme of these 
substances increase the rate of gain and reduce the 

amount of feed required per pound of bodyweight gained
by 10 to 15 percent. 

Certain drugs are now approved by the Food and 
Drug Administration for use to protect animal health 
and to increase production efficiency. Drugs are use
ful In both conventional and organic systes of farm
ing, 'but organic farmers prefer not to use them. 

If organic farming were widely adopted, the 
price advantage to organic farmers from supplyinga
specialty mark~et would disappear, but the incom to 
farmers in the aggregate would increase, and the costs 
of food to consumers would increase. The principal 
reason is that total production from the land umde' 
cultivaton at the time of the change would decrease, 
and the Percentage increase in price of agricultural 
products would exceed the percentage decrease in pro
duction. 'Increased net farm Income would lead to 
higher land values throughout the United States. Thus, 

- .~ +' 
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current landowners would benfit, but additional fi-
nancial constraints would be imposed on the entrance 

of potential nev farmers. 

Widespread adoption of organic farming wculd en-
add ,lesscourageculial, o poductivecourage cultivatoh ed additional aborland.that:is: not now cul tivated. leadtoa labor
 

required to far. this land, plus whatever increase in 
use of organiclabor intensity might be needed for 

methods on land previously cultivated by conventional 
methods, would cause the demand for, and wages of, 
farm labor to increase. Exports of agricultural pro
ducts would be adversely affected. -One national model 
indicates that, in 1980, the amunt of wheat plus corn 
available for export would be 4.6 billion bushels 
under conventional farming and 0.9 billion bushels 

under organic farming. In the long run, the price in-
creases resulting from decreased production would en-
courage importing countries either to increase their 

or to seek other sources, thus reducingown production 
the dollar value of U.S. agricultural exports and in

the balance-of-trade deficit.
creasing 

Both organic farmers and conventional farmers 
are served by Post current agricultural research, but 
research on fertilizers and pesticides mainly benefits 
conventional farmers. In earlier years, much research 
was done on subjects that are now considered part of 
organic farming. 

Ssatisfactorily 
10w: receiving emphasis in fundamental nitrogen 


research is the means of developing the capability of 

nitrogen fixation in nonleguninous plants. Although 
success in this endeavor isnot soon anticipated, it 


3''
 

would. put the controversy between organic and conven
tional farming in quite a different light than that in 

Which it is viewed at present. 

Considerable research is being conducted also on 
conservation tillage" methods. Except for the use of 

herbicides, some of these methods are more organic 
than the usual organic farming in that they use less 
tillage (and, hence, produce less rapid dcomposition, 
of soil organic matter) and produce nore legumes than 
the usual organic faming. 

Organic gardening is more attractive than or
ganic farming. The most important distinction is the 
ease with which the organic matter grown in the garden 
Itself may be supplented by organic matter derived 
from other sources. The organic matter contains plant 
nutrients and reduces the need for fertilizers. If 
there ismuch extra organic matter, it Is best handled 
by composting it temporarily. 

A second distinction betwen organic gardening 
and organic faring is that gardening without use of 
herbicides to control weeds is much easier than farm
ing withoutherbicides because weeds can be controlled 
manually and by mulch systems on the small areas in
volved. A third distinction is that organic gardeners 
have greater freedom of choice than do organic farmers 
in the fruits, vegetables and ornamentals they grow. 
Organic gardeners can select the plants they can grow 

without pesticides. A fourth distinc
tion is that, if the yield is poor or if part of the 
produce is destroyed by pests, the organic gardener 
can purchase the needed products without suffering a 
financial .disaster.
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The iasjcINTRODUCTION' . .

c Theuralsstconcern of this report is the agri-
cultural sysems by which food and fiber are produced. 
Agricultural systems hve been evolving through the 
yearc with the introduction of technology that has 
been opted because of the profitability it offered 
to individual producers. The outcome of the continu-
lng adoptions of new technology in the competitive, 
free-enterprise system, hoever, has been the transfer 
of most of the financial benefit to consumers in the 
form of low prices for food purchased domestically, 

Organically grown food is food grown with
out pesticides; grown without artificial 
fertilizers; grown in soil whose hmus con
tent is increased by the additions of or
ganic matter; grown in soil whose mineral 
content is increased with applications of
 
natural mineral fertilizers; has not been 
treated with preservatives, hormones, anti
biotics, etc.
 

plus additional national income from food exports, The wo r v i c r s a t~~4~~ ~:r' ~ ~".. ~ ~ ~ - ~ ~ x: ~ ~~~~h" "::" "organic' nvement is controversial, and the 
During the past three decades, changes in agri-

cultural technology have been pronounced, and nuch of 
the increased productivity that has occurred is a con-
sequence of use of chenicals. With these changes has 
developed increasing public concern about the safety
and quality of the food and about the systems by which 
food is produced. Agricultural production systems 
have been questioned on such grounds as their direct 
effects on long-term soil productivity and energy uti
lization as well as their indirect effects on wild-
life water quality and other aspects of environmental 
quality.

Viewed by s a nr n ents, 
Viewed by some as an important, if not essen-

tial, substitute for conventional modern agriculture 

scientific, economic and sociological bases for con
ventional farming and organic farming are not well 
known to many persons who are concerned with the con
troversy. Hence, the purpose of this report is to 
provide factual information on the subject that should 
be helpful as a basis for understanding and rational 
decision-making.
 

We shall discuss first the evolution of the two 
system. Next we shall discuss their comnality, the 
probleit that exist in terminology and value Judg
e and the scientific basis of what we perceive as 
the principal contramesial issues. Then we shall 
discuss the i ];cations of increased adoption of or

with its industrialization and technological inputs is; ganic faming methods. and organic farming research. 
!analternative system of agriculture, cot.only termed 
organic.' Organic farmers, by and large, accept with-

out question the advances inapplied genetics and bi-
ology, and accept to varying degrees the mechaniza-
tion, but prefer to avoid the use of chemical technol-
ogy. In the words of Robert Rodale (State of flew 
York, 1972). a journalist who is regarded as the cur-
rent leader of the organic movement in the United 
States, 


At the end, we shall discuss organic gardening. The 
reason for considering organic gardening separately 
from organic farming Is that, although organic garden
ers tend to share Rodale's philosophy about the way 
food should be produced, the physical and economic 
circumstances related to organic gardening are differ
ent from those of organic farming. In other words, 
organic gardening is not to be regarded as s lil-scale 
organic farming. 

EVOLUTION OF FARMING SYSTEMS
 

This document is concerned primarily with the 
agronomic, economic and environmental aspects of con-
ventional and organic farming systems. Insofar as 
feasible, broader sociological imlications are taken 
into account; but these are less well researched, ex-
ceedingly complex, and far more controversial. As an 
aid to understanding the diffe.nces between conven-
tio-Al and organic farming, it may be helpful to re

much of U.S. coamrcial agriculture 

view the origins of, and motivations behind, the o 
ystems. 

Convenional Farming 

The production methods currently eployed in 
developed in re-

sponse to a market economy based on profit incentives. 
Through the competitive., free-enterprise system, agri-
culture has been encouraged to move in the direction 
of greater production and qreater efficiency of pro-
duction, specifically: 

WhIile this report was in galley proof, a USDA publi-
cation on the samersubject appeared in print (Papen-
dick et al., 1980). 

1. To produce food in greater quantity and with 
better quality., The food supply in the United States 
has consistently met the needs of our increasing popu
lation and has provided for continuing improvement in 
the quality of the diet. In many countries, nutri
tional deficiencies from inadequate food supplies are 
still leading causes of disease and misery. 

2. To substitute machinery nd pesticides for 
human and animal labor. The consequence has been a 
reduction of drudgery,~ the release of workers for in
dustrial and other manpower needs, and the release of 
land to produce food for hmans instead of feed for 
wr ani....
 

wo a i 

3. To increase per acre yields an cropland. The 
consequence has b-!en less need for farmland and great
er availability of land for other purposes including 
forests, parks, conservational areas, home sites,
highways and industry. 

4. To broaden the available food selection. The 
consequence has been an improvement in the nutritional 
quality of the diet and an enhancement of the pleasure 
of eating. 

5AP 
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5 To protect food commodities from Insects,
diseases and nematodes. The consequence has been im-
proved capability to transport the commodities consid-
erable distances and/or to store them for long periods 
so their use is not limited to local consumption soon 
after harvesting. Today,, there are often great dis-.. 
tances between where food isproduced and consumed. 
(Of course, many vegetables and most fruits are still 
most flavnrful when harvested fully ripe and eaten atonce.) 

Despitj their willingness to adopt new technolo-
gies that help to keep them competitive, conventional 
farmers continue to -.associate good soil management
with maintenance and Improvement of soil fertility,
with addition of organic matter to the soil, and with 
use of soil conservation practices. For economic rea-
sons, however, neither conventional famers nor organ-
Ic farmers in the aggregate use the best soil conser-
vation practices available. 

OrganncFarming ..
 
O i Farmin 

The organic farming concept, though ancient in 

principle, was enunciated as a defined system prior to 

Jorld War I by Sir Albert Howard, Director of the In-

stitute of Plant Industry in Lahore, India. His goal 

was fundamentally economic: to formulate the best 

possible system for producing feod in areas where neither transportatlon nor money was available to acquire
production inputs such as fertilizers from outside 
sources. The contemporary organic farming moverment in 
the United States traces to J. 1. Rodale (now succeed-
ed by his son, Robert) wlto began publishing a magazine
on1.the subject in 1942.
ooperation, 


As an aid in understanding the arguments for organic farming, it is helpful to consider the social 
movements from which organic firming isderived and by
which it is reinforced. Organic farming in the con-
temporary context my be regarded as port of a larger 
social movement that has been termed the 'alternative 

agriculture movement-, this includes the "biodynamic/ 

French intensive method' (Jeavons, 1977. 1979) and
 numerous unnamed variations. 


This moveent emerged on the heels of environ-
mentaliso in the late 1960s, although alternative ag-
riculture has had a longstanding constituency. The 
larger movement is rooted in two major social concerns 
of its proponents; (1)that techniques of modern ag-
riculture involve significant environmental and health 

risks (e.g.. in the words of Robert Rodale (State of 
flew York, 1972) "Agriculture is now a major source of 


pollution in this country, and we are not going to 
want that to continue. The organic method is the only
non-polluting form of agriculture... *) and (2) that 
the structure of modem agriculture (i.e., increasing
farm size. sp ialization, uprooting of farm people
has undesirable social consequences for some people
and rural cocrunities (Goldscmidt, 1978; Pe.elman, 
1977).
 

A principal characteristic of social movements
 
is that they seek social change away from present In
stitutional arrangements; this desire for change tends
to be interpreted by 'outsiders" as being irrational 
and unnecessary. However, it should be kept inmind 
that most social movements tend to emerge in response 
to needs perceived to be legitimate by their leaders.
 

T 
given moicallnt tke ca a drd degtrctors of a 
cause that may be interpreteias 'extre .' Critics 
and defenders of U.S. agriculture tend to follow this 
pattern as they seek to support their points of view.
 
Firther, each side tends to inflate the claim made by 
the other to make its refutations and counter-argu
ments more persuasive, As a result, both organic and
 
conventic%al agriculture must be evdluated in a some
what less polarized sense than is apoarent at first
 
glance.
 

Generally, the alternative agriculturx roverent
 
includes a complex collection of persons and organiza
tions,. as well as practices, goals and tactics. The
 
production practices of organic arners are incredibly

varied--depending largely on the stage of transit'nI
 
away from use of chemical technology, size of the fam
 

nature of markets, climate, soil, etc.
 

Garth Yongberg (1978) argues that "Alternative
 
agriculturalists are not well organized." They have 
no national umbrella organization and virtually lack 
state- or Washington-based lobbyists. In fact, most 
movement adherents tend to be skeptical of .uch a cen
tralized organization approach on ideological grounds.
 

This lack of movement organization is surprising
considering the apparent number of movement support
ers; for instance, over one million per, ns subscribe 
to Homever, the actu,1l ntanber of 
organic farmers is %mall--probablj 15,000 or less (see
Youngberg, 1978). Much of the support fer the alter
native agriculture movement is from persons-!keptical
about the safety of conventional food, cer?,ain con
sumer groups, research and advocacy organizations, and 
some environmentalists. 

COMMONALITY OF CONVENTIONAL
 
AND ORGArdNIC SYSTEMS
 

Although the controversy between proponents of 
organic and conventional systems of farming may at
times becom heated, the fact is that there is more 
commality between the systems than might be inferred 
fron the arguments. For example, to comnt on
Rodale's (State of New York, 1972) description of the 
system by which "organically-grown food" is produced,we would note "natural thatthat mineral fertilizers"
perform satisfactorily are used by some conventional 
farmers as well as organic farwers. Limestone, a nat-
urally occurring sobstance, is applied to acid Soils
by both conventional and organic farmers. Limestone 
Is a source of calcium and, often, magnesim as well, 

Organic matter is added to soil in both conventional 
and organic farming. in both conventional and organic
farming, the soil .himmus" isderived from plant mate
rials and from animal manures, which in turn were de
rived from plant materials. 

Rodale's description of the system for producingorganic food is couched in terms of technological inputs rather than actual operations, and ittends tij
obscure the fact that neither conventional farming nor 
organic farming is a distinct entity. Farurang in
volves many practices, and these vary with the -ircim
stances and Aith the farmer. whether the individual 



concerned is regarded as a conventional farmer or an croo reidues and animal manures to the soil; growing 
organic farmer. Poreover, certain practices that are leguminous crops; using similar breeds of livestock, 
appropriate for the conditions and objectives of the types of mchinery, crop varieties, 1iand ethods and 
operation tend to be comon to both conventional and rates of planting; and using similar Vrmes and methods 
organic farmers. These practices include returning of harvesting, drying, storing and marketing the pro

ducts. 

ORGANIC AND SCIENTIFIC TERMINOLOG Y
 

The crux of Rodale's description of the syi .em inorganic. not organic. Therefore, in sde'tific 
by which orgalically gromn or organic food is produced terminology, the organically grown food produced with 
is the negative parts that apply to chemical technol- urea derived fran animls rjs a nitrogen source is ac
ogy and servz to define organic faming in terms of tually "inorganically grown. 
nonuse of such technology. le shall now examine in 
brief V,' organic and scientific terninology as relat- Although the various plant nutrients behave dif
ed to ahe chemical technology of agriculture, an txer- ferently. there is no evidence that -organically grown' 
cise that will lead to further appreciation for the plants act organically nourished. The evidence is 
considerable commonality of organic and cr.iventional that they are mostly inorganically nourished and that 
faming. the same is true whether plants are grown by conven

tional or oroinic faming methoas. 
The terms "natural" and "organic* are often used 

interchangeably in the terminology of organic faming. The nutrients that are essential for plant growth 
bit not in the terminology of science. In the termin- are present in living plants partly in organic fore 
ology of science, organic chemistry is the branch of and partly in inorganic form, and the sane is true 
chemistry that deals *ith carbon compounds. , Many such when the plant residues are added to the soil either 
compounds occur in nature, and .,ny are synthesized in directly or after passage through aninas. If present 
laboratories and'factories. (Certr rimple coounds initially in soluble inorganic fnrms, !he nutrients 
of carbon such as carbon monoxide are generally con- added to the soil in these organic rwerials mix 
sidered to be inorganic.) But many inorg.nic or 'non- promptly with the inorganic forms of the s'me nutri
organic" compounds also occur naturally, and they ents in the soil solution; or they mix gri,dualy if 
occur along with organic compounds in anny substances, they are present initially in organic form and are 

Hence, insci- changed to inorganic forms during decomposition by the
including our bodies, foods and soils. 

entif icterminology, natural compounds are not neces- microorganism that live in the soil. The quantities
 
sarily organic. and organic compounds are not neces- of the nutrients supplied by the soil, previous gener

ations of plants. manure and cornercial fertilizerssarily natural. 
 all contribute to a mixture of inorganic nutrients 
Wdhen chemistry was In its infancy, chemists did that %ourishes the next generation of plants. The po

indeed belle-. that organic compsunds could be pro- tassit, * for example, that is presentin the soil so
duced only in the presence of a vital force found in lution jis chemically the same, whether it comes from 
living organisms, and it was in those days that the one o/these sources or another, and plants do not 
term "organic chemistry" was developed. This miscon- distfguish among the potassium ions they absorb from 
cept 4on fell in 1828, however, when the German chemist th. various sources. 
W~hle'r synthesized urea, an organic compound, in the Under SOm circumtances, certain micronutrients 
laboratory. " .. such as iron and zinc can be applied to soils ar 4 ab

urearanory. 


