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On the occasion of the N

%
Governing Council session of a special character

commemorating the Tenth Anniversary of the Stockholm Conference

The President of the Council
and
The Executive Director of the
United Nations Environment Programme

request the pleasure of the company of

at a reception on Wednesday 12 May 1982
from 7 to 9 p.m. at the Hilton Hotel

Please bring
this card with you




Fon the Tylen Prnize Committee

. and Mas. Wilson
al Runcheon

Thursday, May 13th
al  twelve-thinty cilock

Ne: 93 Mithaiga Fioad
Meetper
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Mostafa K. Tolba
Executive Director
United Nations Environment Programme

and

Alice C. Tyler
Tyler Ecology-Energy Prize

request the honor of the presence of

Mr. & Mrs. C. Wilson

at the
Special Environment Awards Banquet

to be held in the
Grand Ballroom,
Intercontinental Hotel
Nairobi
on Friday evening, the fourteenth of May,
nineteen hundred and eighty-two

(Ot defegaias seven. 0'clock

RSVP on the enclosed card Dark suit or traditional dress
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Since 1973, the Tyler Prize has been the largest achievement award presented by an American
institution, and it has become the largest ecology energy prize in the world. Eleven environmental
laureates have received honors for their outstanding achievements benefiting mankind.Prizes
have totaled over $1 million, ranging from $150,000 to $200,000 annually.

In 1980 selection criteria were broadened to encompass energy as well as ecology. The further
development and improvement of known sources of energy and the discovery of new sources of
energy are inseparably linked to the protection, maintenance, improvement, and understanding
of the environment. Pursuit of energy for progress needs to be conditioned by sensitivity to
environmental preservation. The Tyler Prize seeks to honor those who contribute new knowledge
or critical leadership to that relationship.

Former winners have been honored for pioneering water purification and water quality
standards, for discovery of the chemical nature of smog, for landmark work in understanding
animal ecology, for new perspectives on the interaction between the environment and the human
organism, and for world leadership in respect to the human environment and wildlife protection.

Past honorees include Arie Jan Haagen-Smit, G. Evelyn Hutchinson, Maurice Strong, Ruth

Patrick, Abel Wolman, Charles S. Elton, Rene Dubos, Eugene P. Odum, Russell E. Train, Carroll
L. Wilson, and the Southern California Edison Company.

Endorsed by The United Nations Environment Programme
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Eligibility

Citizens of all nations are invited to nomi-
nate individuals or institutions of any nation
who have benefited humanity in the fields of
ecology or energy.

Persons eligible to make nominations in-
clude, but are not limited to :

Scientists in fields related to ecology
and energy;

National academies of science, engineering
or their equivalent, and their members;

Research institutions, and their members;

Nominees can be associated with any field
of science. Nominated institutions can be uni-
versities, foundations, corporations, or other
types of organizations. Awards to non-
exempt corporations pursuant to U.S. tax
laws, will be used for student scholarships to
benefit universities as chosen by such non-
exempt honored corporations.

Selection Criteria

Prizes are awarded for any one of the
following:

(a) the protection, maintenance, improvement
and understanding of ecological and en-
vironmental conditions anywhere in the
world; or

(b) the discovery, further development, im-
provement, or understanding of known and
new sources of energy (including, but not lim-
ited to, oil, coal, solar, hydroelectric, geother-
mal, wind, oil shale, nuclear, and tar sands).

Deadline For Nominations

Nominations for the 1983 Tyler Prize must
be postmarked no later than November 15, 1982.
Related credentials and letters of recommen-
dation should be mailed by that date, also. The
Prize(s) will be announced in March, 1983.

Nomination Procedures

Nominations must be submitted in a letter,
in the English language, and must include the
following information:

1. Identification of Nominee

Include a person’s name, professional or
home mailing address, present occupa-
tional title, and institutional affiliation.
Enclose a vita or resume.

If an institution or corporation is nom-
inated, identify the administrative officer
of the organization or subgroup respon-
sible for the accomplishments cited.

Summary of Accomplishment

Provide a brief statement of the indi-
vidual’s or institution’s discovery or im-
provement in one or both fields for
which the award is proposed. Be clear
and succinct.

Detailed Description of Contribution

Provide a detailed explanation of the
contribution and explain why it is
unique. Describe how it was accom-
plished. Mention any significant involve-
ment of others. Enclose publications or
other evidence of the contribution.

4. References
Provide three letters of recommendation
from individuals who can assess the
nominee’s contribution. Identify three to
five additional referees who might be
contacted by the Tyler Fund.

Length Of Candidacy

Nominations will be considered for two
years, beginning with this round. Renomina-
tion will be required after two years.

Mail Nomination To

Executive Director

John and Alice Tyler Energy/Ecology Fund
University of Southern California
Administration 101

Los Angeles, California 90007, USA




Inviting Nominations For The
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Tyler Award Recipients The World Prize
in Ecology and Energy

Dr. Arie Jan Haagen-Smit

Dr. G. Evelyn Hutchinson

Maurice Strong

Dr. Ruth Patrick

Dr. Abel Wolman

Dr. Charles S. Elton

Dr. Rene Dubos

Dr. Eugene P. Odum

Russell E. Train

Carroll L. Wilson

Southern California Edison Company




‘@'PY edu(;ehcﬁ Aﬁi@g@w El’("a/fend(‘fﬂs
M. STewar? hadies @ Gentlemey

Remarks by-€Carroll L. Wilson

Nairobi, Kenya
14 May 1982

John and Alice Tyler Ecology-Energy Prize Laureatey»r//f

&

Climate Change

this week will convey a vivid message.

Growing awareness of environmental changes and risks first
began in the 1970's. Much credit for this is due to the influ-
ence of the U,N. Conference on the Human Environment in Stockholm
in 1972 and the initiatives of the United Nations Environment
Programme based here in Nairobi. Many people from many countries
are weeting here now to assess the state of the global environ-
ment and implications for the future,

I will discuss one feature of the global environment -
climate - and some changes which may lie ahead but first I'll
comment on this decade of change. TWelvé years ago scarcely

anyone discussed climate change - especially changes which might
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be caused by man's activities. Very few atmospheric scientists
were interested in climate so there were very few articles or
students.

Today there is a large amount of research and many
articles. There are major national and multinational programs

of climate measurement, modelling and research. Almost every-

body has heard about the greenhouse effect which causes warming
Conben DioxiBe
of the global atmosphere due to the build-up OfLFOZ from combus -

A—

tion of fossil fuels. Rising concern about the effects of such
a warming in changing the location of crop production - espe-
cially cereals for export - adds to global anxieties.

Some impetus for this growing awareness of climate change
and the research relating to it was probably given by a unique
study held in July 1970 which brought together for an intensive
month of work forty people from many disciplines. The subject
was Critical Global EnvironmentLProblems and the purpose was
to determine what we knew about the environmental condition of
the oceans, the atmosphere and terrestrial systems; what we did
not know; and the kinds of research which should be undertaken
to £ill in the gaps in our knowledge. A report was published
in October 1970. 1 gave a copy to Maurice Strong upon his
designation as Secretary General of the U.N. Conference explain-
ing that we had done some homework for his conference which

might prove useful.
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The most lively discussion which followed that report
centered on possible climate changes. Thus in the summer of
1971, encouraged by Maurice Strong, we brought together in
Stockholm 35 atmospheric scientists from 15 countries to probe
more deeply into our knowledge and our ignorance about climate

and to lay out a program of action aimed at reducing our igno-

rance. A report entitled Inadvertent Climate Modification -

Report of the Study of Man's Impact on Climate was published in
- Wa$
September 1971 and\delivered to the Bieparatory Sommittee for

the U.N. Conference which was held in June 1972,

I will give you my impressions of the state of our
knowledge and our ignorance eleven years later. Questions lie
in three areas: Firstly, how likely is a global warming from
CO2 build-up and what effects might it have? Secondly, how soon
might this occur? And thirdly, if there is such a warming how
might we reduce damaging impacts?

As to the first question, we know by measurement that the
level of CO; in the atmosphere is increasing and that much of
this CO; comes from fossil fuel combustion. There is wide
agreemenc‘thac higher CO, levels can cause a greenhouse effect
which would warm the atmosphere. Although there is no agree-
ment that warming has actually begun, it is estimated that a

doubling of the COy level would raise average global temperatures




wlyw

(7
by 2z§° C with larger increases in high latitudes. It is be-

lieved that such temperature increases would change regional
rainfall and temperature patterns and affect growing seasons.
Some changes would be beneficial, others might alter the loca-
tion of some of the world's principal cereal production areas
with large social and political consequences. The global
atmosphere is a very complex system and the projections I have
given are based on the behavior of global circulation models
which still do not include important variables. Nonetheless,
despite many uncertainties, there are now enough warning lights
flashing to make us ask how soon might we feel such changes if
indeed they come.

Most of the projections based on such global circulation

models assume a rate of increase of fossil fuel combustion of

47% per annum which was the rate of increase for many years.

But that rate has now dropped in half to less than 2% largely
because of greater efficiency in energy use. This means it
will take twice as long for the 002 level to double. This
stretches the time for taking avoiding action to about 2060
instead of 2025. This helps, but the problem does not disappear

and significant effects may be felt long before the COZ doubles.

So what can we do to reduce the impacts of a global warm-

ing if it happens? What about capturing the C02 before it
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enters the atmosphere? Prospects of such a technical fix are
very, very poor.

What about replacing fossil fuels by nuclear power and
renewable sources such as hydroelectric, solar, wind and bio-
mass? This route is not very hopeful either. Renewable sources
are likely to grow larger but they have many problems of cost

and intermittency and cannot be expected to contribute greatly

to the world's energy needs for many decades. As to nuclear

L v Lo AL

power, the first nuclear power age seemsﬁebout over for many

reasons and in any case nuclear energy is only useful to produce
electricity in very large power stations which are unsuitable
for most of the countries of the world.

What about restricting the use of coal, gas, oil and wood?
Global control would be necessary because CO, produced anywhere
circulates everywhere in the global atmosphere. 1In a world of
sovereign nation states a world government with such authority
is not now conceivable even if there were unanimous agreement
among scientists (a) that a warming will occur, and (b) what
its effects would be and where and when.

Is there not something we can do to mitigate the effects
of a global warming if it occurs? Yes, indeed there are some
things we can do and if we do them there will be benefits

whether the global warming does or does not occur. The best

%
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plan I have heard proposed is to adopt strategies that increase
the resilience of agricultural systems to environmental stresses
including climate change. We should make genetic improvements

in the climate resilience of our main food crops and develop
other species which have better resilience to drought, salinity
and changed growing seasons. And, of course, we should intensify
actions to protect arable soil and improve water management,

Natural climate variability is one of the most severe
disturbances to stable agricultural production. For example,
the heat wave and drought of 1974 and again in 1980 in the USA
reduced the crop by 20-@8%. This was a natural climate varia-
tion. If we can develop crops and agricultural practices which
are less affected by climate variability, not only can we miti-
gate the effects of a possible global warming but we can enjoy
gains all the way along which will reduce the risks farmers
face in coping with seasonal climate changes.

Much work has of course been done to develop higher crop
yields, disease resistance, higher protein in corn, more suita-
bility for arid conditions, etc. But relatively little has
been done to improve climate resilience in the main cereal crops
of the world and in the regions which are main sources of food
exports. Expanding knowledge and techniques of genetic engineer-
ing should facilitate the design and development of crop varieties

with the characteristics we want.
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The climate resilience I am stressing is focussed on
plant tolerance to variability of rainfall, temperatures,
frost limits on the growing season and other stresses in the
plant environment which are caused by climate changes. A
concerted pursuit of such goals over the coming decades seems
to me the best course to follow in order to mitigate the
effects of a global warming if it occurs.

In conclusion I believe that the chances of global warm-

ing due to CO, build-up are great enough to justify vigorous

action to mitigate the effects of such a warming. It is well
within what we know how to do and what we can afford to develop
more climate-resilient crops and agricultural practices. Such

a program of action is particularly suitable for international
cooperation of the kind which is so well illustrated by this
convocation under the auspices of the United Nations Environment
Programme which itself has already taken important initiatives,

such as the establishment of the Global Environment Monitoring

System.
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Crop Production:

Chemical Research Objectives

Hans Geissbiihler, Paul Brenneisen

The science of chemistry and chemi-
cals has been an essential element in
achieving the remarkable increases in
agricultural productivity which have
been observed during the last half centu-
ry in the industrialized and also, to some
extent, in developing economies (/).
Chemicals will continue to be an integral

Hans-Peter Fischer

food requirements, scientific and techni-
cal efforts must be focused on increasing
agricultural productivity in the develop-
ing countries. This means that the use of
chemicals must be adapted to the partic-
ular environmental, economic, social,
and institutional conditions prevailing in
these areas.

Summary. The science of chemistry and chemicals will continue to be an integral
part of future crop production technologies. In assessing and defining the future role of
chemistry three imperatives must be considered: (i) the necessity to preserve natural
resources, (ii) the complementary solutions offered by the rapidly advancing biological
sciences, and (iii) the specific requirements of developing regions where increasing
crop productivity is most important. Chemical research objectives for improving crop
protection and crop growth must take into account the perceivable and potential
changes in crop production techniques, which, in turn, are dictated by a number of

accentuating constraints.

part of agricultural and food processing
technologies in the global efforts that will
be required to cope with the challenging
objectives, problems, and opportunities
of providing sufficient food for the bur-
geoning world population. However,
when one is assessing and defining the
future role of chemistry it is essential to
refrain from making simple linear projec-
tions of current inputs and to consider
the following three imperatives.

1) The worldwide potential of (eco-)-
biological systems to provide re-
sources—such as energy, land, water,
and air—continues to be eroded. These
resources must be conserved by reduc-
ing environmental stress and by improv-
ing resource management (2).

2) The current and forecasted extraor-
dinary advances in the biological sci-
ences appear to offer complementary or
alternative technical solutions to a num-
ber of agricultural problems (3, 4).
Therefore, chemistry must be closely
integrated with or adapted to biological
approaches in order to achieve optimum
effects and efficiency.

3) In order to meet the exacting future
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The coming IUPAC/IRRI-CHEM-
RAWN II International Conference on
*‘Chemistry and World Food Supplies—
The New Frontiers™ will attempt to
place these imperatives into proper per-
spective and to generate recommenda-
tions concerning the required research
objectives and priorities (5). In this arti-
cle we focus on a number of scientific
and technical trends and opportunities in
crop production.

Development in Crop

Production Technology

The chemical research objectives we
describe herein cannot be defined prop-
erly without taking into account the per-
ceivable and potential changes in crop
production technology, which, in turn,
are dictated by a number of accentuating
external constraints. The results of prop-
erly selected research objectives can
contribute to alleviating some of these
constraints and thus facilitate or permit
the introduction or extension of different
crop production techniques.

0036-8075/82/0806-0505501.00/0
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copstraints of crop production and some
the extending or emerging technolo-
jes are summarized in Table 1. In order
iority, soil erosion (deterioration),
increasingly erratic water supplies, rising
energy costs, and progressive contami-
nation of the environment (water, air,
and soil pollution) are the commonly
noticed and rapidly accentuating major
constraints of present and future crop
production (6). Techniques to counteract
or overcome one or more of these con-
straints include conservation tillage, dif-
ferent modes and practices of mixed
cropping, modified irrigation proce-
dures, and improved pest management
systems.

The vulnerability of crops to adverse
climatic and meteorological conditions
not only causes frequent crop failure and
harvest losses but also prevents a signifi-
cant extension of the global surface of
arable land and a shift of more produc-
tive crops to new areas. Techniques that
can help to overcome climatic vulnera-
bility are proper irrigation and, provided
they can be economically and scientifi-
cally improved, *‘greenhouse’ cropping
(including foil coverage of sensitive crop
stages), hydroponics, and nutrient film
techniques (7).

Optimization of inputs into crop pro-
duction and modeling of input/output ra-
tios will be greatly facilitated by system-
atic exploitation of the rapidly advancing
electronic data evaluation and process-
ing techniques. If accompanied by im-
proved sensoring and monitoring of envi-
ronmental parameters and conditions,
this will allow a gradual sophistication
and extension of “‘systems’’ agriculture
(8, 9).

Rising agricultural production and in-
creased mingling of agriculture with
densely populated nonagricultural areas
will accentuate problems of agricultural
wastes. These problems must be over-
come through technical and economic
progress in agricultural recycling proce-
dures (/0).

It is evident from the above comments
that now, even more than in the past,
chemical research objectives in crop pro-
duction must be closely correlated with
changes and advances in agronomic
practices and techniques.

The authors are head of research and develop-
ment, senior staff specialist, and research fellow,
respectively, Agricultural Division, CIBA-GEIGY
Ltd., CH-4002 Basle, Switzerland. This article was
prepared on behalf of the Organizing Committee of
the forthcoming IUPAC/IRRI-CHEMRAWN 1I In-
ternational Conference on *‘Chemistry and World
Food Supplies—The New Frontiers,”” to be held in
Manila, Philippines, 6 to 10 December 1982,
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Crop Protection

Crop losses due to insects, plant dis-
eases, weeds, nematodes, and rodents
continue to be a major threat to the
productivity of many important world
crops, especially those grown in devel-
oping countries (/7). Because of their
efficiency and economy, synthetic pesti-
cides will continue to be an essential
factor in future pest management strate-
gies.

During the recent past, the properties
of synthetic pesticides have been signifi-
cantly improved, so that they can now be
applied in reduced quantities, they are
more selective with regard to nontarget
organisms, and their behavior in the
environment has been ameliorated.
However, reliance on chemicals as a
single line of defense also has created
problems of pesticide resistance, sup-
pression of natural pest enemies, and
outbreaks of secondary pests. In order to
avoid perceived and potential contami-
nation of the environment and adverse
health effects, synthetic pesticides have

been subjected to increasingly stringent
regulatory constraints (/2).

For future efficient and judicious em-
ployment of chemicals in pest control, it
is imperative to improve their inherent
biological properties, their formulations,
the way in which they are applied, and
the tactics of their use. This last form of
improvement includes finding methods
of combining pesticides with appropriate
supplementary and alternative control
methods. The main research objectives
resulting from these integrated ap-
proaches are summarized in Table 2.

Insect control. The search for sub-
stances that induce pest-specific bio-
chemical lesions or that regulate natural
control mechanisms is most advanced in
the area of insect control. The discovery
of diflubenzuron [1-(4-chlorophenyl)-3-
(2,6-difluorobenzoyl)urea], an insecti-
cide that acts by interfering with the
synthesis and depositing of chitin, a ma-
jor constituent of the insect exoskeleton,
has spurred intensive synthesis pro-
grams. New derivatives of this com-
pound and related structures are likely

Table 1. Perceivable and potential development in crop production technologies as dictated by

accentuating environmental constraints.

Constraint

Crop production technique

Soil erosion, soil degradation (sedimenta-
tion, desertification, salinization, for ex-
ample)

Water shortage

Energy costs (shortage)

Environment contamination

Climatic vulnerability

Agricultural wastes

Conservation tillage (reduced or no tillage)

Mixed cropping, including inter-, cover-, and
avenue-cropping

Minimum irrigation: for example, drip or
trickle irrigation and *‘chemigation™

Energy farming, including silviculture

Integrated pest management, including in-
creased biological control

“*Greenhouse’” cropping
Hydroponics, nutrient film technique

“*Systems'’ agriculture, including electronic
monitoring. data evaluation, and input
control

Recycling

Table 2. Major research objectives for maintaining and improving the future use of chemicals in
crop protection (pests here include diseases and weeds).

Continue and accelerate search for selective, biodegradable compounds that rely on pest-
specific biochemical lesions or natural pest-controlling (pest-inhibiting) mechanisms

Attempt to delay or eliminate induction and appearance of resistance to pesticides by
appropriate use-tactics or by systematic interference with resistance mechanisms

Improve application technology for pesticides by more specific placement, timing, and targeting

Extend and ameliorate integrated pest management systems by

a) Research on the biology of pest development, pest-population dynamics. pest-host
relationships, and interactions among pests

b) Development of appropriate forecasting techniques by determining economic thresh-
olds and designing monitoring methods and devices

¢) Combining synthetic pesticides or growth regulators with suitable cultural, biological,
physical, pest-genetical and plant-breeding methods

d) Modeling of area-specific or crop-specific pest-management strategies by systems
analysis and programming, including use of electronic data evaluation and processing

devices

not only to be nontoxic to certain benefi-
cial pest predators and parasites, but®
also to have spectra of activities that
cover additional pest species of econom-
ic importance (/3).

Although research on endogenous in-
sect juvenile hormones and their syn-
thetic mimics (juvenoids) has not, thus
far, led to extensive practical applica-
tions, it appears that their potential, es-
pecially when they are used in combina-
tion with other insect control methods,
has not been fully explored. However, as
their activity is confined to a short and
specific period of insect development,
their utility in controlling mixed popula-
tions under field conditions is likely to
remain limited. Therefore, attention has
turned to insect antijuvenile hormones
(hormone antagonists, antiallatotropins).
These compounds, of which the preco-
cenes are but one example, cause preco-
cious metamorphosis and sterilization
and appear to be more versatile in their
use than juvenoids (/4).

Research on the chemistry and biology
of insect pheromones, that is, natural
and synthetic chemicals which, as attract-
ants, repellents, or “‘disruptants’’ affect
insect behavior, continues at a high rate.
Innumerable compounds have been iso-
lated or synthesized, and examination of
their biological effects has revealed a
bewildering and complex pattern of in-
sect communication systems. Although
practical applications have thus far been
limited to surveying and forecasting pest
infestations and to the localized control
of some insect species in forests, fruit
crops, and public hygiene, more extend-
ed uses can be envisaged, especially
where the physical problems of target-
ing, release, and timing are resolved (135).

From among the countless entomo-
pathogenic (insect-destroying) fungi,
bacteria, and viruses, some have already
been developed into selective, commer-
cial insecticides. The search for addition-
al preparations of this kind is likely to
reveal products with improved efficiency
and more useful spectra of activity.
Modern biotechnology and genetic engi-
neering methods appear to be excellent
tools for substantial technical and eco-
nomic improvements in microbial insec-
ticides (/6).

Further areas that seem to open new
avenues in insect control, but that have
not yet been sufficiently explored with
regard to their practicability, are natural
antifeedants from insect-resistant plants,
insect-specific neurotransmitter agonists
or antagonists, and insecticidal antibiot-
ics and antibodies (17, 18).

Plant fungal diseases. The control of
fungal diseases is at present dominated
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by chemicals that either destroy the
pathogen itself or are converted into
toxic derivatives by the pathogen or host
plant tissues. The recent discovery of a
number of highly efficient, selective. and
systemic fungicides, such as the triazoles
and acylalanines, has set new standards
among these chemicals and their range is
likely to be expanded further. However,
research has started to turn to areas that
are likely to offer alternative chemical
approaches to disease control. Essential-
ly these endeavors attempt to elucidate
and exploit the numerous existing natu-
ral biochemical interactions between
pathogenic (or nonpathogenic) orga-
nisms and their host plants. Such reac-
tions, which determine expression (or
suppression) of disease phenomena, are
being investigated along the following
lines.

1) The interference with components
of pathogenic processes (enzymes or
toxins, for example) that are involved in
breaching external and internal defenses
of host plants.

2) The induction (activation) of phyto-
alexin formation, that is, the mobiliza-
tion of the plant’s own localized cellular
defense system both by biotic and abiot-
ic “‘elicitors.”

3) The induction of systemic host
plant resistance by inoculation with or
exposure to pathogenic and nonpatho-
genic organisms or their extracellular
metabolite fractions.

Although these approaches reflect the
different defense or resistance mecha-
nisms that seem to occur in plants, it is
possible that they represent interlinked
components of a more general phyto-
immunological system against diseases
and pests that might be manipulable both
by chemical and genetical means (/9).

Weed control. In most crops and un-
der most cultural conditions, weeds in-
clude mixed populations of a variety of
annual and perennial broad-leaved plants
and grasses. Though the present arma-
ment of pre- and postemergent herbi-
cides is already impressive, it is in the
process of being further extended and
improved by the addition of new com-
pounds that are active at significantly
lower rates of application. This trend is
best exemplified by the recent discovery
of the sulfonyl ureas (20). The ongoing
systematic search for herbicide ‘‘anti-
dotes,”” “‘safeners,”” and ‘‘synergists’
has started to yield results and can be
expected to provide an increasing num-
ber of chemicals that increase the selec-
tivity and efficiency of conventional her-
bicides and permit lower rates of applica-
tion (2/). In order to delay soil erosion, it
is envisaged that, under certain agro-
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Fig. 1. The major compo-

nents of an integrated pest
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(25).

nomic conditions, weed canopies will no
longer be completely destroyed by herbi-
cides but controlled by appropriate plant
growth regulators. The possibilities of
exploiting or copying natural defense
systems against weed growth. such as
allelopathy (release of growth-inhibiting
substances from higher plants) or bio-
logical agents (plant-killing microorga-
nisms) appear to be limited to particular
weed populations or habitats where it
suffices to eliminate one or a few closely
related weed species (22).

Resistance. Attempts to delay or pre-
vent resistance of insects and crop
pathogens to synthetic pesticides have,
in practice, not been very successful.
However, research in the physiology and
biochemistry of resistance mechanisms
has accelerated and should allow more
rational approaches to controlling resist-
ance phenomena. The tactics initiated or
envisaged include the mixed or alternat-
ing application of compounds with dis-
tinctly different modes of action, the
addition of chemicals that antagonize the
induction of resistance. and the deliber-
ate search for control agents that affect
the proliferation of insects and patho-
gens at growth stages that are less indu-
cive to the formation of resistance (23).

Application technology. Although ap-
plication technology for pesticides has
been continuously improved, the cui-
rently available formulations and deliv-
ery systems are still somewhat ineffi-
cient. This can be demonstrated by com-
paring the amounts that are normally
applied with the small quantities that
eventually reach the envisaged target
organisms. More efficient targeting is to
be expected from improving controlled
release formulations and devices, from
more sophisticated coating or encapsula-
tion of seed, and from improving spray
equipment physics (24).

Integrated pest management. Recog-

nition of the shortcomings mentioned in
the unilateral use of chemicals in crop
protection has accelerated the concep-
tion and implementation of integrated
pest management (IPM) (also referred to
as integrated pest control). This ‘‘sys-
tems’’ approach to crop protection com-
bines, in an organized manner, all fore-
casting and control components that can
efficiently and economically contribute
to crop protection in a particular and
defined crop or agro-ecosystem. Figure |
depicts the essential elements of IPM
and their interactions. Further extension
of IPM in terms of acreage and crops will
proceed stepwise and will depend heavi-
ly on the generation of additional biologi-
cal and agronomic research data that are
not now available. These data will also
assist in improving the timing and target-
ing of chemical IPM components and in
the identification or design of new and
more selective compounds (25).

Crop Growth

The required gains in overall crop pro-
ductivity (that is, increasing average
crop yields per unit area) can only be
achieved through improved control of
crop growth and development. The ex-
tension and perfection of currently used
principles and methods, and the design
and introduction of new agronomic. bio-
logical. engineering, and chemical con-
cepts and tools are needed to secure
more, and especially more efficient, in-
puts of solar energy, carbon, nitrogen,
and minerals, for example, and more
efficient utilization of available water
and land resources. Some of the research
objectives to improve and extend contri-
butions by chemistry to crop growth and
development are summarized in Table 3.

Plant growth regularors. Basic and
applied research in plant growth regula-
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Table 3. Major research objectives for improving crop growth and development by chemicals or

chemistry-based concepts.

Rationalize the search for new plant growth regulators by acquiring additional basic knowledge
on the regulation and interactions of phytohormonal systems at different stages of (natural)
crop growth and by defining more precisely the physiological target mechanisms to be

controlled

Extend the acquisition of basic information on photosynthetic carbon assimilation to those
factors or mechanisms that limit efficiency in major crop plants under natural growth
conditions. Exploit this knowledge for more rational chemical, genetical, and cultural
approaches for regulating respective key processes

Improve the efficiency and economy of different components of the nitrogen cycle by
a) The identification or biorational design of new catalysts for nitrogen fertilizer produc-

tion

b) The development of economical processes for nitrogen recycling from wastes

¢) The control of biochemical mechanisms that regulate photosynthetic energy flow to
nitrogen-fixation processes. the distribution of protein components in plants. and the
mobilization of nutrients by mycorrhizae

d) The improvement of control agents that inhibit wasteful nitrogen transformation

processes in soil

Accelerate the acquisition of basic knowledge on the terrestrial biosphere, especially the crop
“rhizosphere,”” to improve the efficiency of nutrient and trace element additions

Adapt the delivery of chemicals to conservation irrigation systems

tors has been slow in producing tangible
practical contributions toward increased
productivity of economically important
crops. The intensive efforts to exploit
chemical and physiological features of
naturally occurring phytohormones
(auxins, cytokinins, gibberellins, abscis-
ic acid, and ethylene, for example) and
empirical screening procedures have re-
sulted in a number of chemicals that are
used for a variety of horticultural and
agricultural purposes. The physiological
effects obtained include rooting, flower-
ing, fruit setting and abscission, ripen-
ing, bud and sprout inhibition, dwarfing,
and defoliation. These effects, which are
based mainly on controlling inhibitory
plant growth mechanisms, contribute
only indirectly to increased crop produc-
tivity. However, it is accepted by most
experts that they represent only a small
portion of the potential for chemical
growth regulators in crop production.
The main reasons for the slow progress
in this area appear to be the following: (i)
a continuing lack of basic knowledge on
how phytohormones interact and how
crop growth is actually regulated at dif-
ferent stages of development, (ii) impre-
cise definitions of the goals, that is, the
physiological mechanisms to be con-
trolled. and (iii) genetic and environmen-
tal variability of target crops (26). To
reach demanding objectives such as
yield enhancement, growth promotion
under stress conditions, and control of
senescence, both basic and applied re-
search must be accelerated and also con-
centrated on the following essential as-
pects:

1) Identification of natural growth reg-
ulator mechanisms (phytohormones) in
addition to those already described; and
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the interactions of these mechanisms at
different stages of crop growth and de-
velopment.

2) Determination of rate-limiting regu-
latory mechanisms or interactions in ma-
jor crops under representative agronom-
ic (field) conditions.

3) Precise definition of physiological
target mechanisms to be controlled and
translation into appropriate screening or
modeling procedures.

4) Improvement of coherence be-
tween laboratory or greenhouse and field
testing.

It may be assumed that many industri-
al laboratories are already involved in
tackling some of the described phenome-
na, but this does not reduce the need for
extended parallel contributions by uni-
versities and government laboratories
which are indispensable.

Photosynthetic carbon assimilation.
The central role of photosynthetic car-
bon assimilation in crop production is
demonstrated by the fact that carbon
input provides 90 to 95 percent of the dry
weight of crop plants. The photosynthet-
ic electron transport mechanisms and
carbon assimilation reactions involved
have been elaborated in impressive de-
tail. However, attempts to improve car-
bon input efficiency under agronomic
conditions by manipulation via chemical
or biological means have not been very
successful. Rationalization of future ap-
proaches and the design of appropriate
testing models requires the acquisition of
additional basic knowledge (27). These
efforts must concentrate on a detailed
characterization of the particular fea-
tures of photosynthetic assimilation sys-
tems of major crop plants and on those
factors or mechanisms that limit or con-

trol the efficiency of these systems under

natural growth conditions. As this basic -

knowledge becomes available, more ra-
tional approaches can be taken for regu-
lating by chemical, genetical, or cultural
means key processes such as light con-
version, carboxylation reactions, dark
and light (photo-) respiration, photo-
synthate partitioning and transport, and
leaf senescence (28).

Nitrogen. The input of nitrogen as a
fertilizer has been essential to achieving
the current levels of crop productivity.
Future agricultural needs will require
substantial increases in the production of
this major nutrient. However, there are
serious constraints (energy costs, capital
requirements, environmental impact)
which call for significant improvements
in the efficiency and economy of nitro-
gen production and utilization and also
for the extension and improvement of
alternative nitrogen input techniques
(29).

Chemical research objectives to ame-
liorate the efficiency of the various com-
ponents of the nitrogen cycle include the
following:

1) The identification or biorational de-
sign of catalysts that permit the produc-
tion of fertilizer (fixation of dinitrogen) at
reduced temperatures and pressures.

2) The improvement of existing pro-
cesses and the development of new low-
cost processes to recover nitrogen from
agricultural wastes.

3) The regulation of the biochemical
mechanisms involved in providing pho-
tosynthetic energy from leguminous crop
plants to symbiotic or associated nitro-
gen-fixing microorganisms.

4) The extension or improvement of
control agents that inhibit wasteful soil
nitrogen transformation processes, such
as microbial nitrification or denitrifica-
tion and soil urease activity.

5) The design and development of
low-cost controlled-release fertilizers.

6) The control of the biochemical
mechanisms that regulate the transport
of protein components to edible crop
parts.

Exploitation of new or improved
chemical tools or processes for nitrogen
utilization requires integration with nov-
el agronomic and biological techniques.

Other nutrients. The input of nutrients
other than fixed nitrogen must be ex-
tended and improved under the same
constraining conditions as described
above. Much more basic knowledge in
the terrestrial biosphere and on the mi-
croenvironment of the crop ‘‘rhizo-
sphere’” is required before more efficient
use of such major nutrients as phospho-
rus and potassium can be made and
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Table 4. Major research objectives for improving crop growth and development by modern
biotechnology (including genetic engineering).

before the addition of trace elements can
be optimized (30).

In exploiting this knowledge, attention
should not only be directed toward opti-
mum soil conditions, but even more so to
the widespread arid and semiarid areas,
where soil improvement by massive ad-
ditions of fertilizer is not only uneconom-

Elaborate or improve the scientific and methodological components of crop plant biotechnolo-
gy, for example, gene transcription. transfer, and expression mechanisms. protoplast fusion
and foreign vector transfer. and regeneration of plants from single cells

Modify current species or design new crop species by gene manipulation in order to improve
growth features, nutritional quality. and resistance to plant pests and diseases

Use gene manipulation techniques for improving the efficiency of microbial erop symbionts or

ical but also of questionable value. The
alternative strategy of adapting crop
growth to adverse soil conditions (for
example. drought and salinity) on the
basis of chemical concepts must be pur-
sued further (31).

Water. A shortage or an excess of
water is the most common limiting factor
in world crop production. The extended
and improved management of water re-
sources will depend mainly on opera-
tions and engineering technology. Poten-
tial contributions by chemistry are indi-
rect or secondary. Thus. chemistry will
continue to be involved in seawater de-
salination projects and can also contrib-
ute to the prevention of soil salinization
and reclamation of saline or sodic soils.
Sophisticated water management tech-
niques are likely to offer new opportuni-
ties in modifying and economizing on the
application or delivery of chemicals to
crop plants and soils (32).

Biotechnology, Including Genetic

Engineering

Recent advances in gene manipulation
have opened new avenues in agricultural
research and have added a new dimen-
sion to the future of crop production (3,
33). Though the developing genetic tech-
nologies are considered to be a part of
the biological sciences, chemistry is in-
volved in or affected by these activities
in several ways:

1) Chemistry is an indispensable tool
for acquiring or extending the necessary
basic knowledge and for perfecting
methodology.

2) Gene manipulation techniques have
the potential of ameliorating microbial or
other single-cell fermentation processes
for the manufacturing of biologically ac-
tive agricultural chemicals and products.

3) Biotechnology offers opportunities
and eventually solutions that can com-
plement conventional chemical means
and approaches in agriculture.

For these reasons, biotechnology has
been included in the agenda of the forth-
coming CHEMRAWN II conference and
is briefly discussed herein. The following
areas of biotechnology appear to be rele-
vant in order to increase or improve crop
production: (i) genetic improvement of
crop plants; (ii) genetic improvement of
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associates and for extending the range of useful organisms

Improve fermentation processes for the production of biologically active agricultural products
or organisms, including, for example. microbial pest and disease control agents

microbial crop associates including sym-
bionts and pathogen antagonists; and (iii)
genetic improvement of fermentative
processes for the production of crop
protectants and growth regulators, for
example. A summary of pertinent re-
search objectives is given in Table 4.
These objectives emphasize the comple-
mentary nature of biological and chemi-
cal approaches.

Genetic improvement of crop plants.
For the genetic improvement of crop
plants the new cell- and gene-manipulat-
ing techniques are suited to the expan-
sion and complementing of conventional
breeding methods. They allow circum-
vention of the classical barriers of genet-
ic incompatibility and acceleration and
perfection of the process of genetic re-
finement and propagation. However, be-

fore useful results on important crop
plants can be expected, the following

scientific and technical components
must either be elaborated or improved:
(i) identification and mapping of genes
and characterization of their transcrip-
tion and transfer mechanisms; (ii) proto-
plast fusion or foreign vector (plasmid,
virus) transfer of DNA sequences into
plant cells: and (iii) regeneration of
whole, genetically stable plants from in-
dividual cells. Modified or even new
crop species obtained by gene manipula-
tion may be designed to exhibit im-
proved growth features. such as more
efficient photosynthesis, nitrogen-fixing
capability, and tolerance to stress condi-
tions; improved nutritional quality; and
(multiple-gene) resistance to plant pests
and diseases.

Genetic improvement of microbial
crop associates. Recombining DNA
among microbes is less complicated and
more advanced. This technique may
therefore be exploited for the genetic
improvement of microbial crop symbi-
onts or associates, such as bacteria,
cyanobacteria, actinomycetes and fungi,
which live in, on, or in the vicinity of
plant roots and which are able to supply
the crop in situ with desirable nutrients,
such as fixed nitrogen and phosphorus.

In addition, microbial antagonists might
secure vigorous growth of roots by pro-
tecting them against pathogens (30, 34).

Genetic improvement of fermentation
processes. The future use and genetic
improvement of industrial fermentation
processes for the production of biologi-
cally active agricultural chemicals will
depend on a number of external stimuli,
including the scarcity of classical supply
sources, the availability of potentially
useful and cheap raw material. and the
discovery or design of new biologically
active and selective entities that cannot
be economically produced by conven-
tional means. Examples of products that
can be envisaged to meet these criteria
are microbial and antibiotic crop protec-
tants (insect and disease control agents)
and plant growth regulators (/6).

Objectives for Developing Regions

Political, socioeconomic, institutional,
and educational factors will be the main
influences on the extension and intro-
duction of chemistry and chemicals for
improving crop productivity in the devel-
oping regions. In the technical area, the
enlargement of local research capacities,
extension services, and training facilities
will be essential (35, 36). The activities of
these institutions must concentrate on
problems and opportunities related to
native crop species and to local cultural
and growth conditions, as well as pest
and disease phenomena.

The small farmer. While the transfer
and adaptation of current and future in-
dustrialized agricultural technology is in-
dicated for plantation and estate crops, it
appears that a distinctly different scien-
tific and technical approach will be re-
quired for improving and stabilizing the
productivity of the small farmer, who is
and must continue to be the central fig-
ure in cultivating staple and subsistence
crops. The so-called “‘intermediate™
techniques to be further developed and
perfected for this purpose must be low in
cost and energy, simple, safe to health
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and environment, and nondestructive to
natural resources (37). The key elements
of these techniques are genetically
adapted high-yielding seed materials, ap-
propriate cropping practices (for exam-
ple, mixed, inter-, relay-, or avenue
cropping, including the use of legumi-
nous vegetables and tree crops) and con-
servation, tillage, and irrigation proce-
dures. Chemicals, as fertilizers, trace
elements, herbicides, insecticides, and
growth regulators, will have to be ex-
ploited in a complementary or incremen-
tal manner to achieve defined beneficial
effects. The tools and methods used for
their application must be simple, reli-
able, and independent of logistical con-
straints (38).

Conclusions

We have attempted to describe and
define chemical research opportunities,
which, if explored and pursued system-
atically, can be expected to contribute
further to the improvement and stabiliza-
tion of future crop production. Technical
solutions can already be identified for
some of the objectives mentioned,
whereas for others, further progress in
basic research is essential in order to
define more precisely those avenues to
be followed toward ultimate practical
success. This emphasizes the need for
unbiased, straightforward, and close
cooperation between academic, govern-
mental, and industrial scientists and in-
stitutions from numerous countries. It is
hoped that the coming CHEMRAWN II
conference will be able to maintain and
improve this cooperative spirit through
its efforts to define objectives and prior-
ities for the judicious use of chemicals to
ensure adequate world food supplies.
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June 26, 1982

Dr. Omar Fareed, President
The Carr Foundation

10350 Wyton Drive

Los Angeles, CA 90024

Dear Omar:
Thanks for your note of June llth.

We have just had the first meeting of the Steering Group
of the European Security Study near Frankfurt and got off to
an excellent start. Enclosed is a description of that
project.

It was fun to do things with you in Nairobi and Mary and
I enjoyed it very much. I will certainly bear in mind your
gracious invitation to visit you as and when I am in the
vicinity of Los Angeles.

With best regards.

Sincerely,

Carroll L. Wilson
CLW:F

Enclosure




THE CARR FOUNDATION

Non-Profit Corporation

10350 WYTON DRIVE
LOS ANGELES, CALIFORNIA, U.5.A., 90024
(213) 276-2676

OMAR JOHN FAREED, M.D.
President

June 11, 1982

Mr. Carroll Wilson
130 Jabob Street
Seekonk, MA 02771

Dear Carroll:

Many thanks for your letter dated May 24, 1982, It
was indeed a pleasure to have been with Mary and you
in Nairobi, Kenya. The Tyler Ecology/Energy Prize
presentation event was most successful and should evoke
international attention.

I appreciated the visit with you to the International
Centre for Insect Physiology and Ecology and to the
National Park with Mary and Walter Rosenblith.

Should you visit Los Angeles in the future, it would be
an honor to entertain you in my home. Kindly telephone
(213) 271-5377 or (213) 272-1540,

Sincerely yours,

Ui die

Dr. Omar Fareed




June 26, 1982

Dr. Jerome B, Walker

Agsistant Vice President for
Academic Affairs

University of Southern Califernia

Adm 101, University Park

Los Angeles, CA 90007

Dear Jerry:

Thank you for your note of the 3rd and the check for
reimbursement of my expenses which I received.

I am glad to have Jimmy's remarks and also his biography
and the phenomenal list of the 75 films in which he had acted.

We had the first meeting of the Steering Group of the
European Security Study in Germany last week and got off to
a very good start. Enclosed is a somewhat revised and up-to-
date description of the project which is heading for a series
of intensive five-day workshops on the topics under Phases I
and II over the next nine months which should give us the
ingredients for developing the alternative options in Phase III.

With best regards to you and Lora.

Sincerely,

Carroll L, Wilson




June 26, 1982

Mr. James Stewart
918 North Roxbury Drive
Beverly Hills, CA 90210

Dear Jimmy:

En route back from Nairobi I stopped in Paris to explore
the possible participation of the French in the European
Security Study. Fortunately I finished my work by lunch time
and at two o'clock was entering the small movie theater on
the rue des Ecoles to see "Indiscretion" and with French sub-
titles here was that wonderful "Philadelphia Story" with you
and Cary Grant and Katherine Hepburn. It had been playing
for some weeks in Paris and was well attended even at two
o'clock in the afternoon.

Jerry Walker has sent me a memo concerning your career
and a list of your 75 or more films which is a most impressive
contribution to our period of history.

I am sure that you gave the Princeton graduates of the
Army ROTC a good send-off as they received their commissions
at the time of the Commencement for which you were present
because of your 50th reunion.

We had the first meeting of the Steering Group of the
European Security Study in Germany last week and got off to an
excellent start. Most of the members of the Steering Group from
the U.S., U.K, and Germany were present and this was the first
time we had all gathered together. These are always a gamble
as to whether the personal chemistry goes well and it did in
this case. A series of intensive workshops lie ahead over the
next nine months to explore the topics we will be studying
which are listed in the enclosure.




Mr. James Stewart
Page 2
June 26, 1982

Mary and I greatly enjoyed becoming acquaintd with you
and Gloria and Kelly and having that delightful day at Lake
Naivasha.

With best regards.

Sincerely,

Carroll L. Wilsen
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June 3, 1982

Mr. Carroll L. Wilson
130 Jacob Street
Seekonk, MA 02771

Dear Carroll:

Alice Tyler is in Palm Springs for a week so I took the Tiberty of
reading your letter to her over the telephone. Today we are for-
warding it to her Los Angeles home.

I am scouting for my copy of Jimmy Stewart's introduction at the
banquet. I think I have it at home and will enclose it with the
letter. I thought you would be interested in what we prepared for
him to say at the Los Angeles news conference and I have enclosed

a copy. Also enclosed is a brief biography of Mr. Stewart which
indicates that his nickname is spelled with a "y". His home address
is 918 North Roxbury Drive, Beverly Hills, California 90210.

0f course I am delighted that you and Mary enjoyed yourselves during
those hectic days in Nairobi and that you had a chance to relax at
Lake Naivasha. The Tyler group went to the Masai Mara game reserve
and everyone was ecstacic about the fine weather and the numerous
animals we were able to view. Lora and I took a few extra days after-
ward to see the lake country, enjoying Lake Borengo particularly. Our
last morning was spent at Lake Naivasha Tunching on the front lawn of
the local Block hotel. Next time I go to Kenya I have determined to
stay there for at least a week and to bring my fishing rod.

I am particularly anxious to see your latest multinational study on
European security succeed. I wish you as much success on this effort
as you have had on so many previous ones.