Urea way Le used to Illustrate certain sciertif- sorbed by plants more effectively in simplcsyn -tic 
inconsistencies in terminology and judgm-mts made organic formts (chelates) than in irmorganic forv beic 

with organic farming. Urea is a cause of rapid interaction of the inorganic form withby those associated 
natural organic oaste product of human and animal m the soil W reduce their solubity, but it is not 
tabolism that contains 47 percent nitrogen by weight. known that such a mechanism Pm-diates the uptake of 
It is present in animal excreta as voided and, hence, these elenents by plants growirig in soils in the ab
according to Rodale's definition of organically grw sence of added chelates. If it does, it should oper
foods quoted In the introduction of this report, It ate under both conventional and organic farming.
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should qualify as enatural, nonartLficial nitrogen There isno evidence that hmus as such isre
fertilizer for producing organically grown foods. Ac
cording to the same definition, however, the urea that quired for plant growth. Higher plants and certain 
is synthesized in factories, which is chemically iden- microorganisms can make good growth on solutions of 
tical to the urea produced by human and animal metab- inorganic nutrients (hydroponic cultures) to which no 
olism and is widely used as a nitrogen fertilizer in organic mtter is added. 
conventional farmIng, is not an acceptable nitrogen 
fertilizer for producing organically grown foods be-

In scientific terminolcause It is 'artificial.' product of organic farming. 
ogy1 foods are composed of chemicals. Most foods con-

To carry the analysis one step further. the urea tam many chemicals, and cast of these are organic 
in both animal manures and comercial fertilizers un- chemicals, whether the foods are produced by coiven
dergoes rapid enzyatic hydrolysis in the manure or tional farmers or organic famers. For exanple, more 
the soil to aammnium carbonate. The aewnium is 
transformed further to nitrate, and most of the urea
derived nitrogen absorbed by plants is taken up as ni
trate. The anrmonium and nitrate derived from urea ' The corbined results of 47,e'periments in six south
produced in fertilizer factories are indistinguishable eastern states show that the iron content of turnip 
from the ani and nittate derived from urea pro- greens increased significantly with the organic at
duced Inhumans and animal'.. and both these ions are ter content of the soil (Speirs et al., 1944). 



than 100 organic chemicals hav&been identified in the said to be 	 superigr in nutritive value to convention
foods,- this4 allegation has yet to be sustomato (Buttery et al.., 1971), and more than 150 in 	 ally gro 

the potato (Talburt and Smith, 1975). 	 tained experimentally. The available evidence, ob
tained from-chemical analy~es and ,animal feeding tri-


Plants may absorb siaple, soluble organic sub- als, indicates that the nutritivei,-alue of organically
 
stances through the roots, but such substaeces are not ,,rown and conventionally growr foods is about the same
 
nortally present except in trace quantities in soils. (Appledorf et al., 1973, 19 5 Arnon et al., 1947;
 

Brandt and Beeson, 1951; Colilge of Agriculture, Michwhether conventionally farmed or organicall/ farmed, 
and they are not known to be absorbed in iore than igan State University, 1955; Schuphan, 1974).
 
trace quantities by plants. Virtually the total
 
ameunt of the orgrnic chemicals that constitute J- Additional experiment, with aple supplies o' 
wardsof 95 percent of LNe dry weight of most plants nitrients but different modes of pest control would 

(and all of that produced in plants grown on solutions supply information on the iplications of the pest
of inorganic nutrient salts) is synthesized by the control aspects of organic versus conventional methods 

plants themselves, and there isno evidence that con- for food quality. 's may be inferred from page 18 of 
ventionally grown and organically grown plants differ this report, there is no evidence that residues of 
in this regard. Thus, a5 far as is known, convention- modern pesticides in foods have any detrimental effect 
ally grown plants are just as organic in the scientif- on human health. There is ample e-idence, however,
 
i c sense as are organically grown plants. Moreover, that numerous illnesses and deaths of domestic animals
 
there is no evidence that plants synth-tze a differ- and hmans caused by mycotoxins in feeds and foods
 
ent set of organic compounds when they are organically could have been prevented by suitable use of pesti

7cides and decontamination treatments (Diener et al., 


Although organically grown fto -s are sometimes 1979). 

ISSUE NO. 1: SOIL FERTILI7Y 
Sir Al-According to an article written by Robert Rodale Quoting from the book 7h.- cml iealth by 

bert Howard. Rodale continued:
(1973). 

of the Having exhausted the possibilities of
the basis and ekduring foundation 


organic farming system (Sir Albert Howard) production from his own fields, he (the
 

created was the placing of first priority farmer), has actually had the temerity to
 
transfer to those fields the stored-up naton the but)ding of soil fertility more by 

representing centuries of accompleting the cycle of organic life, and ural wealth, 

less t-, using fertilizers imported from cumulation, lying many thousands: of miles
 

away. The importakion of feeding stuffs,other regions.... It was Sir Albert Howard's 
of guanos and manures of all kinds from
special contrihution-to emphasize that the 


continual and enthusiastic replenishmnt of 	 distant parts of the world is only robbery
 
on a vast scale. It isrot necessary to
soil organic matter could create a pema-


nently productive kind of agriculture that claim that every national agriculture: r iiZ
 
imports of fertilizer be completely self-contained: This would
didn't need to rely on 

be a great pity. But the tide has been all
from outside the faro to maintain fertility 

year after year. He did recommend the use one way.
 

of mild and natural soil conditioners--such
 
as limestone and phosphate rock--to supple- Although the view that importation of nutrients 

ment the release of nutrients frow the av- and feedstuffs (which contain nutrients) is robbery is 
store of insoluble inconsistent with the recommendation 	 that phosphateerage soil's impressive 

rk and linestone be imported for addition to soil,reservesc. 

7For exaple, in a public hearing on organic foods 'when plants are grown hydroponically. It is equally
 
testified true that "natural mineral fertilizers" favored by


(State of New York, 1972), Robert Rodale 
organic farmers do not contain a complete assortment 

"tSat "... there are many factors that influence the 

and many of these factors of nutrients. When both conventional and organic


nutritional value of food 
the objective is to 

are part of the organic system.... Now, if a farmer 	 farmers add nutrients to soil, 
supply the plants with the nutrients that are defi

wants to produce food that is nutritionally superior, 

he can use all varieties of methods and do that...'. cent in the soil, as indicated by increases in
 

yield associated with application of tho nutrients.
0, A organic farmers are encouraged to use as many of a wider

these methods to Improve nutritional value as they As deficiencies of mre nutrients develop,' 

5can practically, and it is absolutely incorrect as assortment of nutrients is required,5
 
some people have said here this corning that there 

purchased 25 pairs of stanis no difference in the nutritional value." .Appledorf et al. (1974) 
dard food item in 'health" food stores that sold 
their foods as "natural" or 'organic" (personal4 

Conversely, conventional foods are sometimes said to 
be lacking innutritional value because the fertili- communication) or in supermarkets and had them eval

in plant production do 
' 

uated by sensory perception. The panel ranked abut
zeis added to soils to aid 
al- half of the supermarket items significantly abovenot'contain all the nutrients plants need. This 

legation similarly has yet to be sustained by exper- their natura. or organic counterparts in overall ac

imental evidence. It is true that comercial ferti- ceptance. Hone of the natural or organic food items
 
lizers do not contain a complete assortment of nu- was found superior to the supermarket items in over

trients, althouigh they could and, in fact, they do all acceptance.
 



.I~' oward-Rodale philosophy seems to equate soil fer- The organic matter returned to the soil in both 
faming will maintain...etility maintenance with the return to the soil of or- cpventional and organic 

content of organic matter in the soil at a level thatganic matter produced by plant growth on the soil. 
ismuch lower than that which exis-There is much truth in this philosophy for natural in most instances 

Inted under the uncultivated, uncropped condition.
conditions in which crops are not removed, but itis 

of conventional and organic
fallacious where agriculture isconcerned. comparing the impacts 


farming on soil organic matter, therefore, an inpor
tant question is the relative awounts added iii the twoUnder natural, nonagricultural conditions, the 


nutrients that are remved from the soil by plants are system.
 
returned to the soil along with the organic matter 
produced by the plants, and there isgenerally an ef- Surprisingly, decomposition of the unharvested 

process so that losses of nutrients portions of the crops in a conventional farme'sfectiv recycling 

soil erosion are relatively small. wheat-corn-soybean rotation results in about the sane

by leaching and 
Soil fertility is then maintained with but slow change addition of humus (1433 pounds per acre) as do the 

in crops in an organic farver's rotation of co(rn-wheatat whteer level ischaracteristic of the soil 
alfalfa hay (1533 pounds per acre) ifthe yields of

question. 

corn and wheat are the same in the two rotations. See 

-'Cropproduction in both conventional and organic Table 1. A crop of oats returns slightly less humus 
faming brings about a much more rapid depletion of than wheat. A~nd corn harvested for grain contributes 

to the si)il humus supply than does corn harvestednutrif'ts because parts of the crop are recoved and more 
used Vor animal feed or human food. Although organic for silage, even taking into account the manure re
farmers and most conventional farmers return to the turned to the soil. 
soil the portions of the-crop that are not harvested 
and the manure from any livestock, thereby returning News stories describing'large increases insoil 
both organic satter and nutrients, much of the quanti- organic matter due to adoption of organic farming sug
ty of nutrients removed in the harvested portion of Sest deficiencies insampling, testing and understand

an Iowa report (Yacknin, 1978)crops is notvreturned to the soil fromwhichthe nu- ing. Vor example, 
trients were rved. If imortation of organic mat- stated that the soil hmus content on one organic farm 
ter and nutrients from other areas is to be looked had been raised from 1.8 percent in1%7 to 6.7 per
upon as robbery,' a practice inwhich one should not cent in,,1977. That corresponds to a net gain of about 

13,000 pounds of huaus per acre per year to a depth ofethically engage, the fertility of soils used for ciop 
production then declines. Hw soon the depletion of 8 inches (see Table 1 for more realistic values for 
nutrients isreflected in decreased crop yield5 will htmus additions). hoformation supplied, however, in
depend on the circumstances. dicites that the arnditions of organic matter from
 

I Table 1. Estimated additions of humus to the soil by several crops
 

(LucAs et al., 1977)
 

Estimated humis add!tions from b
 
Crap and yield ofa indicated portion of plants, lblacre
 
harvested portion Above ground Below ground Total
 

Corn (only grain removed)
 

100 .bblacre 1240 670 1910 

Soybearz (only grain removed) 

32 bu/acre* 66,0 310 970 

Wheat (only grain removed) 

45 bulacre 930 520 1450 

Field beans (only seed removed) 

150 r 36015.c. acre .. 410 

Alfalfa (first year, only hay removed) 

IT/acre 230 1010 

4 a Values In this column are yields of the portion of the crop harvested a-, -t 

returned to the soil, expressed ulth the standard moisture content for the 
air-dry product. 

b Values In these colms are based on the assumptions that 30 percent of the 

carbon inthe plant residues added to, the soil becms hwus and that himis 
contains 58 percent carbon. 

1240 



10
 

crops grmm and from animal manures would be suffl- ous, were on a downward trend.
 

dent only to offset approximately the losses of soil
 
The evidence in the preceding paragraphs does 

humus due to decay and soil erosion. 
not support the vie that conventional farming and or
ganic ftrming 44ffer greatly in their effects on soil

Probably due in large part to the use of conven-
terms of organic mattei. In general, conventional farming

tional farming methods, the present trend in 

plant and animal residue additions to the soil is up- probably adds more ortganic matter than organic faming
 

because crop production is greater. And, in general,
ward father than downward, even in the Com Belt. In 

soil erosion is probably
Illinois, for instance,' the amunt of residue added in 	 the loss of organic matter by 

greater with conventional farming than with organic
all form, including green manure crops and anial m-

nures (not Including weeds) today is an estimated 60 farming.
 
million short tons, compareo with 31 million tons in
 

and 30 million in 1920.0 when the practices then Tillage, practiced in both conventional and or1950 
used by many of the iarRrs would be considered to be 	 ganic faming (more in the former than in the.latter),
 

generally iucreases soil erosion and microbial decomorganic farming in current terminology. Furthermore, 
humus in the soil. Today, however, farothe additional fertilizer nitrogen (approximately position of 


" 00,0 0tons in 1978) helps convert the highly carbo- Ing system involving reduced tillage, even no til" age, are gaining favor with many farcers because these
 naceous residues into humus. 
system reduce soil erosion, save labor and energy, 

one might expect that the in- conserve moisture and improve soil tilth. These iw-On the other hand, 

crease in row crop acreage associated with convention- provements in practice are most acceptaole to conven

al farming would lead to greater-loss of humus .rs;h tionaltfarmers because less tillage and more crop res
and Lee (1978) found that soil losses idues on the surface of the soil often require the useerosion. Stall 

in- of additional pesticides to control weeds, diseases,from the more rolling atersheds in Illinois were 
nematodes and insects--a tradeoff not considered apdeed increasing,' whereas the losses from the more lev-

el, most intensively cropped watersheds, though ser-	 propriate by organic farmers. 

ISSUE NO. 2: SAFETY OF CHEMICALS 
are concerned stock, particularly those that graze on 	 natural rangeMany proponents of organic faming 

Even plants
about pnssible adverse effects of "svnthetic" or "non- vegetation. H'mans also may be affected. 


organic" (man-made) pesticides and fertilizers. "Nat- that are co, nly eaten as hman food, ind are not re

ural" or "organic' substances are considered safe, garded as poisonous, contain many chemicals, each of
 

whereas those synthesized or processed by humans are which would have detrimental effeCts in excess, and
 
poisonous in only. small quanti

viewed as harmful. In some instances, this' distinc-	 some of\ which would be 
ties. lhe Irish potato is an.exaple. The potato'con

tion may be related to a fear of chemicals without due 
unds known collectively as solarnum aika

appreciation of the fact that all substances are made 	 tains co"' 
that are toxic to humans: if In]ids (or solanine)up of chemicals. gested in quantities considerably greater than those 

The a rcent is expressed in various ways by var- we normally get in potatoes. :In earlier years, when 
potatoes and when some of the vane

ious persons. In the words of Barry Comoner (1979), 	 peonle .ate more 
in living ties used contained more of these 'alkaloids than the.for example, "Every coqpound that's made 

modern varieties, there were occasional solanum-alkathings has to be compatible with life." 
blid poisonings. It even low-solanine potatoes are 

The fact is thatsome chemicals synthesized by exposed to light and turn green, the green portion may 
.living things are produced 'n sufficient quantities to develop enough toxic material to cause illness if 

harm the organisms that produce them. Alcohol is an eaten in sufficient quantity (Zettel, 1937). ' 

exazple. If enough fermentable material is pre.ent, 
The view that *natural" or "organic" substancesthe yeasts that form alcohol are eventually kil, 4,by 


are safe applies to the ones humans have learned
the alcohol they produce. 
through experience are safe for almost all persons, as 

But the examples given show that itAnd some chemicals produced by certain 1l1Ing cconorly used. 

things are toxic to other living things. Antibiotics does not apply to all natural substances or to all the
 

are an example. These are chemicals produced by cer- comonents of the natural substances we use as food.
 
tain Microorganism (some are now produced syntheti- Moreover, the view does not apply to all people. Some
 
cally) that limit the growth of other microorganism persons are allergic to foods that can be eaten safely
 

or actually kill them. We use the ones,that are suf- by others.
 
ficiently compatibie with human and animal life to One mWre important point that mist be clarified
 
produce more benefit than harm. Mycotoxins are anoth- is the fact that where or how a specific chemical con

formed is irrelevant as far as the propertiesen example. These chemicals produced by fungi (molds) 	 pound is 
sometims result in illnesi; and death of animals and and effects of the compound are concerned. Today,
 
humans; Hycotoxins may produce birth defects, sponta- many of the simpler organic substances produced by
 
neous abortions,' trenors, cancers and other effects. 	 living organism can be synthesized in the laboratory 
One of these substances, aflatoxin B1, is the mst po- by chemists. When the synthetic version of a natur
tent, naturally occurring, cancer-producing substance ally o:curring organic chemical is producedin a lab
known (Oener et al., 1979). oratory or factory, the resulting chemical is identi-


Pcal to the one produced naturally by plants or ani-

Poiso s plantsare and theyaremals. Thus, for example, vitamins are the same organ

quent causes of abortion, sickness, and death of live-	 ic chemicals and have the same effects whether synthe
in a laboratory on by living organism.
 

6 Estimations by S. R. Aldrich based upon crop acre- Chemicals in general, and organic chemicals in
 

yields and livestock numbers. particular, cannot be classified as safe or unsafe on
 

___________sized 

ages, 



the basis of their origin. Some organic chemicals 
that are synthesized by living organisms are extrerely 
toxic to humans (e.g., botulinum toxin and anltoxin 
B.), and some are essentially inert in the hLrAn body 
(e.g., Lellulose). Some organic chemicals 'that ar. 
synthesized in the laboratory (e.g., TCDD or dioxin7 ) 
are extremely toxic to' humans, and some are essentially 
inert tn the human body (e.g., plastics). 

A chemical becomes hazardous only when 
of exposure is sufficient to cause toxic effectV. Even 
the mast highly toxic chemicals present no known haz-
ard if the exposur, is low enough. For example, para-
thion and carbofuran are highly toxic manmade cheni-
cals not known to be synthesized in nature, but they 
my be used with little hazard if they. are properly 
handled. Probably everyone is exposed to minute quan-
tities of naturally occurring aflatoxin B1 and TCOO, 
but recognizable toxic effects appear only with far 
greater exposures. The thousands of chemicals that 
constitute the food supply are collectively beneficial 
in the quantities normally ingested, but all would 
have detrimental effects if ingested indivi ally in 
excessive quantities. For example, seven infants died 
in a Binghamton, New York, hospital when cczmon table 
salt was added to their fonmla under the imression 

ISSUE NO. 3: SOURCES 
The plant nutrients most often deficient in soils, 

and mst often supplied in fertilizers, are nitrogen, 
phosphorus and potassium. One of the major differ-
e'ces'obeteen organic and conventional faming is the 
source of the nutrients used for crop growth. Most 
conventional farmers use comercial fertilizers that 
have been chemically processed, whereas organic fanm-
es prefer to use -natural mineral fertilizers.0 where 
ni ,trogetn is concerned. organic farmers prefer to use 
leg"onouscrops to fix atmospheric nitrogen and to 
preserve this nitrogen, for use by crops by recycling 
it in crop residues and animal manures. 