Warm pe regards,

JBW/tz
Enclosures




REMARKS BY JAMES STEWART
NATROBI BANQUET
MAY 14, 1982

GLORIA AND | HAVE cOME TO KENYA FREQUENTLY IN THE PAST TO
WORK WITH THE AFRICAN WILDLIFE LEADERSHIP FOUNDATION AND TO SEE
OUR DAUGHTER, KELLY, AND OUR SON-IN-LAW, ALEXANDER HARCOURT, WHO
ARE WORKING AT THE KarisoLl ReseAarRcH CENTER IN RWANDA STUDYING THE
MOUNTAIN GORILLA. .

THIS TIME WE HAVE COME TO AFRICA BECAUSE YOU, THE INTERNATIONAL
COMMUNITY, HAVE GATHERED TO RENEW THE COMMITMENT MADE IN STOCKHOLM
10 YEARS AGO "TO SAFEGUARD AND ENHANCE THE ENVIRONMENT FOR PRESENT
AND FUTURE GENERATIONS.” THAT SAME YEAR, JOHN AND ALICE TYLER OF
Los ANGELES DECIDED TO ESTABLISH A MAJOR INTERNATIONAL AWARD IN THE
SPIRIT OF STOCKHOLM, TO HONOR CONTRIBUTIONS TO THE PROTECTION,
MAINTENANCE, IMPROVEMENT AND UNDERSTANDING OF THE ENVIRONMENT.

GOVERNMENT APPROVALS DELAYED THE INAUGURATION OF THE TYLER
PrizE UNTIL 1973, THE VEAR UNEP was INAUGURATED. UNEP aND THE TYLER
PRIZE HAVE A VERY IMPORTANT PURPOSE IN COMMON--BOTH ARE DEDICATED TO
RAISING PUBLIC AWARENESS ON ENVIRONMENTAL 1sSUES. UNEP AcTs As A

CATALYST FOR GLOBAL ACTION, AND THE TYLER PRIZE HONORS GLOBAL

ACHIEVEMENT, ,

IN PAST YEARS, THE TYLER PRIZE HAS BEEN AWARDED FOR PIONEER#NG'
RESEARCH IN WATER AND AIR POLLUTION, AND FOR CRITICAL LEADERSHIP IN
PRESERVING WILDLIFE AND IMPROVING THE ENVIRONMENT FOR HUMANS. ;

MAURICE STRONG SHARED THE FIRST TYLER PrizE IN 19/3 WHILE HE
wAs UNEP's Executive DirecTtor., PeENE DuBOoS, WHOSE MEMORY WE HAVE
HONORED THIS EVENING, SHARED THE THIRD TYLER Prize In 1975,




JAMES STEWART--PAGE 2

RusSELL TRAIN RECEIVED THE 5TH TYLER PRIZE FOR HIS GUIDANCE OF
THE WorLD WiLpLiFe Funp, THE AFRICAN WILDLIFE LEADERSHIP FOUNDATION,
anD THE U.S. CounciL oN ENVIRONMENTAL QUALITY.:

TONIGHT WE HONOR TWO NEW TYLER -Prize LAUREATES, CarroLL L.
WiLsoN AND THE SouTHERN CALIFORNIA Epison CoMPANY, REPRESENTED BY
WiLL1AM R. GouLp, BoarD CHAIRMAN AND CHIEF ExecuTive OFFICER OF THE
EprsoN CoMPANY. WiLL MR. WILSON PLEASE JOIN ME AT THE PODIUM. ..

CARROLL WILsoN, ProFEssor EMERITUS FROM MIT, 1S BEING HONORED
FOR DEVOTING HIS LIFETIME TO THE ENVIRONMENT. MANAGER, TECHNOLOGIST,
SCHOLAR AND INDUSTR@ALIST, CARROLL WILSON HAS SPANNED THE BOUNDARIES
OF THE CORPORATE AND ENVIRONMENTAL COMMUNITIES., ~PROFESSOR HILSON
HAS BEEN INSTRUMENTAL IN THE DEVELOPMENT OF GLOBAL ENERGY ASSESSMENTS,
INTERNATIONAL ATOMIC ENERGY CONTROL, BIODEGRADABLE PESTICIDES,

THE FIRsT UN CONFERENCE ON THE HUMAN ENVIRONMENT, AND RESEARCH
FOCUSING ON FUTURE WORLDWIDE ENERGY PROSPECTS. "IN 1969 HE HELPED
ESTABLISH THE INTERNATIONAL CENTER FOR INSECT PHysioLocy AND EcoLocy
HERE IN NATROBI. PROFESSOR WILSON HAS DEVELOPED A UNIQUE PROCESS
FOR INVOLVING LEADERS OF INDUSTRY AND GOVERNMENT'iN GLOBAL ENERGY

ASSESSMENTS.,

CARROLL WILSON, FOR YOUR CONTRIBUTIONS BENEFITING HUMANKIND,

Tue TyLer PRIzE FUND IS PLEASED TO PRESENT A $100,000 CASH AWARD
AND THIS COMMEMORATIVE GOLD MEDAL. - (APPLAUSE) CONGRATULATIONS.
Mr. GOULD, PLEASE STEP FonAEbt;II FOR THE FIRST TIME SINCE
THE TYLER PRIZE WAS ESTABLISHED A CORPORATION IS THE HONOREE. IT
TURNS OUT TO BE ONE OF THE GREAT CORPORATE CITIZENS OF MY STATE,
THE SOUTHERN CALIFORNIA EDISON COMPANY. THEY HAVE A DISTINGUISHED
RECORD OF WORKING TO PROTECT THE ENVIRONMENT IN A STATE THAT

TREASURES ITS NATURAL RESOURCES. IN 1880 THE SoUuTHERN CALIFORNIA




JAMES STEWART -- PaGe 3
Epison CoMPANY BECAME THE FIRST ELECTRIC UTILITY IN THE UNITED
STATES TO MAKE A COMMITMENT TO ACCELERATE DEVELOPMENT OF ELECTRICAL
POWER SOURCES THAT ARE RENEWABLE RATHER THAN FINITE, ABOUT ONE-THIRD
OF THEIR ADDITIONAL-GENERATING CAPACITY NEEDED FOR THIS DECADE WILL
COME FROM WIND, GEOTHERMAL, SOLAR, SMALL HYDROELECTRIC, AND FUEL CELL
SOURCES. WITH THE START OF OPERATION LAST MONTH OF ”SOLAR ONE,”
THE WORLD'S LARGEST CENTRAL RECEIVER SOLAR ELECTRIC POWER PLANT, SCE
NOW UTILIZES EIGHT PRIMARY ENERGY RESOURCES TO GENERATE ELECTRICITY--
MORE THAN ANY OTHER ELECTRIC UTILITY IN THE WORLD.

HILLIAM GOULb}AFOR YOUR COMPANY'S CONTRIBUTIONS BENEFITING
HUMANKIND, THE TYLER PRIZE FUND 1S PLEASED TO PRESENf THIS COMMEM-
ORATIVE GOLD MEDAL AND TWO CHECKS FOR $50,000 EACH, MADE OUT AS
YOU HAVE INSTRUCTED TO TWO DISTINGUISHED UNIVERSITIES IN CALIFORNIA

T0 BE USED FOR STUDENT SCHOLARSHIPS IN THE FIELDS OF ECOLOGY AND

ENERGY. .. (APPLAUSE)




REMARKS BY JIMHMY STEWART

TYLER PRIZE NEWS CONFERENCE
LOS ANGELES, MAY 6, 1982

o

I'D LIKE TO wELCONE YOU ALL TO THIS NEws CONEERENCE, :
WHICH HAS BEEN CALLED TO ACQUAINT YOU WITH THE WINNERS OF _
- THE 1982 JOHN AND. ALICE TYLER ECOLOGY ENERGY PRIZE.;S,?x?"
TO GIVE YOU A BIT OF BACKGROUND' THE TYLER PRIZE;

RANGING up TO_§200 000, IS THE LARGEST ECOLOGY ENERGY :
PRIZE IN IgE NORLD, AND ALSO THE LARGEST ACHIEVEMENT AwARD
PRESENTED é;{AN AYERICAN INSTIIUTION.' IT wAs ESTABLfSHEb{
IN 1973 BY THE LATE JOHN Cs TYLER, FOUNDER AND FORMER
' CHAIRMAN OF THE FARMERS INGURANCE GROUP, AND HIS wIFE
ALICE C TYLER. .' = ik ‘ " f. '

] HAVE BEEN GIVEN THE HONOR OF PRESENTING THE PRIZEV

B 3 1-—~ lr"

'THIS YEAR,_AT THE INTERNATIONAL MEETING OF THE UNI%EO
'NATIONS ENVIRONMENT PROGRAMME.. THIS MEETING wILL IAKE

." '.’» t_k. &

PLACE IN NAIROBI, KENYA, A WEEK FROM THIS FRIDAY, MAY 14

5 i, £, ¢ > Wiy
A U S i i o s T s Ko S AR >

I'm ESPECIALLY PROUD TO BE PRESENTING THE TYLER PRIZE,,;ij;fLQJ<J”f
BECAUSE NOT ONLY IS IT AN IMPORTANT RECOGNITION FOR SOME
WORTHY PEOPLE, BUT IT GIVES ME A CHANCE TO TRY AND CATCH

UP wITH MY FAMULY. MY DEAR wIFE, GLORIA HAS LONG BEEN

DEEPLY INVOLVED IN THE AERICAN JILDLIFE LEADERSHIP FOUNOATION'*”

\
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Y DAUGHTER KELLY STEWART HARCOURT 1S ANOTHER ONE WHO 7
HAS INCREASED MY OWN ANARENESS. SHE'HAS HER PHD IN ZOOLOGY
AND 1S NOW WORKING WITH HER HUSBAND IN THE RWANDA PRESERVE;

KARISOLT RESEARCH CENTER IN RwANDA, CENTRAL AFRICA STUDYING T

THE MOUNTAIN GDRILLA.‘ s e
My FAMILY HAS TAUGHT ME How ABSOLUTELY NECESSARY IT IS ey
FOR US TO PRESERVE AND PROTECT OUR INVALUABLE NATURAL HERI-ﬂ::vTi
TAGE. | HOPE BY MY HAVING EVEN THE SMALL ROLE OF PRESENTING "
THIS PRIZE, THEY'LL SEE THAT THE OLD MAN HAS LEARNED HIS ‘j' :
LESSONS WELL. '

Tasl

IN PAST YEARS; THE PRIZE HAS BEEN AWARDED FOR PIONEERING

RESEARCH AND CRITICAL LEADERSHIP IN AREAS 0F NATER AND'AIRH_
MENT FOR BOTH HUMANS AND wILDLIFE.ij _ :

‘ ALTHDUGH THE TYLER PRIZE HAS HAD‘AARELATIVELY SHDRT > |
HISTDRY, IT HAS BEEN A DISTINGUISHED DNE'FANDRTHIS YEAR:IS NO & nimet
EXCEPTION. THIS YEAR'S TYLER PRIzE LADREATES.ARE‘PROFESSOR
CARROLL WILSON OF THE MASSACHUSETTS INSTITUTE OF TECHNoLogv‘f’

AND SoUTHERN CALIFoRNIA ED1SON COMPANY. DR WILSDN HAS BEEN
'HONORED FOR HIS LEADERSHIP IN THE FIELDS OF ECOLOGY AND woRLD e
ENERGY SUPPLIES. AND SoUTHERN CALIFORNIA EDISON HAS BEEN ‘;‘
NAMED THE FIRST CORPORATE HONOREE IN THE PRIZE S HISTORY; EoR :i”
THE COMPANY'S EFFORTS AT ENERGY AND ENVIRONMENTAL CONSERVATION,‘"EN

AND FOR DEVELOPMENT OF RENEWABLE AND ALTERNATIVE ENERGY SOURCES. S

".'




DR, WILSON 1S IN LONDON AND THUS COULDN ‘T BE WITH Us
TODAY. HIS PHOTOGRAPH 1S IN YOUR PRESS PACKETS, HONEVER,
AND LET ME TAKE A FEN MOMENTS To MENTION SOME OF HIS MANY ;4
ACCOMPLISHMENTS.- | ‘ o s f
: PROEESSQR WI|SON HAS HAD A BUSY " CAREER SEEKING SOLU-“EV
TIONS TO GLOBAL ENERGY AND ENVIRONMENTAL PROBLEMS . ,AS i
EARLY AS 1946, HE SERVED AS SECRETARY OF A GROUP NHICH X
DLVLLOPED THE FIRST PLAN FOR THE INTERNATIONAL CONTROL OE'T:TI
ATOMIC ENERGY, AND THIS BECAME THE BASIS OF THE UNITED o
STATES' PROPOSALS TO THE UNITED NATIONS ATOMTC ENERGY
COMMISSION. 2% e R R
; He JOINED THE HASSACHUSETTS INSTOTUTE OF TECHNOLOGY'
AS A PROFESSOR IN THE SLOAN SCHOOL OF MANAGEMENT IN 1959'1
BEGINNING 1IN 1969, HE HELPED ESTABLISH AND OPERATE THE ‘
_INTERNATIONAL CENTER FOR INSECT PHYSIOLOGY AND ECOLOGY IN

LR

NAIROBI,,A LABORATORY DEDICATED TO BASIC RESEARCH AIMED AT .'ﬁ'{'\'

PRODUCING SPECIES SPECIFIC, BIODEGRADABLE PESTICIDES.J{A?:

THE U S DELEGATF AND CHAIRMAN OF AN INTERNATIONAL COMMITTEE

A.? S

ON RESEARCH COOPER TION, HE HELPED LAUNCH A NUMBER OF PROJECTS S

ATTACKING ENVIRONMENTAL PROBLEMS; SUCH AS TOXIC CHEMICAL TRADE

AND PACKAGING, ACID RAIN, AND AIR AND NATER POLLUTION.;_&"
AMONG HIS MANY OTHER ACCOMPLISHMENTS, PROFESSOR WILSON )
PRESENTED A LECTURE IN 1973 oN “A PLAN FOR ENERGY INDEPENDENCE
FoR THE UNITED STATES,"'WHICH INCLUDED A PLAN FOR INCREASING ;;A
THE PRODUCTION OF COAL AND NUCLEAR ENERGY. AND THE DEVELOPMENT

fMORE- }-f-f‘




OF SYNTHETIC FUELS,

~ PROFESSOR YILSON CONCEIVED AND ORGANIZED Two INTER-'*: *

NATIONAL ASSESSMENTS RELATING 1O ENERGY MATTERS, THE
WORLD CDAL STUDY, WHICH ISSUED ITS REPORT IN 1980, AND 3 :
THE WORKSHOP ON ALTERNATIVE ENERGY STRATEGIES, wHosE'
REPORT WAS 1SSUED IN 1978, Bl et
SOUTHEE%,CALIFORNIA EDISON COMPANX WON THE COVETED

AWARD FOR ITS DISTINGUISHED RECORD oF'NoRKING TO PROTECT
THE. ENVIRDNNENT, AND ITS RECENT coMMITMENT TO AGGRESSIVELYr;
DEVELOP RENEWABLE AND ALTERNATIVE ENERGY SDURCES.;

- As AN EXANPLE, ON OCTOBER 17 1980,1EDISON ANNDUNCED
' SR Nt o S iéi‘-.
A MAJOR CHANGE IN CORPORATE POLICY REGARDING DEVELOPMENT

OF ABOUT ONE- THIRD OF ITS ADDITIONAL GENERATING RESOURCES_
NEEDED FOR THE DECADE "FROM SOURCES WHICH ARE RENEWABLElL

: RATHER THAN FINITE. EDISON S DRAMATIC CHANGE IN DIRECTIONf
wi e

NAS LAUDED BY CUSTOMERS; INSTITUTIONAL AND INDIVINUAL SHANE

HOLDERS; FINANCIAL RATING AGENCIES;,REGULATORY AGENCIES;
PUBLIC OFFICIALS AND THE NEWS MEDIA. ENVIRONNENTALISTS

Iw' ¥

Epison CGMPANY.
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Contact: "John Strauss (213-655-8970)
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Biography
JAMES STEWART

His film career spans nearly half a century.

Actor James Stewart made his first motion picture in
1935, appearing with Spencer Tracy in "The Murder Man."

Since then, he has appeared in more than 75 films
(see appended list). He has been nominated for five Academy
Awards and has received an Oscar for best actor of the year,
two New York Film Critiecs best actor awards, and the
American Film Institute's Life Achievement Award.

James Maitland Stewart was born in 1908 at Indiana,
Pennsylvania. He attended Princeton University, majoring
architecture and acting in Princeton Triangle Club shows.

He earned a bachelor's degree in 1932 and plénned to
attend graduvate school. But Joshua Logan, another
Princetonian, asked him to work in the University Players
a stock company in Falmouth, Massachusetis -- and Stewart

decided to pursue an acting career.

He made his professional debut in the University
Players' production of "Goodbye Again" and stayed with the
play when it moved to Broadway.

After appearing in a series of New York plays ("Yellow
Jack," "Divided by Three," "Page Miss Glory" and "Journey
at Night"), Stewart signed a film contract and headed for
Hollywood.

Starting with "The Murder Man," he appeared in 24 films
in five years. He‘was nominated for an QOscar in 1939 for

(mére)'
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his ﬁerformance in "Mr. Smith Goes to Washington." The
following year, he won the Academy Award as best actor of
the year for his performance in "The Philadelphia Story."

In World War II, Stewart was one of the first top stars
to volunteer for service. He enlisted in the Army Air Force
on March-22, 1941, nine months before Pearl Harbor. After a
year of training, he became a bomber pilot and squadron

commander.

He participated in 20 missions, including raids on
Bremen, Frankfurt and Berlin, and was decorated many times.
For his leadership of a wing of bombers during a raid on
aircraft factories at Brunswick, Germany, Stewart was
 awarded the Distinguished Flying Cross with two Oak Leaf

Clusters.

For his outstaﬁding military performance, Stewart was
made a group commander and promoted to the rank of colonel

before his discharge from the service in 1945.

He then served in the U.S. Air Force Reserve and rose
to the rank of brigadier general prior to his retirement in
1968. He is one of two officers in the history of the Air
Force Reserve to have received the Distinguished Service
Medal for "exceptionally meritorious service to the United
States."

Stewart's first picture after his return to Hollywood
was "It's a Wonderful Life" (1946), for which he received

another Academy Award nomination.

He received his fourth Oscar nomination, in 1950, for
his portrayal of Elwood P. Dowd in "Harvey," and his fifth
nomination, in 959, for his performance in "Anatomy of a

Murder."

Stewart has starred in two television series --
"The Jimmy Stewart Show" (1971-72) and "Hawkins" (1973-T74).

Stewart and his wife, Gloria, live in Beverly Hills.

J. Lytle -USC- April 29, 1982




JAMES STEWART FILMS

Murder Man

Rose Marie

Wife versus Secretary
Small Town Girl

Next Time We Love

Speed

Gorgeous Hussy
Born to Dance
After the Thin Man
Seventh Heaven

Last Gangster

Navy, Blue and Gold

Of Human Hearts

You Can't Take It with You
Vivacious Lady

Shopworn Angel

Made for Each Other

Ice Follies

It's a Wonderful World

Mr. Smith Goes to Washington

Destry Rides Again
Shop around the Corner
Mortal Storm

No Time for Comedy
Philadelphia Story

Come Live with Me
Zeigfield Giri

.Pot: of Gold

It's a Wonderful Life
Magic Town

Miracles Can Happen
Call Northside TTT
Rope

You Gotta Stay Happy
Stratton Story

Malaya

Broken Arrow
Winchester 73
Harvey

Jackpot

No Highway in the Sky .
Greatest Show on Earth
Bend of the River
Carbine Williams

Naked Spur

Thunder Bay

Glenn Miller Story
Far Country

Rear Window

Strategic Air Command
Man From Laramie

Man Who Knew Too Much
Spirit of St. Louls
Night Passage

“Vertigo :

Bell, Book and Candle
FBI Story

Anatomy of a Murder
Mountain Road

Two Rode Together

How the West Was Won

Man Who Shot Liberty Valance
Mr. Hobbs Takes a Vacation
Take Her, She's Mine

Cheyenne Autumn

Dear Brigitte
Shenandoah

Rare Breed

Flight of the Phoenix

Firecreek

Bandolero

Cheyenne Social Club
Fool's Parade
Shootist

Airport ‘77

Big Sleep

Magic of Lassie
Tale of Africa




ROOM E51-232
CAMBRIDGE, MASSACHUSETTS 02139
WALTER A. ROSENBLITH TEL:(617) 253-1990

June 7, 1982

Professor Carroll I.. Wilson
130 Jacob Street
Seekonk, MA 02771

Dear Carroll:

It was a great pleasure being with you and Mary in Nairobi
at that most pleasant occasion, and I benefitted a great deal from
your personally guided tour of ICIPE. I see that you have taken
further steps in that direction, and I look forward to hearing from
you if I can be helpful in any way.

The conventional arms issue is certainly bubbling up, and
I trust that your project will benefit from this newly developed insight
on the part of others.

Sincerely,

Webler

Walter A. Rosenblith
Institute Professor




Dr. Frederick N. Andrews
Vice President Emeritus
Purdue University

r. Vernon Blackman
President & Chairman of the Board
S-Cubed =

Professor Frank Bowerman
Environmental Engineering
University of Southern California

Mr. Frank W. Clark, Jr.
Partner
Parker, Milliken, Clark & 0'Hara

mar Fareed, M.D. (Chairman)
President
The Carr Foundation

L//br wen T. Lind
Proffesor of Biology & Environmental Studies
Baylor University

Professor Ralph Mitchell
Gordon McKay Professor of Applied Biology
Harvard University

Dr. William A. Nierenberg
‘Director
Scripps Institute of Oceanography

L//Dr Walter A. Rosenbllth -
Institute Professor ; b T

D//Uassachusetts Institute of TechnoTogy"
D

r. Robert P. Sullivan
Director and Execut1ve Vice President
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RECEIVED MAY 2 7 52

THE INTERNATIONAL CENTRE OF s e

INSECT PHYSIOLOGY AND ECOLOGY Professoe Thortias B, Ochigmb
P.O. BOX 30772 NAIROBL KENYA

REF: S7/DIROFF/51/6750 20th May 1982

Professor Carroll L. Wilson
Director,

European Security Study
Norton's Woods

136 Irving Street
CAMBRIDGE, MA 02138

U.S.A.

Dear Carroll,
VISIT TO NAIROBI AND ICIPE

I wish to convey our warmest appreciation for your visit to
the Centre last week and the extremely exciting discussions we had
during your sojourn.

I very much hope that we will find these encouraging ideas
useful in the very near future.