Phosphorus 

The natural mineral phosphorus fertilizer is 
phosphate rock (commonly called rock phosphate in ag-
riculture), which is finely ground and mixed with the 
soil. Much rock phosphate was used as a fertilizer by 
conventional farmers in the United States at one time, 
but little is used at present. 

Most of the rock phosphate that occurs in the 
United States has low solubility and loweffectiveness 
as a source of phosphorus for plants. When rock phos
phate is added to the soil, years are required for it 
to dissolve so the availability of the phosphorus can 
increase. For most rapid dissolution of rock phos-
phate, the soil mst be strongly acid, a condition not 
conducive to good growth of the legumlnous crops that 
are an integral part of organic faming. 

In some parts of the world, the rock phosphate
deot ar mare than thosein the Unit -Om1csoluble 
depositsare m n o nn 
ed States. Efforts are now being made through the In-
tern3tlonal Fertilizer Development Center at Muscle

aplicatio to soils as a source of phos-for dtirect to develop the use of these depositsShoals, Alabama, 
direct .......
applicatio to sadded 


phorus for plants. 


TC7 i rdcdas hnntrlsbtne n 
Sis produced also when naturalsubstanes i-

cluding wood and coal are burned, and it is of wide-
spread occurrence in barely detectable traces in the 
environment (Chlorinated Dioxin Task Force, 1978). 

that it was sugar (Anonymous 1962, 1962a). 

When highly toxic chemicals a-e used because of 
t.! useful properties, precautions mast-be taken to 
assure that human exposure does not exceed a safe lev
el. For xample, he known as parathion and 
Furadan are highly toxIc substances not known to occur 
in nature, but they my be used safely if handled ac

cording to the directions on the label. 

An unreasonable fear c! chemicals has developed 
in recent years, and public alarm is now easily gener
ated at the mention of corpounds that are unfamiliar 
or bear exotic names. To illustrate, if it were pro
posfIthat acetone, acetaldehyde, methylpropyl ketone, 
methyl isovalerianate, isoanyl isovalerianate, metha
nol, o-methylpropylbenzene or a-phenylethylcaproate be 
added to fruit as a preservative or to enhance the 
flavor or aroma, a measure of public opposition could 
be expected, when in fact, all of these chemicals and 
many more occur naturally in ripe strawberries (Vere
schagin, 1974). Of course, all could ee harmful if 
ingested in excessive amounts. Acetone is-sometimes 
used to remove varnish from furniture, and methanol is 
better known as wood alcohol, which, in sufficient 
dosages, produces blindness. 

OF PLANT NUTRIENTS 
Most of the fertilizer phosphorus used by conven

tional farmers Is chemically processed in one way or 
another. An increasing proportion of the phosphorus 
used in fertilizers is present as highly soluble com
pounds such as armonium phosphates that contain nutri
ent elements other than phosphorus, are mare c ncen
trated and mare economical to ship than is rock phos
phate, and are inmediately available to plants. The 
phosphors in such fertilizers quickly reacts with the 
soil to form compounds of lower solubility, but the 
substances of Intermediate solubility persist for mare 
than a year as a source of phosphorus of gradually de
creasing solubility and availability.
 

The original treatnt used to increase the solu

bility of the phosphorus in rock phosphate for use by 
plants was addition of fairly concentrated sulfuric 
acid. The added sulfuric acid disappeared, being neu
tralized by the phosphate rock, and the product w3s a 
solid consisting mostly of monobasic calcium phosphate 
and calcium sulfate., The product was often called 
ac d phosphate in the early years, but later the name 
supeip!iosphate was adopted because of the unfavorable 
connotation of "acid. 

The use of sulfuric acid inmaking superphosphate 
sometimes leads those opposed to use of commercial 
fertilizers to suggest that the sulfuric acid makes 
the soil acid when superphosphate is used as a fertil
izer. There is some indirect,:truth in this allega
tion. For example, agricultural soils would be acidi

fled by adding superphosphate in large enough quanti
ties to react with all the reactive substances in the
 
soil, but this is not a realistic situation, and the 
reaction would be due to the mobasic calcium. phos
phate, not the sulfuric acid that was responsible for 

.... wherisrmation.." : " cie su.. rp.. pa... Isit osin. Iprccewhesurpshaes 
in small quantities, the monobasic calcium phos

phate it contains interacts in different ways with 

different kinds of soils. If superphosphate is added 
to an alkaline soil that contains free calcium carbo
nate, the monobasic calcium phosphate acts as an acid 
and interacts with calcium carbonate. decozposing it 
and releasing carbon dioxide gas .The usual amounts 
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of superphosphate added, however, would have no appre-

ciable effect on the acidity of such a soil. On the: 
am
 

other hand, if the usual unts of superphosphate are 

added to a strongly acid soil, the monobasic calcium 
with clays and hy-phosphate interacts as an alkali 

drous iron and aluminum oxides with the result that 

acidity is decreased. In most soils, addition of thO. 
usual anounts of superphosphate has n appreciable 
effect on the acidity one way or the other. 

Potassium 

The potassium used as a fertilizer in the United 
States isderived almost exclusively from salt beds 
produced from evaporation of bodies of water, mostly 
in earlier geologic time. Th potassium salts insuch 

inwater, and special
deposits are soluble 	 thus no 

treatment isneeded to make the potassium available to
 

plants. 


are 


not pure, however, and it isuneconomic to transport 
the impurities along with the potassium salts for the 

long dist2nces that separate the mines and most of the 
soils on which potassium is needed for crop prodc-
tion. For this reason, the potassium salts are usual-

water to 


The potassium salts found in the salt beds 


ly purified at the site of mininq by using 

remove the constituents not wanted. 


purified potassium
farmers use the
Conventional 

salts, but organic farmers tend to prefer the potassi-


um salts as mined if they are available. The sodium 


salts that usually constitute most of the ipurities
 

are useful for certain crops such 	as beets if adequate 

if applied in large
potassium is not present, but 


some 
,There may also be problcas due toquantities they may have unfavorable effects 	on 

soilsand crops. 
are toxic. For exaqle, some ofminor imurities that 

the first potassium fertilizer produced from deposits 


in the United States 
 had disastrous effects on crops 


because of boron toxicity. The purificatinn had 
not 


way as to borate
or beeficiallevels.Under
been conducted contentin suchoaharmlss reeire the 


Present in harvested crops in the United States 


content to harmless or beneficial levels. •the 

Nitrogen 

Until the early 1900s. nearly all the nitrogen 
was 


that released upon decomosition 	of thederived from 
soil humus, either directly or after recycling through 


Small quantities of
previous crops or animal manures. 

atmospheric nitrogen were converted to plant-available 

forms by lightning and certain soil microorganism . 

Later, inoculated leguminous crops (alfalfa, clo-
were introduced specifical-ver, lespedeza and others) 

ly to replenish nitogen supplies for succeeding crops. 
in the root nodules on leguminous cropsThe bacteria 

convert atmspheric nitrogen into organic forms, and 

much of this nitrogen passes from the nodules into the 

part of the plant, where it supplies the nitrogenmain 
needs of the plant. Mhen leguminous plants are plowed 

under, they enrich the soil with nitrogen, and the 
microorganfsms that decompose the residues then con-

vert the rtrogen in the organic substances supplied 

by the leguminous plants to ammonium and thence to ni-
be used inorganic nitrogen sourcestrate, which may as 

by the crop that follows, 

A system of rotation" farming, 	 in which crops 
were grown in a sequence with the crop demanding the 

most nitiogen following the legume, developed to take 
Cropadvantage of the nitrogen fixed by the legure. 

rotations including legumes to supply nitrogen to the 
succeeding nonleguminous crops prevailed throughout 
mujch of the United States until the late 1940S and are 
still c n on many livestock farms. 

The primary schism between organic and conen
sources' is con-.it.ogentional farmers, as far as 

cerned, developed following World liar 11, when synthe
tic nit,ogen fertilizers , first became available at 
relatively low prices. Conventional farmers the be

gan using nitrogen fertilizers in increasing quanti

ties. The results were pro"3und changes incrop and 

livestock specialization by farms and by regions. For 
instance, farmers increased the acreage of corn and 

and reduced the acreagessoybeans (high-return crops) 

of small grains, legume hay and green manure, making
 
up the nitrogen deficiencies with synthetic nitrogen
 
fertilizer. They alro mdified other production prac
tices and greatly increased the yields of nearly all
 
crops inall regions. This. in turn, increased the
 
amount of nitrogen that was needed and could be effi
ciently utilized by crops.
 

In the following paragraphs, we shall assess the
 
advantages and limitations of the various sources of
 
nitrogen other than cormercial fertilizers that are
 

and_ organic farming.
utilized in both conventional 

Then we shall discuss the pollution potential, which
 
is one of the principal controversial aspects of cow

rercial nitrogen fertilizers. The energy requirement
 
for producing synthetic nitrogen fertilizers, another
 
controversial issue, will be discussed with other en
ergy-related matters under "Issue No. 5, Energy Re
quirements.
 

hi 
NitrogenFmSoOrganic M&tr fHumus) 

in
ains
Hums t nopsants. 

that not available to plants., nenorganic forms are 

the hmus is decomposed by soil microorganisms, these
 

nutrients are changed to inorganic forms that plants
 

can absorb. Of these nutrients, nitrogen is first in
 

quantity and genevally first in idortance to nonlegu
that does not receive coaminous plants grown in soil 

nercial fertilizer.
 
copigea,
naturalcodtnsbfr
conditions before cropping began, 

humus in most soils was relatively
content of 


high, and annual additions of nitrogen in hums about
 

equalled. losses. when the pioneers cleared the 	land of 

its native vegetation and tilled the soil to grow food
 

they upset this natural equilibrium.or feed crops, 

The humus then decomposed more rapidly than it was
 

formed. The humus nitrogen was released in forms
 
and this nitrogen was the princiavailable to plants, 


pal source used by crops.
 

Part of the nitrogen from crops fed to livestock
 

was returned to the land through 	 the manure. Return 
for reducing theof manure provided a valuable means 

from soil and for reducing therate of loss of huns 
nitrogen and other nutrientsrate of. depletion of 

Schollenberger,(Salter and Green, 1933; Salter and 
l939). Livestock farming was recognized as 	a soil

systems
fertility-conserving systeh in conuarison with 
since r- .in which the crops were sold as such. But 


nure recycles only a portion of the nitrogen and other
 
nutrients previously removed from the soil, soil fer

tility generally declined. Of course, large increases
 
could occur on farms that iaported large quantities of
 

feed from other areas for livestock and poultry feed

ing operations. 

Today most soils farmed in the United States have 
50 percent of their native hus content. Aless than 


new, ouch lower equilibrium content of hums has been
 
established in many soils. The main cause of the de
crease in soil humus content has been tillage, which
 

decomaccelerates the loss of hms by both microbial 
position and soil erosion. Removal of crops is anoth

have been decreasing
er factor. Crp yields would 

g'4
 



~"with the level of humus, h~d it been necessary to de-
pend on htus decoosition to met crop needs for ni-
trogen. As a result of development of alternative 
Sources of nitrogen, however, the proportion of the 
nitrogen needs of crops met by decoposition of native 
soil humus has been decreasing. 

A ranFrmAnhWAnitrate 
P : .:imn .... w ... .. 

Animal manure is an excellent source of nutrients 
for crops, but it must be carefully preserved and ap-
plied to realize its maxiIum benefits. It is a highly 
perishable c indity. The nitrogen and potassium are 
readily lost by leeching, and nitrogen is lost also by
 
ammnia volatilization. 


An estimated 175 million tons of animal manure 

(dry weight basis) are profficed annually in the United 
States, 107 million tons r which are dropped on the 
land by grazing animals. The remaining 68 million 
tons are produced by animals in confinement, and about 
73 percent of that (50 illion tons) is returned to 
the land (Miller et al., 1978). The potential nutri-
ent value of the 50 nillion tons produced in confine-
ment and applied back onthe land is equivalent to 
that of about one-twelfth of the nitrogen, one-fifth 
of the phosphorus and one-fifth of the potassium cur
rently applied in commercial fertilizers in the United 
States. 

The chances of increasing markedly the quantities 
of nitrogen supplied to crops in animal manures appear 
slim. According to a 1978 USDA report (Miller et al.,
1978), the63 percent loss of manure nitrogen through 

volatilization and lsachlng in storage, handling and 
after application crild be reduced, only rto 45 percent. 
If achievedj this reduction in loss would raise the 
amount of nitrogen from collectible manure from about 
9 to 12 percent of the amount currently supplied by 
fertilizer. 

Animal wastes as voided contain 75 to 90 percent 
water. The energy and labor required to transport 
this dilute source of plant nutrients limits the dis
tance to which the wastes can be economically hauled 
for application. The energy required to manufacture, 
transport and apply plant nutrients in synthetic fer-
tilizer is equivalent to that required to haul and 
spread an equal amount of plant nutrients in manure to 
a distance of about one mile (seichel, 1916). Drying 
manure with supplemental heat or by exposure toal 
(suited only to arid regions unless large losses of 
nutrients due to leaching by rainfall inrhumid regions 

-are accepted) is economically feaslbl2 mainly for spe 
cialty products for gardens, lawns, bedding plant and 
pot culture. 

" 

Livestock manure can lead to sme environmental 
problems not likely to be eAperienced with comercial 
fertilizer. Surface waters near large livestock oper-
ations may absorb considerable amounts of ania that 
volatilize from the manure (Hutchinson and Viets, 
1966). If manure is spread on frozen ground for dis-
posal when feedlots or buildings are cleaned during 
the winter surface runoff may be a source of water 
pollution. 8 Manure runoff contains organic matter 
that causes oxygen depletion in receiving waters. Pol
lution of shallow wells may result when manure acciTe
lates in feedlots or when it is applied to soil in ex-
cessive~quantities to avoid the cost and inconveniencE 
of tranporting it to more distant areas where it 

or --

8 
Significant loss of nutrients can occur by surface 
runnff when commercial fertilizers are applied to 
frozen ground, but they are not often so applied, 

could be used more effectively for crop production.
The accumulation of salts may have detrimental effects 
on plants, particularly in dry regions where the soils 
already contain considerable amounts of soluble salts. 
Moreover, a greater proportion of the nitrogen in ma
nure than in cosmrcial fertilizer remans in the soil 
after crops are harvested and is subjectto change to 

and loss in surface and groundwater during the 
winter and spring when no actively growing crop is 
present. And, of course, many people find the odor of 
freshly-spread manure objectionable. Hst nuisance 
complaints about odor occur when manure is spread in 
warm weather. 

Although manure does have soce disadvantages, it. 
is a valuable asset for soil improvement in both or
ganic and conventional faming, not only as a source 
of nitrogen and other plant nutrients but also as an 
amendment to iprove tOe tilth and water' relations of 
the soil. The potential benefits justify continuing 
attention to practices that will conserve manure and 
utilize it effectively (Salter and Schollenberger, 
1939; Hinish and Jordan, 1972; Pratt, 1971; Jordan.
 
1974, _076). 

Nitrogen From Leguminous Crops 

Ilitrogen is most cornly the liniting nutrient 
of first importance in cropped soils. Prior to the 
availability of large amounts of fertilizer nitrogen 
at decreasing costs following World Mar II, most of 
the net input of, nitrogen to soils in conventional 
faming resulted from growing leguminous crops. At
that time,.crppin pattrns in nitrogen-deficient re

gions and, in fact, whole faming systems were built 
around legumes as the principal nitrogen input to 
farms. A mixed livestock, grain-faming system, typi
cal in many regions, utilized the legumes as feed and 
returned part of the nitrogen to the soil in anure 
for use by other crops. Cash-crop farmers often grew 
a legu.m green-manure crop in snall grains and plooed 
it under to supply nitrogen for the following crop. 
The sane is true today in organic faming. 

When synthetic nitrogen fertilizers became gener
ally available at a low price, many conventional farm
ers found it profitable to use them rather than leg
tes to supply-needed nitrogen. This substitution 
capability gave them ore options in selecting crop
ping patterns and faming systens. The resultiwas an 
increase in the nunber of cash-grain faras and the 
disappearance of livestock frmo many fares. Although 
livestock are still widely distributed, an increasing 
proortion is produced on fewer but larger fares 
rorto r f . 

For many farmers, a change in cropping patterns 
to increase the amount of farm-grown nitrogen results 
in fewer acres of the highest yielding or highest val
ue crops. ihe loss in aggregate production because of 
a different mix of crop acreages is in addition to 
sowhat lower yields of each crop per acre. 

Increasing far-grown nitrogen under dryland and 
irrigation faming system isof limitedfeasibility, 
as explained in a succeeding section on economic in
pacts of organic farming. 

To utilize the additional legume forage mist ef
is to increase livestock.-ficiently, the logical step 

would ofIncreasing the acreage of legume forage 
course reduce the amotuit of vegetables and/or cash 
grains on individual farms and also the aggregate pro
duction of these crops on present cropland acreage. A 
sall shift would have a small impact; but a large 
shift would have a great impact. For exaxple, a large 
shift to less grain and more livestock in the Corn 
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Belt would man less grain for transport to grain-de-
ficient areas in the northeastern and Atlantic Coast 
states and less tar world trade. 

A further deterrent to substituting nitrogen-pro-
ducing legums for higher value nonlegutinus crops is 
the fact that land prices have risen seven-fold over 

the sam period in which nitrogen costs have only dou-
bled; hence, land productivity has become increasingly 

important. The short-run prediction is that the price 
of nitrogen fertilizerwill rrrain relatively more 
favorable than the price of land. The longer tern 
outlook cannot now be reliably forecast. 

Mbogen From Sewage Sludge 

p The total amount of nitrogen contained inmunici-
sludge produced in the United States is about one-

seventh that inanimal manure (Miller et al., 1978). 
At present, approximately 23 percent of the municipal 
sewage sludge produced is applied to land, but very 
little to crop-producing land. 

According to data published by Miller et al. 
(1978), available sludge could replace an estiated 
69,000 tons of fertilizer nitrogen annually ifan ad-
justent is made for losses and itf40 percent of the 
nitrogen is available the first year. Since this 
amount isequivalent to less than one percent of the 
nitrogen presently supplied in cmmercial fertilizers, 
it is of little consequence to U.S. agriculture as a 
whole. 

Using sewage 	 sludge for producing food and feed 
raises some unresolved questions about the presence of 
heavy metals 	(cadmtun, lead, copper, nickel) and other 
toxic substances and, hence, possible hazards for the 
food supply. Availability and transportation also 
must be considered (Walsh et al., 1976). 

ftrogen Source And WaterPolludon 

The nitrogen 	 insome fertilizers is present part-
nitrate, but mst of the fertilizerly or entirely as 

is in othernitrogen applied in the United States 

forms. Nitrate is an inorganic form of nitrogen that 
is a normal end-product of microbiological transfor-

ation of nitrogen added to soil in fertilizers and in 

nitrogen-containing organic substances, including 
In
plant materials, animal manures and sewage sludge. 


both conventional and organic farming, plants absorb 
and use it as a source of nitrogennitrate from soils 

other nitrogenous com-for synthesizing proteins and 

pounds. Soil microorganisms also absorb nitrate and 
change it to organic nitrogenous substances if their 

nbers are increasing in response to addition of 

plant residues low in nitrogen. 

Nitrate is soluble in water and is not adsorbed 

by soils. Consequently,. it is readily removed from 
soils by water and may be mved downward into ground 
water or laterally into surface water. Excessive ni-
trate in ground waters may present a hazard of methem-
oglobinemia to Infants whose formila is pr:paredusing 
nigh-nitrate uell water. Occasional probls have 
been reported with shallow farm wells that appear to 
have been contaminated by nitrate from adjacent feed 
lots. Nitrate-contaminated water caneasily be puri-
fied by distillation-or passage through an anlon-ex-
change resin 	colun to prepare the small amounts of 
water used by infants. 

ing the contamination of surface water and grounrd 
water with nitrate. Nitrogen fertilizer has been al

leged to be the principal cause of the increase in ni
trate content of some surface waters (Commoner, 1968; 
Kohl et al., 1971; Parker et al.. 1974). the iplica
tion being that the nitrate present in these waters is 
the same nitrate added in the fertilizers or produced
 
by soil microorganisms as they convert other forms of
 
fertilizer nitrogEa to nitrate.
 

To the extent that an increase innitrate content
 
of these waters has occurred in recent years, nitrogen
 
fertilizer may indeed be largely responsible in an in
direct way because the principal additional primary
 
input of nitrogen to agricultural soils in recent 
years has been fertilizer nitrogen. Little of the 
fertilizer nitrogen is lost directly by runoff because 
most of the fertilizer is applied below the surface of 
the soil or issoon incorporated into the soil. Typi
cally about 40 to 50 percent 9f the fertilizer nitro

regen is taken 	up by the crop in the first year; the 
mainder is distributed among carryover of inorganic 
forms of nitrogen, incorporation into soil organic 
matter, loss by leaching, and loss by change to gase
ous forms. Fertilizer nitrogen increases the produc
tivity of soils for crops and livestock by increasing 
the quantities of nitrogen and other nutrients being 
cycled through then. Scil nitrate is a normal stage 
in the cycle, and an increase in loss of nitrogen from 
the system as nitrate nay occur whenever the supply of 
nitrogen is increased as a result of prior addition of 
fertilizer. These same statements could be made if 
the additional nitrogen were added ir.animal manures 
produced from feed grown off the farm, in sewage 
sludge or in 	legumes that fix nitrogen from the atmos
phere. In other words, the additional nitrate In wa
ter is a result of a greater total supply of nitrogen 
and is largely independent of the source of nitrogen 
(Aldrich. 1972).
 

in loss of nitrate
Nonetheless, 	some differences 

derived from 	the nitrogen in different sources may be
 

According
anticipated, especially in the first year. 

to Allison (1965), "Past research has shown that the 

hi.4hst nitrogen recoveries are almost invariably ob
served following the addition of a readily 'available 

form of nitrogen to a crop that can utilize itquickly. 
The portion of the nitrogen that is applied in slowly 

and not used 	the first year, is subavailable for, 
ject to leaching during the colder months, if any is 
made available." Thus, the proportion of the added 
nitrogenthat is lost as nitrateis likely to be less 

than with cropwith comuercial nitrogen fertilizer 

residues.; legu.mes. manures and sewage sludge that sup
ply an equivalent amount of nitrate because much of the 
nitrogen in the latter materials is slowly converted
 

during lateto nitrate and may be subje:t to loss 
fall. winter and early spring when no crop is present 

or when the crop is absorbing little nitrate. 

Nitrogen apolied to the soil as fertilizers up 
to the point of ewximm net economic return' results 
In only small to moderate increases in nitrate levels 
in the subsoil (Bomoe and Welch, 1972; Hlensler and 
Attoe, 1970; Smith, 1968; Broadbent and Carlton, 1978; 
Olson et al.. 1970). ,With greater applications, how
ever, nitrate increases rapidly in soil below the root 
zone. Therefore, both from an economic standpoint and 
to avoid excessive nitrate in ground water or surface 
water, additions of fe.tilizer nitrogen should be tai

red as, nearly as feasible to the quantities that 
will produce the economic optimum yield. 

The optioin 	 amounts of nitrogen for individual
The marked increase in usage of nitrogen fertili 

the years (from 1.0 fields in individual years, however, unfortunately
zer in the United States through 

predicted accurately at application time 
million tons of nitrogenin 1950 to 10.6 million tons cannot be 

know how much nitrogen will beIt is imossible to
in 1979) has 	 nonetheless given rise to concern regardV2
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lost through leaching and transformation to gaseous 	 fertilization have decreased, and evidence of overuse 
form because these processes are affected by rain- of nitrogen fertilizer in certain instances has devel

fall, which cannot be accurately predicted. Moreover, oped (Pratt et al., 1972; Adriano et al., 1972; Carter 

the potential yield is unknown early in the season, et al., 1976; Ludwick et al., 1976), as might be ex

and this -is another Important factor in determining pected. 
the optimu application of fertilizer nitrogen. 

In view of the uncertainty, the farmer is faced Despite the imponderables, improvements in prac
cannot recover his loss in po- tice can be made that will alleviate what to some iswith the fact that he 

tential yield if he applies too little nitrogen to "the nitrate problem,' but to the farmer is a matter 
take full advantage of a favorable of the logistics of ',increasing the efficiency of thepermit his crops to 

growing season. If he applies too mach nitrogen, he nitrogen he applies as fertilizer. Methods have al

takes advantage of the potential yield in the year of ready been developed for assessing the use of nitrogen 
et al., 1977; Stanford,fertilization, and he may also recoup part of his ni-	 relative to crop needs (Pierre 

1973), and researchers in several states west of thetrogen investment that was not productive in the year 
of overfertilization through carryover of so of the Mississippi River (where loss of nitrogen by leaching 

nitrogen in the soil for the succeeding crop. Thus, 	 is of less Importance than it is in hiph-rainfall 
areas) are starting work to improve their recomendaif nitrogen fertilizer is relatively expensive in 

terms of the increases in production it generates, the 	 tions by'measuring the nitrate carried over in the 
fertilize for the soil from the previous crop (Dahnkc 	and Vasey, 1973).uncertainty encourages the farmer to 

less favorable years and to underfertilize for the Additional informtion is available on the importance 

good years. If nitrogen fertilizer is inexpensive, he of timing nitrogen applications (Olson et al., 1964). 
good years and to Furtinr development and iplementation of improvemntsis encouraged to fertilize for the 

in practice will be encouraged if. in the years ahead,overfertilize for the years.that turn out to be less 
favorable. Although the price of nitrogen fertilizer the relative increase in cost of nitrogen fertilizer 

returns farmersis now increasing, the price in recent years has been 	 exceeds the relative increase in the 

low enough that the traditional economic restraints to 	 receive from their crops. 

ISSUE NO. 4: CHEMICAL VS. NONCHEMICAL
 
MEANS OF PEST CONTROL
 

Many of the cultural and nanageent practices Farmers recognized the gre3t value of these chemicals 
used today in foo0 production stem from attempts to for controlling pests, and within a few years millions 
reduce crop losses from weeds, insects, nematodes and of acres of cropland were being treated. Concurrent
diseases. Tillage, crop rotation, selection of resis- ly, the chemical industry started an Intensive search 
tant crop varieties and hand labor are employed by for pest contro chemicals, and this resulted in no
both organic and conventional farrs to control or merous :discoveries and the widespread use of pest con
avoid pests. The two groups differ, however, in the trol cheacals by farmers and others throughout the 
use of synthetic pesticides. United States. 

Thi, section briefly surveys the development of Chemical applications, both in the field and on 
present pest control methods, the importance of pest harvested crops prior to shipping or storing, -allow 
control in producing fruit, vegetable and field crops, large quantities of fresh fruits and vegetables to be 
the comarative effectiveness of chenical vs. nch made available for purchase throughout the United 
ical control methods, and the potential of "integrated States rost months of the year. Pesticide use on 

field crops (corn, soybean, small grains, cotton,pest management. 
' :' . ...... DevelopentAetc.) control.similarly has provided effective, low-cost. pestPestcide Development And Use 

Prior to the 19OOs. crops were largely produced Today. the American consumer expects plentiful 
without ue of synthetic chemicals for pest control. supplies of unblemished, insect- and disease-free ag-
Daring these early days, weed control, based on human ricultural products. In fact, there are government 
and animal toil, was sometimes so inadequate that the regulations that prohibit pes -infested or blemished 
crop was lost. Growers had little means to prevent products in market cannels and retail outlets. One 

crop losses to pests other than weeds, and losses were example is the U.S. Food and Drug Adninistration's 
extensive in many years. A dramatic example was the "defect action levels," which limit the amount of in
potato late blight disease outbreak of 1843 and 1844 sect parts in processed foods (Pimentel et al., 1977). 
in Ireland which destroyed the potato crop and caused 
widespread famine. -- Weed Control 

Probably the first synthetic 'pesticide" was a 
combination of two inorganic compounds, copper sulfate The importance of weed control for successful 
and calcium hydroxide, called Bordeaux mixture. It fruit, vegetable and field crop production is undis
was widely used as a fungicide before 1880 and is puted. , Weeds compete with crops for water, rlant nu

still used today. 	 trient', and light; often interfere with harvesting; 
and increase labor and equipment costs. They may cre-

Awareness of the great potential for reduci.-g ate a favorable environment for insects and diseases. 
losses to pests with pesticides developed in the ear- If not controlled, they lower crop yield and, In some 
ly 1900s, and many chemicals were tried by agricultur- cases, crop quality (e.g., wild onion in wheat). Or
al scientists aid Innovative farners. A few came into ganic farmers affirm that weed control is their most 

1978; Wernick and Lockeretz,comercial use. However, the major stimulus to pesti-	 serious problem (Lukens, 
cide development and use came with the discovery of 	 ,977; Goldstein, 1978), as Indeed it is for most con 
OT for insect control and 2,4-D for weed control. ventional farmers. 



onEa world-wide basis, weed control, mainly with-	 lettuce and onions, adequate weed- control is usually 
not possible by mechanical cultivation alone. Withoutout the use of herbicides, requires more time than any 

other single uman task (Holm, 1975). For example, herbicides, intensive hand weeding witlin the row isa 

Nigerian village farmers spend 56 to 74 percent of necessity. Often an hour or nare Is required to weed 
100 to 200 feet of row. The excessive time requiretheir working hours weeding their crops. Where sub-

rinsting ispracticed, farm size is often lim- ment makes hand weeding economically prohibitive. Hand 
often results in crop dge. In growing

ited to the area on which the farn family isable to weeding 
conventional farmer who 

control weeds by hand or with animl-drawn tools. these crops, therefore, the 
uses herbicides has a qreat advantage over the organic 

Attempts to develop biological controls for weeds 
have met with limited success. Of a total of 52 con
trols reported in 14 countries for individual species 
of weeds by insects, control of the weed was complete 
in 9 instances, substantial in 17 and partial in 26 
(Wiese and Chandler, 1979). Host water weeds can be 

but there is some con- ;a$150 per acre for hand weeding vs. $5. per acrecontrolled by the grass carp, 

cern that this fish would so denude waters of vegeta-and native fish
for waterfowl
the habitat
tion that 

would be impaired (Shirenan, 1979). 

InU.S. agriculture, both organic and convention-
al farmers use managemnt practices other than herbi-
aide application to control weeds. The practices usu-
ally include preparation of a seedbed free of growing 
weeds; fertilization and lining to give the crop a 
cometitive advantage; use of high quality seed of an 

adapted variety; use of optimum planting date, seed-

Ing rate and plant spacing; and tillage or cultivation 
planting when feasible.aafter 

Conventional fdraers make extensive use of herbi-

cides for weed control. Use of appropriate herbicides 

results in substantial yield increases because: (1) 

they conti A weeds within the row where they would 
otherwise escape cultivation; (2)they kill weeds ear-
ly in the season when crop plants are too.sall to be 

are sometimes too wet forcmfetitive and when soils 
cultivation; (3)used judiciously, they may gradually 

in tha soil so that
reduce the ntmber of weed seeds 
less labor, energy and herbicides are needed in the 
fututre; and (4)they reduce the number of tillage and 
cultivation operations needed, which lessens the de-
gree of soil compaction and leaves more crop residue 
on the soil surface to control loss of.soil and water. 
In fact. some form -'f"conservation tillage, with 
its goal of reduced e .sion and sediment pollution, 
would nothbe feasible without nerbcdes. : 

I a b c w speciesahowever,

Inf.testations by certain weedspecies, hoever, 

can increase from long-tern use of a single herbicide 

to which the weeds are resistant. For example, con

farmer who does not.
 

For large-seeded and transplanted vegetables, 
manual, mechanical and oulch systems for weed control 
are possible alternatives to herbicides, but these 
methods are significantly more expensive (e.g., $30 to 

to $35 
when herbicides are used). " 
..
 

Imaginative research in the areas of weed physi
ology and weed ecosystems may produce future alterna
tives to annual applications of herbicides. For ex
anple. if growth regulators could be developed that 
would cause all weed seeds in the top 4 to 6 inches of 
soil to germinate, crops could then be kept free of 
weeds with only a little tillage or with a small 
amount of herbicide. This princisle is already being 

utilized in witchweed control (Lancston et al., 1979). 

Insect Control 
Insecticides are usually used to control insect. 

infestations that have already developed, although 
they are somtioes applied as a preventive measure be
cause an insect is present or because an infestation 
is likelyto occur. The desirable pr cticeis to nke
 
ispliklto ocr thedesa tice i to ke 
applications only when the infestatit . are sufficient 

loss f they are notto cause significant economic 
checked. 

It is sometimes argued that, if the use of in
secticides were prohibited, the populations of bene
ficial-nd pestiferous. Insects would come into balance 
withia the agro-ecosystem, thus negating the need for 


insecticides-toprotectcrops frm insect pests. This 
argument Is refuted by the fact that insect problem 
were prevalent long before the adventof modern insec
ticides. In some instances, however, insecticide use 

has destroyed netural enemies, with the result that 
the severity of infestations by previously minor pests 
such as spider mites has increased. 

a 

a 

a 

a 

ar
 

rtinual use of a herbicide that controls broadleafInsect probl occurtoday in natural ecosYs 
weeds leads to a buildup of grasses and vice versa. 
Therefore, conventional farmers mist carefully select 
the herbicide or combination of herbicides that will 
provide the most help in controlling their specific 
weed problms. 

thewle n atn oe 
production d 

duced yield and quality of produce result when fruits 
and vegetables are produced without use of herbicides, 

, in the production of small fruit, intensive weed con-
trol prior to planting is a necessity if perennial 
weeds are present. Conventional farmers generally 

Onthe .increased costs r-

a 

control these weeds quickly with herbicides, whereas 
S+u+ + orgnic lariats must+use Srepe a t ed clean tilae 	 which, 

prevents crop production on the land for one or t 
seasons prior to planting the small fruit.O nce these 
weeds are controlled, a good mlchfng system plus 11-
...... napovdee 	 i
tillage 	 l 

brles andblueberries. The organic mlches needed 
to protect strawberry crowns from heaving injury (due 
to freezing and thawing of the soil), however, may 

weed control or bring in new weed seeds.Ahinder 

For small-seeded vegetables, such as carrots, 

tems; hence, they are not unique to agriculture. None
theless, the problems are intensified in agriculture. 
One reason is that the large areas devoted to a single 
crop in agriculture provide a concentrated source of 
food for insect pests specific to that crop, with de

creased possibility of control by insects that might 
be associated with the other species that usually 
occur in a natural ecological setting. Another reason 
is that the genetic qualities that produce desirable 
agricultural plants 'ay not carry with then de
sirable resistance to insects. The probl are fur
ther inteisified if a, susceptible crop is gron fre
quently or untinuously on the sai land. 