With kindest personal regards,

Yours sincerely

WMo )L

THOMAS R. ODHIAMBO
Director, ICIPE

“sgsm. CABLE: ICIPE NAIROBI TELEX: 22053 PHONE: NATROBI 43049/43081/43235/43719
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Big Loser in Argentina’s Propaganda War

ta’s Attempts to Manipulate Opinion Sow Confusion

keptical journalists, are
d that the Hermes is dis-

conflicting reports are
natic of the confusion that
4 anital _mare than

The propaganda may be
discouraging a peaceful settlement
of the war. “The military is manip-
ulating public opinion,” said a
journalist for a prominent Argen-
tine_maogazine 7

winning. “Argentina to win!” ra-
dio announcers repeatedly shout,
as they harangue the public with
patriotic exhortations and martial
music. The cover of a leading mag-

Gainza, editor of the prominent
daily La Prensa. “No independent
news organization has correspond-
ents on the islands. The govern-
ment news agency, Telam, sends
trash. At least Goebbels called his
operation the Ministry of Propa-

oanda




Actor James Stewart announced
that a Massachusetts professor and
a California power company are
the 1982 winners of a major U.S.
environmental award. Stewart, at a
press conference during a United
Nations' symposium on the envi-
ronment in Nairobi, named this
year's winners as Prof. Carroll L.
Wilson of the Massachusetts Insti-
tute of Technology, and the South-
ern California Edison Co. The
prize has been awarded annually
since 1973 by a fund set up at the

~ University of Southern California

' by John Tyler, founder and former

chairman of the Fireman's Fund
insurance group. Wilson, an ecolo-
gist and expert in world energy
supplies, was commended for en-
listing government and industrial
leaders from around the world in
studies of global energy prospects
to the year 2000. Southern Califor-
nia Edison, the first corporate
winner of the prize, was praised
for its “distinguished record of
working to protect the environ-
ment and the company’s recent
commitment to aggressively devel-
op renewable and alternative ener-
gy sources.” The John and Alice C.
Tyler Ecology-Energy Prize, the
full name of the award, is the larg-
est achievement award presented
by an American institution, Stew-
art said. Cash awards range from
$150,000 to $200,000 a year, a
foundation spokesman said. . . .
Spanish writer Jorge Guillen has
won Mexico’s Ollin Yoliztli prize
for the promotion of Spanish-lan-
guage literature. The International
Cervantes Festival in Guanajuato,
Mexico, announced the five-mem-
ber jury’s decision. The award is
worth 1.75 million pesos, abouf
$37,500. Previous winners are Oc¢
tavio Paz of Mexico and Jorg
Luis Borges of Argentina.
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Bossy, the leading goal scorer in
the playoffs with 17 in 19 games,
paced the four-game rout and
earned the Conn Smythe Trophy
as the postseason’s most valuable
player. His seven goals in a cup-
final series tied the record set in
1956 by Montreal’s Jean Beliveau
(who scored his seven in five
games). :

Bossy’s offensive effort comple-
mented another superb goal-tend-

NHL PLAYOFFS
ing effort by Bill Smith, who al- |

Smith also won his I5th game of
the 1981-82 playoffs, breaking his |
own mark of 14 set last spring. '

It was the New. York power play
that was the difference in Game 4,
both of Bossy's goals following
foolish fouls by Vancouver. The
Islanders, No. 1 in the NHL on ex-
tra-man plays during the regular
season, scored on eight of 20 op-
portunities during the playoffs.

At 5:00 of the second period, just
as a cross-checking penalty to Dar-
cy Rota was expiring, Bossy broke
a 1-1 tie bg poking a rebound past

oalie Ric

ard Brodeur. It was the |

lowed 10 goals in the four games. EL

|

lf

ourth shot in a rapid-fire sequence ‘

that ended with Canucks Ge;
Minor and Harold Snepsts playing
without sticks.

Precisely three minutes later — |
after Stan Smyl had put his stick in |

Stefan Persson’s face and was sent
off for high sticking — hockey’s
most potent right wing got his sec-
ond goal of the night. Brian Trot-
tier raced down the left side, took
Persson’s pass with one skate on
the blue line and passed cross-ice
to Bossy, who loosed a blistering
30-footer.

Trottier wound up the playoffs
with 27 points, leading all scorers,

I
|/
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Journal of Soil ‘and Water Conservatioh
May-June 1980, Volume 35, No. 3
pp. 116-120.
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Wheat harvest in Kansas

- - ONSIDERABLY is known ab:
ca rbo n d I OXI d e a n d t;le nonclimatic rcr::rlfi:logi?:zln;f:c{g
> e of a carhondciir)f&iie-fartchei:ll\ atmnspﬁler(:
uctivity than is known abou
CIImatlc Change: An ;]}?eccr‘ﬁ[:ngtri(:: efcfe('ts: Biological effects are
- - immediate, easv to observe, and may be

ially as i )

agricultural perspective =i, ...
percent increase in the rate of carbon diox-

ide released into the atmosphere. About

By Sylvan H. Wittwer  half the amount released has remained air-

borne. Between 1860 and 1979, the vol-
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models of the global climate indicate that
the increase in atmospheric carbon dioxide
will result in global elimatic change (3, 13,
14, 17, 18, 24). All predictive models show
that a doubling of atmospheric carbon di-
oxide will eventually produce significant
temperature increases and other climatic
changes. The primary prediction is a
warming of the lower atmosphere. In-
creases in surface air temperatures will
vary by region and seasons. Changes will
occur in the hydrologic cycle.

Just how much warming takes place will
depend on the extent of carbon dioxide ac-
cumulation or its increase in concentration
in the atmosphere. If the present concen-
tration of carbon dioxide doubles, world
climate models predict the average global
warming will be between 2°C and 3.5°C.
The range shown by models is from 1.6°C
to 4.5°C, with 2.4°C estimated as the like-
ly value. Warming at the poles would be
greater by a factor of three to four. It
would be less in the tropics. However, the
rapidity, magnitude, and impact of such a
warming are uncertain. Nor is there any
agreement on the degree of warming pre-
dicted by the various models.

From most all reports emanating thus
far from the multitude of conferences and
studies of the presumed carbon dioxide
problem there are dire predictions of
massive dislocations in agricultural pro-
duction caused by warming trends and
shifts in precipitation patterns. The real
world, however, has not yet confirmed the
climatic changes suggested by these predic-
tive models even though substantial in-
creases in carbon dioxide have already oc-
curred. Any heating of the earth between
1880 to 1970 was 0.4°C or less. It has also
been projected that the continuced exponen-
tial increase in the carbon dioxide content
of the atmosphere may warm the earth by
an additional 0.3°C to 0.4°C by the year
2000 (10).

What are the possible effects of pre-
sumed climatic changes from rising levels
of atmospheric carbon dioxide on agricul-
tural, range, and forest productivity?
What will be the direct biological effects of
rising levels of atmospheric carbon dioxide
on renewable resource productivity?

Effects of induced climatic change

The prospects of climate change from in-
creasing atmospheric levels of carbon diox-
ide do not frighten agriculturists and for-
esters in the United States. The predictive
scope of any climatic change relating to the
carbon dioxide issue is international.

Scasonal and interannual variabilities in
climate have always made agriculture un-
certain. The purchase of a farm, acquisi-
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tion of machinery, choice of a fertilizer for-
mula and seed variety, und development of
markets all depend upon next year’s weath-
er resembling last year's,

All projections of increased atmospheric
carbon dioxide for the coming cra speak of
rising temperatures. These may be as bene-
ficial as they ure bad (8, 28). Water may
become the most limiting resource for
American and world agriculture. Project-
ed temperature changes may have their
greatest impact on the length of the grow-
ing season. Seasonal and interannual vari-
abilities in rainfall or snow cover, length of
the growing season, as well as the thermal
variability in growing degree days (heat
sums), are the climatic concerns of agricul-
ture. Stability or dependability of produc-
tion is as important as production itself.

Fortunately, the past century provides
evidence that U.S. agriculture and its re-
search establishment can cope with and
even improve during climatic change.
Over the past 100 years, for example, the
High Plains became the wheat belt during
a moist period, then the Dust Bowl during
a dry period. Agriculture, through migra-

tion and technology, was able to adapt.

Examining the course of yields for the
major food crops in the United States dur-
ing the past century, one never sees a
downward trend through the yearly fluc-
tuations. Conversely, during the last cen-
tury, one sees only upward trends attribut-
ed to new technology applied during both
warm and cold and wet and dry periods.

Extracting confidence from the past re-
quires a comparison of changes in the past
century with those forecast for the coming
century as a function of the rising carbon
dioxide level. Climatic change can be
viewed as a year-to-year variation, rate of
a trend, range of a trend, and the correla-
tion of changes from place to place. Dur-
ing the past century, American farmers
coped with year-to-year standard devia-
tions of 30 millimeters in eastern Kansas
rainfall and two weeks in Minnesota grow-
ing seasons. From 1915 to 1945, Indiana
farmers experienced a +0.1°C per year
trend in temperatures and a total change of
+2°C during the past century. American
agriculture already has demonstrated that
it can adapt to a trend of +0.1°C per
year, assuming no change in interannual
fluctuations.

Apprehension about a mere prolonged
trend in the future and a greater change
can be balanced by the expectation that re-
search, perhaps spurred by the opportunity
of more carbon dioxide fur photosynthesis
and a reduced water requirement, can
continue to increase crop vields. For the
past 60 vears the variation in weather as

reflected in the wheat fields of six nations
has allowed nations with good weather to
supply wheat to nations with bad weather.
Global warming would likely make avail-
able for crop production substantial areas
in the USSR where successful harvests are
now marginal or impossible (8). The USSR
is the world’s largest wheat producer.
While foreseeable domestic demands on
agriculture and forestry cun be met most
vears, climatic shifts detrimental to agri-
culture, range, and forestry in other na-
tions could cause greater demands on, and
challenges for, American agriculture, for-
estry, and range resources.

The adaptability of agriculture can also
be measured by observed rates of change.
Hybrid corn production in Iowa increased
from 5 percent to 95 percent of the total
corn acreage between 1935 and 1940 (19).
The average of high-yiclding wheat vari-
eties in India went from nothing to 82 per-
cent of the total acreage between 1967 and
1977. Eighty percent of the cultivated land
in the Philippines is now planted to high-
yielding varieties.

Through the use of short-season, early-
planted, single-cross maize hybrids, com-
mercial production of corn in the United
States has moved 500 miles further north
during the past 50 years. The U.S. winter
wheat zone could be moved 200 miles
northward using a new level of winter har-
diness now genetically available.

Crops can be made more “climate-
proof” by genetic improvement and appro-
priate soil, water, and pest management
(16). The half-life of a new disease-resis-
tant cereal variety is regularly less than a
decade. Mechanization changes rupidly as
shown by the nearly complete shift from
horses to tractors between 1930 and 1950.
The rapidity with which marketing and
agricultural trade in oil crops can change
within a decade is shown by the large rise
in the production of soybeans in Brazil,
sunflowers in the Red River Valley of
North Dakota and Minnesota, and the pro-
duction of African oil palm in the tropics.

Reassurance of the resiliency of agricul-
ture and forestry to climate in the United
States can be drawn from the present geo-
graphical range of crops. Wheat, barley,
and potatoes can be grown throughout the
United States, including Alaska. Soybeans
are produced in almost every state east of
the Rockies, and sunflowers can be grown
from Texas to Minnesota. Important trees,
such as aspen, red maple, Douglas fir, and
ponderosa pine, over the latitudinal range,
are found from Cunada to Mexico. Making
the Minnesota climate that of Texas, there-
fore, would not eliminate many important
crops.




It is projected that a warming trend will
likely occur with more (or less) amounts
and decreased (or increased) variability of
precipitation. While these changes may ex-
ceed past interannual variations, the un-
knowns outweigh the knowns. One option
involves a prudent course of preparing for
the worst, There could be some unpleasant
surprises.

The responsiveness of the agricultural
research establishment nationally, region-
ally, and at the state level is an important
ingedient. Entering an era of uncertainty,
one plans for the ability to change rather
than how to respond to a specific change.
If the future is uncertain, the agricultural
scientist does not develop a crop variety for
warmer weather. Instead, he develops a
system for promptly developing varieties
for any reasonable and conceivable
change.

While there is some assurance that U.S.
agriculture can cope with the moderate cli-
matic change projected, such a change will
add one more problem that agriculture
must handle during the coming decades.
Other problems facing agriculture include
increasing shortages of water, arable land,
and fossil energy. Yet another problem is
the need to maintain dependable produc-
tion at high levels. The addition of a pro-
jected climatic change makes comprehen-
sive agricultural research even more criti-
cal if the nation is to deal effectively with
that change. A specific research initiative
would be to mount immediately a major
effort through genetic improvement,
chemical treatments, and management
practices to alleviate environmental stress-
_es on renewable resource productivity.

Biological effects of carbon dioxide

In most documents published on the car-
bon dioxide issue, climatic issues are dealt
with in isolation. There is little reference to
the possible beneficial biological effects of
elevated atmospheric levels of carbon diox-
ide. This reflects a decided lack of balance,
first, in failure to approach the carbon
dioxide phenomenon objectively and in its
entirety and, second, as a serious lack of
balance in research investment relative to
the carbon dioxide issue. All previous ef-
forts relate to climatic implications or ef-
fects with no attention to biological or
nonclimatic impacts. Furthermore, the
failure to examine adequately the role of
the biosphere in the carbon cycle and as an
input into the three dimensional models
that project a warming trend lead to many
uncertainties (I18).

The rising level of atmospheric carbon
dioxide is variously referred to by climatol-
ogists and ecologists as a menace, threat,

118

problem, risk, or catastrophe. Beference is
made to inescapable agricultural impacts
and dislocations (12). The conscquences
for wheat growing areas, for example. are
declared as nothing short of catastrophic
(3). National energy policy relative to syn-
thetic fuel production rests, in part. on the
current debate about the presumed unde-
sirable effects of a rising level of atmos-
pheric carbon dioxide on climatic change.
There is little reference to possible benefi-
cial biological effects (24).

Photosynthetic efficiency and crop pro-
ductivity. Carbon dioxide in the atmos-
phere is a resource for crop production.
The low carbon dioxide concentrations
ambient to plant foliage remain the single
most important rate determinant for fur-
ther increases in photosynthesis and crop
production. In other words, the currently
low level of atmospheric carbon dioxide
may well be the most limiting factor in
overall global agricultural productivity.

The potential for carbon dioxide stimu-
lation of plant growth as revealed by
greenhouse and other controlled-environ-
ment studies has been referred to as “an
abandoned gold mine™” (30). No exception
has been reported to the observed improve-
ment in growth as a response to moderate
enhancement of atmospheric levels of car-
bon dioxide. It is no longer necessary to de-
sign and conduct experiments to establish
the efficacy of carbon dioxide enrichment
on commercially grown greenhouse crops
(27).- All respond with generally higher
yields and enhancement of quality, espe-
cially during the early seedling stages (26).
The magnitude of the response is light-de-
pendent, even though beneficial effects are
derived over a wide spectrum of light in-
tensities—either daylight or artificial.

A comprehensive review (22) of plant re-
sponses to global carbon dioxide enrich-
ment discovered over 500 studies reporting
increases in yield, growth, and photosyn-
thetic rates and reduced water require-
ments. Thirty-one plant responses to car-
ben dioxide enrichment are reported, most
all favorable.

A summary of experiments on effects of
elevated levels of atmospheric carbon diox-
ide for plants grown in greenhouses and
growth chambers, in tunnels, those sepa-
rated by vertical barriers, under shade
cloth, in the open field, and from plant
growth-vield models reconfirmed that
most all crops would benefit from a dou-
bling of the carbon dioxide level in the at-
mosphere (cereal grains. legumes, pota-
toes, cotton, woody plants).

A study of responses of greenhouse-
grown crops to elevated atmospheric levels

of carbon dioxide produced vield increases
of at least 20 percent, with some as high as
600 percent (1). Greenhouse-grown vege-
table crops respond especially well, partic-
ularly lettuce (30).

Yield responses peak at 1,000 to 1,200
parts per million of atmospheric carbon di-
oxide. Adverse effects often occur at higher
carbon dioxide levels. The potential for in-
creased photosynthesis is about 0.5 percent
for each 1 percent increase in the concen-
tration of atmospheric carbon dioxide in
the range of 100 to 300 parts per million
above ambient.

Increased photosynthetic rates and ac-
celerated growth and yield responses are
genetically dependent. Photosynthetic re-
sponses to increased ambient carbon diox-
ide varies from species to species. Increases
in photosynthesis induced by elevated lev-
els of atmospheric carbon dioxide have not
yet been effectively introgressed with
vields for major agricultural crops or fores-
try. Moreover, almost no studies of whole
plant responses that could be used to pre-
dict crop behavior to long-term increasing
concentrations of carbon dioxide have been
conducted.

There is also an inadvertent potential for
increasing crop production from the cur-
rent global increase of atmospheric carbon
dioxide. The higher levels of carbon diox-
ide now in the earth’s atmosphere mav al-
ready be making a significant contribution
to the productivity of agriculture and other
renewable resources. A further increase of
carbon dioxide in the atmosphere to 400
parts per million (the level projected by
some for the year 2020) would probably
result in a 20 percent increase in photosyn-
thetic rates for some plants, provided other
growth factors were not limited (I).

Controlled-environment agriculture and
future plant science rescarch, The issue of
rising atmospheric levels of carbon dioxide
relates directlv to controlled-environment
agriculture and plant science research con-
ducted in greenhouses and growth cham-
bers. There currently are about 250,000
hectares in controlled-environment agri-
culture globally. Included are extensive
plantings in western Europe, eastern
Europe, the USSR, Scandinavia, the Peo-
ples’ Republic of China, Japan, Korea, Is-
rael, Turkey, the Arabian Gulf, United
States, Canada, Australia, New Zealand,
and South Africa.

The majority of these greenhouses in
which flowers, vegetables, and fruits are
produced are carbon dioxide enriched.
Growth. earliness. and production increas-
es attributed to the added carbon dioxide
range from 10 to 40 percent. Such observa-

Journal of Soil and Water Canservation




A variety of greenhouse experiments and field observations and
tests indicate that yields of cotton and most other agricultural

tions are not new. They have been repro-
duced commercially for 25 years (6, 11, 29,
30). Aquatic plants, such as the water hya-
cinth, will produce in excess of 200 dry
tons per hectare per year when grown in
greenhouses at an elevated level (800 ppm)
of atmospheric carbon dioxide; this is 40
percent more than production at a level of
400 parts per million.! Expanding use of
the nutrient film technique (2I) in green-
house culture offers new opportunities for
carbon dioxide enrichment where both
root and top environments are under con-
trol. Possibilities for increasing crop pro-
duction through more controlled photo-
synthesis, including elevated levels of at-
mospheric carbon dioxide, have been out-
lined (4).

Water use efficiency. Studies relating
water use efficiency to atmospheric levels
of carbon dioxide have been minimal.
Stomated closure occurs on plants follow-
ing exposure to elevated levels of atmos-
pheric carbon dioxide. There is also a de-
crease in stomatal conductance.

Reports on increased water use efficien-
cy or decreased water requirements could
be important. In one test (7), sunflowers,
soybeans, and maize were exposed to at-
mospheric levels of 300, 600, and 1,200
parts per million of carbon dioxide. Rates
of growth and photosynthesis increased
with increased carbon dioxide for both

!Personal communication with M. R. Fontes, Environ-
mental Reseurch Luboratories, University of Arizona.
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sunflowers and soybeans, but not for
maize, Transpiration declined with in-
creasing carbon dioxide for all three
plants. Water requirement per unit of bio-
mass dropped 52 percent for each doubling

of carbon dioxide. This work confirmed -

earlier reports of a substantial decrease in
transpiration as the concentration of car-
bon dioxide in the air increased.

Root and tuber growth responses. Ele-
vated levels of atmospheric carbon dioxide
reduce top/root ratios, increase the relative
growth rates and net assimilation, but re-
duce the leaf area index. This may be par-
ticularly beneficial for increasing drought
resistance and for yields of certain root and
tuber crops (22, 23).

Potato plants are particularly suited to
carbon dioxide enrichment. In one study,
significant growth responses were record-
ed, and roots tolerated a high level of car-
bon dioxide without damage (2). Root
zones were aerated for varying time inter-
vals with a gas stream that was 45 percent
carbon dioxide. 21 percent oxygen, and 34
percent nitrogen. Stolons and tubers were
suspended above the aerated solution, with
the carbon dioxide enrichment confined to
an airtight root zone. The shoots only were
exposed to light.

Twelve-hour carbon dioxide treatments
showed striking results from the standpoint
of increased dry matter und tuberization.
There were significant increases in tuber
weights (twofold) and highly significant
increases (sevenfold) in the number of

Tk = B :
U.S Department ol Agricullure photo by Rana

crops could rise as a result of higher concentrations of carbon
dioxide in the atmosphere.

tubers per plant. Total plant dry weights
increased progressively, indicative of re-
markable increases in photosynthesis or a
decrease in photorespiration. The re-
searchers (2) concluded, first, that there
was a significant increase in photosynthesis
and, second, that underground carbon di-
oxide enrichment might be a means of in-
creasing productivity of this important
world food crop.

Biological nitrogen fixation. The most
important industrial input into agricultur-
al produectivity is nitrogen fertilizer. Rising
levels of atmospheric carbon dioxide will
not promote optimum crop productivity if
nitrogen is limiting. Crops having nitro-
gen-fixing associations with Rhizobium (le-
gumes), Azolla Anabaena (rice, taro), Spi-
rillum lipoferum (tropical and range grass-
es), and Actinomycetes (angiosperms or
other endophytes) may not experience this
limitation. They may even relieve the ni-
trogen needs of other crops.

Little is now known about how biclogi-
cal nitrogen fixation will respond to the
projected increases in atmospheric carbon
dioxide. Indications are that the results
would be favorable. Limited studies have
been conducted under controlled environ-
ments. These have been only for short time
periods and only with the Rhizobium-
legume associations (13, 20, 25).

Only one study (9) has been conducted
in the field for most of a growing season.
Here it was dramatically demonstrated
that photosynthates are a major limiting
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factor in biological nitrogen [ixation, A
threcfold carbon dioxide enrichment
(1,000 parts per million) of leaf atmos-
pheres resulted in a six-fold increase in at-
mospheric nitrogen reduction to ammonia
by the Rhizobium japonicum-sovbean
association and a doubling in the vield of
pods. Favorable results have also been ob-
tained with other legumes (peas, peanuts).

Meanwhile, little is known of the re-
sponses of other nitrogen-fixing associa-
tions to elevated levels of atmospheric car-
bon dioxide. This is one of the potentially
most fruitful and important areas for bio-
logical research relating to rising levels of
atmospheric carbon dioxide. The processes
of nitrogen fixation and photosvnthesis,
though physically separated in food, feed,
range, and forest crops. are in chemical
communication and most likely modulate
each other.