: ;
 

The potential for biologicalcontrol of insect 
pests varies. Som insect pests have several potent 
ntrleeieohr eyfw. Kniscssc 
as the European corn borer that became serious pests 
were introduced into the United States and thrived 
here where their natural enemies were not present. 
Host predators and, parasites are found in the native 
area of the host where they nave coexisted with the 
host population for a long time before an importan~t 
regulating relationship developed (U.S Department of 

~}aaa~)4 	 ,~.-a .- ~ aaaa'+. - -a~ 
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Even when predators and parasites seedling establismnt, especially in years when theVAgriculture, 1978). 
soil is cool and wet at planting time. Presently,are present, natural pest regulation is often erratic. 
there is no effective substitute for seed treatent. 

'Wenheavy infestations develop rapidly, insect pests 
used for seed treatment ii the Unitcan cause extensive damage before predator or parasite 	 The comounds now 

to levels adequate for control. ed States have relatively low toxicity to hans andpopulations increase 
other animals and are cunsidered safe when used ac-

Mass propagation and release of natural enemies cording to the label directions. 
sometimes been successful,to ' trol insect pests as 

and appropriate managent ofcrop ecosystems also has 	 NemNatod Control 
in somebeen successful in contrlling insect problems 

crops (e;g., crop rotation to reduce corn rootworms). 	 _. !ie s are nwrecognized as pests of .. jor
he nidenreucngw copnieds buts

The greatest success with biological control, however, fleortanes 
of the problem they create* Is not yet well defined in 

hasi beeistaced through researchit incortes. 	 due to nerdnetc rsisanco crtan isecssome instances. Monetary Joss per acreincrps 
todes is probably greater on vegetables and citrus

There has been much publicity in the popular press 	 wheat and soybeans. But 
u of insecticides will re- than on field crops like corn,suggesting that continued usep .	 total monetary losses may.kSugtk'n developmet of "s esistant t all-. because of larger acreages, ' :'..- ...i :e d s . h s o a e :'resistant~ ! l to aln '. 


ibis notion indicates a misunderstand- begetri fedcos
 
sultinr ] int ~.developm: ent ofn t .superpestsn l o d r t be greater.' in field crops 

insecticides. 
ing of the nature of resistance and how it comes Crop rotation, plant varietal resistance (tomato 
about. The individuals within the population of a and sweet potato), and su.table tillage have greatly
 
given insect will differ in susceptibility to a given reduced the need for conmercial nemticides in some
 

runinsecticide, and a few may be resistant to the desages 	 instances, but not in others. Thus. in the short 
applied. When competition from the susceptible indi- at least, nematicides will continue to be valuable,.
 
viduals is eliminated, the few resistant individuals even essential o comrcial farm.
 

e on s c rc .may multiply and fill the ecological niche occupied by e 

the original strain that may have consisted mostly of Organic atter additions to the soil my affect
 

of two ways. (1) Adding nemsusceptible individuals. However, this "new" strain. 	 nematode Problems in one 
while resistant to the previous specific chemical or 	 atode-infested plant residues will worsen the problen. 

such as hay, bark,made of action, is likely to be as susceptible as the (2) Adding noninfested residues, 

original population to other kinds of insecticides or cottonseed meal and animal manure, will likely favor
 
other methods: of control (Benson, 1971). (There is 	 the growth of organisms antagonistic to nematodes, 
somedisagreement over the extent to which the devel- thus reducing the problem.
 
opment of resistance to one insecticloe carries resis-


In Nlorth America, to date, mast experinents ontance to another.) 
the effect of additions of organic materials onea

todes have been conducted in greenhouses, laboratories 
"boeControl or small field plots. Generally, the work hds been 

One of the crowning accomplishments of plant encouraging enough to continue, and it has reached the 
field scale studies are needed.breeders and plant pathologists has been the co:itrol 	 point at which Pore 

breeding for gne'tic One practical problem with this approach to nematode
of many plant diseases through of organic
resistafnte. Coercial varieties of nearly all impor-	 control, however, is that the quantity 

would be required for effective nema
tant fruit, vegetable and field crops are now resis- amenbents that 

tant to some diseases, thus greatly reducing the need tode control often exceeds the supply.
 

for cheical control. Kany opportunities exist for
 
through Many nematicides are halogenated hydrocarbons,

further improvement in plant disease control 
This biological ap- carbamates and organic phosphates. Their misuse can

breeding for genetic resistance. 

proach is .umediately useful in all systems of food be detrimental ta humans, wildlife and the environment
 

in general. 0.4t their proper use has often resultedproduction. 	 that could not have been achievedin increased yields 


Foliar sprays are seldom used for disease control by any alternative method.
 

minmajor f el !crops like corn, soybeans, wheat, oats,
 
Current Role Of Chemicals In Harvesting,alfalfa and cotton. Unfortunately,barley, sorghu, 


som fruit and vegetable crops (e.g., peaches, pears,
 
Storing And Marketing

apples,grapes. bramles, strawberries, potatoes, oni-


ons, tomatoes, muskmelons, eggplant, celery and squash)
 
are subject to diseases for which there is no feasi- Use OfDsiccantsAndDefo~infts
 
ble control except foliar fungicidal sprays. In som
 

sprays are sometimes used in comercial 
cases (especially musklon,squash and cucOmber), in- Chemical 

to hasten the droppingof leaves from the 
secticides are needed to control disease-carrying in-	 agriculture 

or from weeds that interferesects. Organic farmers thus find it difficult to ob-	 crops to~be harvested 
in areas with a growing

tai high yields of these species wnere the diseases 	 with harvesting. For example 

season longer than 230 freeze-free days, the practice
are a problem, 	 three benof using desiccants and defoliants provides 
efits in cotton harvesting:, (1) it allows harvest atthe economic threshold concept that has been 

found useful with insect control is' not generally ap- the (eptimal time for yield and quality, rather than 
the first freeze defoliates theplicable to plant diseases. As a specific example, 	 being delayed until 

with the late blight disease of potatoes, caused by plants;:(2) it is a basic compionent of integrated pest
 
Phy7tophoia iinfeataathe spray program must be ap- management, in that early harvesting reduces habitat
 

pests;
blight appears because for overwinterig boll 	weevils and otherwhichcotton is muchplie fore any late the fun-	 and (3) it allows machine stripping,gus reproluces rapidly, and the disease is so devas-	 Use of desicmachine picking.tating tiAt available fungicides are not capable of 	 less expensive than 
in the Highonce infection has occurred.. cants and defoliants is., of less valuearresting it, 	 grows nearly one-thirdPlains area of Texas, which now 

seed with a small of the cotton, because this area has no major InsectConventional farmers treat 
problem and normally has natural defoliation.aNount of an appropriate fungicide, which improves 



Effecto Of Pes ide Ue 017 Produce 
Ave btAnd MSIkfln 

Once damaged by pests, many fruits and vegetables 
soon decay, and the rots quickly spread to soumd pr-
duce. Even slightly damaged fruits and vegetables 
have a short storage life. Thus, without effective 
pest control chemicals, not only would present quanti-
ties and quality of produce be reduced, but also ship-
ment from one section of the country to another and 
year-around availability would be unfeasible. Produce 
that has not been treated for insects and diseases is 
not acceptable for import in some countries. 

A reduction in the use of pesticides that assure 
storage quality would lead to greater reliance on 1o-
cally grown fruits and vegetables available only sea-
sonally, and on canned and frozen products, which have 
relatively high energy costs. 

s" " extent, cventional growers - st me 

Tolerances for pesticide residues are establ'shed 
by the, Environmental Protection Agency, and-the Food 
and Drug Adninistration Is responsible for monitoring 
food products for residues. According to a study pub
lished in 1975 by the ational Research Council (1975), 
the U.. population was consuming about 40 milligrams 
of pesticide residues per person per year in the food 
supply, more than half of the consumption being pe
sistent chlorinated h drocarbons that are no longer in 
use. The aggregate acute toxicity of these residues 
consmed in a year has been estimated to be about the 
equivalent of the acute toxicity of the aspirin in one 
aspirin tablet or the caffeine in a cup 'ofcoffee. Al
though the possibility is often voiced that the resi
dues may have unfavorable long-term effects that are 
not assessed by acute toxicity, the results of long
term studies that have been made to date do not sub
stantiate this argument. The issue of possible long
term risks versus current benefits from use of pesti
cides has not been satisfactorily resolved by the sci

S:some rextent,conventional groers must Peet "entific data available.
 
different standards for product appearance in the mar-
ketplace than do organic growers. The supermarket 
shopper desires--and gets--fruits. and vegetables that 
are attractive and free from blemishes. Host fresh 
produce is traded in the'wholesale market on the basis 
of grades which specify size and tolerable limits of 
blemishes according to government standards. This 
promotes orderly buying and selling without the pur-
chaser having to inspect each lot. These standards 
are also enforced to prevent losses during shipping, 
handling and storing. (Some standards such as the 
color of oranges are cosmetic only and could be eli-

.atedover time (Goldstein, 1978".) 

In contrast, the produce from organic growers is 
often sold at relatively high prices to persons h 

are willing to tolerate Imperfections for assurances 
that pesticides, additives and comercial fertilizers 
have not been used. Analyses of products collected in
 
suvveys, however, have not demonstrated that the faith 
of cons the -rs is well placed. a sur-
vey of ten food 1tems in the State of Washington while 
DOT was ,still being used as an insecticide, the DOT 

content of the iteas purchased in a ' )ealth food-

store was about the sa. as that of t4 comparable 
items purchased in a conventional store iDurhametal., 
1965). In a more rerent Florida survey (Appledorf et 
al., 1973) of 24 health foods' and equivalent pro-
ducts produced by conventional methods, no pesticide 
residues were detected ineither class of foods in ex-
cess of 0.01 part per million (the lower limit of sen-
sitivity), but polychlorinated biphenyls were detected 
in seven samples of the health foods and three samples 
of the foods produced by conventional methods. In a 
New York survey (State of New York, 1972), 17 of 55 
food products (31 percent) sold as having been pro-
duced by organic methods were found to contain trace 
quantitiesof pesticide residues,iwereas approximate-
ly 20 percent of the 2000samples of conventional foods 
analyzed per year were found to contain traces of pes 
ticide residues. Tests on organic lettuce in Califor-
nia (H~awn, 1979) showed traces of pesticide residues. 

in claims In 

Although the source of the residues found in 
these surveys is not known, the implication is that 
~the organic label is sometimes used as a ruse to ob-
tai higher prices than could be obtained in the con-
ventional market for products produced with the aid of 
pesticides. If the demand for organic foods increases 
sufficiently, regulatory controls will probably be de-
veloped to provide reasonable assurance that the foods 
sold under the organic label are in fact produced 
without use of chemical technology, and this will 
probably result in an increase in cost of these foods 
to consumers. 

Fu O Pestic. r iA e 
utreOfestceso 

Each pesticide must have federal registration and
 
approval for each crop on which it is to be used. The 
requirements for registering new pesticides and for 
reregistering old pesticides are now so extensive to 
fulfill, however, that most pesticides presently being 
developed are intended primarily for use on field crops 
that occupy large acreages and present a potential 
arket great inough to permit the company to make a 
profit after covering the costs of discovery, develop
nent, production and regulatory clearances (Upchurch 
et a]., 1977). In many cases, the cost to a company 
to acquire data necessary for government approval to 
sell a pesticide for use on a minor fruit or vegetable 

crop ight never be regained through sale of the pro
duct. 

Many of the fruits and vegetables consumed in 
'Lprican diets are grown on relatively small acreages 
and are heavily dependent on certain pesticides. 
Hence, the continuing trend toward increasing cost of 

pesticide registration Jeopardizes the future of pest

icides for minor crops, including most temperate-cli
mate and tropical fruits and vegetables. Moreover, 
the smaller the ntmber of pesticide products avail
able for use on a given crop, the greater is the prob
ability that the pests will develop resistance to them. 
Increasingly limited pesticide availability for minor 
crops will result in fewer and more expensive fruits 
and vegetables of lower quality in the marketplace. 

Integrated Pest Management - A Promising Approach 

The ConceptAndftsANpIion 

In recent years, agricultural researchers have 

assigned an increasing portion of their efforts to al
ternative pest control practices involving reduced em
phasis on pesticides. The term "integrated pest man
agement" (1PM) (Metcalf and Luckmnann, 1975; Smith 
1978; Goldstein, 1978) has been developed to describe 
a many-faceted approach to achieving the best coina
tion of avilable methods to control the various pests 
under the different conditions in which the pests are 
of significance. The general.1. approach is to inte
grate proven cultural pest management principles and 
techniques (including, genetic resistance in plants, 
modified cropping sequences, appropriate tillage, san
itation and field scouting to determine the magnitude 
of the problem) with timely use, if necessary, of an 
appropriate pesticide applied at the lowest feasible 
rate and at the weakest or most critical stage in the 
life of the pest. -While IPII does not imply the corn



EEr abi --ite k-De6elI 
alternative Approaches. utilizing pesticides only when 
necessary and often at reduced rates. 

The overall modification of agricultural practic
es thus far accoqplished.by introduction of ]PH tech-
niques has not been great because of limited availa
bility. The potential for 1P!Flies mostly in the fu-
ture. Developnt of [PH systems that are effective 
and appropriate for the multitude of combinations of 
crops and conditions that exist in practice will be a 
major research undertaking. Much additional knowledge 
about pest life cycles and greater understanding of 
the relationships of pests to other organisms includ-
ing the crops they attack will be needed. Needed also 
is information on the economics of pest attack or pest 
infestaeon and the economics of various pet control 
strategies. To date,i the IPM concept has been devel-
oped mainly in connection with insect pests. 

The trend toward 1PM for pest control reverses 
the trend toward use of synthetic pesticides that be
gan with the adoption of DOT and 2,4-D. In this re-
gard, therefore, conventional farming may be said to 
be retreating from the extensive use of pesticide chem-
icals in the direction of organic farming from which 
it departed in the 1940s. 

In any subject with the emotional i elicatons 
that pesticides have in the minds of many people, 
there are bound to be controversies and misunderstand-
ings, and this is true also with IPM. One of the mis-
understandings that has developed in the minds of some 
is that practical, cost-effective IPM techniques are 
already available for pests In Peneral and that the 
techniques need only imlemntal Another misun
derstanding is that pests can oe controlled by In-
creasing crop diversity and, thereby, reducing the 
concentratit.. of crops in a geographic region, on a 
far or in a field. At best, this belief is only par-
tially true (National Research Council, 1975). For 
example, rotating crops increases the severity of in-
festations with six -of the ten most serious corn in-
sects in the Corn Belt, has no effect with two and de-
creases the severity of infestations with two (Metcalf 
and Luckmann, 1975). The populations of northern and 

western corn rootworIs, currently the most serious 
corn insects, are reduced by crop rotation. Although 
this is one of several factors that may be involved in 
the decision of conventional Midwest farners to grow 
soybeans instead of cor on sane of their fialds, the 
organic farmers who use only this nonchemical control 
of rootworms do so At the expense of part oftheir 
acreage of corn, the principal Incom crop in the Mid-
west. In the caseof weed probleis, sme are intensi-
f'ed by monocropping, and others by rotating crops. The 
best long-term weed control is obtained by combining 
crop rotation, tillage and use of appropriate h 
cides. 

PMPrmisngAdditions To 7Pa Mpproech 

Alternative pest control strategies that appear 
to have promise and have already been developed to the 
point of some field use include a broad spectrum of 
biological approaches: 

-Developing genetic strains of crops resistant 
to, or tolerant of, pest attacks.' ' 

-Introducing attractants such 'as sex hormones 
(pheromones) in insect traps. 

U4tilizing Juvenile hormones which interrupt the 
norml development sequence from young to ma-
t.re insects. 

-n-insect-sterilization --strategies--

--Introducing predaceous and parasitic insects, 
pathogenic fungi and diseases. 

--Using weed seed germination stimulants. 

New technologies which incease pesticide effec
tiveness on target species while reducing nontarget
 
imacts include the following:
 

-- Using electrostatically charged sprays which 
increase retention of the pesticide on vegeta
tion.'' 

--Using soil-applied systemic chemicals in which 
the pesticide is taken up by plant roots and 
incorporated into the vegetation. 

--increasing the efficiency of granular pesti
cides at the action site. 

--Applying pesticides directly on target weeds 
with roller or wiper applicators in lieu of 
sprays, granules or dusts. 

--Reducing the proportion of very small droplets 
to reduce spray drift during ground or aerial 
application. 

--Adjusting the psticide applicati r and
 
spray volim to canopy density.
 

-- Catching and recycling the pesticide solution 
that Is not deposited on the target plants. 