Conclusions

There are two effects of rising levels of
atmospheric carbon dioxide on agricul-
ture. First are the projected climatic
changes that reports thus far suggest will
dramatically alter agricultural production
areas, growing scasons, and precipitation
patterns. The reports refer to inescapable
agricultural impacts and dislocation af-
fects on food, feed, and fiber production.
Second, almost all reports heretofore pub-
lished on the carbon dioxide issue deal only
with climatic change. Little reference is
made to possible beneficial biological ef-
fects. Increases in photosynthetic efficien-
cy, reduced water requirements, accelerat-
ed growth, increased productivity and
positive impacts on other biological pro-
cesses may be of greater significance for ag-
riculture than climatic effects.

Issue is taken, first, concerning the pre-
sumed, impending calamitous events that
will climatically overtake agriculture as a
result of the rising atmospheric level of car-
bon dioxide. Seasonal and interannual
variabilities in climate have always made
agriculture uncertain. U.S. agriculture
and its research establishment can cope
with and perhaps even improve during cli-
mate change. History demonstrates agri-
culture’s resilience to change, and rapidity
of agricultural change is well documented.
The surety of climatic change should, how-
ever, force a major research initiative us-
ing genetic resources, chemical treatments,
and management practices to alleviate cli-
‘matic stresses on renewable resource pro-
ductivity.

Second, we should conduct assessments
of the effects of elevated levels of atmos-
pheric carbon dioxide on photosynthetic
efficiency: productivity, and growth of
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cconomically important crops. Genetie
differences in response to high levels of car-
bon dioxide should be noted and agricul-
tural diversity encouraged. Tuber and root
crops should be included in the assessment
of carbon dioxide effects as well as cereal
grains, legumes, and forest and range spe-
cies.

Differences in water requirements and
water use efficiencies at varying levels of
atmospheric carbon dioxide should be
studied as well as the effects on other bio-
logical processes controlling crop produc-
tivity. The growing interest and expansion
of controlled-environment agriculture and
the use therein of elevated levels of atmos-
pheric carbon dioxide to enhance crop
vield and quality strongly suggests that
“carbon dioxide pollution”™ may be good.
The positive biological effects on produc-
tion agriculture need to be carefully
weighed against the projected negative cli-
matic impacts. '

Finally, climate change itself should not
be viewed exclusively in a negative con-
text. There may be some favorable agricul-
tural outputs.
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CARBON DIOXIDE AND CROP PRODUCTIVITYL

by
Sylvan H. Wittwer2

The greatest challenge facing the people of the world between now and the
21st century will be to produce adequate food to meet the demands for improved
diets, rising affluency of nations, an expanding global population, and to
increase food availability for hungry people. Dependable production is just as
important as the magnitude of output. In fact, less uncertainty of crop yields,
which provide directly or indirectly over 95 percent of the food people consume

on this earth, could be the most sought after goal of mankind. This uncertainty

is primarily a result of climate variability. Two phenomena -- total

agricu1tura1 output and dependability of production, both primarily
crop-dependent, are thus identified critical to the future of 311 people of the
earth. Both total crop output and dependability of crop production may be
affected by the currently rising level of atmospheric carbon dioxide (1.3 to 1.8

ppm/year). Primari]y it is 20 crops that stand between man and starvation.3

1Paper presented at a conference, "The Potential Effects of Carbon Dioxide
“Induced Climate Change in Alaska," University of Alaska, Fairbanks, Alaska,
April 8, 1982.

201rector,.Agricu1tura1 Experiment Station; Associate Dean, College of
Agriculture and Natural Resources, and Professor of Horticulture, Michigan State
University, East Lansing, Michigan.

3Wittwer, S.H. 1981. The 20 Crops that Stand Between Man and Starvation.
Farm Chemicals 144(9): 17, 18, 23, 26, 28. The author has, herein, extracted
some thoughts from his earlier papers: Agricultural Adaptation to the Rising
Level of Atmospheric Carbon Dioxide. Carbon Dioxide Reviews (in press), 1982.
Oakridge National Laboratory, Oakridge, Tennessee; Carbon Dioxide and Climate
Change: An Agricultural Perspective. Journal of Soil and Water Conservation
35(2): 116-120, 1980; and Wittwer, S. H. and W. Robb. 1964. Carbon Dioxide
Enrichment of Greenhouse Atmospheres for Food Crop Production, Econ. Bot. 18:
34-56.




Five of them (wheat, barley, oats, potatoés, sugar beets) can be grown in

Alaska.

The-practiées that result in rising levels of CO2 are global issues.

Combustion of fossil fuels -- particularly oil, gas, and coal -- deforestation,
overgrazing, and the cultivation of agricultural lands contribute to global
atmospheric CO2. In the future, the contributions of the United States, the
Soviet Union, and China to the pool of atmospheric CO2 with be particularly
significant since these three countries have 90 percent of the coal reserves of
the world. While the per capita consumption of energy in China is now about
1/20 that of the United States, China has four times as many people, and the
country is rapidly becoming industrialized. Soil erosion, deforestation and
overgrazing gre problems worldwide, and all contribute to the rising level of
atmospheric C0p. Conversely, there may now be a significantly greater C02

- uptake by plants, as reflected by an 1ncrease in the 1ntens1ty of the metabo]1c
cycle, from atmospheric enrichment itself. This could be resulting now in a
stimulation of photosynthesis, and improving water use efficiency.

The progressive increase in the concentration of atmospheric carbon dioxide
(314 ppm in 1958 to over 340 ppm in 1982) amounts to a long-term global
experiment for which there is no certain climate or bio1ogica1 model, and the
outcome is fraught with uncertainties (Figure 1).

Since 1975, hundreds of studies have been conducted, papers prepared,
national and international conferences convened with proceedings published,
committees and workshops organized and numerous scientific, popular and
semipopular articles have appeared -- all addressing what is generally referred
to as a presumptive "CO2 problem." Almost without exception the focus has

been on climate change and with a doomsday perspective of distorted agricultural




Figure 1. Trend in Atmospheric Carbon Dioxide Concentration
J from 1958 - 1980.
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patterns and dislocations and flooded coastal cities from rising sea levels

caused by melting polar ice caps.

Climate Effects

Most all climate projections are based on data provided by general
circulation models which predict a general warming of the earth's atmosphere if
the CO2 level doubles. With a doubling, the average gfoba] warming is
projected to be 2° to 3.5°C, with a range of 1.6 to 4.5°C and a mean of 2.4°C
estimated as the most Tikely values. According to these projections, warming at
thé poles would be greatest. The tropics would be warmed least and the now
temperatg zones would experience intermediate warming. How quickly this would
happen, how much warming would occur, and what the effects of the projected
trend would be on agricultural productivity are not Enown: nor is there
agreement among the "authorities." If the models project correctly, Alaska will
be influenced more by a COz-induced climate change than any other part of the
United States.? A real climatic warming could enhance the prospects for

success in Alaska's new agricultural and forestry development projects both as

‘to yields and number of crops that could be grown and harvested. Hawaii would

be the Teast affected. Recent analysis of both sector and global models
suggests a CO2 induced dryness (reduction in zonal soil moisture) during the
summer season at middle and high latitudes by an atmospheric concentration of

CO2 four times the normal.d

4Juday, G. 1982. Climatic Trends in the Interior of Alaska. Moving Toward
a high CO2 World? Agroboreales, pp. 10-15, Alaska Agricultural Experiment
Station, Fairbanks, Alaska, January, 1982.

5Manabe, S., R. T. Wetherald and R. J. Stouffer. 1981. Climate Change 3:
347-386, D. Reidel Publishing Co., Dordrecht, Holland and Boston, USA.




Almost all reports emanating thus far from the multitude of conferences,
workshops and studies addressing the presumed CO2 problem and climate change,
which have been giﬁen national and international visibility, warn of massive
dislocations in agriculture and food production caused by wafming trends and
shifts in precipitation patterns. Visionary generalizations are the mode. No
one has identified specifically what or where the climate changes would be that
would disrupt agricultural productivity. MNor is it now possible to do so. The
same evidence used to predict disruptive effects on agriculture, supports
equally well the theory that the benefits would be as great as, or greater than,
the disadvantages. Furthermore, the climatic changes suggested by the predic-
tive general circulation models have not yet been confirmed by real wpr]d
phenbmena, though substantfa1 increases in carbon dioxide already have occurred.
No verifiable "first detectfon" of climate change has been reported despite ex-

tensive efforts that are under way to do so (U.S. Department of Energy Workshop

on First Detection, Harpers Ferry, Virginia, June 3-5, 1981). 1In fact, the

"first detection" of an effect of the rising 1eVe1 of atmospheric carbon dioxide
might be b%o]ogical rather than climatic, as will be emphasized later in this
report.

In any event, one positive effect of rising levels of C02 on agricultural
productivity cou]d‘be an increase in the length of the growing season. While no
great advantage might be anticipated for the arctic because of inherently low
productivity, temperate zone agriculture, from which most of the surplus grain
is produced for international markets, might benefit. This zone would include
fhe United States with Alaska, Canada, vast areas in the Soviet Union, Northern
and Western Europe, China, and in the Southern Hemisphere, Australia, New
Zealand and Argentina. For example, it has been estimated that in the United

States, for each 1°C temperature rise, the corn belt would move 175 kilometers




further northeast.® For many regions involving agricultural crops, forest

tree and range species, the length of the frost-free growing season or the
period with temperatures above some minimum are as important as seasonal mean
temperatures.

The predicted effects on climate change induced by rising levels of
atmospheric CO2 point to a great gap in current agricultural research.

Climate now, and historically, determines more about agricultural productivity
than any other single factor. Yet, little agricultural research focuses on the
alleviation of climate stresses on crops and livestock and the instability those
stresses cause in food supplies, even though high priority has been given to
such research by several national and international studies. An example of this
instability was observed in the United States with the heat wave and drought in
1980. This weather or climate combination reduced national agricultural
productivity by 20 percent, compared with 1979 and 1981; Loc§1 deviations from
the norms, in the summer of 1980, in both temperature and rainfall have been
comparable to any projected for a doubling of CO2 in the earth's atmosphere.
Season to season or interannual variations are compelling worldwide influences
on both the magnitude and stability of agricultural production.

If such environmental constraints are to be overcome, either the environ-
ment for crops must be changed through protected cu]tivation or crops must be
adapted to environmental limitations. The potential for environmental control
of agricultural crops through protected cultivation is limited, because con-

trolled-environment agriculture is capital, resource, and management intensive.

6Newman, J. E. 1980. Climate Change Impacts on the Growing Season of the
North American "Corn Belt." Biometerology 7, Part 2: 128-142.




Nevertheless, the current revolution in the use of plastic covers and mulches
for crop protection in Japan, Korea, Taiwan, China, Israel, France, Italy, the
USSR, and many other nations indicate this is not a technology to be ignored.
Another approach is to adapt crops to their environments. This will dic-
tate a significantly greater research investment in studies that investigate how
climate stresses in crop production might best be alleviated. Greater resis-
tance to environmental stresses has been identified by several United States
National Research Council/National Academy of Science reports and an interna-
tional conference on Crop Productivity -- Research Imperatives (Boyne Highlands,
Michigan, Oct. 24-29, 1975).7 Such research should be done first -- and most
importantly -- because of the highly significant interannual variations in both
termperature and rainfall that already exist in all major agricultural produc-
tion areas of the earth including the United States. Sepond]y, the projected
CO2-induced climate changes should be anticipated more precisely. One should
not have to wait for first-detection effects of climate change from a rising

atmospheric level of carbon dioxide to be impelled to action.

Biological Effects

Photosynthesis -- Biological effects of elevated levels of atmospheric

CO2 are well known. Long established commercial practice, in controlled

environment agriculture, has demonstrated that CO2 enrichment (double and

"World Food and Nutrition Study -- Contributions of Research. National
Academy of Sciences, National Research Council, 1977, Washington, D.C.; Crop
Productivity-Research Imperatives, 1976. Michigan Agricultural Experiment
Station, East Lansing, ilichigan, and Charles F. Kettering Foundation Research
Laboratories, Yellow Springs, Ohio; and Wittwer, S. H. 1978. The Next
Generation of Agricultural Research, Science 199:4327.




triple the current level of 340 ppm) increases the productivity of winter grown
greenhouse vegetable (Figure 2) and flower crops even under condition; of severe
Tight limitations. Such CO2 enrichment practices are baseﬁ on experiments
under practical commercial growing conditions that were not short-term studies
but investigations conducted through entire 1ife cycles of plants in many loca-
tions in the United Kingdom, Western Europe, United States, Canada, and Japan.
Similar results with wheat in Australia have been obtained under highly con-
trolled conditions (Figure 3). The increased intercellular CO2 pressure from
the higher atmospheric levels is offered as the explanation. Such deficiences
of 1ight occur not only in greenhouses in winter time, but with Tower leaves in
most canopies in the field during the summer. Elevated levels of atmospheric

C02 also lower the light compensation point. According to recent results from

Australian scientists this extends the duration of the net carbon gain and

possibly the longevity of the lower leaves in a crop canopy.8

Water use efficiency. It now appears that the most significant influence

of elevated levels of atmospheric CO2 on crop productivity may be an increase
in water use efficiency. This has now been demonstrated in numerous controlled
experiments of long duration in Australia and elsewhere with plants grown in

full sunlight for cultivated crops such as cotton -- a C3 plant, and maize --

8Downton, W. J. S., 0. Bjorkman and C. S. Pike. 1980. Consequences of In-
creased Atmospheric Concentrations of Carbon Dioxide for Growth and Photosyn-
thesis of Higher Plants. In: Carbon Dioxide and Climate: Australian Research,
Pp. 143-151. Australian Academy of Science, Canberra City; Gifford, R. M.

1977. Growth Pattern, Carbon Dioxide Exchange and Dry Weight Distribution in
Wheat Growing Under Different Photosynthetic Environments. Aust. Jour. P1.
Physiology 4: 99-110; and Gifford, R. M. 1979. Carbon Dioxide and PTant Growth
Under Water and Light Stress. Implications for Balancing the Global Carbon
Budget, Search 10(9): 316-318.
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Figure 2. Effects of Elevated Levels of Atmospheric Carbon
Dioxide on the Growth of Greenhouse Lettuce.
(Top: 1,000 ppm; bottom: normal level of 335 ppm)

Photo taken at Holwerda Greenhouses in Grand
Rapids, Michigan
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a C4 plant and for wheat, and for several native shrubs of both C3 and C4

metabolism.9 Whereas the greatest enhancement in rate of COz-assimilation

was in cotton, a C3 plant, the greatest reduction in transpiration was in

maize, a C4 plant. These data and other supporting reports strongly suggest
that -- contrary to popular reports -- the global area available for agriculture
could increase in the future because of the currently rising level of
atmospheric CO2. This would result from increases in water use efficiencies,
greater CO2 assimilation rates, an upward shifting of temperature optimums --

a projected climate change which would result from higher atmospheric CO2

levels -- and improved CO2 uptake and crop production, even where light and
moisture are limited. Furthermore,,ﬁnder some extremes of environmental stress,
there could be a significant crop production capabi]ity at some locations under
C02 enrichment, whereas at current COp 1eye15,no productivity would be

possible.

The primary conclusion from all evidence is that the present level of
atmospheric level of carbon dioxide is suboptimal -- and the 02 level is
.supraoptimal, for photosynthesis and primary productivity for the great majority
of plants and food crops of the earth. This has been postulated repeatedly by
the author and is confirmed in large part by further evidence recently cited by

C. B. Osmund, 0. Bjorkman, and D. J. Anderson of the Commonwealth Scientific and

IDownton, et. al., op. cit.; Gifford, R. M. Growth and Yield of
Co2-Enriched Wheat Under Water Limited Conditions. Aust. Jour. P1. Physiol.
6: 367-378; Wong, S. C. 1979. Elevated Atmospheric Partial Pressure of COp
and Plant Growth. Oecologia 44: 68-74; and Wong, S. C. 1980. Effects of
Elevated Partial Pressure of CO2 on Rate of CO2 Assimilation and Water Use
Efficiency in Plants. In: Carbon Dioxide and Climate. Australian Research,
pp. 159-166. Australian Academy of Science, Canberra City.
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and Industrial Organization (CSIRO) of Australia.l0 The position taken by
P. J. Kramerll that responses to elevated levels of atmospheric CO2 are
beneficial for crop-productivity only in the absence of other environmental
stresses (adequate sunlight, moisture, optimal temperatures, soil nutrient
levels) is not supported by current experimental evidence.

Biological nitrogen fixation. Other biological effects of elevated levels

of atmospheric CO2 should be further examined, particularly the microbiologi-
cal. The classical reports of Hardy and Havelka of E. I. DuPont de Nemours
established that with field-grown soybeans a sixfold increase in biological
nitrogen fixation occurred from symbioses with Rhizobium.12 This was accom-
panied by a doubling of pod yield. Confirmatory results were obtained with
other.food legumes. There are other microbiological nitrogen-fixing associa-
tions with crops related to enhancement of productivity. These include not only

the vast legume family and Rhizobium species, but the Azolla-Anabaena for rice

. and taro, Spirillum for tropical and range grasses, and Actinomycetes for a

variety of angiosperm species in forests. Al1 evidence now indicates a rising
level of atmospheric carbon dioxide would have a very positive effect on
enhancement of nitrogen fixation for most all biological systems, but the

critical experiments have not been conducted.

100smund, C. B., 0. Bjorkman and D. J. Anderson. 1980. Physiological
Processes in Plant Ecology: Towards a Synthesis with Atriplex, pp. 419-425,
Ecological Studies 36, Springer-Verlag, New York, Heidelberg.

llKramer, P. J. 1981. Carbon Dioxide Concentration, Photosynthesis, and
Dry Matter Production. BioScience 31(1); 29-33.

12Hardy, R. W. F. and U. D. Havelka. 1975. Photosynthesis as a Major
Factor Limiting Nitrogen Fixation by Field-Grown Legumes with Emphasis on
Soybeans. In: P. S. Nutman (ed.), Symbiotic Nitrogen Fixation in Plants.
Cambridge University Press, London, pp. 421-439.
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Plant competition. There are other biological and biological-climate

effects on crop productivity, some which may be anticipated and others not
(Figure 4). Some may be direct, others indirect. C02-induced climate
alterations may influence indirectly the comparative productiﬁity of crops and
weeds. Atmospheric levels of CO» that exceed present levels may directly

chéngé the balance that now allows some crops to dominate some weeds or the
reverse. Species of weeds that use the C3 pathway for photosynthesis could,

at higher levels of atmospheric COp, become more competitive with C4 food

crops sﬁch_as corn and sorghum. Conversely, other crops such as cotton, soybean
and potatoes -- all C3 plants -- now plagued by weeds, may become better

competitors in a COz-enriched world.l3

A significant and possible deleterious effect of CO2 enrichment might be

repressed synthesis of ribulose diphosphate carboxylase in the leaf.l4 This
may have important implications for future protein quality since this enzyme
'constitutes up to 50 percent of fhe leaf protein in C3 plants. Rising CO?
levels in the atmosphere, however, may counter decreases in the affinity of the
enzyme for 602 as temperature rises and shift the temperature optimum for

photosynthesis upward.

Conclusions and Projections

There are many unknowns as to both the possible climate and biological

effects of higher than now levels of atmospheric carbon dioxide on crop produc-

13patterson, P. T. and E. P. Flint. 1980. Potential Effects of Global
Atmospheric CO2 Enrichment on the Growth and Competitiveness of C3 and C4
Weed and Crop Plants. Weed Science 28: 71-75.

14Downton, et. al., op. cit.
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tivity. There is an urgent need for a research agenda. This is the driving
force behind a forthcoming international conference on Rising Atmospheric Carbon
Dioxide and Plant Productivity at the Russell Agricultural Research Center in
Athens, Georgia, May 23-28, 1982. Federal Agency and organizétiona] inputs

include the American Association for the Advancement of Science, the Department

of Energy, the Department of Agriculture, the Environmental Protection Agency

and the National Science Foundation. Conference panels will include: carbon
metabolism, environmental physiology, whole plant growth and development, fresh
water aquatic systems, microbiological effects, and plant communities. There is
convincing gvidence that crop productivity will likely increase with increasing
global CO2 concentrations.l® Up to a certain atmospheric CO2 level,
crop productivity increases from favorable effects on biological processes
(photosynthesis, nitrogen fixation; water-use efficiency) may be more important
to the weli-being of people on the earth than the presumed negative effects of
rising levels of CO2 on climate. Even with climate change, the beneficial
effects might outweight the negative -- plant breeders have for decades strived,
with considerable success, to extend the northern boundaries for successful corn
and winter wheat production. Most plant biological effects would Tikely be
beneficial and would be clearly manifest even if a CO2-induced climate change
did not occur. He don't know the atmospheric level df CO02 that will give
maximal benefit or harm. Critical now is to determine the impact of small
incremental levels of atmospheric CO2 (10 to 100 parts per million) that are

just above the current ambient that will likely be encountered during the next

15A11en, L.-H. 1979. Potentials for Carbon Dioxide Enrichment. Ini B, ds
Barfield and J. F. Gerber (eds.), Modification of the Aerial Environment of
Crops, pp. 500-519. American Society of Agricultural Engineering, St. Joseph,
Michigan.
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two decades, on a variety of biological responses and species. Particular
attention should be given to increments of 10 to 20 ppm, which will Tikely occur
in the next five to ten years. We should also seek an answer to the question as
to whether current levels of atmospheric CO2, which are significantly higher
than those of 1958, and likely much higher than those of a century ago, have
already added to the plant productivity of the earth through increased water use
efficiency, greater photosynthesis efficiency, improved biological nitrogen
fixation, and partial alleviation of sunlight deficiencies. In other words, are
we already "hooked" with high CO2 Tevels that are now contributing to crop
productivity?  We should determine if the metabolic cycle of plants on earth has
increased during the past several decades as a result of rising levels of
atmospheric C02. Has the amplitude of the seasonal cycle in temperate zones
actually increased?

Finally, we should take advantage of fhe several vast geoiogié depots of
relatively pure CO2 which exist in the Southern and Western Unfted States and
in the vicinity of Shanghai in China. 1In proximity to such areas, major crops

and plant communities already exist and could be exposed to elevated outdoor

concentrations of CO2 over bfo1onged periods with a'minimaI of cost and

hardware to contain the C02. This would require close collaboration of o0il
and gas engineers, meteorologists and plant scientists, but results would be
enlightening as to both biological and climate effects and future global crop

productivity.




AGRICULTURAL ADAPTATION TO THE RISING LEVEL

OF ATMOSPHERIC CARBON DIOXIDE*

Sylvan H. Wittwer
Agricultural Experiment Station
Michigan State University

East Lansing, Michigan

Considerable visibility has been given to the rising level of atmospheric
carbon dioxide (1.3 - 1.8 ppm/year) because of its presumed deleterious effects
on agricultural production. Further, recent research in this area has
emphasized modeling climate change. Projected is a general warming of the
earth's atmosphere, marked by an increase in temperature that will be three to
four times greater at the poles than in the tropics. These are guesses only.

Neither the magnitude nor the impact of such warming is certain. There is
still 1ittle, if any, evidence of any climatic signal that can be identified,
even though appreciable increases in the level of atmospheric C02 have already
occurred (Wittwer, 1981). It could be argued that the positive effects of
climate change could outweigh the negative (Wittwer, 1980). One effect might be
an increase in the length of the growing season. While no great benefit might
be anticipated for the artic (Cooper, 1982), an area of far greater significance
could be in temperate zone agriculture where most of the surplus grain is now

produced for international markets. It has been estimated that in the United

*Submitted December 1, 1981 to the Institute for Energy Analysis, Oak Ridge
Associated Universities, Oak Ridge, Tenn., for publication in Carbon Dioxide
Review, Vol. 1, Spring, 1982.




States for each 1°C temperature rise, the corn belt would move 175 kilometers
further northeast (Newman, 1980). For many regions involving both agricultural
crops, forest tree species and range, the length of the frost-free growing
season or the period with temperatures above some minimum are at least as
important as the seasonal mean temperature. Hence, this respondent chooses to
emphasize the importance of direct biological rather than various projected and
uncertain climatic influences on agriculture and food production.

The impact of potential climate change induced by altered levels of
atmospheric CO2 points up a gap in current agricultural research. Climate now

determines more about agricultural productivity than any other single factor,

yet there is currently little agricultural research to support the alleviation

of climatic stresses that make food supplies unstable. This instability -- and
the climatic stresses that cause it -- can be observed in the heat wave and
drought of 1980, which reduced national agricultural productivity by 20 percent
this year, compared with 1979 and 1981. Season to season or interannual
variations are important influences on both the magnitude and stability of
agricultural production. Thus, a significantly greater investment should be
made in research on both crops and livestock and how to best alleviate climatic
stresses. Such programs would lessen the possible impact of a C02 induced
climate change and the current interannual variations in both temperature and
rainfall. One should not have to wait for climate change to be impelled to
action.

The biological effects of a rising atmospheric level of CO2 on
agricultural crop production must also be considered. The position taken by
Cooper (1982) and supported by Kramer (1981) that responses to elevated levels

of atmospheric CO2 are beneficial for crop productivity only in the absence of




other environmental stresses (adequate sunlight, moisture, optimal temperatures,

s0i1 nutrient levels) is not fully supported by current experimental evidence

(Table 1).

Long established commercial practice has demonstrated that CO2 enrichment
is a benefit to productivity of winter grown greenhouse vegetable and flower
crops even under conditions of severe light limitations. These practices are
based on tests that were not short-term studies but investigations conducted
through entire 1ife cycles of plants (Wittwer and Robb, 1964). Similar results
have been obtained under more controlled conditions with wheat (Gifford, 1977)
and more recently with leaf chambers on forest trees in their natural settings
(Gates, 1981). The increased intercellular CO2 pressure from the higher
atmospheric levels is offered as the explanation. Such deficiencies of light
occur not only in greenhouses in winter time, but with Tower leaves in most
canopies in the field. Elevated levels of atmospheric CO2 also Tower the
light compensation point. This extends the duration of the net carbon gain and
possibly the longevity of the lower leaves in a crop canopy (Downton, Bjorkman
and Pike, 1980}.

It now appears that the most significant influence of elevated levels of
atmospheric CO2 on plant productivity is an increase in water use efficiency
(Wong, 1979, 1980). This has now been demonstrated in long-term experiments
with plants grown in full sunlight for cultivated crops such as cotton -- a C3
plant, and maize -- a C4 plant (Wong, 1979), for wheat (Gifford, 1979a,
1979b), and for several native shrubs of both C3 and Cq4 metabolism (Downton,
Bjorkman and Pike, 1980). Confirming resuits for wheat have been obtained by
Sionit, Hellmers and Strain (1980) and for potted carnation plants by Enoch and

Hurd (1979). Whereas the greatest enhancement in rate of CD2 assimilation was

in cotton, a C3 plant, the greatest reduction in transpiration was in maize, a




Table 1. The Effects of Elevated Levels of Atmospheric Carbon Dioxide

in the Presence of Various Environmental Constraints on Plant Growth

Environmental
Constraint

Moisture Deficiency
or Drought

Low Light Intensity

High Temperature

Mineral Deficiency

Air Pollution

Effects of Elevated Atmospheric
Levels of Carbon Dioxide

Decreased transpiration and
improved water use efficiency
for both C3 and C4 plants.
The greater the water stress
imposed, the greater the
relative increased growth
response to CO2 enrichment.

Growth response greatest at
low light intensity. The
dimmer the 1light the greater
the yield increase.

Temperature optimal for
plants may be shifted upward.

Assimilation rate of cotton
increased 1.5 fold at high
levels of nitrogen with lesser
increases at low levels. With
maize a 1.2 fold increase at
high Tevels of nitrogen, but

a reverse at low levels of
nitrogen.

Presumed to be less because
of partial closure of stomata.

References

Gifford (1979);
Downton, Bjorkman
and Pike (1980);
Sionit, Hellimers
and Strain (1980)

Gifford (1977,
1980); Wittwer
and Robb (1964)

Downton, Bjorkman
and Pike (1980)
Wong (1979)

Cooper (1982)




Cq plant. Downton, Bjorkman and Pike (1980), Gifford (1980), and Wong (1980)
suggest that as a result of increased water use efficiency, greater CO2
assimilation rates, an upward shifting of temperature optimums, and improved
C02 uptake and production -- even where 1ight is 1imiting -- the global area
available for agriculture could increase in the future because of the currently
rising atmospheric level of CO2. Under extremes of stress, the response may

be infinite relative to enhancement of yield from higher atmospheric CO2
levels. This is because some productivity may occur under CO2 enrichment,
whereas without enrichment, no productivity would be possible.

The primary conclusion from all the above evidence is that the present

level of atmospheric carbon dioxide is suboptiona] -- and the 02 level is

supraoptional -- for photosynthesis and primary productivity for the great
majority of plants. This has been postulated repeatedly by the author and is
confirmed in large part by the evidence cited above and more recently by Osmund,
Bjorkman and Anderson (1980).

Some interrelationships of the two major effects -- climate and biological
-- likely to occur from a rising level of atmospheric C02 are illustrated by
Figure 1. The projected climate changes are increases in temperature and length
of the growing season and changes in precipitation patterns. Known biological
effects are increases in photosynthesis, yield, biomass, and biological nitrogen
fixation. There are, in turn, marked biological, interactive effects on water
use efficiencies, temperature tolerances, the effectiveness of light, and
modification in biochemical metabolites, and on pest resistance; but the latter
are also related to, influenced by, or maybe a part of, the climate complex. It
now seems likely that adverse climatic effects -- Tow light intensities, high
temperaures, and moisture deficits -- may be compensated for, at least in part,

by the biological effects of elevated atmospheirc levels of carbon dioxide.
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May 31, 1982

Dr. Jerome Walker

Agsistant Vice President for
Academic Affairs

University of Southern California

Adm 101, University Park

Los Angeles, CA 90007

Dear Jérry:

Enclosed is a memorandum of the expenses of myself and
Mrs. Wilson for our journey to Boston-Nairobi-Boston for the
Tyler Prize events.

The safari to the Nairobi Game Park on which Walter
Rosenblith and Omar Fareed joined it was suggested by Omar
Fareed might be an appropriate charge on the hotel bill., I
had already paid it through American Express but you will
see it listed here with the voucher.

It was a great experience and we were delighted to have
this opportunity. On Saturday of that week, when happily
you were off on safari, Maurice and Hanne Strong and the
Stewarts and Mary and myself went up to Tubby Block's place
on Lake Nairasha. We got some great pictures that day.

Sincerely,

Carreoll L. Wilson




May 31, 1982

Mr. and Mrs. Carroll Wilson
Boston-Nairobi-Boston

(Prepaid tickets supplied by Gibson travel)

Kenya visas $ 20.00
Cholera and gamma

81”&!1“ !.nj . AO. 00
Aralan - anti-malarial 27.66

May 5 - Taxi to station 10.00
Bus return ticket
PRO-BOS
2 X §14 28.00
Refreshments 7.50 $133.16

Nairobi - 10.40 Sh., = $1.00

May 11 - Taxi
Tip
Taxi

May 12 - Taxi
Taxi
Miscellaneous

May 13 - Miscellaneous
11

May 14 - Safari U.T. Co.
(Fareed, Rosenblith
Wilsons - Nairobi
Game Park)
Tip
Miscellaneous
Taxi




Memorandum of Expenses May 5-18
Page 2 .

Brought forward Sh 1014

Airport tax (2)
Porters

Tip 500

(Hotel Norfolk paid)

sh 1514 =  $145.57

({0 40 G e Lok $278.73
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Dr. Jerome Walker

Agsistant Vice President for
Academic Affairs

University of Southern California

Adm 101, University Park

Los Angeles, CA 90007

Dear Jerry:

I am sending two letters via you, one to Mrs., Tyler and
one to Omar Fareed.

I would like to obtain a copy of the remarks of Jimmy
Stewart when he presented the medal to me. That was essen-
tially the citation and I would like to have the text.

1'd also like to know how Jimmy Stewart spells his name
Jimmy. Is it with a Y or an IE because I want to write to him,

It was a great occasion and Mary and I greatly enjoyed
meeting you and Laura and taking part in those interesting
events that week. We went on Saturday out to Tubby Block's
place on the shores of Lake Nairasha with Maurice and Hanne
Strong and the Stewarts.

I hope your safari went well and that you saw lots of
animals and got lots of good pictures.

Enclosed is a copy of the memo I sent to Mrs. Tyler con-
cerning my activities for the next few years.

With best regards.

Sincerely,

Carroll L., Wilson




May 24, 1982

Mrs. Alice Tyler

c/o Dr. Jerome Walker

Assistant Vice President for
Academic Affairs

University of Southern California

Adm 101, University Park

Los Angeles, CA 90007

Dear Mrs. Tyler:

You were in the minds and hearts of all of us that evening
in Nairobi when you and the Executive Director of UNEP co-hosted
a wonderful banquet and series of prize awards.

Enclosed is a copy of my remarks in acceptance of the Tyler

prize which Jimmy Stewart presented to me on your behalf.

It was a special pleasure for Mrs. Wilson and myself to
become acquainted with Jimmy, Gloria, and their interesting
daughter Kelly as well as other members of the Executive
Committee.

It had been eight years since 1 had visited the Inter~
national Centre for Insect Physiology and Ecology in Nairobi
which I took part in founding in 1969 and served as Chairman
until 1974, It was exciting to find that the quality of
scientific work has remained very high and that important
advances have been made in understanding the physiology of
such things as tsetse flies which are the basis for moving
towards means of more effective control. Walter Rosenblith
accompanied me for a full day of visits to the ICIPE laboratories
and Omar Fareed went with me again the next day.

it was a very good decision that the awards be made in
that very international setting with its focus on how the world
looks ten years after Stockholm.




Mrs. Alice Tyler
Page 2
May 24, 1982

It was also very nice that UNEP awarded one of its three
gold medals to Maurice Strong with whom I have been working
closely for the last twelve years and whose receipt of the
f;rat Tyler prize I observed at that first award ceremony in
1973.

I have shifted my attention to another set of problems
which seem to me very large in the decade or two ahead and
which are illustrated by the enclosed description of the
European Security Study which I began to organize about a year
ago and which will hold its first Steering Group meeting in
Germany next month.

When my travels take me westward instead of across the
Atlantic as is the usual case I hope I shall find myself in
Los Angeles and have the pleasure of meeting you personally
and thanking you for your vision and generosity in creating
this exceptional prize.

Sincerely,

Carroll L, Wilson
CLW:F

Enclosures




Dr. Omar Fareed

e¢/o Dr. Jerome Walker

Assistant Vice President for
Academic Affairs

University of Southern California

Adm 101, University Park

Los Angeles, CA 90007

Dear Omar:

Enclosed is a copy of my letter to Mrs. Tyler. It is
a pity that she couldn't be there on that exciting evening.
I thought you handled the subject of Mungai with great skill
and sensitivity and it could be that your action and invita-
tion which brought him there could help to heal some of the
breach with Moi.

Mary and I enjoyed very much our discussions together and
the opportunity to become acquainted with you.

With best regards.

Sincerely,

Carroll L, Wilson
CLW:F

Enclosure




Professor Walter A, Rosenblith

Room 3-240

Massachusetts Institute of Technology
Cambridge, MA 02139

Dear Walter:

Enclosed is a copy of my letter to Mrs. Tyler. It was
a great occasion and I enjoyed it enormously,

Soon I will talk with Harvey Brooks, who is now on the
ICIPE Board, and John Voss about their potential interest in
the very good idea you had in Nairobi about the traveling
symposium, As the next step on his end Tom is preparing a
draft of what might be such a traveling program with two stops
in Europe, let's say, and three in the United States. Mean-
time we'll see what interest there is in the ICIPE Foundation
or otherwise to provide the base for this enterprise.

I think the vision you have of the molecular biologist
having extremely effective tools but looking for problems and
the ICIPE basic work reaching up to the frontiers but having
no tools of the kind molecular biologists have developed offers
a fascinating opportunity for communication between communities
which would not otherwise meet.

I'1l be in touch with you soon about what I am able to
start here.

With best regards.

Sincerely,

Carroll L, Wilson
CLW:F

Enclosure




Itinerary - Carroll and Mary Wilson
Wednesday, May 5 - Tuesday, May 18, 1982

London/Nairobi/Paris

Wed, May 5/82 - Boston/London BA 274 8:00 p.m. = 8:10 a.m.
Thurs, May 6/82 - Godfrey Davis Car Rental

Christopher Stewart-Smiths
West Wycombe - tel: 024024-3009

May 7/82 - Sir Hugh Beach, St. George's House, Windsor Castle
tel: (home) Windsor 64842

Montague Arms, Beaulieu

May 8/82 - Edmund deRothschild, Exbury
tel: 893-145

May 9/82 - Lord Carver, Wickham (Wood End House)
tel: Wickham 83 21 43

Mrs. Amanda Robinson, Parsons Green , London
tel: 736-7175

May 10/82 -Sir Alasdair Steedman, 67 Portland Place, London
tel: 01-580 8343 (office)

London/Nairobi BA 55 9:40 p.m. - 8:00 a.m.

Tues, May 1ll-
Sat, May 15 Norfolk Hotel, Nairobi
tel: 335-422
telex: 22550
cable: Norfolk

ICIPE-Tom Odhiambo
tel: 43235
telex: 22053

Sun, May 16 Nairobi/London BA 54 12:30 a.m. - 7:05 a,m.
Mary- London/Boston BA 275 12:10 p.m.- 2:20 p.m.
Carroll - London/Paris AF 809 9:30a- 11:30a

Stanislaws - 27bis Quai Anatole France
el (01) 551-3944

Mon, May 17 1522
Ambassador Francois deRose
5, rue Faubourg St. Honore,
tel: (01) 265-7060

Tues, May 18 Paris/London AF 810 10:30a - 10:30a
London/Boston BA 275 12:10p = 2:20'p




Inviting Nominations For The

Spler Frize

-

The World Prize
in Ecology and Energy




Sobn and Alice Spler Ecology - Energy ~sfund

Since 1973, the Tyler Prize has been the largest achievement award presented by an American
institution, and it has become the largest ecology energy prize in the world. Eleven environmental
laureates have received honors for their outstanding achievements benefiting mankind.Prizes
have totaled over $1 million, ranging from $150,000 to $200,000 annually.

In 1980 selection criteria were broadened to encompass energy as well as ecology. The further
development and improvement of known sources of energy and the discovery of new sources of
energy are inseparably linked to the protection, maintenance, improvement, and understanding
of the environment. Pursuit of energy for progress needs to be conditioned by sensitivity to
environmental preservation. The Tyler Prize seeks to honor those who contribute new knowledge
or critical leadership to that relationship.

Former winners have been honored for pioneering water purification and water quality
standards, for discovery of the chemical nature of smog, for landmark work in understanding
animal ecology, for new perspectives on the interaction between the environment and the human
organism, and for world leadership in respect to the human environment and wildlife protection.

Past honorees include Arie Jan Haagen-Smit, G. Evelyn Hutchinson, Maurice Strong, Ruth

Patrick, Abel Wolman, Charles S. Elton, Rene Dubos, Eugene P. Odum, Russell E. Train, Carroll
L. Wilson, and the Southern California Edison Company.

Endorsed by The United Nations Environment Programme




ler SHiRe

Eligibility

Citizens of all nations are invited to nomi-
nate individuals or institutions of any nation
who have benefited humanity in the fields of
ecology or energy.

Persons eligible to make nominations in-
clude, but are not limited to :

Scientists in fields related to ecology
and energy;

National academies of science, engineering
or their equivalent, and their members;

Research institutions, and their members;

Nominees can be associated with any field
of science. Nominated institutions can be uni-
versities, foundations, corporations, or other
types of organizations. Awards to non-
exempt corporations pursuant to U.S. tax
laws, will be used for student scholarships to
benefit universities as chosen by such non-
exempt honored corporations.

Selection Criteria

Prizes are awarded for any one of the
following;:

(a) the protection, maintenance, improvement
and understanding of ecological and en-
vironmental conditions anywhere in the
world; or

(b) the discovery, further development, im-
provement, or understanding of known and
new sources of energy (including, but not lim-
ited to, oil, coal, solar, hydroelectric, geother-
mal, wind, oil shale, nuclear, and tar sands).

Deadline For Nominations

Nominations for the 1983 Tyler Prize must
be postmarked no later than November 15, 1982.
Related credentials and letters of recommen-
dation should be mailed by that date, also. The
Prize(s) will be announced in March, 1983.

Nomination Procedures

Nominations must be submitted in a letter,
in the English language, and must include the
following information:

1. Identification of Nominee

Include a person’s name, professional or
home mailing address, present occupa-
tional title, and institutional affiliation.
Enclose a vita or resume.

If an institution or corporation is nom-
inated, identify the administrative officer
of the organization or subgroup respon-
sible for the accomplishments cited.

Summary of Accomplishment

Provide a brief statement of the indi-
vidual’s or institution’s discovery or im-
provement in one or both fields for
which the award is proposed. Be clear
and succinct.

Detailed Description of Contribution

Provide a detailed explanation of the
contribution and explain why it is
unique. Describe how it was accom-
plished. Mention any significant involve-
ment of others. Enclose publications or
other evidence of the contribution.

4. References
Provide three letters of recommendation
from individuals who can assess the
nominee’s contribution. Identify three to
five additional referees who might be
contacted by the Tyler Fund.

Length Of Candidacy

Nominations will be considered for two
years, beginning with this round. Renomina-
tion will be required after two years.

Mail Nomination To

Executive Director

John and Alice Tyler Energy/Ecology Fund
University of Southern California
Administration 101

Los Angeles, California 90007, USA




Tyler Award Recipients

Dr. Arie Jan Haagen-Smit
Dr. G. Evelyn Hutchinson
Maurice Strong

Dr. Ruth Patrick

Dr. Abel Wolman

Dr. Charles S. Elton

Dr. Rene Dubos

Dr. Eugene P. Odum
Russell E. Train

Carroll L. Wilson

Southern California Edison Company
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THE ADVANCEMENT OF SCIENCE

Science serves its readers as a forum for the presenta-
tion and discussion of important issues related to the
advancement of science, including the presentation of
minority or conflicting points of view, rather than by
publishing only material on which a consensus has been
reached. Accordingly, all articles published in Sci-
ence—including editorials, news and comment, and
book reviews—are signed and reflect the individual
views of the authors and not official points of view
adopted by the AAAS or the institutions with which the
authors are affiliated.
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SCIENCE

Ten Years After Stockholm

In 1972 the Stockholm Conference on the Human Environment marked a
peak of public concern for the maintenance of environmental quality. One
of its outcomes, the United Nations Environment Programme (UNEP), is
celebrating the 10th anniversary of the conference with a *‘session of special
character’ on 10 to 18 May in Nairobi, where national and nongovernmen-
tal representatives will review events of the decade and lessons to be drawn
from them. What can be said of significance for the scientific community?

It is relatively easy to rack up the scores on the legal and administrative
measures taken in response to the Stockholm Conference recommenda-
tions. UNEP provides a succinct account of treaties ratified or not ratified,
agencies established, programs initiated, and meetings convened in large
number.

It is extremely hard to appraise what, in fact, has happened to the
principal components of the environment—the atmosphere, marine envi-
ronment, inland waters, lithosphere, terrestrial biota, and people. The
evidence as reported by UNEP is ragged. The trends that can be discerned
with confidence show good news and bad news, and I note a few of each.

Compared with the situation in 1972, the rate of annual population growth
in 1980 was diminishing on all continents except Africa. The quality of air in
many high-income cities was improving. Likewise, contaminant loads in the
inland waters of industrialized countries were generally decreasing. Signifi-
cant advances were made in reclamation of surface-mined lands and in
establishing reserves for the preservation of terrestrial biota.

On the negative side, urban air quality in low-income countries continued
to decline. The pollution of certain sectors of coastal waters increased,
although the marine production in large sectors grew slightly or leveled off.
Deterioration of many semiarid lands and of some irrigated soils expanded.
Moist tropical forests were being reduced, but there was a wide divergence
among the estimates concerning rates and extent. The implications of
increasingly massive alterations in the global cycling of carbon, sulfur, and
nitrogen were only beginning to receive integrated analysis.

The assembled data on these and numerous other trends not mentioned
here should be critically appraised. While they will no doubt be interpreted
in different ways, at least three observations deserve the immediate
attention of the scientific community.

First, as revealed by the difficulty in measuring changes, a more coherent
effort needs to be made to monitor key parameters. The expectations of
many at Stockholm that an efficient global earthwatch program would soon
be put into place proved sanguine. The present deliberate effort should be
streamlined and its pace should be accelerated.

Second, it is becoming evident that appraisals of all but a few basic
changes such as those in atmospheric carbon dioxide or ozone are most
meaningful on a regional basis, where the intertwining of biological,
physical, and social factors can be examined in context. Promising ad-
vances, for example, have been made in looking at regional seas rather than
at the oceans as a whole.

Third, the scientific grounds for measures to correct much of the
degradation in soil, water, biota, and air are well known, but there needs to
be more systematic analysis of ways of overcoming social and political
obstacles to undertaking them. While speculation runs high on questions of
long-term climate change, the quiet degradation of biotic and soil resources
proceeds.