R gul Aty vitAndIPM Developmo"t;ctt 

Concern for public health and the environment has
 
resulted Inexpanded goverment regulatory activity
 
during the past decade. Regulatory agencies have
 
greatly increased safety testing requirements in their
 
efforts to reduce the risks in pesticide use. Each
 
proposed use of a pesticide must now be officially ap
proved. These requirements have increased both the
 
costs of pesticide development and the length of time
 
between discovery and marketing of the products. Ac
cording to Information supplied by the National Agri
cultural Chemicals Association, the average cost of
 
bringing a pesticide to market for the years 1974
 
through 1918 was $25 million ($53 million in 1978),
 
and the tine from discovery to market was 7 years. The
 
tie required from sulmission of the data to approval
 

of the product by the Environmental Protection Agency
 
averaged 21 months (32 months in 1978). These regula
tory inhibitions apply to "second generation pesti
cides that generally provide control for only a single
 
pest species as well as to broad-spectrum pesticides
 
(Tucker, 1978).
 

The high costs have reduced the numnbers of pesti
cides registered per year. 'They have encouraged manu
facturers to emphasize broad-spectri pesticides that 
will have a wide market and to avoid specific pesti
cides thatwould have a limited market. These trends 
inhibit the development of IPM programs in two i .or
tant ways: (1) the adaptabilityto fit different cr
cutances is decreased, and '(2) specific pesticides 
are not available to "control specific pests without ' 

concurrently controlling other. organisms, some of 
'which might 'otherwise provide part of'the control of 
these specific pests or others. 

.The regulatory quality standards that are consid
ered desirable for producing fruits and vegetables
 
that are free of pests and blemishes also inhibit the
 

http:accoqplished.by
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ttieInc .ye vYelopment-of-IPP ---systmem -- rck-lads-of-apples, -- such circim tances. -gr-wrshave-l 
use reduced rates of pesticide application or to use oor example, may be rejected and returned to growers 

on the basis of evidence of the presence of apple nag- alternative ethods of pest control that would result 
got in only a small proportion of the apples. Under in less certain and less coplete control, 

ISSUE NO. 5: ENERGY REQUIREMENTS
 
As energy became a national issue, so also itbe-


cae a basis for debate in conventional versus organic 
faming. Organic farming is presented as the rore en-

ergy-conservative of the two systems. As Rodale (1973)
 
put it, 


Highly mechanized and che~icalized farming 
requires ouch larger enerr, inputs per calo-
rie of yield than does primitive farming. 
For example, the oriental rice farmer gets 
50 calories back for every calorie he ex-
pends in personal energy. (Almst every-
thing is done by hand.) Farmers using large 
machines need many calories in fossil fuel 
for each food calorie they produce--exactly 
the reverse situation.... Can people be en-
couraged to adopt lifestyles that are not 
wasteful of resources and energy, and that 
simplify the problems of food production and 
distribution? Will more people be willing 
to accept the physically demanding (though 
extremely productive in an energy sense) 
work that small-scale farming is? 

In this quotation, Rodale classes mechanization 
with agricultural chemicals as something to avoid. On 
tuquired

the other hand, as an agricultral engineer (Splinter, 

1979) put it, 


from a strictly engineering point, man 
and animal are not efficient sources of pow-
er, especially in the tropics. If a man or 
an animal is perforinng work at 0.1 or I hp 
respectively, and since muscular work is 
about 20% efficient, the man or the animal 
must dissipate 0.4 or 4 p in heat energy 
respectively. Under high te~perature-hlgh 
humidity conditions the capability to disst-
pate heat is severely restricted, potential-
ly leading to a heat stroke or forcing.work 
at a lower rate. 

Even under temperate conditions muscu-
lar work is not efficient. In studies re-
ported by F. B. Morrison in his text on 
"Feeds and Feeding," you will find that the 
field work efficiency of a horse is from 20
25T. respectably comparable to a gasoline 
engine. However, since one cannot turn his 
ignition off, the horse continues to burn 
hay and oats all night long, bringing his 
daily work efficiency to about 9% and, since 
he is* not worked 365 days of the year, his 
annual work efficiency is only 2-3Z. 

A.HMakhijani, inhis book 'Energy and 
Agriculture in the Third World" found that 
the energy investment in producing a ton of 
rice in India, where 85 to 90% of.thetotal 
energy input was human labor (including ani-
mal feed, human food, dung fuel, etc.) was 
19 x 106 Btu while In Japan, where produc-
tion is almost totally mechanized, the ener
gy investment was 6.2 x 106 Btu/ton. 

e etagricultural 
Thamn randeanitmalstae infficent soue 

of power and that relegating mankind to the 
status of a work animal is not a socially
 
acceptable goal.
 

A simple and satisfactory analysis of energy itt
lization in conventional vs. organic farming has not 
yet been made, one reason being the diversity of both. 
Hence, in this report we shall endeavor to provide a 
basis for understanding by explaining initially the 
evolution of conventional agriculture in terms of en
ergy utilization and economics. Next we shall review 
briefly the energy aspects of agricultural chemicals 
because the clearest distinction between conventional 
and organic farming can be made In use of agricultural 
chemicals. Then we shall review the comparisons that 
have been made of energy utilization in conventional 
and organic farming. And finally we shall consider 
energy for the future. 

Evolution Of Energy Us InAgriculture 
Solar energy makes plants grow, but humans must 

supply additional energy to direct the process to sup

ply their needs for food, fiber and shelter. The cap
acity of humans to perform the hard physical work re

inagricultural production is limited. Splinter
 
rated itat 0.1 horsepower. Thus, the amount of food
 
that can be produced by one person who must depend on
 
his own energy to do it is relatively small. Ifmost 
or all of the food is to be produced this way, a large 
proportion of the population rest be engaged in fooe 
production. Inyears past, this is the way itwas.
 
In 1790, for exaa,Ie, 90 percent of the U.S. labor
 

force was occupied in agricultur3l production 6-o. the 
figure isless than 4 percent). 

In the United States, agriculture has always been 
a cc petttive enterprise in which,the generally low 
incoie (as well as the heavy, energy-demanding nature 
of the work) has encouraged the development of means 
to make human resources more productive. The first 
step in the process was shifting much of the burden 
to dcomestic animals. Now machines have displaced do
mestic animals, and other inputs including fertill
zers, pesticides and feed additives are used to in
crease the productivity still further. 

All these Inputs require encrgy. Human and ani
mal labor are based on energy derived from food: part 
of the output of the system is consumed as overhead in 
producing the surplus amount that can be used by per
sons other than the producers themselves. An appreci
ation for the magnitude of the overhead may be ob
tamned from apublication by Gavett (1975). He calcu
lated that to produce the crops grown in 1974 by the 
technology of 1918, before the widespread use of the 
tractor, would require 61 million horses and mules. To 
feed them would require 180 million acres of cropland 
(almost half of the U.S. cropland now in cultivation). 
Moreover, performi:g the additional hand labor needed 

would require approximately one-third of the total 
U.S, labor force. 

The continuing pressure to develop a system of 
production that makes more efficient use 

of human resources than one based on human physical 
thatmanand souceslabor may be inferred from the fact that in 1976 itnimls ae ieffiien 
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cost $26.5 to employ a farm worker for a 10-hour day. considerably less fertilizer-related energy is con
wlereas work equivalent to that performed bya healthy stmed in organic farming without nitrogen fertilizer 
vigo-ous man who applied himself continuously for 10 than inconventional tjrming. 
hours could be perfcrmd by electrical energy costing 
only 3 cents. On the other hand, the use of nitrogen fertilizer 

alone is credited with providing one-third the pro-
Electricity and the gasoline and other fuels used ductive capacity of crops in the United States (U.S. 

to power farm machines ar2 derived almost entirely Department of Agriculture, 1973). And, according to 
from petroleum, natural gas or coal--the so-called estimates by Swanson, Taylor and Van Blokland (1978), 
fossil fuels. The ceparative cost of human energy limiting the application of nitrogenous fertilizer to 
derived from food and of electrical energy derived 50 pounds of nitroqen per acre woud result in a value 
from fossil fuel brings to the fore the question of loss to consumers (consumers' surplus) of $3.3 billion 
economics, which is of basic concern in currentdeci- per year due to the lower crop yields and higher pric
sion-making. As 1.,ng as fossil fuels and other energy es. The value gain to producers (producers' surplus) 
sources can be ut.lized more econoeically than himn for same reasons would be $2.0 billion..e 
labor. individual producers will be motiiated to use Tere are evidently arguments on both sides of 
them. The practical issue, therefore, is not that\ of the controversy. The energy statistics favor organic 
calories (which is the basis often argued), butof faming. !npractical agriculture, however, the deci
dollarsto obtain the energya nbagiud sion turns on the cost of nitrogen fertilizer inrelause pfo 

iductionrof dollars that can the the selling price of the products produces.and be obtained for tion to it 

agrfcusurlprducsof pnrgued hIgh eout ood requir one factors in
heof The energy nt is of the the 
nomsc s of e n illfore conenonal farc- cost of nitrogen fertilizer and in the cost of produc
ing rin the direction of the more nriuuntive agriculture- in-nitrogen-fertilized crops. Ifnitrogen fertilizer 
fri- hictmihaso cmmerc lture were free, the economic advantage to individual pro

which it has evolved. Much commercial organic dupers would be strongly in favor of using itgener
farming will be similarly affected. ously. Ifnitrogen fertilizer were relatively expen

sive, as itwas prior to World War II, the use would 
Energ For l be sharply curtailed, and many conventional farr!7rs 

oan estimted 33 per.- cit~ es fsbtttn ewentoe 

cent of the total energy input incrop production in ic"in the sense of substituting legume nitrogen for 

the Unitet!States in1974 (U.S. Department of Agricul- fertilizer nitrogen. 

ture, 1975). Hpst of the energy consumed infertili- Flowing a leguninous crop into the soil provides 
zer production isused in tij. "3ximra of 

Fertilizers accounted for 	 would find iteconomically expedient to become "organ

manufacture of nitrogen the amount nitrogen for the succeeding 
ferlilizers in which natural gas -isused not for its the niro i nstve becaus o 
entrgy but as a source of hydrogen gas for making am- crops, butthe nitrogen is exp ba of loss 

Authority isnow com- of prodiction of 	other crops during the time the legunia. (The Tennessee Valley 	 isminous crop is grown. This procedure, 	 therefore,ple'.ing 	 a demonstration plant for producing hydrogen

frm coal.) 	 the ti~e 'cash" grown during: Amoa is a nitrogenous 	comound that is f not often usedof theunlessyear thewhenlegumethe can be crop such as 

or after conver- tta o chp e wn. 
used as 	 a fertilizer either directly 

c
sion into other nitrogenous coapounds. 

Crops varj in nutrient requirements because of Inrractice, it is mrt always feasible to make a 
including yield potential and the ability small stift in the balance of nitrogen supplied by nidifferences 


of legumes to obtain nitrogen from the air. Corn is a trogen fertilizers ar legumes. The basic reasons are 
nnlkgte with a high yield potential, and it has a that (I)the legtminous forage crops that are the mst 
high fertilizer energy requirement. Legumes such as valua!le sources of nitrogen have limited salability 

derive more current inccwe fromsoybeans and alfalfa, however, have a much lower fer- and (2) farmers can 
tilizer energy requirement because they fix atmospher- cash crops than from selling the leguminous forage 
ic nitrogen and do not require supplevental fertilizer crops. The economics of using legumes as a source of 
nitrogen. As may 'e inferred from the data inTable 2, nitrogen would thus encourage farmers to modIty their 

fable 2. 	Energy consuned inproduct!on, transportation and appllcaticn of fer

tIlizer3 Inamanoms sufficient to maintain the fertility of the soil 

(raf iset al., 1977; Davin and 810dm, 1917; Hoeft and Slenens. 

(1975)
 

Ener~y required, kilocalories p~.r acre
 

Corn, Wheat, Sovbteans Alfalfa 
120 bu!acre 40 bu/acre 50 bulacre 5 tonmsacreNCutrient 


0
Nitrogen 875,000 357,,-," 0 


Phosphorub 77.565 34,500 60,300 8b,200
 

Fotarsi= 32,175 13.000 59,750 387,300
 

Total 984.740 405.300 120,050 373,500
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farming enterprise to include livestock to consme the 
legume hay,,, Livestock farming and cash-grain farming 
are different ways of life, and farmers tend to choose 
one or the other. 

E tForicides 

About 5 percent of the energy used in agriculture 
goes intortt- production of pesticides. A small addi-

into pesticide application. Thetional amt goes 
total amount of energy used in producing and applying 
pesticides is equivalent to less than 0.2 percent of 
the total energy used in the United States a o 

is 	used in produc-about 15 percent as much energy as 
ing and applying fertilizers (U.S. Department of Agri-
culture, 1976). 

The input-output energy relationships involving 
pesticides in crop production may be illustrated by 
the data in Table 3, derived from six experiments on 
use of herbicide for weed control in Minnesota.-v The 
data show that the energy input for controlling weeds 
was greatest with cultivation, less with herbicide, 
and least with hand labor. The net profit in energy 
was greatest where weeds were controlled byhand labor, 
less where they were controlled by a herbicide and 

least where they were controlled by mechanlcal culti
vation. The net profit In terms of energy was great 
with all methods, however, reflecting the great ipor
tance of weed control. 

The energy accounting in Table 3 is of theoreti

cal interest, but in practice agricultural products 
are not bought and sold on the basis of their energy 
content, and decisions on agricultural inputs are not 
based on their relative energy consuption.. although 

he 3 factor in both. Economics is the deenergy may 
ciding factor. The method of weed control that is 
nost profitable economically thus'nay differ fron the 
one that is most profitable energetically. The dis
tinction between the to bases for calculating profit
ability may be Illustrated by comparing the energy data 
..Table 3 with the economic data in Table 4. Hand 

the best method of weed control fromtabor, which was 
the energy standpoint, was a'disaster from the econom-
Ic standpoint. At 1576 orices for corn and farm labor, 
a farmer using haWd labor to produce 92 bushels of corn 
per acre would have los" $65.90 per acre on the opera
tion. He would have been better off to use no weed 
control at all and to acccpt a yield of only 54 bush
els per acre. 

on 	corn inTable 3. Energy relationships in weed control in six experiments 

Minnesota (Kalevaja, 1974) 

4ethod of 
controlling 


weedsa 

None 


CaItivatIon 

Herbicide 


Hand labor 


Energy input for 
controlling 

weeds, 
kilocalories 
per acre 

0 


56,005 

37,920 


32,65% 


Yield of corn !Iet profit due to 
grain p-r acre weed control, 

kilocalories 

Bushels Kilocalories per acre 

54 5,443,200 

81 8,164,8OO 2,665,595 

90 9,072,000 3,590.880 

92 9,273,600 3,7q7.745 

a 	 The land was plowed, dis 
k 
ed and prepared for planting of corn in the conven

tional manner. 

Table 4. Economic relationships In veed control in six experients on 

corn in Hinnesota (Nalevaja, 1974) 

Costs per acre at 1976 prices Vleo e r~t 
Value of Net profit

Fuel, 
per per acreof wachinery crop 

acre at due to 
,iethod 

controlling and iwed 
wesa hriieLbr Ttl1976 

V vedshebicde 'bo Toalprices 	 control
 

$132.30 fNone $0 so $0 

1.51 4.92 198.45 $61.23
Cultivation 3.43 


0.13 9.71 220.50 78.49
*Herbicide 9.58 

*Hand labur 0 159.00 159.00 225.40 -65.90 

aTo produce the data In this table, dollar values, for 1976 were added by 

the author. 
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The profit oerived from controlling weeds by cul-
tivation and herbicide explains why these methods are 

acceptable in practice, and the loss from hand labor 

explains why this method is not acceptable. The au-
thor estimated that to control the weeds by hand labor 
in all the U.S. corn crop in a period of 6 weeks would 
require 17.7 million people working 40 hours per week. 
This is four times as many people as were employed on 
all U.S. farms in1973. 


Comp-rsons Of Energy Utilization, 'Crop Yields And 
Ecnomltons Of Ene ldonv. Orani Faied n 

Economi Of Con'i ntl~oi vs. Organic Farming 

Several attempts have been made to compare eaer-

gy utilization in organic and conventional farmingsys-
tens. In someistances., the comparisons were based 
on specific field observations, inother instances not. 
Insome of the stidies, yields of crops were reported. 

In some, economic calculations were made. The various 
studies differed in the degree to which organic meth
ods were followed. Some of the studies were on an in-

on a whole fare basis.dividual crop basis, others 
Farms also varied as to types of crops and livestock 
raised. A few had large outside sources of animal ma-

Insome cases, the farms 
nure or municipal sludge. 

compared were indifferent geographic areas. Yields 

often were estimated by farmers rather than being pre-
are open to Iquestion, espe-
cisely'mauean thus 


measured and 
cially for hay and pasture. Because energy utiliza-
tion, yields and economics are related and because the 
inforaation reported is so heterogeneous it is all 
sumarized inthis section in preference to segregat-
ing the energy, yield and economic information for 
separate consideration. 