The decade after Stockholm has shown that environmental improvement
can be achieved, that the pace is slow in many areas, and that scientific
inquiry can help speed it up.—GILBERT F. WHITE, Gustavson Professor

Emeritus of Geography, Institute of Behavioral Science, University of

Colorado, Boulder 80309




S0IAr0Id NOW aVES

- youloads ofinstant 4xopictures
WIth Just one loading,

Ournew instart pack fimsystem

gvesyou 8 shots Inblack and

white or color. Without reloading.

Polaroid has made instant 4x5 pho-
tography even more instant. And less
expensive at the same time.
With our new Polacolor ER
Type 559 pack film, our Pola-
pan Type 552 fine grain black B
and white pack film and our .
Model 550 film holder, you can
now take 8 shots in rapid suc-
cession without reloading.

Save upto10% on new
Polaroid instant 4x5 pack film.

Besides being more convenient, our
4x5 pack films cost about 7% less to use
than our individual film sheets* and up to
10% when purchased in bulk cartons (30
paoks per carton). And the savings can

“Atsugges

570

really add up when you're shooting a lot
of sequential exposures.
Our new system enables you
to expand your capabili-
ties in high volume
applications such as
/ scanning electron mi-
/ croscopy, and where
/ minimum time between
exposures is important.
' Besides saving time, our
new 4x5 system is a lot
easier to use. The film
comes in packs instead of
individual sheets. And that
means you don't have to re-
load after each exposure.

| Now you
' have achoice of sheet or
pack fim.

So the choice is yours. Our original
Type 58, Type 59 or Type 52 sheet film
when you only have a few shots to take,
or our new Type 559 or Type 552 pack
filmm when you have a lot of shots to take.
When you think about it, it's
_ smart to have both systems.
To find out more about our
w7 new instant 4x5 pack film sys-
tem, see a Polaroid profes-
sional film dealer or call our
Technical Assistance hot line.
The toll-free number in the continental
U.S. is 800-225-1618. (In Massachu-
setts, call collect: 617-547-5177.)

We'll be happy to tell you g
even more ways our new system |
can help you. _

—olarod

T

SCIENCE, VOL. 216



From the News Office

Massachusetts Institute of Technology
Cambridge, Massachusetts 02139
Telephone: (617) 253-2701

M.I.T. Professor Urges Development FOR USE AFTER NOON
of Climate-Resilient Crops as Best FRIDAY, MAY 14, 1982
Defense Against 'Greenhouse Effect'’ NAIROBI TIME

NAIROBI, Kenya, May l4--Developing crops that can better with-

stand.drastic temperature changes is the world's best defense againstl
the greenhouse effect--the global warming that may occur because of
the burning of fossil fuels--a Massachusetts Institute of Technology
professor said in Nairobi today (May 14) as he accepted the 1982 John
and Alice Tyler Ecology/Energy Prize.

Professor Carroll L. Wilson, a renowned technologist and manager
in the fields of ecology and emnergy supplies, said that scientists
throughout the world should mount "a concerted pursuit" of climate-
resilient crops. Such crops, he said, would be very useful even il
the feared global warming does not occur, The greenhouse effect may
Qarm the global atmosphere because of the build-up of carboun dioxide
from burning fossil fuels--coal, gas, oil and wood. Doubling the
current carbon dioxide level might raise average global temperatures
by 2-3 degrees Centigrade, change regional rainfall and temperature
patterns and affect growing seasons.

The Tyler Prize, considered the world's most prestigious
ecology/energy award, was presented to Professor Wilson by James
Stewart, the actor, on behalf of Mrs. Tyler. Mrs. Tyler and her

late husband established the prize in 1973, DMr. Tyler was founder
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and chairman of the Farmers Insurance Group. The Southern California
Edison Co. also won a Tyler Prize.
The presentation coincided with a meeting in Nairobi of the

United Nations Environment Program which is re-examining the state

of the world's life-support systems and planning future action on

crucial environmental problems.

Professor Wilson, recognized internationally for organizing and
directing a number of global studies involving energy and ecology,
says he believes that the chances of a global warming "are great
enough to justify vigorous action to mitigate the effects of such a
warming."

He is calling for an all-out effort to develop more resilient
crops, he said, because prospects for a "technical fix" to capture
CO, as fuels are burned are ''very, very poor," because there is
little hope that renewable energy sources can be substituted for
fossil fuels within the time frame that global warming may occur,
and because restricting the use of fossil fuels is not possible on a

global scale.

"In a world of sovereign states a world government with such
authority is not now conceivable, even if there were unanimous agree-
ment among scientists (a) that a warming will occur, and (b) what
its effects would be and where and when."

On the other hand, Professor Wilson pointed out, developing more

climate-resilient crops and agricultural practices "is well within
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what we know how to do and what we can afford...."

In addition, he said, recent increases in the efficiency with
which fossil fuels are burned has lowered the rate of increase of
carbon dioxide buil -up from 4 percent a year to 2 percent a year,

"This stretches the time for taking avoiding action to about
2060 instead of 2025. This helps but the problem does not disappear
and significant effects may be felt long before the CO, doubles."

Professor Wilson said his proposed action ''should give us
benefits whether the warming does or does not occur."

"The principal thing we should do is to adopt strategies Lhat
increase the resilience of agricultural systems to environmental
stresses including climate changes. We should make genetic improve-
ments in the climate resilience of our main food crops and develop
other species which have better resilience to drought, salinity and
changed growing seasons. And, of course, we should intensify actions
to protect arable soil and improve water management.

"Natural climate variability is one of the most severe con-

straints on stable agricultural production,” Professor Wilson con-

tinued. "For example, the heat wave and drought of 1974 and again
in 1980 in the United States of America reduced the crop by 20-25
percent....lf we can develop crops and agricultural practices which
are less affected by climate variability, not only can we mitigate
the effects of a possible global warming but we can enjoy gains all

the way along which will reduce the risks farmers face in coping
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with seasonal climate changes."
Much work has been done to develop higher corn yields but

relatively little has been done to improve climate resilience in

the main cereal crops of the world and in the regions which are

main sources of food exports, Professor Wilson said.

"The climate resilience I am stressing is focused on plant
tolerance to variability of rainfall, temperatures, frost limits
on the growing season and other stresses in the plant enviromment
which are caused by climate changes....Such a program of action is
particularly suitable for international cooperation of the kind
which is so well illustrated by this convention under the auspices
of the United Nations Environment Program which has already taken
important initiatives such as the establishment of the Global

Environment Monitoring System,' Professor Wilson said.
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THURSDAY, MAY 13, 1982
12:30 P.M.

AMBASSADOR'S RESIDENCE

HOST & HOSTESS: Ambassador and Mrs. William C. Harrop

GUESTS:

Honorable Peter Oloo-Aringo, E.G.H., M.P.,
Minister of Environment and Natural Resources,
and Mrs. Oloo-Aringo
Honorable Philip Leakey, M.P., Assistant Minister of Environment
and Natural Resources, and Mrs. Leakey i
Mr. and Mrs. James Stewart, who will present the 1982 John and
Alice Tyler Ecology-Energy Awards
Mrs. Anne M. Gorsuch, Administrator, Environmental Protection
Agency
Mr. A. Alan Hill, Chairman, Council on Environmental Quality
Dr. and Mrs. Carroll L. Wilson, Professor Emeritus of Massachusetts
Institute of Technology School of Engineering
(recipient of Tyler Award)
Mr. and Mrs. William R. Gould, Chairman of the Board and Chief
Executive Officer, Southern California Edison
Company (company recipient of Tyler Award)
Omar John Fareed, President, The Carr Foundation:
Chairman, Tyler Prize Executive Committee
Russell Train, President, World Wildlife Fund
and Mrs. M. Rupert Cutler, Senior Vice President,
i Audubon Society
Archibald E. Hanson, Jr., Hanson Enterprises, Paso Robles, CA.
and Mrs. Michael B. Pearson, Nairobi
Kelly Stewart Harcourt, Karisohi Research Station,
Ruhengiri, Rwanda
and Mrs. Jack Block, Chairman of Kulia Investments
E.R. (Tubby) Block, Deputy Chairman of Kulia Investments and
Chairman of Block Hotels
and Mrs. Vernon Blackman, President and Chairman of the Board,
"S-Cubed" Corp.; Member, Tyler Prize Executive
Committee ;
and Mrs. Owen T. Lind, Professor of Biological and Environ-
mental Studies, Baylor University;
Member, Tyler Prize Executive Committee
Walter A. Rosenblith, Institute Professor of Massachusetts
Institute of Technology
and Mrs. Robert P. Sullivan, Director and Executive Vice
President, Jaycor; Member, Tyler Prize
Executive Committee
and Mrs. Jerome Walker, Assistant Vice President for Academic
Affairs, University of Southern California;
Director “of Tyler Fund at USC
Leonard Lefkow, Public Affairs Officer, American Embassy
Coleman Nee, UNEP Permanent Representative, American Embassy
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Sobn and Alice Tpler Ecolagy - nergy sfund

University of Southern California, University Park, Los Angeles, CA 90007

April 26, 1982

Tyler Prize Nairobi Delegation

Dear Friends:

Since departure time for Kenya is rapidly approaching for Tyler Prize Executive
Committee members, Tyler Prize recipients, and guests, let me explain the arrange-
ments in Nairobi for the Tyler delegation. Al1 members of our group have con-
firmed reservations at the Norfolk Hotel. It is a very popular old-style
establishment in a garden setting 1 km from the city center. We hope you will

be comfortable.

Qur group will consist of Mr./Mrs. Carroll Wilson and Mr./Mrs. William Gould, this
year's co-honorees; Mr./Mrs. Jimmy Stewart, this year's presenter at the awards
banquet; and Messrs. Fareed, Rosenblith, Blackman, Lind, and Sullivan from the
Executive Committee. I will be representing USC. The latter four of us also

will be accompanied by our wives.

The group's schedule in Nairobi includes five gatherings. Members of the Execu-

tive Committee will have an advisory meeting at 4:00 p.m. Thursday, May 13 in the
Norfolk Hotel. The Wilsons, Goulds, Stewarts and Committee members' spouses are

invited to join us for cocktails and dinner at 6:00 p.m. so everyone can get ac-

quainted.

The Tyler Prize press conference will be held at noon on May 14, in the Kenyatta
International Conference Center auditorium. Messrs. Stewart, Wilson, Gould,
Fareed and Walker will be seated at the table for the formalities, but all members
of the Executive Committee are requested to be present. The conference will be
followed by a buffet lunch for the press corps, and you all are needed to mingle
and answer questions informally.

The Special Environmental Awards Banquet is being co-hosted by Alice Tyler and
Mostafa K. Tolba, Executive Director of UNEP. The dinner is scheduled for 7:30 p.m.
in the Intercontinental Hotel's ballroom on Friday, May 14. Four hundred guests
are expected, including the heads of national delegations, the Secretary General

of the U.N., and the President of Kenya. The program will include the presentation
of three UNEP medals for service to UNEP in its first decade, and the presentation
of the two Tyler Prize Commemorative Gold Medals by Jimmy Stewart. Messrs. Gould
and Wilson will each have fifteen minutes for acceptance speeches. The evening

will be covered by two film crews and 10-20 members of the world press. It
promises to be a marvelous occasion.
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Page Two

Over the weekend, from Saturday morning until Monday afternoon, you are invited

to take a safari. Reservations have been made for the entire group in the Masai
Mara Game Reserve at the Keekorok Lodge, and further efforts are being made to

get us all into Governor's Camp. Departure for the Mara is scheduled for 8:30 a.m.
on Saturday, May 15. Anyone preferring the Kilaguni Lodge in the Tsavo National
Park (West) or the Mt. Kenya Safari Club should notify me by phone by April 28,
and we will request reservations for you.

Finally, there will be an introduction to the U.N. Environment Program's head-
quarters and activities on Thursday or Friday, May 13 or 14. A time will be
announced in Nairobi.

Enclosed are'two items from the Kenyan Consulate in Los Angeles, a map and a
booklet which has a rough map of Nairobi. Hope they are helpful.

Univeristy of Southern California

JBW/tz
Enclosures




EUROPEAN SECURITY STUDY Norton's Waods

136 Irving Street

Carroll L. Wilson, Director Cambridge, MA 02138

Telephone: (61 7) 492-8033
Cable: AMCAD

Telex: 92_1473 MITCAM

April 30, 1982

Mr. T. Odhiambo
LCERE

P.0. Box 30772

Nairobi, Kenya

Dear Tom:

The Tyler Prize people want to make a movie of
various events in Nairobi. They would like to send
a camera crew with us when Walter Rosenblith and
I come to visit ICIPE on May 1l2th and 13th. I do
not expect that we can keep a crew busy all that time
but I am sure you will have ideas as to scenes they
should shoot.

We'll be staying at the Norfolk and Mrs. Wilson
will be accompanying me.

It will be a great pleasure to see you and Ojal
again and to observe the great progress made since
my last departure about eight years ago.

Sincerely,

&wzé&

Carroll L. Wilson

CLW/sml

(Dictated by CLW,
signed in his absence)

A multinational study in association with
The American Academy of Arts and Sciences




THE INTERNATIONAL CENTRE OF

INSECT PHYSIOLOGY AND ECOLOGY o). RS
P.0O. BOX 30772 NAIROBI. KENYA

REF: S7/DIROFF/51/6743 10th May 1982

Professor Carroll L. Wilson
C/0 Norfolk Hotel
NAIROBI

Dear Carroll

VISIT TO NAIROBI AND ICIPE, MAY 1982

T have just received your letter dated 26th April 1982,
and wish to confirm that we have now reconfirmed your hotel
reservations at the Norfolk Hotel and cancelled the Silver
Springs Hotel. I also appreciate your informing us about the
changes in your programme for the week of the visit, and we
will try to arrange the visit along the lines I suggested in
my letter dated 5th April 1982.

My colleagues, and other staff that you have met before,
will welcome you to the ICIPE and show you what we have been
doing at the ICIPE. TI myself, will be in Addis Ababa at the
beginning of your visit on matters concerning the ICIPE as
well as the United Nations University. I will be back on 12th
May 1982 and hope to see you on the following day.

We look forward to your visit with pleasure, and hope
that you will enjoy your encounter with the ICIPE again.

With best wishes

Yours sincerely

e e e S

THOMAS R. ODHIAMBO
Director, ICIPE

== CABLE: ICIPE NATROBI PHONE: NATROBI 43049/43081/43235/43719 ¢




Research News

Nairobi Laboratory Fights More Than Disease

With a mandate to tackle two major animal diseases, an internationally funded
laboratory has established a fine scientific reputation, but still has problems

Africa supports about 160 million cat-
tle and 286 million sheep and goats; some
of these are reared on large commercial
ranches, but the majority provide the
principal livelihood to subsistence farm-
ers and pastoralists. Productivity—the
lowest in the world—could be doubled,
except for the prevalence of two wide-
spread parasitic diseases, trypanosomia-
sis and a form of theileriosis called East
Coast fever. Other forms of these two
diseases are also important in large areas
of Asia and South America. The Interna-
tional Laboratory for Research in Ani-
mal Diseases (ILRAD) was established
in Nairobi, Kenya, in the early 1970’s
with the aim of succeeding with novel
methods to control trypanosomiasis and
theileriosis where traditional approaches
had failed.

Trypanosomiasis

. JECF.

trypanosomiasis and East Coast fever, with
the United Kingdom as scale reference.

ILRAD’s founders focused the labora-
tory’s research on immunological con-
trol, for a long time the method of choice
for bacterial or viral infections but still in
its infancy in dealing with parasitic dis-
eases. In the 7 years since the project
began, ILRAD has encountered two ma-
jor barriers to achieving its goal. The
first is the work of nature, the second of
man. ILRAD has yet to come to terms
with either of them.

The first problem concerns the para-
sites themselves. Although the chances
of immunological intervention with one

of the diseases (East Coast fever) may
now be promising, for the other they
appear to be diminishing. The trypano-
some is turning out to be so complex a
piece of molecular machinery that con-
ventional methods of immunization
might well be impracticable. Intellectual-
ly, the challenge is ever more stimulat-
ing, but at a time when ILRAD’s interna-
tional backers are under increasing pres-
sure to husband their budgets, the lack of
imminent practical results could become
embarrassing.

The second problem stems from IL-
RAD’s status as an international re-
search center in a Third World country.
ILRAD is one of 13 centers that are
embraced by the Consultative Group on
International  Agricultural Research
(CGIAR), which has its secretariat at the
World Bank in Washington. Like the
other 12 centers, ILRAD has an interna-
tional (mainly European and North
American) team of researchers estab-
lished in affluent surroundings in a rela-
tively poor host country. A degree of
envy of superior facilities and life-style is
inevitable.

In addition, ILRAD is alone in the
group of 13 centers in being mandated to
do basic research only. The work of the
laboratory does not involve the kind of
technology transfer that, for instance,
has given the International Maize and
Wheat Improvement Center (CIMMY'T),
in Mexico, and the International Rice
Research Center (IRRI), in the Philip-
pines, such immediate and positive im-
pact. As a consequence ILRAD is isolat-
ed from the activities of many national
organizations and is perceived to be in-
ward-looking and aloof. (The laboratory
is now taking steps to overcome this
problem.) Real affluence and apparent
aloofness exacerbate each other in the
onlooker’s mind, and such an image does
not make for political popularity in the
international community.

Trypanosomiasis and East Coast fever
are caused by blood-borne parasites that
are transmitted to mammalian hosts by
blood-sucking vectors, the tsetse fly in
the case of trypanosomiasis and the tick
in East Coast fever. Parasites travel from
vector to mammal in saliva and from
mammal to vector in ingested blood.
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Both diseases induce anemia and re-
duced productivity in infected mammals,
and both frequently cause death.

The methods now available to combat
these two diseases are inadequate in
many situations. East Coast fever can be
controlled by twice weekly dips in acari-
cides, which kill the tick vectors. This is
expensive and impracticable for many
African livestock producers, and the
resistance of ticks to acaricides is an
increasingly serious problem. Methods
to control trypanosomiasis include regu-
lar drug treatment against the parasite
and widespread spraying with insecti-
cides to kill tsetse flies. Both approaches
are expensive and neither is completely
effective in areas of heavy infestation.
Further drawbacks include increasing
drug resistance and the possibility of
environmental disturbance. *‘Assiduous-
ly carried out, such techniques can be
successful,”” says Ross Gray, director
general of ILRAD, ‘‘but in many cases
the required standards of veterinary su-
pervision and environmental control are
simply unattainable.”” The great goal of
an immunological approach is that a sin-
gle inexpensive vaccination might give
lifetime protection.

“The reason ILRAD was given its
special mandate, and the reason we con-
tinue to hope for practical results, is that
under certain conditions cattle acquire
natural immunity to trypanosomiasis and
theileriosis in the wild,”” says Gray. ‘‘Im-
munity is clearly possible, and our job is
to find out if it can be carried out effec-
tively, safely, and cheaply.™

In its mammalian host, the parasite
that causes East Coast fever, Theileria
parva, passes first into white blood cells
and then into red blood cells. Infected
red blood cells reach the gut of the tick. a
sexual stage is passed through, and even-
tually the parasite reaches the insect’s
salivary gland where tremendous multi-
plication occurs. One thoroughly infect-
ed tick contains enough parasites to kill
100 cattle.

Each year, half a million cattle are
killed by East Coast fever in Africa, and
yet it is already possible to immunize
against infection. Cattle given an oxytet-
racycline-controlled infection of para-
sites develop a good solid immunity.
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sion on this point, the authors sug-
gested in their briefing that the loose
tubes probably did the damage that
triggered the accident.

Aside from the problem with metal
debris, the NRC inspectors noticed
few mechanical failures during this
accident. There were some foul-ups,
however. The main process computer
shut down for 16 minutes during the
crisis, for unknown reasons. Two
valves stuck open. Recorders that in-
dicate whether valves are open or
closed failed to operate.

The report also noted some nonme-
chanical failures. The chief of these
was that the specified procedures for
dealing with a leak of this type did not
explain how to cope with the bubble
that developed in the top of the reac-
tor vessel. In fact, the procedures
gave unhelpful instructions. Being
clever, the operators at Ginna quickly
grasped what was wrong and impro-
vised their own solutions, or as the
report puts it, their “deviations from
procedures.” Thus they brought the
plant under control within 4 hours of
the first sign of a leak.

The small amount of radioactive
steam that escaped at the peak of the
crisis presented almost no risk to the
general public, the NRC report con-
cluded. The worst exposure a person
outside the plant might have received
was about 15 millirems. For compari-
son, a medical x-ray gives the aver-
age adult patient about 103 milli-
rems.—Eliot Marshall

Scrap NSF, Slash NIH,
Conservatives Urge

A coalition of right-wing groups has
proposed an alternative budget that,
among other things, would eliminate
the National Science Foundation
(NSF) and cut support for the National
Institutes of Health (NIH) by 50 per-
cent. The proposal is an attempt to
keep the Reagan Administration,
which the groups helped elect, to a
hard-line  conservative economic
agenda. The alternative budget would
cut domestic spending by 30 percent
and boost defense spending by 20
percent.

The proposals for NSF and NIH
were not spelled out in detail, but an
official of the National Conservative

Political Action Committee, one of the
leaders of the coalition, said that “a lot
of this research, if it really is benefi-
cial, should be done in the private
sector.” He added: “Federal tax dol-
lars are just keeping professors em-
ployed.”—Colin Norman

GAO Ignores Flaw in
Concept of Space War

The General Accounting Office
(GAQ) in a secret report” to Congress
has urged the Pentagon to speed the
development of laser battle stations.
There is just one problem. The au-
thors of the report did not address the
question of whether a nuclear blast in
space might knock the battle stations
out of action.

The much-publicized report, an un-
classified digest of which has been
made public, told Congress that “a
constellation of laser battle stations in
space has the potential to provide a
credible air and ballistic missile de-
fense system for the United States.”
To implement the goal, it suggested
the armed services establish an Aero-
space or Space Force.

Not mentioned in the report, ac-
cording to GAO officials, was the is-
sue of nuclear survivability. Neverthe-
less, a single nuclear blast in outer
space would instantly set up an elec-
tric pulse of up to a million volts per
meter in hundreds of satellites and
battle stations, zapping their solid-
state circuits and ending their ability to
wage war. The mechanism behind the
threat is simple. In space, radiations
from a nuclear blast travel unimpeded
over vast distances at the speed of
light. When radiations strike a metal
object, they knock out electrons and
create a strong electric pulse (Sci-
ence, 12 March, p. 1372).

“We did not go into the issue of
nuclear effects too much,” says Ber-
nard D. Easton, the GAO official who
headed the report team. “We looked
at survivability to some extent, but not
much in the nuclear area.” In particu-
lar, Easton said the group did not
address the survivability issue raised
by the electric pulse from nuclear radi-

*DOD’s Space-Based Laser Program: Potential,
Progress, and Problems (C-MASAD-82-10, Gen-
eral Accounting Office, Washington, D.C., 26
February 1982).

Briefing

ations. Asked why, he said, “I reaily
can't say any more. You are getting
into areas that are classified.”
Perhaps Easton was taking his lead
from President Reagan, who on 2
April signed an Executive Order that
for the first time makes the “vulnera-
bilities™ of systems, installations, proj-
ects, or plans relating to the national
security candidates for the classifica-
tion category of Top Secret.
—William J. Broad

Trial Set for Louisiana’s
Creationist Law

The trial of the nation's second cre-
ationist law has at last been sched-
uled for 26 July in Baton Rouge, Loui-
siana. If the law is judged to be uncon-
stitutional, as in the recent decision in
Arkansas, future legislative initiatives
by creationists are likely to be brought
to a complete halt.

A long list of plaintiffs, including
legislators, educators, and religious
leaders, is asking for a declaratory
judgment that the “Balanced Treat-
ment” law is constitutional.

The defendants, which include the
State of Louisiana Department of
Education, the State Superintendent
of Education, the Board of Elementary
and Secondary Education, and the
Orleans Parish School Board, are to
be represented by the American Civil
Liberties Union (ACLU). The ACLU
will be hoping to repeat its success in
Arkansas, this time aided by New
York law firm Paul, Weiss, Rifkind,
Wharton, and Garrison.

Although the wording of the Louisi-
ana law differs from that in Arkansas,
the ground covered in the trial is likely
to be very similar to the case heard in
Little Rock. Meanwhile, it is still possi-
ble that the Louisiana case will never
reach the court. “We will move for
summary judgment,” says Jack No-
vik, lead counsel for the ACLU, “and
the judge may be able to come to a
decision based on written material,
and this of course includes the Arkan-
sas decision.”

A tangle of lawsuits and motions by
both sides makes the Louisiana situa-
tion far more complicated than the
one in Arkansas, and it could well be
that the trial will not begin as sched-
uled in July.—Roger Lewin

30 APRIL 1982

499



*“There are a couple of difficulties with
this approach,’ says Gray. ‘‘The first is
a real danger of setting up a carrier state
in immunized animals. And the second is
that, inevitably, we are dealing with
more than one strain of parasite, and as
yet we don’t know how many there are.”
This type of immunization requires close
veterinary supervision, according to
Gray, and is therefore too expensive for
widespread application.

A second approach is to inject cattle
with white blood cells that are infected
with parasite at the macroschizont stage.
Again, the induced immunity is very
good, but there are problems. Immunity
can be established with as few as 100
cells, but only if the injected blood is the
animal’s own. If the blood of another
animal is used. then the dose has to be at
least 10 million cells. Neither path is
practical for routine immunization.

The more general issue with East
Coast fever is determining more precise-
ly the nature of the immune response.
Antibodies are apparently involved in
the sporozoite challenge, but to which
antigens is not clear. Parasite-infected
white blood cells provoke a cell-mediat-
ed response, apparently to a combined
parasite and host antigen, the identity of
which remains elusive.

*If we could only identify an effective
antigen,”’ says Gray, ‘‘we could perhaps
shift some of the molecular biology em-
phasis from trypanosomiasis to East
Coast fever.”” Through cloning the indi-
vidual genes for important antigens it
would be possible to manufacture large
quantities of antigen for use in safe im-
munization. Gray is reluctant to “‘put a
date on significant progress,” but the
first quinquennial review of ILRAD, re-
ported at the end of 1981, anticipates a
major breakthrough ‘‘within the next
five years.”

By contrast with East Coast fever,
trypanosomiasis is more thoroughly un-
derstood and yet less accessible to im-
munological intervention. At its most
basic, the problem is one of numbers.
There are three species of cattle-infec-
tive trypanosomes, Trypanosoma bru-
cei, T. congolense, and T. vivax, each of
which has an unknown number of
strains, although probably of the order of
20. Prospects for effective immunization
decrease as such numbers increase. As if
this were not bad enough, the trypano-
some changes its antigenic coat at fre-
quent intervals, thus evading a sustained
host-immune response and making pros-
pects for a vaccine yet dimmer. Each
strain has a set of at least 100 coat
antigens, and in some cases it may be as
high as 1000. The order in which new
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coat antigens appear during infection fol-
lows a pattern for each strain, but is by
no means invariant.

The means by which the parasite
changes its clothes so neatly is yet to be
elucidated, but some clues are emerging.
Each parasite has a full complement of
antigen genes, some of which are ar-
ranged in tandem. Expression of some of
the antigens involves DNA rearrange-
ment, including the production of a tem-
porary extra copy. Rearrangements
sometimes involve modification of part
of the gene’s structure. Scope for varia-
tion is large, but what imposes some
degree of order on the sequence of gene
expression is not yet known. What is
known, however, is that the host’s im-
mune response does not induce the
switch to a new coat; this appears to be a
built-in property of the trypanosome.

“There’s clearly no real hope of pro-
ducing vaccines to all these variable anti-
gens,”’ concedes Gray, ‘‘but the one
glimmer of hope we do have is that the
metacyclic stage, in which they are
transmitted by tsetse flies, has only a
limited repertoire of antigens.” When
the parasites of any given strain enter the
insect host, they emerge with just one of
perhaps 10 to 15 possible metacyclic
antigens. ‘It might be possible to pro-
duce a vaccine cocktail to this number of
antigens,”’ Gray suggests, ‘‘but you have
to remember that even in one geographi-
cal area there are likely to be several

strains of trypanosome.’” Overall, the
problems are immense. “‘The prospects
of conventional immunoprophylaxis are
very slim indeed,”” Gray concludes.

Research facilities at ILRAD must be
the best in Africa and rival those in any
European or North American country.
Molecular biology, biochemistry, and
cell biology are bringing tremendous
technical pressure to bear on the recalci-
trant problems of trypanosomiasis and
East Coast fever. ‘*“What sustains us,”
says Gray, ‘“‘is that the technology is
changing and so we no longer have to
think in terms only of the traditional type
of vaccine. We can think about making
anfigens and even manipulating the im-
mune response to be more effective.””

A combination of circumstances has
conspired to make ILRAD’s history
somewhat turbulent. For a start, Gray is
the laboratory’s fourth director general
in 7 years. The first, E. Sadun, died
before he assumed office. Sadun’s suc-
cessor, James Henson, resigned during
his second 2-year term. The third, An-
thony Allison, was asked to resign after
less than 2 years.

Compounding the inevitable practical
problems involved in setting up a new
laboratory in a Third World country,
there have been accusations of adminis-
trative incompetence, racism, scientific
poaching, and lack of leadership. IL-
RAD’s beautifully manicured lawns
were the site of more than one protest
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demonstration during Allison’s diréctor-
ship, for example. ’

Opinions differ, but the consensus in
the laboratory is that Allison inherited an
administrative quagmire in which no di-
rector could have survived, even one
lacking Allison’s strong and demanding
personality. There is no doubt, however,
that in spite of his curtailed directorship,
Allison substantially enhanced the scien-
tific standing of the laboratory.

By the time Allison left ILRAD at the
end of 1980, both the director of adminis-
tration and the financial controller had
also been asked to look for jobs else-
where. Roger Rowe brought his exten-
sive experience at another CGIAR cen-
ter to the vacated position of director of
administration, and some degree of order
and stability began to settle on the belea-
guered laboratory. Ross Gray, who had
been a runner-up to Allison in the 1978
selection, took over as director general
in November 1981.

Remarkably, throughout all the up-
heavals, the laboratory continued to pro-
duce good science and consolidated its
growing international reputation. For in-
stance, the work there has made it possi-
ble to cultivate two species of trypano-
somes through their full life cycles. Four
genes for trypanosome variable antigens
have been cloned and the protein for one
of them expressed. Unusual aspects of
trypanosome surface antigen biochemis-
try have been discovered. The immune
response to East Coast fever has been
partially elucidated. Elegant electron mi-
croscopy has revealed important details
of the Theileria life cycle. By any stan-
dards the list of achievements is long and
impressive.

Gray describes ILRAD as “‘the try-
panosomiasis and theileriosis university
of Africa.”” That may well be so, but his
appointment, particularly combined with
Rowe’s, is certain to shift the future
direction of the laboratory, a shift that is
probably crucial to ILRAD’s long-term
survival.

Gray says his first objective is to get
his researchers to be more aware of the
diseases they are supposed to be ad-
dressing. “*The molecular biologists and
biochemists are tremendous scientists,”
he says, ‘‘but they are not as familiar
with the real field situation out there as [
am.”’ He is not suggesting they put on
big boots and go tramping around cattle.
“‘People can work at whatever level they
like, as long as it is in some way related
to producing an immunological solution.
If people remember that just once a week
it will be a start.””

Although ILRAD’s focus has been on
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basic research, the laboratory is not as

«distant from the practical world as most

research institutions are. There are not
many facilities that have a P3 contain-
ment laboratory within hailing distance
of 300 head of cattle. “*This is one of the
great strengths of the laboratory,” says
Max Murray, a senior ILRAD scientist.
“*We can go from the gene to the sick
animal on the same site.”

Nevertheless, Gray worries that most
researchers’ lack of contact with the
field means that they have not concen-
trated their efforts in the right direction.
“For instance, there’s a great emphasis
of work on Trypanosoma brucei as com-
pared with the other species,”” says
Gray, “‘and this happens to be the least
important of the three in terms of dis-
ease.”’ The researchers counter this by
insisting that as 7. brucei is the easiest to
work with it provides a model from
which to move on to the more difficult
and more important species. Gray ac-
knowledges the logic, but still finds it
exasperating.

Gray plans to extend ILRAD’s reach
into the field in epidemiology and in the
study of cattle that are naturally tolerant
to trypanosomiasis. A small epidemiol-
ogy project had already been planned
when Gray arrived and was designed to
try out some field tests that will help in
identifying trypanosome strains. ‘‘We
are doing this on a very carefully man-
aged dairy ranch in the coastal region of
Kilifi,”” says Murray, ‘*where the density
of tsetse flies is low and the number of
strains of trypanosomiasis is probably
limited.”’

Murray sees the ranch’s relative free-
dom from disease as an advantage, as it
simplifies the experimental procedure,
whereas Gray sees the same attributes as
a drawback. *‘'lI can understand their
reason for doing it this way,’” says Gray,
“but I would have preferred an area that
had all the components of the trypanoso-
miasis complex, even though it is more
difficult to analyze.”” There is clearly
some tension between director and re-
search staff, but no obvious sign of an-
tagonism.

Researchers and herders have known
for a long time that certain breeds of
cattle are able to survive in tsetse areas
where others cannot. One good example
of these so-called trypanotolerant cattle
is the West African N'Dama. Gray says
that ILRAD will have to start looking at
trypanotolerance much more seriously
than hitherto and that existing collabora-
tion with the International Livestock
Center for Africa (ICLA) will have to be
developed further. No one knows why
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N’Damas and other trypanotolerant ani-
mals are able to combat the trypano-
some; their immune defenses might be
better attuned to the parasite, or they
might have a more general physiological
resistance to the effects of infection.
Clearly, a thorough understanding of the
mechanism of tolerance might provide
some important insights in combating the
disease in susceptible animals.

“*Alternatively,”” suggests Gray, ‘‘per-
haps we should simply work out ways of
screening for resistance and then carry
out some good breeding programs.’
Gray knows that this would not be a
completely satisfactory solution because
no cattle are fully resistant to the dis-
ease. ‘It would, however, bring immedi-
ate results,”” he says, thus making the
point that practical results are just as
much the business of ILRAD as is under-
standing the fundamentals of the dis-
eases.

contends Rowe, ILRAD must seriously
contemplate extending its activities be-
yond the iron gates of its elegant re-
search compound.

The recent quinquennial report noted
the laboratory’s minimal commitment to
training. And at a meeting of centers and
donors at the end of last year in Wash-
ington, ILRAD’s training efforts were
described as “‘pitiful.’” Gray says that he
is conscious of the problem. ‘‘At the
very least,”” says Rowe, ‘‘we should
have a good working relationship with
the people who would be responsible for
deploying a vaccine, supposing we were
to come up with one.”” To this end, Tony
Irving, one of ILRAD’s researchers,
helped to establish last year a group
known as the Nairobi Cluster, a collec-
tion of a dozen or so Kenyan institutions
involved in work on trypanosomiasis and
East Coast fever. “‘It's a start,” says
Rowe, “*but there is a long way to go.”

“l hope they continue to do excellent
work. But what my ministry is interested
in is something practical—and fast.”

Before joining ILRAD, Rowe spent
several years at the International Potato
Center in Lima, Peru. ‘‘Although we
were based in Peru,”” says Rowe, “‘we
had seven regional centers throughout
the world. Our whole mode of operation
was to look outward and to learn from
people in the field.”” ILRAD does not
work like this because of its mandate to
do basic research. The laboratory is
therefore much more isolated from its
host country than is the case with other
centers. If it is maintained, this insularity
could endanger the laboratory’s future,
says Rowe,

Most CGIAR centers devote a good
deal of effort to technical training so that
the work of the center is disseminated to
the countries that need it. ‘‘Centers
should not be solving a host country’s
problems,”’ says Rowe. ‘‘They should be
helping a country get into a position to
solve its own problems.”” Again, ILRAD
is a little different because of the nature
of its research. ‘‘Yes, we should be
training people,”” says Luciana Rovis,
one of ILRAD’s founding scientists,
“‘but we should be training the country’s
professors, not people who will treat sick
animals.”” As things stand at the mo-
ment, Rovis is right. ILRAD is more
attuned to turning out professors than
people skilled in animal husbandry. But,

Until now the 13 centers supported
through the CGIAR have not suffered
financially, but the current downturn in
the world economy is beginning to make
donor countries and organizations mea-
sure their priorities. Progress and bud-
gets will be considered at a meeting of
center personnel and donors to be held in
Paris at the end of May, and final pledges
for the next financial year will be made at
*‘Centers Week,”” to be held in Washing-
ton in the fall. A serious squeeze will be
felt for the first time; ultimately funding
for one or more of the centers may end.
There would be a political outcry if, for
instance, CIMMYT or IRRI were to be
axed, but what about ILRAD? With so
uncertain an impact on the world’s prob-
lems, the laboratory might find few polit-
ical supporters.

Ishmael Muriithi, a director in the
Kenyan Ministry of Livestock Develop-
ment, sums up ILRAD’s achievement
and predicament. Muriithi, a former
board member of ILRAD, told Science:
“I hope they continue to do excellent
work. But what my ministry is interested
in is something practical—and fast.”
Clearly, the emphasis on basic research
written into the ILRAD mandate in 1973
could bring serious problems to the labo-
ratory in these times of great economic
stringency.—ROGER LEWIN
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Portraits of a Parasite

Don Fawcett, former chairman of Harvard's Anatomy Department, has
been coaxing some excellent images from ILRAD’s new electron micro-
scope facility. With the help of Stephen Doxsey. and in collaboration with
the Kenya Agricultural Research Institute, he has clarified some of the key
events in the life cycle of Theileria parva, the causative agent in East Coast
fever.

A crucial episode in the infection of cattle by Theileria is the entry of
sporozoites into the mammalian host’s white blood cells, a process that has
been visualized only dimly in light microscopy and which was thought to
have taken several hours. Fawcett’s electron microscopy has revealed that
the interaction of parasite and blood cell is highly specific, and probably
involves the binding of ligand to cell receptor, with entry being complete in
about 5 minutes (see photographs at right).

The infected white blood cells are unable to destroy the sporozoites
because, by the time defensive lysosomes have formed in the cell, the
invaders have rid themselves of the envelope of host cell membrane that is
necessary for lysosome attack.

The parasite’s odyssey through the tick vector takes it from the gut to the
salivary gland, where sporozoites develop. Fawcett has shown that the
parasite colonizes just one specific cell type in just one of three different
groups of cells (acini) that make up the tick’s salivary gland. Once invaded
by a single parasite, the salivary gland undergoes what Fawcett describes as
“‘one of the most dramatic transformations in cell biology.™

The cell enlarges as the parasite forms a huge ramifying multinucleate
bag:; the metabolism is switched to serve the needs of the proliferating
parasite, specifically in laying down massive stores of energy-rich glycogen;
and eventually its cytoplasm is all but obliterated as upward of 50,000
sporozoites are formed by fission.—ROGER LEWIN

Parts of a normal c._el.' (right) and a parasitized ceﬂ (Ieft)__ AL

The extensive endoplasmic reticulum has disappeared in the parasitized salivary
gland cell, which eventually will contain up to 50.000 sporozoites.

o

Sporozoite enters lymphocyte

The sporozoite binds tightly with the lym-
phocyte membrane and enters the host cell
in about 5 minutes, a process that is not
slowed significantly in the cold (sporozoite
diameter: 1.5 micrometers).
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10350 WYTON DRIVE
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(213) 276-2676  (213) 272-1540

OMAR JOHN FAREED, M.D.

President

April 29, 1982

Mr, Carroll L. Wilson
130 Jacob Street
Seekonk, Massachusetts 02771

Dear Carroll Wilson:

¥
Ambassador W. Harrop has most cordially exten s kind
invitation for you and Mrs. Wilson to be S red guests
for luncheon at his home in Nairobi, Kenya on \Thursday, May 13tH.

We shall welcome you to Kenya for the Tyler Ecolo Prize,
Kindly contact me at the Norfolk Hotel upon arrival.
Sincerely yours,

Dr., Omar Fareed
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eI Wilson
T'o Receive
['vler Prize

By ROBERT C. Di IORIO
Staff Writer

Professor Carroll L. Wilson, a
:nowned technologist and man-
ger in the fields of ecology and
‘orld energy supplies, and South-
-n California Edison Co. have won
1e 1981 John and Alice Tyler Ecolo-
y/Energy Prize. Each will receive
100,000.
The Tyler Prize was established in
973 by the late John C. Tyler, co-
sunder and chairman of the
‘armers Insurance Group, and his
rife, Alice Tyler. The recipients are
ominated and selected by a panel
{ educators, scientists of interna-
onal reputation and professional
- ersons.
Mrs. Tyler will present the 1981
wards to Professor Wilson and
spresentatives of Southern Califor-
ia Edison later this year in Los
.\ngeles.
Professor Wilson, who déeveloped
unique process for involving lead-
ra in industry and government

Professor Wilson
from a dozen or more countries in

global assessments, has spent much .

of his career.seeking solutions to
world energy and environmental
problems. In 1946, Professor Wilson
served as secretary of a group that
developed the first plan for interna-

" tional control of atomic energy. The

plan became the basis of the US
proposals to the United Nations
Atomic Energy Commission. As the
first general manager of the US
Atomic Energy Commission (1947-
1950), Professor Wilson took a lead-
ing part in establishing a
civilian-managed program includ-
ing atomic power for submarines
and civilian electricity, develop-
ment of improved weapons and the
use of radioactive isotopes for scien-
tific and medical uses.

Following an industrial career
that included uranium mining and
the manufacture of nuclear fuel for
submarines, he came to MIT in 1959
as professor in the Sloan School of
Management.

Beginning in 1969, Professor Wil-
son helped establish and operate the
International Centre for Insect Phy-
siology and Ecology in Nairobi,
Kenya. This laboratory is dedicated
to basic research aimed at produc-

' ing species-specific, biodegradable

pesticides. As the US delegate and
chairman of the Committee on
Research Cooperation of OECD (the
Organization for Economic Cooper-
ation and Development comprised
of 23 industrial Western nations), he
helped launch a number of projects
attacking environmental problems,
such as toxic chemical trade and
packaging, acid rain, and air and
water pollution. As a member of the
UN Advisory Committee on the
Application of Science and Technol-
ogy for Development, he helped to
formulate the basic plan for the first
UN Conference on Human Environ-
ment, held in Stockholm in 1972.

Professor Wilson organized a

study group of 40 people from many
disciplines which met fora monthin
1970 in Williamstown to consider
critical global environmental prob-
lems. Their report was published in
October 1970 as “Man’s Impact on
the Global Environment: Report of
the Study of Critical Environmental
Problems.” The following year he
brought together 35 atomospheric
scientists from 15 countries at
Stockholm. Their assessment was
published in September 1971 as
“Inadvertent Climate Modification:
Report of the Study of Man’s Impact
on Climate.” -

These two landmark studies sum-
marized existing knowledge, identi-
fied critical gaps in that knowledge,
and set priorities for work to be
done. These research agenda have
influenced priorities in many coun-
tries during the past decade.

In 1973 Professor Wilson deli-
vered the Elihu Root lectures at the
Council on Foreign Relations and
described a plan for energy inde-
pendence for the United States,
proposing a quadrupling of coal out-
put, conversion of a billion tons a

year to gas, and expanding nuclear
to 10 percent of energy supply, but
putting all new plants underground.
He also proposed a synfuels corpora-
tion and a special RFC-type of
financing mechanism, both to be
dissolved after 10 years. He also des-
cribed the process he had conceived
for making global assessments-one
which would enguge industrial and
governmental leaders from a dozen
or more countries.

To demonstrate that process, Pro-
fessor Wilson enlisted 35 leaders
from 15 countries to study global
energy prospects to the year 2000. In
May 1977, after nearly three years of
work, the Workshop on Alternative
Energy Strategies (WAES) relensed
its report, “Energy: Global Pros-
pects 1985-2000.”

WAES was followed by the World
Coal Study (WOCOL), which Profes-
sor Wilson organized in 1978. The
WOCOL report, “Coal: Bridge to the
Future,” published in. May 1980,
found that coal could be mined,
moved and used in ways that would
meet the most stringent environ-
mental standards of any country
and still cost only half as much as
oil.

“The projects which led to this
award were the results of dedicated
efforts by many people from many
countries. I thank them for their
superb support. An essential ele-
ment for success was the unwaver-
ing support of MIT and its leaders,
especially its chairman, Howard W.
Johnson. I am pleased to have this
occasion to thank all of my
collaborators.”

William R. Gould, SCE board
chairman and chief executive
officer, says the company is “hum-
bly grateful” to be the first corporate
winner of a Tyler Prize. All previous
recipients have been distinguished
individuals, including the late Dr.
Arie J. Haagen-Smit, the Caltech
professor credited with discovering
the chemical nature of photochemi-
cal smog, and Dr. Rene Dubos,
whose pioneering research in the
19308 led to the development of
antibiotics.

The utility company was recog-
nized as a “corporation vitally con-
cerned and active in energy
conservation programs and alterna-

tive energy sources.” The announce- -

ment said the company won the |

prize “for its distinguished record of
working to protect the environment
and the company’s recent commit-
ment to aggressively develop renew-
able and alternative energy
sources.” ‘

The $100,000 that SCE will
receive with its prize will be divided
and presented to USC and the Cali-
fornia Institute of Technology,
Gould has announced.
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