Klepper et al. (1977) estimated that, averaged 
over 2 years, the energy required to produce a bushel 
of corn on 14 midwestern organic farms was only 36 per-
cent as formuchsoybanLas thatproductionrequired onwas. 85 rpercenlt as .conventional farms;
•energy
The energy consaion per dollar of crops produceS
n s u r op p r d u c 
T h e n e r p t i y c n p r d o l a r o f d 


was 42 percent as great on organic farms as on conven-
tional farms, and the energy consmption per acre of 
cropland was 38 percent as great on organic farm as 
on conventional farms. In the same study over a3 
year period (Lockeretz et al., 1978), the - unadjusted 
per acre value of all harvested crops was reported to 
be 89 percent as great on the organic farmsas on the 
conventional farm. After adjustnt for differences 
in so-.Is and assignment of varying credits for pas-
ture, these values ranged from 78 to 87 percent as 
great on the organic farms as on theconventional farms 
(Table 5). Because of lower costs on organic farms, 
the unadjusted net returns per acre of cropland were 
estimated to be the same for the two farming systems. 
It would of course be appropriate to adjust net re-, 
turns irna manner sinilar to that used to adjust gross 
values pier acre of harvested cropland.

0 .at 
farms inthe study, one-thirdOn the conventional 

of the corn acreage was preceded by a sod crop, and 
one-half had received an average of 9.1 tons of manure 
per acre. In addition, the average application of 
c'aercial nitrogen fertilizer (101 pounds per acre) 

30 percent above that recomeridedwas approximately 
et al., 1978). Therefore,for these situations (Boone 

manure and fertili-nitrogen available from sod crops, 
zer was unnecessarily high for the yields obtained, 
thus raising the energy input above that needed on 
these farm. 

Berardi (1976) reported that, in wheat produc-
tion, organic farms used considerably less energy and 
had loweryields, but obtained roughly the s p , 
acre net returns as their conventional counterparts.-

fetlaf (1978) found considerable variation inthe 
ecomic viability of organic farming methods, but he 
suggests that organic production of a numer of com
modities car be as profitable, if not more so. than • 
conventional production techniques. Using USDA and 
other data he estimated that organic farming would add 
an average of 9.2 percent in pro c.tion costs for a 
wide range of feed grains, fr',its and vegetables apd 
would require an average of 16 percent more labor. 

Farming systems of the Mish religious group,.
 
though different inmotivation, are similar to organic

farming inthat no pesticides and usually little or no
 

commercial fertilizer are used. Johnson et al. (1977) 
(Table 5) compa ed yields and energy input/output re

farms in Illinois,lationships for Axish'and non-mish 
Pennsylvania and Wisconsin. Production of grains, hay
 
and livestock was aggregated by converting each to 
megacalories.
 

In Illinois, production per acre was 62 percent 
as great on Amish farms as on non-Amish farms. The 
ratio of energy output in agricultural products to en

and 0.70 on theergy input was 0.89 on the Amish farms 
non-mish farms, 

InPennsylvania, production on Amish farms of the
 
subetwsSprcnasgatsthtn
 

the non-Amish farms, and production on Amish farms of
 
the Old Order sub iectwas 103 percent as great as that
 

nonAmish farms. The ratio of energy output n ag-


Nebraska 56 percent as great as that onebsect was 

a r to input as 1.51 on theproducts energy 

Amish farms of the eebraska the Amish
subsect, 1.01 on 

farms of the Old Order subsect and 0.55 on the non-

Amish farms.
 

InWisconsin, pioduction on Amish farms was 78
 
ercent as great as that on small (177 acres) non-Am
ish farms and 63 percent as great as that on larger
 
(266 acres) non;Amish fares. The ratio of energyeout26ace)no-UscfrshTerto;feerjot
 
puto thine agriculturalAmi s h farms, 0 products.2 o n thtoe energymal inputA m is was 1.61
7 s l non- h farm
 

and 040 on the large non-Amish farms.
 

In the various comparisons of energy output per 
uni t of energy input, the efficiency of energy use on 
the Amish farms ranged from1 to 5.9 timesgreater
 
thanthaton non.Aishfarm In te-5s of eneg in 
ptanrta on n aleonish farm ranged 
fut pe to 49 percent as goat as those on the non
fmish fars ith which they were compared. o t not 


farms with which theyL wer o redm
 

The Center for Agricultural and Rural Development 
(Olson and Heady, 1979) produced a nationalmodel for 
1980 of the effects on land use, exports and income of 

) conthree approaches to agricultural production-C 
ventional farming with exports projected at recent 
trend levels, (II) conventional farming with exports 
a level that would utilize nearly all available
 

cr land, and (ii) orjanic farming with exports as in
 
(1I). Yields generated by application ,of the model 
range from about 30 to 50 percent for organic farming 

Accordcomared with conventional farming (Table 6). 
ing to the authors, "The organic faring yields are 
lower, due to both no use of chemica and the neces
sity of using less productive land to mlet total de
mands 

Energy ForThe Future
 

If and when oil and natural gas must be rationed,
 
a national decision will have to be made on agricul
ture's priority for these energy sources. At present, 
only about 3 percent of the total amount of energy 
used in the United States isdevoted to agricultural 
production (mining ores, manufacturing steel, fabrica
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Table 5. Crop yields In organic and convtional system 

Yields on organic farms
 
as percentage of yields
 

Organic vs. conventional farming comparison on conventional farns
a
 

Amish vs. non-Amibh farms in various areas,
 
total aggregate production of crops and
 
livestock per acreb
 

Illinois (11 Amish vs. 5 non-Anish farms) 
 62 

Pennsylvania
 
Old Order Anish (12 Amish vs. 6 non

103Amish !arms) 

Nebraska sect (5 Amish vs. 6 non-Amish
 

. 56farms) 

Wisconsin
 

Ten Amish vs. 14 small non-Amish farms 
 78
 

Ten Anish vs. unstated no. of large non
63
Amish far-s 


Wheat yields in New York and Pennsylvaniac 

Entire s mple (ten pairs of faras) 78 

Six pairs of farms with comparable acreages 89 

Aggregate crop value per acre of harvested croplandd
 
14 pairs of aidwestern farus


89 (87)3
 
on 


Values unadjusted for land not cropped 

Values adjusted for land suited to cropping 

but not cropped 
Credit for grazing at one-half the value for
 

84 (8 2)a
 
rotation hay and pasture 


Credit for grazing equal to rotation hay and
 
86 (8 4)a
pasture 

80 (78)

a
 
No credit for grazing 

Corn yields, five farms, various locationse 85 

Soybean yields, three farms, various locationse 107 

Wheat yields, four farms, various locationse 91 

Niscellaneous crop yields, 18 farms, various locatlonse 97
 

a Values in parentheses are adjusted for differences in soils.
 

b Johnson et al. (1977). Yields are farmers' estimates.
 

c Berardi (1976). Yields are farmers' estimates. 

d Lockeretz et al. (1978). Yields are farmers' e tinates. 

Oelhaf (1978). Some of the values are organic !.rers' estimates of 

their yields relative to their estimates of yieias obtained by their 
neighbors who were conventional farmers. Others are organic farmers' 

estimtes of their omn yields relative to the state average yields. 
In the Instances documented, the state average yields were for dif

ferent years than the farmers' yields. 

Table 6. Estimated national / average crop yields under conventional and organic farming 
.(Olson and Heady, 1079) 

Yields in bushels pe, acre with Indi

cated alternatives: 
Yields with 

Conventional farming Organic Alternative III 
. farming, as a percentage 

Alternative 'ternat ve Alternative of yields with 
II Ill Alternative ItCrop I 


46.6Wheat 45.8 43.1 20.1 
Corn 9T.4 98.l 49.3 50.2 

Other feed graInsb 55.0 1fr.0 17.2 30.2 
Soybeans 40.8 IO.O 19.7 49.2 

Cottonc f 1.5 i1.5 1.1 44.0 

the description of the 1ternatlves. 

Lb Other feed grains are In corn-equivalent bushels. 

is in 500-lb bales per acre.c Cotton +o em~tnV4 ++.~
......
+++{++++++> 
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ting machinery, producing fertilizers and pesticides, of Agriculture, 1916). The net effect would probably 
fueling tractors, harvesting and drying crops, operat- be less than a 1 percent reduction in national energy 

ing livestock buildings, etc.) (U.S. Deparment of Ag- use because if agricultural chemicals were not esed 
more energy would be expended in tillage and in farmriculture, 1976). 

ing additional land.
 

The 3 percent figure given here for energy use in
 
In spite of the relatively small proportion of
agricultural production is less than one-fourth of the 


amount of energy expended "from the farmer's gate to the total U.S. energy consumption that is devoted to 

the dinner plate" (i.e., for transporting, processing, agricultural production, researchers are giving in
creasing attention to conserving energy, improving themarketing, storing and cooking the food) (Federal En-


ergy Administration, 1975). Thus, the energy saved by efficidecy of energy use, and developing alternative
 

organic farming would apply only tr the.3 percent used 	 sources of energy for future use inagriculture. Prog
ress is being made. For example, the poultry industry
in actual production and not to the 16.5 percent esti-

be used in the total food systAa. A change is reducing energy use by improving the insulation ofmated to 

from conventional farming to organic farming methoos shelters and substituting animal heat for fossil fuel
 

would rhave little impact on national fossil fuel con- energy. Use of solar and wind energy is increasing. 

sumption because its main direct effect would be on The more expensive energy becomes, the more important 

the energy used to produce and use agricultural chemi- it will be to obtain the maxim benefits from the 
forms used, whether they are employed in
cals. These require about 40 percent of the energy amounts and 

used in agricultural production or about 1 percent of conventional farming, inorganic farming or in other 
the energy used in the Lnited States (U.S. Department aspects of the econmy. 

IMPLICATIONS OF INCREASED ADOPTION
 
OF ORGANIC FARMING METHODS 9
 

This section attempts to assess the effects of stock products would probably partially offset the 
substantial shifts from conventional to organic meth- loss of potential income. 
ods of farming. Considered will be the impacts on 

,crop production, land use and livestock production as Acreage Needed 
well as the possible economic implications for farmers, 
consumrs and the nation as a whole.
 

To offset a 15 percent decline in production on 

Crop Yields present land due to adoption of organic faming meth
ods would require 18 percent more of the same kind of 

In the organic-conventional comparative studies land to produce theoutput obtained by conventional 
reported inTable 5, yield reductions attributed to methods. Becausercurrently there is little idle land 
organic farming ranged from -7 to 44 percent. (Ex- where soils and climate are favorable, the additional 
cluded are the data from organic farms on which out- land would be less productive, anamore of it would be 
side sources of manure or municipal sludges were re- needed. At least 20 to 25 percent additional less
portedly used.) well-suited land would be required. 

We estimate that, for faming in a mixed grain
livestock system without nitrogen fertilizers and To offsit a 25 percent production decline would 

to require 33 percent more of the same kind of land 	 topesticides, aggregate yield reductions would be 15 

25 percent if there were little or no change in crop- produce the same output by organic farming methods;
 

40 percent or moreping patterns.IO A major shift in cropping patterns on 	 this would translate to perhaps 
cash grain or vegetable farms to insert nitrogen-fix- additional less-well-suitedland. In Illinois, for 

lead to a ruch greater reduction in example, it is estimated that 1.39 acres of land-useing legiumes would 
these farms capability subclasses Ille and lVe would be needed toproduction of grain and vegetable crops on 

replace I acre of average current cropland (Aldrich etbecause of the smaller acreages in these crops in any 
given year. The decrease in production would probably al., 1971). 
increase aggregate farm income because the percentage 
Increase in farm prices would be expected to exceed The 
the percentage decrease in production. On individual s principle would apply If therewre a 
farms, either marketed legoue hay or additional live- partial shift to organic farir.3, as some have sug

gested. A partial shift would merely decrease the 
:_________:_amount of additional less-well-suited land required. 

Insome situations organic farming is not feasible. 
These include (1)dry regions where growing nitro-	 Erosion Potentialin rotation is impractical ; (2)gen-fixing legumes 
crops for which pesticide use is essential; (3)soil 
which, for reasons of wetness, steepness, stoniness, Much of the land available for cropland expan

etc., is not suited to crop rotations; and (4)wet sion is on slopes and, thus, susceptible to erosion. 
seasons in which adequate weed control without herb- If legumes become part of the cropping sequence on in

tensively cropped, nearly-level land, mre row cropsicides is iRpossible. 
would have to be planted on the sloping land to main-

Partaof this reduction is attributable to a lack of ta the output; this would mean increased erosion. 
enough organic matter and far*-grs., nitrogen to Erosion from slopes of 2 to 4 percent s 2.6 times 
supply currently used quantities of plant nutrients, greaterthan that from nearly level land (0 to 2 per

and from slopes of 4 to 7 percent, it isand part is attributable to increased pest losses cent slopes); 
for some crops in some areas. 	 6.2 times greater (Lee and Stall, 1978). 
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Aniral Prod.uction 
Legume A.troge vs Fw Nfeeding, 

Reliance on legums instead of fertilizert sup 
ply supplemental nitrogen for crop production would 
reduce the productivity of f,:ashgrain and vegetable 
farms for grain and vegetable crops because the pro-
portion of the time these crops could occupy the land 
would be reduced. As noted previously, livestock or 
poultry would probably be introduced, either on the 
individual farms or on others to which legume hay 

would be sold, in an attempt to mitigate the loss of 
economic efficiency of the system. 


A further consequence of reliance on legme ni-
trogen would be a reduction of grain production for 
the market. In regions such as the Northeast and East A 

that are already deficient in grain and that impor 
grain from other regions, the likely result would be' 
an increase in local grain production on sails less 
well suited for the purpose and under climatic condi-
tins less favorable than those inthe Midwest. 

AnimalNutriton 


Increasing livestock and poultry nubers as a 
means of increasing the amount of available manure to 
replace fertilizers issometimes c!ted as a goal of 
organic farming. Feeding crops to domestic animals 

por-
conserves in the manure for return to the soil a 

tion of the nutrients that would otherwise be sold off
the far in the crops, but it does not result in a net 

addition ofr plant nutrients unless fwo imaoerisimorted from off the far , which would impoverish 


some other land. 


ismade ofInconventional farming, extensive use 
The signifi-
nutritional suppleuents inanimal feeds. 


cance of chemical additions not provided for in the 

organic system isseen nost vividly where the soil is 
narkedly deficient in one or more nutrients. Allaway 
(1975) mentioned the following examples: 


The cattle of the early colonists of 
the Sacco Yalley of New hampshire suffered 
from a "wasting disease," which was attri-
buted to a curse placed on the valley by the 
Indian Chief Chocorua. The "curse of Choco-
rua, is nyw known to be due to cobalt defi-
ciency. len the Colmbia Basin of North-
western United States was first used for ir-
rigation agriculture, zJ-: deficiency was so 
severe that corn and bean crops failed on 
many farms. These naturally occurring defi-
ciencies and many similar ones have since 
been corrected by such measures as use of 
iodized salt, trace el.nt fertilizers, and 
mineral supplementation of animal diets. 

Animal manures, if available in adequate amounts, 
will often correct certain micronutrient deficiencies, 
but there are exceptions, as Allaay iote 

-Corrall disease is a term used to de-
scr'oe zinc deficiency in citrus trees grow-
ing on sites that have received heavy appli
cations of manure.' Soe organic materials 
may.tend' to make coier less available to 
plants. Severe deficiencies of copper re-
sulting in low crop yields and copper defi-
ciencies in grazing animals are con prob 
lea on highly organic soils, such as peats 
and mucks. 

Mineral and other nutritional suppleents in-

Crease animal productivity, and they are of greatest 
importance in feeds for poultry and swine. Incattle 

considerable use ismade of urea as an eco
nomical nonprotein source of nitrogen. The bacteria 
in the rmen incorporate the urea nitrogenintopmicro
bial protein, which is subsequently diges'ez- and con
verted in part to animal protein. Such use of urea 
upgrades the nutritional quality of low-nitrogen 
roughages such as cereal straw, corn fodder and sugar 
cane bagasse for cattle. Itspares natural proteir 
sources, allowing their use for feeding to nonnimnant
 
species that cannot use urea nitrogen. Approximately
 
one-third of the dietary nitrogen for cattle can be
 
supplied as urea without decreasing the rate of gain.
 

The minerals and nonprotein nitrogen used to im
prove the nutritional quality of animal diets incon
ventional faming also improve the quality of the ma
nure as fertilizer because mich of the quantity of 
these substances supplied inthe feed isexcreted in 
the manure. Avoiding the use of mineral and nitrogen 
supplemnts inanimal nutrition would reduce the effi
ciency of animal production and would increase the 
area of land needed to produce animal products.
 

Use Of HormonesAnd OtherSubstances 

Further increases in production efficiency are
 

achieved in modernaconventional anial agriculture by 
useof hormoally active substances (Butler et al.,
1 as 
portant functions. The first, and potentially the 
mre economically important, is the use of hormones to

nutitthfaditi n o e oplt uess fee r mnur isn improve reproductive performance and to facilitate ge
neticso thaimprovement. Technology iscurrently available
ho m n s my bpueaoi d c rturition in
 so that horones may be used to induce pruiini 
swine and cattle. Induced parturition can decrease
 

lasses of offspring and decrease the time needed for 
animal care. Hormnes can be used to induce ovula
tion, making artificial insemination more practical 
and effective; to induce twinning; and to increase the 
genetic contribution of superior cows by facilitating 
embryo transfer to, and propagation in, foster mother 
cows. Practical realization of the full benefits from 
these uses of hormones is yet to be achieved. 

The second function performed by artificial ad
ministration of hormones is promotion of animal growth. 
The horones used for thiF, purpose increase the rate
 
of gain and reduce the ai t.of feed required per 
pound of body weight gained. rilcreases in feed effi
ciency of 10 to 15 percent for growing amd finishing 
beef cattle are common with the hormone implants avail
able (Beeson, 1979). Use of monensin (a nonhorimonal 
substance) inthe ration of beef cattle increases the 
feed efficiency to about the same extent as tw hor
moe products (Potter et al., 1976; Raun et al., 1976). 

Host of the 'hormones and other active substances 
useful in conventional animal agriculture are natural
ly occurring organic comp nds, but their purposeful 
use is unnatural and thus is objectionable to some 
persons. Their value inincreasing the efficiency of 
resource use in animal productin is lost in 'organic 

ss htd o s hm 
AnimalH W1 

Certain drugs are, now used in conventional ani
mal agriculture to protect animal health ail, hence, 
to reduce morbidity and mortality and-to increase pro
ductiron efficiency.' These include -'antib ,icteials 
anthelminthics, larvacides and antiprotozoal.k 

Drugs are useful in both conventional and organic 
systms of farming, but organic farmers prefer not to 
use them Although the current trend toward increas 
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sa f3cilities in- farm-gate crop price increase--or from 0.75 to 1.50
ing nibers of animals in the 

to protect animal health,
creases the need for drugs 

others factors remaining aqual, many of the larger 
units are not faming operations inthe usual sense 
but are separate_ enterprises.. . ,crease_: : 


occur-
of the drugs employed are naturallySome 

ring organic compounds, and some are synthesized. The 
use of drugs for animaU is controlled by the Food and 
Drug Adinistration, which has the responsibility for a 
assuring that they are safe and effective for the in-
tended purpose, as well as the responsibility for as-
suring that residues tiat might be hazardous to hmans 
do not occur in the edible products. 

Opportunities to reduce the dearee of reliance on 
pharmaceuticals exist at present .ij|c~n be expe... 
further by research. For example, in poultry produc-
tion, the need for edication to reduce health prob-
leas can be reduced by controlling the temperature and 
hmidity, by controlling the gases evolved from the 

and by supplying diets of high nutritional qualmanure 
i ty. Future opportunities exist to improve the gene-
tic potential for resistance to diseases and parasites. 
Animals with suitable genetic qualities need little 

help from pharmaceuticals. 


Economic Impacts 

Assessing the economic feasibility of an organic 

approach to farming isappropriately left to individu-

al far ers. Individual farmers may make different de-
goals; insoil, laborcisions because they differ in 

and capital resources; in availability of fertilizer 
sludge); in envi-substitutes (animl ranurs, sewage 

special ar-
roncental conditions; and in access to 

kets. Inaddition they may differ in personal prefer-

ences, value judgrnts about pesticide safety and rel-


evant social issues, and inother respects that may
influence their decision. 
r .n 


Faming organically may be a strategy chosen by 
certain farvers to lower production costS, adjust to 

or lessen the uncertainty of en-higher energy prices 

ergy-intensive input supplies. In some instances, 
they may be able to substitute family labor for farm 
machinery or for herbicides to control weeds. Organicall 
farming methods may also be attractive to some new 
entrantsintho ariculturelso. laactiefuns foeget-


unds for get-entrantsinto !agriculture wholackthe
ring started. 

The economic impacts of an increase in adoption 
of organic faming would depend largely on the degree 
and extent of adoption. Limited adoption, in which 

to take advantage of a specialfarmers might be able 
market under current economic conditions, would prob-
ably have little direct effect on consurs or the ag-
ricultural conmity. Widespread adoption, on the 
other hand, would have large impacts on both. 

FArm In~comeAnd FA117 P~fa 

fare income would increase as a resultAggreg.te 
The primof a substantikl- shift to organic farming. 

cipal reason is that total production from the land 

involved would decrease, and the percentage increase 

inprice of tural products would exceed the pei 
centage decrease in production. 

vEach 1 percent decrease in crop production would, 
an an estimated farm-gatenprice increase of I to 5 

percent, depending on the type of crop and whether it 
is cosumd dmstcally or exported.1 The average 

be 2 to 4 percent. The result-increase would likely 
re-
fag percentage price increase for all food at the 

tall level would be approximately one-third of the 

percent for each 1 percent decrease in production. 
Thus, a 10 percent decrease inagricultural output 
would result inan estimated 20 to 40 percent increase 
inprices to the farmer and a 7.5 to 15 percent inin retail prices s
crease 

The impact of a major switch to an organic sys
ten would not be evenly distributed among regions, 

mong farrs or ang consmers. Regions with seri
ous insect, disease, nematode and weed problems that 
could not be adequately controlled without pesticides 
(e.g.,.the cotton, corn and soybean producing areas in 
the South and Southeast,:and fruit and vegetable farm 

Regions or
Senerally) would be negatively inpacted. 

faming systems with less serious pest problems (e.g.,
 
the corn-soybean system in the Midwest, except for 
weeds, and rangeland livestock operations generally)
 
would likely reap larger benefits. Cattle feeders
 
would substitute legume hay forpart of the feed grains 
now used. 

Prices for crops that are intensive nitrogen fer
tilizer users would increase sharply, whereas prices
 
for legue crops night decrease. Regions not having
 

or where legucadequate sources of organic matter 
;ources are not feasible, such as the dryland wheat
 
producing area, would also be negatively affected.
 
Much of Irrigated agriculture inthe West would be se

verely impacted, especially in the long term. Irriga
nitrogen
tion is expensive, and the cost of legume 

be higher in irigated agriculture than inwould thus 
rain-fed agriculture. Moreover, where the source of 

that are only slowlywater is underground reservoirs 
otherwise be used torechargeable, water that might 

wouldproduce a crop of higher value than the legae° 
be lost from the system and would not be available for 
subsequent use.
 

At their present nubers, many organic farmers
 
receive higher prices for their products than do con

they supplya special market.venton-al farers beLause 
xdmii- Editor Robert Rodale .... toAccording 

(-1)73):
 
There are perhaps 10,000 organic farmers in 
A-rlca todaing farm of ases.sizes.
 
And they are reporting strprising business 
success, mainly because the fast-growing 
markat for health foods issupplied inlarge 
part by organic farm. The yields of organ

icfarmers may average less than those of
comparable conventional farmers, yet they 
often receive higher prices for their crops 
because they sell to a specialty market. 

This advantage, of course, wou.j disappear if the num
ber of organic farms increased sufficiently to supply 
more product than the market could absorb. 

]]Following are estimates of farn-gate price flexibil
ity coefficients: 

[restic Ex 
i..
Feedgrains 3n 10 


" Feedgrains -4.0 -1.33
 
10
Olel-. 


These values define the expected percent change in 
fa gate price resulting frou a 1 percent change in 
output of the indicated group of codities. The 
total market value of the crop is increased by re

tions in the size of the crop if the price flexi
bility coefficient is absolutely greater than 

(Taylor at al., 1977). 
1.0 
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Land PricesAndFenm Size 
would lead to hiqherr4-t farm income 

land values throughout the United States. Thus, rur-
rent landowners would benefit, but financial con
straints would be imposed on the entrance of potential 
new farmers. 

Increased 

Current knowledge of the interrelatons.ips be-
tween various factors of agricultural production sug-
gests that an organic approach might encourage and re-
inforce the viability of family farm in the small- to 
medium-size range. It is not known to what extent 
this might be offset by the tendency to drive up the 
price of land, thus bringingare outside capital into 

Labor Demand 

If or anic faming were increased substantially, 
agricultiual production would decrease, price; would 
rise and cultivation of additional, less productive 
land would be encouraged. The additional le r re-

land, plus whatever increase in
quired to faro this 

labor intensity night be needed for " se of organic 

rethods cm land previously cultivated by conventional 
mthods, would increase the demand for farm labor and 

would cause wages to rise. 

A shift to a more labor-intensive Arerican agri-
culture would entail difficult adjustments and social 
costs for many persons. For instance, a*$though there 
are uneoployed persons in the United States, most of 
then do not live in rural areas and are not trained 
for ftm work. Local housing near farm eeploynentop-
portunities would be inadequate. And it is doubtful, 
at least at present, that sore of the utban uneimployed 
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would be receptive to the types of wort involved on 
farms, especially the venial tasks.
 

Exports AndBalance Oft yments 

Exports of agricultural products would be ad
versely affected by large-scale adoption of organic 
faming. One national model.'indicates that, in 1980, 
the wount of wheat plus corn available for export 
would be 4.6 billion bushels under conventional farm
ing and 90 million bushels under organic faming (Ol
son and Heady, 1979). Iuch of this difference would 
be due to the substantial shift from grain crops to 
forage legumes to supply nitrogen. 

In the long run, the price increases resulting 
from decreased production would encourage imorting 

countries either to increase their own production or 
to seek other sources, thus reducing the dollar value
 
of U.S. agricultural exports !nd increasing the ,,II
 
ance-of-trade deficit. In the short run, 
 the dolhr
 
value of exports may be expected to decrease only mod
erately because of partially offsetting price in
creases. This initial reduction in value of exports
 
would be substantially less than that which would oc
cur with a long-tern U.S. comitment to organic farm-
I
 

Our present capability to produce greater quanti
ties of certain agricultural cogdities than are need
ed for domestic consumption can also be used to sup
port the alternative position that the loss in export 
capability due to a shift to organic farming would be 
an acceptable tradeoff for reducing the use of comer
cial fertilizers and pesticides in conventional agri
culture. This proposition involves value judgmnts 
that must be nade by nembers of society at large or by 
their elected representatives. 

OORGANIC FARMING RESEARCH
 
Both organic farmers and conventional farmers are 

served by research on genetic improvement of crops, 
.lanting dates and rates, tillage, nonpesticidal means 
of pest control, and certain other mnagement prac
tices. Both organic farmers and conventional farmers 
are served by research on soil organic matter, soil 
structure and other soil properties, soil-plant rela-
tionships, energy and the envirorent. Research on 
fertilizers and pesticides benefits primarily conven-
tional farmers. 

In ch Cropearlier years, research wasdone. on
pin euees, igenf atio by e uticiza 
pio g ofeqec residu and manure preservatioo a 

mattcrop 
Iapplcationr alli m attersof special intere tor -
I farrsau This Informatlon bu t lite 

apction - ues odseaneresrvtin rand 

a isa, rded e 
erahure a d is availabletee i 

One area now being emphasized in fundmntal ni-
trogen researcn is that of developing the capability 
of nitrogen fixation in nonleguminous plants. fI-
though success in this endeavor is not soon antcip&t-
ed, it would have a major impact on agriculture. Or-
garhc farmers would not need legumes to supply nitro-
gen, and conventional farmrs would notneednitrogen 
fertilizers. The nost visible distinction between or-
ganic and conventional faming--crop rotations includ-
ing leguffes-would disappear. The *nitrate problem" 

that isviewed by some as an indictment of convention
al faming would then becoce an organic faming prob
lem as well, as is explained on page 14. 

_ Considerable research is being conducted also on 
conservation tillage' methods, which involve stirring 

the soil less and maintaining more crop residues on 
the surface of the soil than is true of conventicnal 
fanming. Conservation tillage aids in soil erosion 
control. Whether research on conservation tillage 
should be classified as research on organic farming or 
conventional faning may be debated, but its effect is 
t change conventional farming in the direction of or
ganic farningas regards tillage intensity and erosion 
control. At present, the ultimate version is 'no 
till,. in whiLch the crop is planted without previous
plowing or disking and without subsequent tillage, the 
weeds being controlled by herbicides. In soe varia
tions being 'tested, a leg=c is used as an intercrop 
to supply nitrogen and to aid inweed control. Except 
for the herbicide usage, this variation of conserva
tion tillage results in a form of agriculture more 
organic than the usual organic farming. The tillage 
practices used in conventional faming are more gener
ally applicable than are many conservation tillage 
practices, but farmers are adopting conservation till
age wherever the combination of ethod and condtions 
proves advantageous. 



ORGANIC 
iThis report deals primarily with organic faming 


because our food supply depends for the most part on 
farming. Many of those in the orgarlc movement are 
gardeners however, and so this section isaddressed 
specifically to gardening. Organic gardening isnot 
just snail-scale organic farming In coparison with 
production involving use of co-m~rcial fertilizers and 
pesticides, organic gardening isconsiderably more at-
tractive than isorganic farming.
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Applicabilty Of Methods 

The vast important distinction between organic 
gardening and organic farming is the ease with which 
the organic matter grown inthe garden itself way be 
supplemented by organic matter derived from other 
sources. The extra organic natter contains plant nu- 
rients and alleviates the need for commrcial fertil-
izers, and it improves the physical properties of the 
soil. 

Fallen leaves and lawn clippings from the hore 
site need to be disposed of, and agarden isagood 
place for the purpo e. Supplemental plant residues, 
anlial manures and other wastes can sometines be ob-
taied from neighbors, nearby farm, oinicipal sewage 
treaent plants or nearby garden supply retail stores. 
Organic matter my be obtained free of charge from 
some of these sources, but where it mist be purchased 

J: 	 the cost is not such an Ieportant factor as. it is 
likely to be inorganic faming because many organic 
gardeners view their gardening activities as an avoca-
tion in which costs are not of primary concern, 

The leaves, grass clippings, garden residues and 
other organic materials are ost effectively handled 
by putting them ina cmpost pile and allowing them to 
decompose inpart before adding them to the garden. 
Couposting kills plant disease organism if the ten-
peratures attained In the compost pileare high enough. 
Although the value of the organic matter in improving 
the soil is greater if the organic matter is incorpo
rated directly into the soil than if it is partially 
" coosed before addition, the amount of organic mat-
ter added in organic gardening isoften so great that 
the difference in effectiveness is of little concern. 

A second difference isthat gardening without use 
of herbicides to control weeds is such easier than 
farming without herbicides. Hand weeding presents a 
real~problen on organic farm~ because of~the relative-
ly large area concerned, but it is 'feasible' in hone 
gardens. Labor for hand weeding inihom gardens is 
usually free and often is viewed as recreation. liore-
over, sm of the organic matter added to the soil may 
be applied as a mulch, which helps to control weeds. 

A third distinction is -.ne greater freedom of 
choice among fruits, vegetables and ornazentats that 
may 	 be' grown by gardeners. Secause organic gardening 
Is mare 'often a hobby than a commercial enterprise. 
the gardener can often avoid species that offer 
problem without concern for the financial aspects of 
,the production or sale of' the products. Somretimes 
plants in home gardens escape diseases and insects 
because they are isolated from sources of infection or 
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GARDENING
 
Finally, ifthe yield ispoor or ifpart of the 

produce isdestroyed by pests, the organic gardener 
can purchaseo the needed products at the super.arket 
without suffering a financial disaster. 

conven
tional home gardener if the instructions on the label 
are followed, but hazards of possible misuse are elim-

Pesticides can be applied safely by the 

nated by organic gardeners thatdo not use pesticides. 
Comercial fertilizers may be used to advantage by 
conventional gardeners. Nonetheless, comercial fer
tilizers are relatively concentrated forms of plant 
nutrients and may easily damage plants ifapplied in
correctly or in excessive quantities. Conpost and oth
er organic soil a dennts used by organic gardeners 
contain lower concentrations of soluble plant nutri
ents 	and are less apt to damage plants. Improperly 
applied fresh livestock and poultry manure, however, 
can 	cause injury to plants due to excessive salt and 
armenia concentrations. 

Controllng Pests 

A home gardener who desires to grow a wide van
ety of fruits and vegetables will find that some in
sects and diseases cannot be effectively controlled at 
present without pesticides. Consequently, some fruits 
and vegetables simply cannot be satisfactorily grown 
if use of pesticides is ruled out. 

Information is lacking on the value of releasing 
natural enemies for insect control in the wide range
 
of vegetables and fruits usually grownin home gardens. 
Some predators attack only a single or closely related 
insect species and thus do not control all of the many 
types of insects found in the home garden (cabbage
 
worm, potato beetle, squash bug, fleabeetles, cutworm. 
aphids, corn earwora, etc.). The preying mantis, on 
the other hand, is not selective but feeds on benefi
cilal insects such as ladybird beetles as well as on 
insect pests.
 

Presently, there is little evidence to indicate 
the effectiveness of ,companion crops" ineither re
pelling insects from the area or attracting them away 
from 	fruits and vegetables.
 

Nematodes present special problem for home gar
deners, especially in the South. High concentrations 
of vegetables in small areas in which there is limited 
space for crop rotation increase the likelihood that 
such pests as root-knot nematodes will be serious. The 
hazard is often increased 'by Incorporating organic 
residues because these my be infested with nematodes. 
A commercial nematicideis :often the best control me
thod at present. Breeding for neoatode' resistance 
(already achieved in so tomato and sweet potato va
rieties) appars to be a promising alternative for the 
future. 

P Nure ........
 

Unless provided from outside sources, the supply 
or defiidfestation.aofavailable nitrogen is often marginal 


infesation . cient in organic I'om Cardens. And unless adequate 

amuts' or well-r. ted plant residues 'and kitchen 

12 ~wastes or animal manure areoused, garden yields are 
1For a practical guide to organic gardening and a likely to be disappointing without commercial fertili
list 'ifmany references see Fletcher et al. f7972). zr 
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the garden whilz the organic residues arecmost is the primaryisource of home-grown n1- trogen in 
trogen. However, most instructions for preparing com- decaying., The residues decay outside the garden soil 

post suggest that nitrogen fertilizer be added to has- and are incorporated after the initial period of' ni-n 

te decomposition of the residues. i4lng compost is trogen tleup. 

a technique for avoiding the tie-up of available ni-
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